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B.4 Solving Inequalities Algebraically and Graphically

Properties of Inequalities
The inequality symbols
<, < >, and = Inequality symbols

are used to compare two numbers and to denote subsets of real numbers. For instance, the
simple inequality x = 3 denotes all real numbers x that are greater than or equal to 3.

In this appendix, you will study inequalities that contain more involved statements
such as

S5x—7>3x+9
and
-3 < 6x—1<3.

As with an equation, you solve an inequality in the variable x by finding all values of
x for which the inequality is true. These values are solutions of the inequality and are
said to satisfy the inequality. For instance, the number 9 is a solution of the first
inequality listed above because

509) —7>309) +9
45 -7>27+9
38 > 36.
On the other hand, the number 7 is not a solution because
57) =7 #3(1)+9
35-7#21+9
28 # 30.

The set of all real numbers that are solutions of an inequality is the solution set of the
inequality.

The set of all points on the real number line that represent the solution set is the
graph of the inequality. Graphs of many types of inequalities consist of intervals on
the real number line.

The procedures for solving linear inequalities in one variable are much like those for
solving linear equations. To isolate the variable, you can make use of the properties of
inequalities. These properties are similar to the properties of equality, but there are
two important exceptions. When each side of an inequality is multiplied or divided by
a negative number, the direction of the inequality symbol must be reversed in order to
maintain a true statement. Here is an example.

—-2<5 Original inequality
(* 3)( - 2) > (* 3)(5 ) Multiply each side by —3 and reverse the inequality.
6> —15 Simplify.

Two inequalities that have the same solution set are equivalent inequalities.
For instance, the inequalities

x+2<5 and x <3

are equivalent. To obtain the second inequality from the first, you can subtract 2 from
each side of the inequality. The properties listed at the top of the next page describe
operations that can be used to create equivalent inequalities.

What you should learn

@ Use properties of inequalities to
solve linear inequalities.

e Solve inequalities involving
absolute values.

@ Solve polynomial inequalities.

@ Solve rational inequalities.

e Use inequalities to model and
solve real-life problems.

W/t)/ you should learn it

An inequality can be used to
determine when a real-life quantity
exceeds a given level. For instance,
Exercises 99—102 on page B49 show
how to use linear inequalities to
determine when the number of Bed
Bath & Beyond stores exceeds the
number of Williams-Sonoma stores.
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/Properties of Inequalities )
Let a, b, ¢, and d be real numbers.
1. Transitive Property
a<bandb<c [ > a<c
2. Addition of Inequalities
a<bandc<d [ > a+tc<b+d
3. Addition of a Constant
a<b [ > atc<b+c
4. Multiplying by a Constant
Forc>0,a<b [ > ac<bc
Forc <0,a<b [ > ac> bc
\ J

Each of the properties above is true when the symbol < is replaced by < and > is
replaced by =. For instance, another form of Property 3 is as follows.

a<b |:> atc<b+c

The simplest type of inequality to solve is a linear inequality in one variable, such
as 2x + 3 > 4. (For help with solving one-step linear inequalities, see Appendix E at
this textbook’s Companion Website.)

Example 1 Solving a Linear Inequality

Solve 5x — 7 > 3x + 9.

Solution
5 —7 > 3x+ 9  Original inequality
2x—7>9 Subtract 3x from each side.
2x > 16 Add 7 to each side.
x> 8 Divide each side by 2.

So, the solution set is all real numbers
that are greater than 8. The interval
notation for this solution set is } }

(8. 00). °© 7

{ ‘ ‘ x

8 9 10
Figure B.45 Solution Interval: (8, o)

The graph of this solution set is shown

in Figure B.45. Note that a parenthesis

at 8 on the number line indicates that 8

is not part of the solution set.

cHeckPoINT  Now try Exercise 19.

Note that the four inequalities forming the solution steps of Example 1 are all
equivalent in the sense that each has the same solution set.

Checking the solution set of an inequality is not as simple as checking the
solution(s) of an equation because there are simply too many x-values to substitute
into the original inequality. However, you can get an indication of the validity of the
solution set by substituting a few convenient values of x. For instance, in Example 1,
try substituting x = 6 and x = 10 into the original inequality.

Explore the Concept

Use a graphing utility

% to graph f(x) = 5x — 7

~ and g(x) = 3x + 9in
the same viewing window.
(Use —1 < x < 15and
—5 <y < 50.) For which
values of x does the graph
of flie above the graph of g?
Explain how the answer to this
question can be used to solve
the inequality in Example 1.
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Example2 Solving an Inequality

Solvel—%xz x — 4.

Algebraic Solution

3

1—5x=>x—4 Write original inequality.
2 g q Y.

2—3x>=2x—8 Multiply each side by the LCD.
2 —5x>= —8 Subtract 2x from each side.
—5x > —10 Subtract 2 from each side.
x< 2 Divide each side by —5

and reverse the inequality.

The solution set is all real numbers that are less than or equal
to 2. The interval notation for this solution set is (— oo, 2].
The graph of this solution set is shown in Figure B.46. Note
that a bracket at 2 on the number line indicates that 2 is part
of the solution set.

L L 1 Il % X

T T J T
0 1 2 3 4

Figure B.46 Solution Interval: (— oo, 2]

vcueckPoINT  Now try Exercise 23.

B39

Graphical Solution
Use a graphing utility to graph y, = 1 — %x and y, =x — 4
in the same viewing window, as shown in Figure B.47.

2
U § .
The graphs
intersect at —|
2,-2).

InkeFseckion
W= L ¥=-g

-6
Figure B.47

The graph of y, lies above the graph of y, to the left of their
point of intersection, (2, —2), which implies that y, = y, for
allx = 2.

Sometimes it is possible to write two inequalities as a double inequality, as

demonstrated in Example 3.

Example3 Solving a Double Inequality

Solve =3 < 6x — land 6x — 1 < 3.

Algebraic Solution
—3=6x—1<3

“3+1l=s6x—1+1<3+1

Write as a double inequality.

Add 1 to each part.

Graphical Solution
Use a graphing utility to graphy, = 6x — 1,y, = —3,
and y; = 3 in the same viewing window, as shown in

Figure B.49.
—2<6x<4 Simplify.
-2 _6x 4
— = — < = Divide each part by 6. The graphs
6 6 6 .
Intersect at
1 -8 7 (=1 _3
3= X<} Simplify. ( ¥ )
Inl:-zr':t-:ti-:-nJ' and (Z’ 3).
. . H=.GRBAGAGES 123 \ 3
The solution set is all real numbers that are greater than or equal to 5 [y,=_3
5=

—é and less than % The interval notation for this solution set is
[—%, %) The graph of this solution set is shown in Figure B.48.

~- Lo

t X

-1 0 1
Figure B.48 Solution Interval: [—%, %)

cHeckPoINT  Now try Exercise 25.

Figure B.49

The graph of y, lies above the graph of y, to the right

of (—%, —3) and the graph of y, lies below the graph

of y; to the left of (%, 33,. This implies that
< _l < 2

Y S yp <y;when —3 = x < 3.
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Inequalities Involving Absolute Values

[ Solving an Absolute Value Inequality

a=> 0.

than a.

.

Let x be a variable or an algebraic expression and let a be a real number such that

1. The solutions of |x| < a are all values of x that lie between —a and a.
|x| < a ifand only if —a<x<a Double inequality

2. The solutions of |x| > a are all values of x that are less than —a or greater

|x| > a if and only if x< —a or x> a. Compound inequality

These rules are also valid when < is replaced by < and > is replaced by >.

Example4 Solving Absolute Value Inequalities

Solve each inequality.
a. [x—5/<2 b |x—5>2

Algebraic Solution

a. |x - 5| <2 Write original inequality.
—2<x—5<2 Write double inequality.
3<x< 7 Add 5 to each part.

The solution set is all real numbers that are greater than 3 and less
than 7. The interval notation for this solution set is (3, 7). The
graph of this solution set is shown in Figure B.50.

2 units 2 units
— "

I L ! . . AY | X

T ‘ I I I ' T

2 3 4 5 6 7 8
Figure B.50

b. The absolute value inequality |x — 5| > 2 is equivalent to the
following compound inequality: x — 5 < =2 o0rx — 5 > 2.

Solve first inequality: x — 5 < =2 Write first inequality.
x<3 Add 5 to each side.
Solve second inequality: x — 5 > 2 Write second inequality.
x>7 Add 5 to each side.

The solution set is all real numbers that are less than 3 or greater
than 7. The interval notation for this solution set is
(—o0, 3) U (7, o). The symbol U is called a union symbol and is
used to denote the combining of two sets. The graph of this
solution set is shown in Figure B.51.

2 units 2 units

—)————f—
2 3 4 5 6 7 8
Figure B.51

cHeckPoINT  Now try Exercise 41.

Graphical Solution
Use a graphing utility to graph
=l =5 and y,=2

in the same viewing window, as shown in Figure B.52.

__— The graphs
intersect
at (3,2)

10 and (7, 2).

Interseckion
=L ¥=z

-3
Figure B.52

a. In Figure B.52, you can see that the graph of y, lies
below the graph of y, when

3<x<T.

This implies that the solution set is all real numbers
greater than 3 and less than 7.

b. In Figure B.52, you can see that the graph of y, lies
above the graph of y, when

x<3
or when
x>

This implies that the solution set is all real numbers
that are less than 3 or greater than 7.
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Polynomial Inequalities

To solve a polynomial inequality such as x? — 2x — 3 < 0, use the fact that a
polynomial can change signs only at its zeros (the x-values that make the polynomial
equal to zero). Between two consecutive zeros, a polynomial must be entirely positive
or entirely negative. This means that when the real zeros of a polynomial are put in
order, they divide the real number line into intervals in which the polynomial has no
sign changes. These zeros are the key numbers of the inequality, and the resulting open
intervals are the test intervals for the inequality. For instance, the polynomial above
factors as

x2 —2x —3 = (x+ 1)x—3)

and has two zeros, x = —1 and x = 3, which divide the real number line into three test
intervals: (—oo, —1), (—1, 3), and (3, o0). To solve the inequality x> — 2x — 3 < 0,
you need to test only one value in each test interval.

(Finding Test Intervals for a Polynomial

To determine the intervals on which the values of a polynomial are entirely
negative or entirely positive, use the following steps.

1. Find all real zeros of the polynomial, and arrange the zeros in increasing
order. These zeros are the key numbers of the polynomial.

2. Use the key numbers to determine the test intervals.

3. Choose one representative x-value in each test interval and evaluate the
polynomial at that value. If the value of the polynomial is negative, then
the polynomial will have negative values for every x-value in the interval.
If the value of the polynomial is positive, then the polynomial will have
positive values for every x-value in the interval.

Example5 Investigating Polynomial Behavior

To determine the intervals on which x> — 3 is entirely negative and those on which
it is entirely positive, factor the quadratic as

x2—3=(x+ ﬁ)(x— ﬂ)
The key numbers occur atx = — /3 and x = /3. So, the test intervals for the quadratic are
(—00, - \/5) (— V3, ﬁ) and (\/§ oo).

In each test interval, choose a representative x-value and evaluate the polynomial, as
shown in the table.

Interval x-Value | Value of Polynomial | Sign of Polynomial
(o0, =V3) | x=-3| (-32-3=6 Positive
(-v3,V3) | x=0 02 -3=-3 Negative
(V3. 0) x=5 (5)2—-3=12 Positive

The polynomial has negative values for every x in the interval (—ﬁ, \/§) and
positive values for every x in the intervals (—oo, - 3) and (ﬁ, oo). This result is
shown graphically in Figure B.53.

VcHeckPoINT  Now try Exercise 53.

Technology Tip

“\ Some graphing utilities
‘ % ) will produce graphs

== of inequalities. For
instance, you can graph
2x% + 5x > 12 by setting the
graphing utility to dot mode and
entering y = 2x% + 5x > 12.
Using —10 = x = 10 and
—4 < y < 4, your graph should
look like the graph shown below.
The solution appears to be
(—o0, —4) U (3, 00). See
Example 6 for an algebraic
solution, and for an alternative
graphical solution.

4

10

Figure B.53
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To determine the test intervals for a polynomial inequality, the inequality must first
be written in general form with the polynomial on one side and zero on the other.

Example 6 Solving a Polynomial Inequality

Solve 2x2 + 5x > 12.
Algebraic Solution

2x24+5x— 12 >0 Write inequality in general form.
x+4)2x—3)>0 Factor.

Key Numbers: x = —4,x = %

Test Intervals: (—oo, —4), (—4, %), (%, oo)

Test: Is (x + 4)(2x — 3) > 07

After testing these intervals, you can see that the polynomial
2x? 4+ 5x — 12 is positive on the open intervals (—oo, —4) and
(%, oo) Therefore, the solution set of the inequality is

(—oo, —4) U (3, o).

Graphical Solution

First write the polynomial inequality 2x> + 5x > 12 as
2x? + 5x — 12 > 0. Then use a graphing utility to graph
y = 2x* + 5x — 12. In Figure B.54, you can see that
the graph is above the x-axis when x is less than —4
or when x is greater than % So, you can graphically
approximate the solution set to be (—oo, —4) U (2, oo).

Lo,

(3.0)

y=2x2+5x-12

~16
vcHECkPOINT  Now try Exercise 65. Figure B.54
Example7 Solving a Polynomial Inequality
2x3 = 3x2—32x+48 >0 Original inequality
x2(2x —3) —162x —3) > 0 Factor by grouping.
(x2—16)2x —3) >0 Distributive Property
x—Hx+492x—-3)>0 Factor difference of two squares.
The key numbers are x = —4, x = %, and x = 4; and the test intervals are (— oo, —4),
(—4.3). (5. 4), and (4, o0).

Interval x-Value Polynomial Value Conclusion
(—oo, —4)  x=—-5 2(—5P3 —3(—52—32(—5) + 48 = —117  Negative
(4.3 x=0 2(0)3 = 3(0)2 — 32(0) + 48 = 48 Positive
(3,4) x=2 202 — 3(2)2 — 32(2) + 48 = — 12 Negative
(4, c0) x=5 2(5)% — 3(5)2 — 32(5) + 48 = 63 Positive

From this you can conclude that the polynomial is positive on the open intervals (— 4, %)

and (4, oo). So, the solution set is
(—4,3) U 4, o).

VcHeckPoINT  Now try Exercise 69.

When solving a polynomial inequality, be sure you have accounted for the
particular type of inequality symbol given in the inequality. For instance, in Example 7,
note that the original inequality contained a “greater than” symbol and the solution

consisted of two open intervals. If the original inequality had been

2%3 = 3x2 —32x+48 =0

the solution would have consisted of the closed interval [— 4, %:| and the interval [4, co).



Appendix B.4 Solving Inequalities Algebraically and Graphically

Example8 Unusual Solution Sets

a. The solution set of
x2+2x+4>0

consists of the entire set of real numbers,
(— o0, o). In other words, the value of
the quadratic x? + 2x + 4 is positive
for every real value of x, as indicated in
Figure B.55. (Note that this quadratic
inequality has no key numbers. In such
a case, there is only one test interval—
the entire real number line.)

b. The solution set of
X2+ 2x+1=<0

consists of the single real number {— 1},
because the quadratic

X2+ 2x+ 1

has one key number, x = — 1, and it is the
only value that satisfies the inequality,
as indicated in Figure B.56.

c¢. The solution set of
XX+3x+5<0
is empty. In other words, the quadratic
X2 +3x+5

is not less than zero for any value of x,
as indicated in Figure B.57.

d. The solution set of
x2—4x+4>0

consists of all real numbers except the
number 2. In interval notation, this solution
set can be written as (— oo, 2) U (2, c0).
The graph of y = x> — 4x + 4 lies above
the x-axis except at x = 2, where it touches
it, as indicated in Figure B.58.

cHeckPOINT  Now try Exercise 73.

Technology Tip

the solution of the inequality

= 02x* = 3.16x + 1.4 < 0.

y=x2+2x+4 -

/

Figure B.55

y=x2+2x+1 5

)/
-5 4

Lo |

-1

Figure B.56

y=x2+3x+5 7
/

Figure B.57

5 y=x2—dx+4

- eo |°

-1

Figure B.58

One of the advantages of technology is that you can solve complicated
polynomial inequalities that might be difficult, or even impossible, to
factor. For instance, you could use a graphing utility to approximate

B43
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Rational Inequalities

The concepts of key numbers and test intervals can be extended to inequalities involving
rational expressions. To do this, use the fact that the value of a rational expression
can change sign only at its zeros (the x-values for which its numerator is zero) and its
undefined values (the x-values for which its denominator is zero). These two types of
numbers make up the key numbers of a rational inequality. When solving a rational
inequality, begin by writing the inequality in general form with the rational expression
on one side and zero on the other.

Example9 Solving a Rational Inequality
x — 7

Solve ——— = 3.
Algebraic Solution Graphical Solution
2% — 7 Use a graphing utility to graph
-3=<0 Write in general form.
x—5 2x — 7
v, = 5 and y, =3
2x— 7 —3x+ 15 ) ) ) X
=0 Write as single fraction. . L . .
x—=35 in the same viewing window, as shown in
x4+ 8 o Figure B.59.
=0 Simplify.
x—35
Now, in standard form you can see that the key numbers are x = 5 and Y=
x = 8, and you can proceed as follows. F
Key Numbers: x = 5,x = 8 \
Test Intervals: (— oo, 5), (5, 8), (8, o0) -3 \ 12
—x + 8 !
Test: Is x—25 =07 -4 The gre\lphs intersect
_ at (8, 3).
Interval x-Value Polynomial Value Conclusion Figure B.59
-0 +
(—o0, 5) x=0 —o+8_ 8 Negative ] .
0-5 5 The graph of y, lies below the graph of y, in
648 the intervals (—oo, 5) and [8, o). So, you can
(5,8) x=06 o5 2 Positive graphically estimate the solution set to be all real
numbers less than 5 or greater than or equal to 8.
-9 +38 1 .
(8, c0) x=9 o—s5- "4 Negative
By testing these intervals, you can determine that the rational expression
—x+ 8
x—5
is negative in the open intervals (— oo, 5) and (8, co). Moreover, because
—x+ 8
=0
x—35
when x = 8, you can conclude that the solution set of the inequality is
(—00,5) U[8, o0).
VcHeckPoINT  Now try Exercise 83.

Note in Example 9 that x = 5 is not included in the solution set because the
inequality is undefined when x = 5.
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Applications

In Section 1.2 you studied the implied domain of a function, the set of all x-values for
which the function is defined. A common type of implied domain is used to avoid even
roots of negative numbers, as shown in Example 10.

Example 10 Finding the Domain of an Expression
Find the domain of /64 — 4x2.

Solution

Because /64 — 4x? is defined only when 64 — 4x? is nonnegative, the domain is
given by 64 — 4x? = 0.

64 —4x2 =0 Write in general form.
16 —x2=0 Divide each side by 4.
4-x4d+x)=0 Factor.
The inequality has two key numbers: x = —4 and x = 4. A test shows that 64 — 4x2 = 0

in the closed interval [—4, 4]. The graph of y = /64 — 4x2, shown in Figure B.60,
confirms that the domain is [—4, 4].

VcHeckPoINT  Now try Exercise 91.

Example 11 Height of a Projectile @

A projectile is fired straight upward from ground level with an initial velocity of 384
feet per second. During what time period will the height of the projectile exceed
2000 feet?

Solution

The position of an object moving vertically can be modeled by the position equation
s = —1612 + vyt + s,

where s is the height in feet and ¢ is the T 162
time in seconds. In this case, s, = 0 3000@ Eyl o 384[}
and v, = 384. So, you need to solve / /
the inequality — 1672 + 384¢ > 2000.
Using a graphing utility, graph

y, = — 1612 + 384 and y, = 2000,
as shown in Figure B.61. From the 0 24
graph, you can determine that _0
— 162 + 3841 > 2000 for ¢ between Figure B.61
approximately 7.6 and 16.4. You can
verify this result algebraically.
— 1612 + 384t > 2000 Write original inequality.
1?2 — 24t < —125 Divide by — 16 and reverse inequality.
12 —24t+ 125 <0 Write in general form.

By the Quadratic Formula the key numbers are t = 12 — /19 and ¢t = 12 + /19, or
approximately 7.64 and 16.36. A test will verify that the height of the projectile will
exceed 2000 feet when 7.64 < t < 16.36; that is, during the time interval (7.64, 16.36)
seconds.

VcHeckPoINT  Now try Exercise 95.

10 y=+/64 —4x?

/

(-4,0) I (4.0

Figure B.60

-2

B45
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B.4 Exercises

Vocabulary and Concept Check
In Exercises 1-4, fill in the blank(s).

For instructions on how to use a graphing utility, see Appendix A.

1. It is sometimes possible to write two inequalities as one inequality, called a

inequality.
2. The solutions of |x| < a are those values of x such that
3. The solutions of |x| = a are those values of x such that

4. The key numbers of a rational inequality are its

5. Are the inequalities x — 4 < 5 and x > 9 equivalent?
6. Which property of inequalities is shown below?
a<bandb<c [ > a<c

Procedures and Problem Solving

Matching an Inequality with Its Graph In Exercises
7-12, match the inequality with its graph. [The graphs
are labeled (a), (b), (¢), (d), (e), and (f).]

(a) % F : : : x
4 5 6 7 8
(b) — E : : : —F—+— =
-1 0 1 2 3 4 5
© +——+—4—+—+—+}F+—+—+—+—>=x
-3 -2 -1 0 1 2 3 4 5 6
@ +——t——T]
-3 -2 -1 0 1 2 3 4 5 6
€ —+——+—F——+—]+—+——+—+—>x
-3 -2 -1 0 1 2 3 4 5 6
() : ) : : % x
2 3 4 5 6
7.x< 3 8. x=35
9. 3<x<4 10. 0 < x < 3
1. —1=x=<3 12. ~1<x<3

Determining Solutions of an Inequality In Exercises
13-16, determine whether each value of x is a solution of
the inequality.

Inequality Values
13. 5x — 12 >0 (a) x =3 b) x=-3
©x=3 (@x=3
14 -5<2x—1<1 @ x=-1 @) x=-3
©x=% @=x=0
15.—1<3;x51 @x=—-1 (b)x=45

c)x=1 d x=
@ x=13 ((Mb)x=—1
c)x=14 () x=38

|
W

16. |x — 10| = 3

or

and its

Solving an Inequality In Exercises 17-30, solve the
inequality and sketch the solution on the real number line.
Use a graphing utility to verify your solution graphically.

17. —10x < 40 18. 6x > 15
V19, dx +7 <3+ 2x 20. 3x + 1 =2 + x

21 4(x + 1) < 2x +3  22.2x + 7 < 3(x — 4)
V23 3x-6<x-7 24.3+2x>x-2
V25, 1<2x+3<9 26 —8< —3x+5<13

27. -8<1—-3x—2) < 13
28. 0<2—-3(x+1) <20
2x — 3

29. —4 < < 4

3
x+3
2

30. 0 < <5

Approximating a Solution In Exercises 31-34, use a
graphing utility to approximate the solution.

3. 5 —2x = 1
32. 20 < 6x — 1
33.3x+1) < x+ 7
34. 4x—-3) <8 —x

Approximating Solutions In Exercises 35-38, use a
graphing utility to graph the equation and graphically
approximate the values of x that satisfy the specified
inequalities. Then solve each inequality algebraically.

Equation Inequalities
35. y=2x—-3 @ y=1 b)y=<0
36. y= —3x+ 8 (A -1=y=<3 ®y=<o0
37.y=—5x+2 @0<y<3 (b)y=0
38. y=73x+ 1 @@y<5 (b)y =0
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Solving an Absolute Value Inequality In Exercises 67. x> —4x =0 68. x*(x —3) <0
39-46, solve the inequality and sketch the solution on the /69, 253+ 5% > 6x + 9 70. 253 + 32 < 11x + 6
real number line. Use a graphing utility to verify your

3 _ 2 _
solutions graphically. 71 X = 3x* —x > =3

72. 2x3 + 13x2 — 8x — 46 = 6

39. |5x| > 10 40-§51 V7332~ 1lx+ 160 T4 42+ 12x+9 =0
2 2
\/41.|x—7|<6 2. |x - 20| = 4 75. x** +3x+8 >0 76. 4x* —4x + 1 =0
43. |x + 14| +3 > 17 44 X~ 3‘ > 5 Using Graphs to Find Solutions In Exercises 77 and 78,
2 use the graph of the function to solve the equation or
45. 10[1 — x| < 5 46. 3|4 — 5x| = 9 inequality.

@ f(x) =gl) () f&x) = gx) (o) fx) > glx)

Approximating Solutions In Exercises 47 and 48, use a

graphing utility to graph the equation and graphically 77. ? ‘ 78. Y(3,5)
approximate the values of x that satisfy the specified ~ y=fx)
inequalities. Then solve each inequality algebraically. 21-%(1,2)
Equation Inequalities —t —t—>x
-4 -2 2\ 4
47. y = |x = 3| @y<2 (@by=4 -2
48. y = |t + 1 @y<4 ®y=1 4
Using Absolute VaIu<:3 Notation In E?(ercises 49—56,. use Approximating Solutions In Exercises 79 and 80, use a
?bsolute value notation to defir-le the interval (or pair of graphing utility to graph the equation and graphically
intervals) on the real number line. approximate the values of x that satisfy the specified
49 r ‘ ‘ ‘ ‘ ‘ 1 . inequalities. Then solve each inequality algebraically.
. L 1 1 1 1 1 J
-3 -2 - 0 ! 2 3 Equation Inequalities
50  + p—+——vr—tr 3 - 79.y=—x*+2x+3 @y=s0 (y=3
76 =5 o4 =2 - 023 80. y=x’—x2—16x+16 (A y<0 (b)y=36
51. ) % % | | % = . . . .
3 2 0 1 2 3 Solving a Rational Inequality In Exercises 81-84,
solve the inequality and graph the solution on the real
52. 4‘% Pttt [ —t—t—x number line. Use a graphing utility to verify your solution
4 5 6 7 8 9 10 11 12 13 14 graphically.
53. All real numbers within 10 units of 7 1
. 81. —— x>0
54. All real numbers no more than 8 units from —5 X
i 1
55. All real numbers at least 5 units from 3 8. ~—4<0
56. All real numbers more than 3 units from — 1 X
x+ 6
Investigating Polynomial Behavior In Exercises 57-62, v 83, x+1 2<0
determine the intervals on which the polynomial is Y+ 12
entirely negative and those on which it is entirely positive. 84. T 320
X
57. x> —4x — 5 58. x> —3x — 4
V59, 2x2 — 4x — 3 60. 2x2 —x— 5 Approximating Solutions In Exercises 85 and 86, use a
6l. 22 —4x + 5 62. —% + 6x — 10 graphing utility to graph the equation and graphically

approximate the values of x that satisfy the specified

Solving a Polynomial Inequality In Exercises 63-76, inequalities. Then solve each inequality algebraically.

solve the inequality and graph the solution on the real Equation Inequalities
number line. Use a graphing utility to verify your solution 3x
graphically. 85. y= P (A y=<0 (b)y=6
63. (x +2)2 <25 64. (x —3)> =1 5x

V65 22 +dx+4 29 66. x> — 6x + 9 < 16 86. v = @y=z1  ®y=0

x2+ 4
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v 95 Height of a Projectile A projectile is fired straight
upward from ground level with an initial velocity of

Finding the Domain of an Expression In Exercises
87-92, find the domain of x in the expression.

87. Jx—5 88. ¥/6x + 15 160 feet per second.
89. /6 —x 90. 322 =3 (a) At what instant will it be back at ground level?
Sl J2—4 9. Y4 — 2 (b) When will the height exceed 384 feet?

96. Height of a Projectile A projectile is fired straight

93. MODELING DATA upward from ground level with an initial velocity of

The graph models the population P (in thousands)
of Sacramento, California from 2000 through 2008,
where 7 is the year, with ¢ = 0 corresponding to 2000.
Also shown is the line y = 2000. Use the graphs of the
model and the horizontal line to write an equation or an
inequality that could be solved to answer the question.
Then answer the question. (Source: U.S. Census

Bureau)
P
s g 20T y=P()
S § 2100 /
S & 2000
ag 1900_/ (J\ﬂ
£ = 1800 y =2000
= $ 1 1 1 1 1 1 1 1 t
T T T T T T T T
1 2 3 4 5 6 7 8
Year (0 <> 2000)

(a) In what year did the population of Sacramento
reach two million?

(b) Over what time period is the population of
Sacramento less than two million? greater than
two million?

94. MODELING DATA

The graph models the population P (in thousands)
of Pittsburgh, Pennsylvania from 2000 through 2008,
where 7 is the year, with # = 0 corresponding to 2000.
Also shown is the line y = 2360. Use the graphs of the
model and the horizontal line to write an equation or an
inequality that could be solved to answer the question.
Then answer the question. (Source: U.S. Census

Bureau)
P

D PR—
£ g 20 ) _P(tV)J
g g 2400 T O
aé 2300 I\
£ 200+ [«‘:2360]

C ¢ 1 1 1 1 1 1

~

Year (0 <> 2000)

(a) In what year did the population of Pittsburgh reach
2.36 million?

(b) Over what time period is the population of
Pittsburgh less than 2.36 million? greater than 2.36
million?

128 feet per second.
(a) At what instant will it be back at ground level?
(b) When will the height be less than 128 feet?

97. MODELING DATA

The numbers D of doctorate degrees (in thousands)
awarded to female students from 1990 through 2008 in
the United States can be approximated by the model

D = 0.05102 — 0.045¢ + 15.25, 0 <t =18
where ¢ is the year, with # = 0 corresponding to 1990.
(Source: U.S. National Center for Education Statistics)
(a) Use a graphing utility to graph the model.

(b) Use the zoom and trace features to find when the
number of degrees was between 20 and 25 thousand.

(c) Algebraically verify your results from part (b).

98. MODELING DATA

You want to determine whether there is a relationship
between an athlete’s weight x (in pounds) and the
athlete’s maximum bench-press weight y (in pounds).
Sample data from 12 athletes are shown below.

(165, 170), (184, 185), (150, 200),
(210, 255), (196, 205), (240, 295),
(202, 190), (170, 175), (185, 195),
(190, 185), (230, 250), (160, 150)

(a) Use a graphing utility to plot the data.
(b) A model for the data is

y = 1.3x — 36.

Use the graphing utility to graph the equation in
the same viewing window used in part (a).
(c) Use the graph to estimate the value of x that

predicts a maximum bench-press weight of at least
200 pounds.

(d) Use the graph to write a statement about the
accuracy of the model. If you think the graph
indicates that an athlete’s weight is not a good
indicator of the athlete’s maximum bench-press
weight, list other factors that might influence an
individual’s maximum bench-press weight.
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Why you should learn it (p. B37) In Exercises 99-102,
use the models below, which approximate the numbers
of Bed Bath & Beyond stores B and Williams-Sonoma
stores W for the years 2000 through 2008, where ¢ is the
year, with £ = 0 corresponding to 2000. (Source: Bed
Bath & Beyond, Inc. and Williams-Sonoma, Inc.)

Bed Bath & Beyond: B = 91.88¢ + 331.7, 0 <=¢ =<8

Williams-Sonoma: W = 30.22¢t + 404.0, 0 <t =<8

99. Solve the inequality B(f) = 900. Explain what the
solution of the inequality represents.

100. Solve the inequality W() < 600. Explain what the
solution of the inequality represents.

101. Solve the equation B(f) = W(z). Explain what the
solution of the equation represents.

102. Solve the inequality B(f) = W(r). Explain what the
solution of the inequality represents.

Music In Exercises 103-106, use the following information.
Michael Kasha of Florida State University used physics
and mathematics to design a classical guitar. He used
the model for the frequency of the vibrations on a
circular plate

_26t JE

v—? p

where v is the frequency (in vibrations per second), ¢ is
the plate thickness (in millimeters), d is the diameter of
the plate, E is the elasticity of the plate material, and p is
the density of the plate material. For fixed values of d, E,
and p, the graph of the equation is a line, as shown in the
figure.

700
600 //
500
400
300 /
200 /
/
100

f f f f t

Frequency
(vibrations per second)

Plate thickness (millimeters)

103. Estimate the frequency when the plate thickness is
2 millimeters.

104. Estimate the plate thickness when the frequency is 600
vibrations per second.

105. Approximate the interval for the plate thickness when
the frequency is between 200 and 400 vibrations per
second.

106. Approximate the interval for the frequency when the
plate thickness is less than 3 millimeters.

Conclusions

True or False? In Exercises 107 and 108, determine
whether the statement is true or false. Justify your answer.
107. If =10 < x < 8,then —10 = —xand —x = —8.

108. The solution set of the inequality 2x> + 3x + 6 = Ois
the entire set of real numbers.

Think About It In Exercises 109 and 110, consider the
polynomial (x — a)(x — b) and the real number line (see
figure).

. 5
109. Identify the points on the line where the polynomial is
Zero.

110. In each of the three subintervals of the line, write the sign
of each factor and the sign of the product. For which
x-values does the polynomial possibly change signs?

111. Proof The arithmetic mean of a and b is given by
(a + b)/2. Order the statements of the proof to show
thatifa < b,thena < (a + b)/2 < b.

b
() a<=2<b
(ii) 2a < 2b

(i) 2a < a + b < 2b
iv) a<b

112. Think About It Without performing any calcula-
tions, match the inequality with its solution. Explain
your reasoning.

(a) 2x = —6 (i) x = —8orx =4
(b) —2x =6 (1) x = =3

() x+2] =6 (i) —8=x<=4
d |x+2|=6 @iv) x = =3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 3.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (iChapters)
  >>
>> setdistillerparams
<<
  /HWResolution [750 750]
  /PageSize [612.000 792.000]
>> setpagedevice


