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Chapter 2 Graphs, Lines, and Inequalities

Section 2.1 Graphs, Lines, and Inequalities

1. (1,-2) lies in quadrant IV 8. 2x+7y=14
(-2, Dlies in quadrant I1 Find the y-intercept. If x =0,
(3, 4) lies in quadrant I 20)+7y=14=7y=14=y=2

(-5, —6) lies in quadrant III The y-intercept is 2.

) Nlies i drant 1 Next find the x-intercept. If y =0,
- (7 2)lies in quadran 2x+7(0)=14= 2x=14= x=7
(3, -2 ) lies in quadrant IV The x-intercept is 7.

(4,0) lies in no quadrant Using these intercepts, graph the line.
(—\/g , V3 ) lies in quadrant 11 !

3. (1,-3) is a solution to 3x —y — 6 = 0 because T

3(1) - (-3) — 6 = 0 is a true statement. s ‘
\‘)’&7‘ x

4. (2,-1)is a solution to x2 +y2 -6x+8y=-15

because (2)> +(—1)? —6(2)+8(-1) =15 isa

true statement.

9. 8x+3y=12
5. (3,4)is not a solution to (x—2)° +(y+2)* =6 Find the y-intercept. If x =0,
Jy=12=>y=4

because (3—2)” +(4+2)* =37, not 6. The y-intercept is 4.

Next, find the x-intercept. If y =0,
2 2

12 3
6. (1,-1) is not a solution to EAR AR x=2=x=—=—
2 3 8 2
2 2
because i + D" _5 not —4. The x-intercept is 3 .
23 6 2
Using these intercepts, graph the line.
7. 4y+3x=12 y
Find the y-intercept. If x = 0,
4y =-30)+12=4y=12=>y=3 45_ 8x +3y=12
The y-intercept is 3. 2 :\
Next find the x-intercept. If y =0, N\ x
4(0)+3x=12=3x=12=x=4 2,1\ ¢
The x-intercept is 4. T
Using these intercepts, graph the line. B

10. 9y—4x=12
\: dy+3x=12 Find the y-intercept. If x =0,
3
T 9y—4(0)=12=>9y=12=>y=%=%

The y-intercept is % .

Next find the x-intercept. If y =0,
90)—4dx=12=-4x=12=x=-3
The x-intercept is —3.

(continued on next page)
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48 CHAPTER 2 GRAPHS, LINES, AND INEQUALITIES

Using these intercepts, graph the line. 15. The x-intercepts are —1 and 2. The
y y-intercept is —2.
16. The x-intercept is 1. There is no y-intercept.
- _
oy dx= 12 17. 3x+4y=12 ~
D= o To find the x-intercept, let y = 0:
3x+4(0)=12=3x=12=>x=4
The x-intercept is 4.
To find the y-intercept, let x = 0:
1. x=2y+3 3(0)+4y=12=4y=12=y=3
Find the y-intercept. If x = 0, The y-intercept is 3.
3
0=2y+3=>2y=—3=>y=—5 18. x—-2y=5
3 To find the x-intercept, let y = 0:
The y-intercept is 5 x=20)=5=x=5

The x-intercept is 5.

Next, find the x-intercept. If y =0, To find the y-intercept, let x = 0.

x=2(0)+3=x=3

5
The x-intercept is 3. 0—2y=5=>—2y=5=>y=—§
Using these intercepts, graph the line. 5
y The y-intercept is —5-
T x= 2y+3
+ 19. 2x-3y=24
T e To find the x-intercept, let y = 0:
"'_5'-/’5'5 ’ 2x—3.(0)=24:.>2x=24:>x=12
/: -2 The x-intercept is 12.
+ To find the y-intercept, let x = 0:

2(0)-3y=24= -3y=24= y=-8
12. x-3y=0 The y-intercept is —8.
Find the y-intercept. If x =0,

- 20. 3x+y=4
3y _.O =0 . . ) To find the x-intercept, let y = 0:
The y-intercept is 0. Since the line passes 4
through the origin, the x-intercept is also 0. 3x+0=4=3x=4=x=—
Find another point on the line by arbitrarily 3
choosing a value for x. Let x = 3. Then, The x-intercept is i
By=-3=y=1 3
The point with coordinates (3, 1) is on the line. To find the y-intercept, let x = 0:
Using this point and the origin, graph the line. 30)+y=4=y=4
y The y-intercept is 4.
21. y=x2—9
x-3y=0" .
i To find the x-intercepts, let y = 0:
! /';’
ER=— R ¥ 0=x’-9=x’=9=x=+/9=43
The x-intercepts are 3 and —3.
To find the y-intercept, let x = 0:
y=0-9=-9

13. The x-intercepts are where the rays cross the The y-intercept is 9.

x-axis, —2.5 and 3. The y-intercept is where the
ray crosses the y-axis, 3.
14. The x-intercept is 3; the y-intercept is 1.
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22.

23.

24.

25.

26.

y= x*+4
To find the x-intercepts, let y = 0:

24>

0=x>+4=x
x =*+/—4 not a real number

There is no x-intercept.
To find the y-intercept, let x = 0:

y=0%+4=4
The y-intercept is 4.

y= x2+x-20

To find the x-intercepts, let y = 0:
0=x>+x-20=0=(x+5)(x—4)=
x+5=0=x=-So0orx-4=0=>x=4
The x-intercepts are —5 and 4.

To find the y-intercept, let x = 0:

y=02+0-20=-20
The y-intercept is —20.

y= 5x% +6x+1
To find the x-intercepts, let y = 0:
0=5x>+6x+1=0=0Gx+)(x+1)=

5x+1=0=>x=—% orx+1=0=>x=-1

. 1
The x-intercepts are 3 and —1.

To find the y-intercept, let x = 0:
y=5(0)2+6(0)+1=1
The y-intercept is 1.

y= 2x2 —5x+7

To find the x-intercepts, let y = 0:
0=2x*-5x+7

This equation does not have real solutions, so

there are no x-intercepts.
To find the y-intercept, let x = 0:

y=2(0)?-50)+7=7
The y-intercept is 7.

y= 3x2+4x—4
To find the x-intercepts, let y = 0:
0=3x>+4x-4=0=0Cx-2)(x+2)=

3x—2=0=>x=§ or x+2=0=>x=-2

. 2
The x-intercepts are —2 and 3

To find the y-intercept, let x = 0:
y=3(0)>+4(0)-4=—4
The y-intercept is —4.

27. y = x?

x-intercept: 0= x2=x=0
y-intercept: y =0

,
x |y
D) 4 °T
4__
-1 1 T
2_._
0| 0 N
4 2 4+ 2 4
1 1 24
2 | 4
2
28, y=x"+2

e

x-intercept: 0 = 2+2=x
x =*+/—2 not areal number

y-intercept: y = 02 +2= y=2

x y |
2 | 6
| 3 \ /
0 2 2
1 3 -
2 6

29. y=x>-3

x-intercepts: 0 = XX-3=x2=3=x=+3

y-intercepts: y = 02-3=-3

y

x y
3| 6 T
-1 ) T

0 -3 D /2 "4

1 2 L
,4 4

3 6
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30. y=2x?

x-intercept: 0 = 232 =x=0
y-intercept: y=2(0)=0

33.

y=x

3

x-intercept: 0 = X =x=0

y-intercept: y = 0= y=0

X y ) ¥ y y
-2 8 5 g 44
-1 2 -~ _ 2+
\\ ” 1 1 Il 1 Il 1 T | 1
O O \ I 0 0 T |_2| T T T th
1 2 . 1 1 T
-2 8 2 8 T
31. y=x2—6x+5 34. y=x3—3

x-intercept:
0=x>-6x+5=0=(x-D)(x-5)=
x=1=0=x=1o0or x-5=0=x=5

x-intercept: 0=x>-3=2x=3=x=

y-intercept: y = 0°-3= y=-3

y-intercept: y = (0)2 -6(0)+5=5 X y y
x y A 2 | -1
-2 21 1 4 ]
-1 12 \ | 0 -3 | l
o | s N T )
1| o i 2 | s
2 | 3 -
35. y=x>+1

32. y=x’+2x-3
x-intercept:
0=x>+2x-3=0=x+3)(x-1)=
x+3=0=x=-3or x-1=0=>x=1

x-intercept:
0=x’+1= P =-1=x=3-1=-1

y-intercept: y = 0} +1=1

y-intercept: y=(0)2+2(0)—3=—3 X y 7
. 2 | 7 T
X 1
Y 1 0 2
-3 0 1
R 3 0 1 o2f 4L 2 4
— - +2
0| \ ot b2 iy
x 2 9
0 -3 \-f
1 0
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36.

37.

38.

39.

3

x
Y=
3
x-intercept: 0= > =x=0
. 0
y-intercept: y = B} =0
y
X y
-2 —4 A
-1 | -12 / 40.
/
0 0 ‘/
1 1/2 jp_l
2 4 =
y=~x+4
x-intercept: 0=+vVx+4 =0=x+4=x=-4
y-intercept: y =~/0+4 = Va=2
y
X y
2 | J2~14 4 EuE
1 3=17 & .
0 2 4D _2 R o) +10
2 _ —4
J6 =24 | .
> 3 42
y=+x-2
x-intercept: 0=vVx-2=0=x-2=x=2 43.
y-intercept: y =+/0—2 =+/-2, not a real 44,
number
45.
y
X y
2 0
3 1 | —
6 2 x 46.
11 3
y=v4-x> 47.

x-intercept:
0=
x=tJ4=12

y-intercept: y = Ja=2

4-x> 50=4-x’=x’=4=

-2 0

-1 | 3=17

0 2 =

2 | B3=17

5 0

x-intercept:
0=
x=19 =43

y-intercept: y = W =J9=3

y

9-x2 =0=9-x*=x*=9=>

-3 0

-1 | 2J2=238

0 3 EEE

11 2/2=28

3 0

2008; 20 million pounds
2009; approximately 11 million pounds
2011

No years

(a) about $1,250,000
(b) $1,750,000

(c) about $4,250,000
(a) about $1,000,000
(b) about $2,250,000.
(c) about $3,250,000.
(a) about $500,000

(b) about $1,000,000.

(¢) about $1,500,000.
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48. (a) about $250,000 64. y=2-x-x’
(b) about $1,250,000 4
(¢) about $1,500,000. s /_{\
49. beef, about 59 pounds; chicken, about 83 / l \
pounds; pork, about 47.5 pounds
-8
50. 2002
—(v_2)3
51. 2001 63 y=(x=3)
5
52. In 2001, annual per person beef consumption
was about 66 pounds, while in 2010, annual per
person beef consumption was about 59 pounds, -2
so beef consumption decreased about 7 pounds /
between 2001 and 2010.
5
53. about $512 billion
66. y=x>+2x2+2
54. in 2005-2010 o
55. in 2008-2015
56. In 2015, sales are projected to be about $590
billion, while in 2010, sales were about $523 =5 ||[ t
billion, so sales are projected to increase about
$67 billion. -3
57. H-P, about $16.50; Intel, about $21 67. y=x>-3x>+x-1
58. H-P, about $17.00; Intel, about $22 6
59. About $17.25 on Day 14 5 "\_,./
60. About $22.60 on Day 12 /
61. No 3
62. On day 1, the H-P share price was about $15.00, 68. y=x*-5x2-2
while the H-P share price was about $16.50 on 6
day 21. So, the H-P share price increased by
about $1.50 for the month. 1 E I{
-5
63. y=x>+x+1 W
10
-10
-5 5
-2
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-2

The “flat” part of the graph near x =1 looks like
a horizontal line segment, but it is not. The y
values increase slightly as you trace along the
segment from left to right.

70. (a) y= xt—2x° +2x
10

v1=x*-|-zx*3+w
-10 l 10

%=-.4255319 L:-.ssussu
-10

(b) The lowest point on the graph is
approximately at (—.5, —.6875). Answers

vary.
71. x=-1.1038

N

2eFn
w=-1.10zB0Z 1¥=0
[733 3] by [723 6]

/

2eFn
w=.GBzzz7E 1Y=0
[_39 3] by [_33 3]

72. x=.6823

73. x=2.1017

2ekFn
w=e. i01lgBEEZ 1¥=0
[_39 3] by [_53 5]

74. x=.7555

/

-

2eFn
T g (Y
[-3,3] by [-5, 5]

75. x=-1.7521

2eFn —
w=-1.752118 |¥=-zZE-iz
[733 3] by [723 12]

/

./

2ek .
fzz.PE9zEEN vzi
[-1, 53] by [-5, 5]

76. x=2.7693

77. y=.0556x>—1.286x%+9.76x—17.4

Haxirum

WEB.FHEZZEZE _V=6.9B6233Y .

[4, 9] by [0, 10]
The maximum value of the total assets between
2005 and 2008 was approximately $6.99 trillion.

78. y=.0556x> —1.286x> +9.76x—17.4

Hininum

w=B.BPFECEF V=R.FAFS14N .

[7, 12] by [0, 10]
The minimum value of the total assets between
2008 and 2011 was approximately $6.79

trillion.
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79. Plot y=.328x> —7.75x2 +59.03x—97.1 on 6. Through the origin, (0, 0), and (8, ~2)
[6, 12] by [40, 50], then find the minimum of the slope =—2—0_~2__1
curve. 8§-0 8 4
: 7. Through (-1, 4) and (-1, 6)
. slope = _6=4 = g, not defined
) -1-(-1) 0

The slope is undefined.
Hinirura )
w=8.204828  Y=4EN1OGERZ | 8. Through (-3, 5) and (2, 5)
The minimum value of the household assets -5 0
between 2007 and 2011 was approximately slope = 2-(=3) = 3 =0
$45.41 trillion.

9. b=5m=4
y=mx+b
=4x+

80. Plot y=.328x—7.75x> +59.03x—97.1 on y=4x+3
[4, 9] by [45, 55], then find the maximum of the 10. b=-3, m=-7
curve. y=mx+b
) y=-Tx-3

11. b=15m=-23
y=mx+b
/"“\ y=-23x+15
Haxirura
b L ES ¥=49 Z=HZHR 12. b=-45,m=2.5
The maximum value of the household assets y=mx+b
between 2005 and 2008 was approximately y=2.5x-45
$49.24 trillion.
Section 2.2 Equations of Lines 13. b=4, m= —%
1. Through (2, 5) and (0, 8) y=mx+b
- 3
slope =£=8_5=i=_§ y=——x+4
Ax 0-2 -2 2 4
2. Through (9, 0) and (12, 12) 4. b=3. m= 4
sloe——12_0—2—4 3
P 93 y=mx+b
4
3. Through (-4, 14) and (3, 0) yE347 3
lobe = 14-0 14
SOPe =T TR T T T 15. 2x—y=9
Rewrite in slope-intercept form.
4. Through (-5,-2) and (-4, 11) -y=-2x+9
Slope :ﬂ:__nzl:; y=2x—9
-S-(-4 -l m=2,b= -9.

5. Through the origin and (-4, 10); the origin has
coordinate (0, 0).
10-0 10 5
slope =——=—=—-=
-4-0 -4 2
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16.

17.

18.

19.

20.

21.

22,

23.

x+2y=7

Rewrite in slope-intercept form.

2y=—-x+7

6x=2y+4

Rewrite in slope-intercept form.

2y=6x—-4=y=3x-2
m=3,b= 2.

4x +3y=24

Rewrite in slope-intercept form.

3y=—4x+24

4
=——x+8
T3

m=—i,b=8.
3

6x—9y =16
Write in slope-intercept form.
-9y =-6x+16

9y=6x-16
216
T3
mzz, bz—ﬁ.
3 9
4x+2y=0

Rewrite in slope-intercept form.

2y=—4x= y=-2x
m= -2,b=0.

2x—-3y=0

Rewrite in slope-intercept form.

3y=2x:>y=§x

m= 2, b=0.
3

y =" can be written as
y=0x+7

m=0,b="17.
x=y—5

Rewrite in slope-intercept form.
y=x+5

m=1,b=5

24, There are many correct answers, including:

y

4
\ /
N ‘¥, o
' \ .
/ \
X
4
25. (a) Largest value of slope is at C.
(b) Smallest value of slope is at B.
(c) Largest absolute value is at B
(d) Closestto 0 isatD
26. (a) y=3x+2
The slope is positive, and the y-intercept is
positive. This is line D.
(b) y=-3x+2
The slope is negative, and the y-intercept is
positive. This is line B.
() y=3x-2
The slope is positive, and the y-intercept is
negative. This is line A.
d y=-3x-2
The slope is negative, and the y-intercept is
negative. This is line C.
27. 2x—-y=-2

Find the x-intercept by setting y = 0 and solving

for

x:2x—-0=-2=2x=-2=x=-1

Find the y-intercept by setting x = 0 and solving
fory: 20)-y=-2=-y=-2=y=2

Use the points (-1, 0) and (0, 2) to sketch the
graph:
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28. 2y+x=4 Y
Find the x-intercept by setting y = 0 and solving
forx: 2(0)+x=4=x=4 2
Find the y-intercept by setting x = 0 and solving y. 4l R A
fory: 2y+0=4=2y=4= y=2 S PSSk
Use the points (4, 0) and (0, 2) to sketch the /5
graph: -l
y i
12?+?x1_54 31. 4x-5y=2
jy - Find the x-intercept, by setting y = 0 and solving
for x:
~ 1
1 4x—5(0)=2:4x=2:x=5
Find the y-intercept by setting x = 0 and solving
for y:
29. 2x+3y=4 4(0)_5y=2=>_5y=2=>y=—2
Find the x-intercept by setting y = 0 and solving 5
f(?r X 2 +'3(O) =4=2x = 4=x=2 ) Use the points (1,0) and (0, - z) to sketch
Find the y-intercept by setting x = 0 and solving 2 5
h h:
for y: 2(0)+3y=4:>3y=4:>y=% the grap :
Use the points (2, 0) and (0, g) to sketch the 1
graph: T %
y A
___g
1 2x+3y=4 1 4x-5y=2
\_ )
3
1‘\ 32, 3x+2y=8
I l l x Find the x-intercept by setting y = 0 and solving
14 ;\ for x:
3x+2(0)=8:>3x=8:>x=§
30. —S5x+4y=3 3

Find the x-intercept by setting y = 0 and solving
for x:

—5x+4(0)=3$—5x=3=>x=—%

Find the y-intercept by setting x = 0 and solving
for y:

—5(0)+4y=3=>4y=3=>y=%

Use the points (—%, 0) and (0, %) to sketch

the graph:

Find the y-intercept by setting x = 0 and solving
for y:

30)+2y=8=2y=8=y=4

Use the points (g, Oj and (0, 4) to sketch the

graph:

\
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33. For 4x -3y =6, solve for y.
4
=—x-2
Y73
For 3x + 4y =8, solve for y.

3
=——x+2
YTy

The two slopes are % and —% . Since

(33)-

the lines are perpendicular.

34, 2x—5y=7and 15y —-5=06x
Solve each equation for y to find the slope.
2 7
2x-5y=7T= —Sy:—2x+7:>y:§x—§
15y-5=6x=15y=6x+5=
6 5 2 1

=—Xx+-—=—x
TR T IS

The slope of each line is %, so the lines are

parallel.

35. For 3x+2y =38, solve for y.
3
=——x+4
y 3 X

For 6y =5 — 9x, solve for y.
3 5

=—Zx+=
YT

Since the slopes are both —% , the lines are

parallel.

36. x—3y=4andy=1-3x
Solve each equation for y to find the slope.
x—3y=4:>—3y=—x+4:>y=%x—%
y=1-3x=-3x+1

The product of the slopes is (%) (-3)=-1,s0
the lines are perpendicular.

37. For 4x =2y + 3, solve for y.
3
y= 2x— 5
For 2y = 2x + 3, solve for y.
y=x+§
2
Since the two slopes are 2 and 1, the lines are
neither parallel nor perpendicular.

38.

39.

40.

2x—y=6andx—2y=4
Solve each equation for y to find the slope.
2x-y=6=>-y=-2x+6=y=2x-6

x—2y=4=>—2y=—x+4:y=%x—2
The slopes are not equal, and their product is

2 (%) =1, not -1, so the lines are neither
parallel nor perpendicular.

Triangle with vertices (9, 6), (-1, 2) and
(1,-3).
a. Slope of side between vertices (9, 6) and (—
1,2):
6-2 4 2

"9y 10 5
Slope of side between vertices (-1, 2) and
(1,-3):

2-(3) 5 5

-1 2 2

Slope of side between vertices (1, —3) and
(9, 6):
-3-6 -9 9
m —_—— i — i —
-9 -8 8

b. The sides with slopes % and —% are

perpendicular, because %(—%) =—1. Thus,
the triangle is a right triangle.

Quadrilateral with vertices (-5, -2), (-3, 1),
(3,0), and (1, -3):

a. Slope of side between vertices (-5, —2) and
(3,
-2-1 -3 3
m = ee— p—
-5-(-3) -2 2

Slope of side between vertices (-3, 1) and
3, 0):
-0 1 |

m=

3.3 6 6

Slope of side between vertices (3, 0) and (1,
=3):
e 0-(=3_3

3-1 2

Slope of side between vertices (1, —3) and
(=5,-2):
_3-(=2)_3+2 1

C1-(=5 145 6
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b. Yes, the quadrilateral is a parallelogram 45. (x, y1)=(010,1), m=0
because opposite sides have the same slope Y=y, =mx—x)
and are therefore parallel.

41. Use point-slope form with
(xp, y)=(-3,2), m= —%
y=y;=m(x—x)

y—2=—§u—03»

46.

y—=1=0(x-10)
y=1=0=y=1

(x1, y1)=(-3,-9), m=0
Y=y =mx-x)

y=(=9)=0(x—(=3))
y+9=0=>y=-9

2
y-2= _E(x +3) 47. Since the slope is undefined, the equation is that
2 of a vertical line through (-2, 12).
y—2=—§x—2 x=-2
y= _2 X 48. Since the slope is undefined, the equation is that
3 of a vertical line through (1, 1).

4
42. (x, y1)=(=5-2), m =§
Y=y =m(x—xp)

y=(-2) =§(x—(—5>)

4
y+2=(r+5)

49.

x=1

Through (-1, 1) and (2, 7)
Find the slope.
7-1 6

m= =
2—(-1) 3
Use the point-slope form with (2, 7) = (x, ;).

y=-nn :m(x_xl)

4
y+2=§x+4 y=7=2(x-2)
4 y=7=2x-4
y=§x+2 y=2x+3

43. (.xl, yl) = (2, 3), m = 3

50.

Through (2, 5) and (0, 6)

Find the slope.
y=y=m(x—xy) 5-6 -1
y=3=3(x-2) “5-0 2
y-3=3x-6 Use the point-slope form with (0, 6) = (x;, »;).
y=3x-3

1
44' (x]’ yl) = (33 _4)a m= _Z

Y=y =m(x—x)

y=y=m(x—x)
y=6=-2(:-0)

—6=——x
1 g 2
y=(H)=-2(x-3 i
4
y——zx+6
1
+d4=——(x-3
y 4( )
4y+16=—x+3
4y=-x-13
__r..B
YT,
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51. Through (1, 2) and (3, 9)
Find the slope.
_9-2 7
T3-1 2
Use the point-slope form with (1, 2) = (x, »;).
y=y=m(x-x)

7
—2="(x-1
y 2@ )

=Ly L
FTEERT,

7.3
YET

2y=Tx-3

52. Through (-1,-2) and (2, -1)
Find the slope.
me—2-CD_-1_1

-1-2 3 3
Use the point-slope form with
(_15 _2) = (-x]> yl)

Y=n"n :m(x_xl)
y=(-2) =§(x—<—1)>

y+2=%(x+l)

3y+6=x+1
3y=x-5

53. Through the origin with slope 5.
(x1, 71)=(0,0);m=5
=N =m(x—x1)
y=0=5(x-0)= y=>5x

54. Through the origin and horizontal.
A horizontal line has slope 0.

(x1, 1) = (0, 0)
y_ylzm(x_xl)
y=0=0(m-0)

y=0

55. Through (6, 8) and vertical.
A vertical line has undefined slope.
(xl’ yl) = (63 8)
x=06

56. Through (7, 9) and parallel to y = 6.
The line y = 6 has slope 0.

(x1, 11)=(7,9)
y=y =m(x-x)
y=9=0(x-7)
y=-9=0=y=9

57. Through (3, 4) and parallel to 4x — 2y = 5.
Find the slope of the given line because a line
parallel to the line has the same slope.

(x1. 71)=03,4)
4x=2y+5
2y=4x-5

5
=2x-— m=2
Ve

y=y=m(x-x)
y—4=2(x-3)
y—4=2x-6
y=2x-2

58. Through (6, 8) and perpendicular to

y=2x-3.

The slope of the given line is 2, so the slope of a

line perpendicular to the given line has the slope
1
5"

(x1, 31)= (6, 8)

y=-=n= m(x_xl)

1
—8=——(x-6
y 2@ )

2y -16=—x+6
2y=—-x+22

59. x-intercept 6; y-intercept —6

Through the points (6, 0) and (0, —6).
_0-(=6)_6
C6-0 6
Xy, 11)= (6, 0)
-y =m (x - xl)
y=-0=1(x-6)=y=x-6

3

=1

—~

<

Copyright © 2015 Pearson Education, Inc.

59
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60. Through (-5, 2) and parallel to the line through 64. Cost: $41,762; life: 15 years
(1,2) and (4, 3). 1 1
The slope of the given line is D=| = |x=-2(41,762) = 2784.13
n 15
m= 2-3 = hl = l’ so the slope of a line The depreciation is $2784.13 per year.
1-4 -3 3
L 1 . Let cost x = $201,457; life: 30 years
parallel to the line is also —. 1 1
D= (—)x =—(201,457) = 6715.23
n 30
(xlo yl) =(-5,2) The depreciation is $6715.23 per year.
YN rln(x — ) . Let x = the amount of the bonus. The manager
y—2==(x-(-5)) reiewed as a bonus .10(165,000 — x),so
3 x=.10(165,000 — x).
3y—-6=x+5 Solve this equation.
3y=x+11 x=16,500-.10x
1.10x =16,500
61. Through (-1, 3) and perpendicular to the line 16,500
through (0, 1) and (2, 3). x= =15,000
The sl;)pe3of th; given line is The bonus amounted to $15,000, so the correct
mEiT, 5 1, so the slope of a line choice is (b).
dicular to the line is 71, = — =1 A xS
perpendicular to the line is m, = — =k v =13.69(5)+133.6 = 202.05
(x1, »1)=(-1,3) There were about $202.05 billion or
= m (x —y ) $202,050,000,000 in sales from drug
yoh= ! prescriptions in 2005.
y=3==1(x=(-1)
y-3=—x-1 b. x=10.
y=—x+2 y=13.69(10)+133.6 = 270.5
There were about $270.5 billion or
62. y-intercept 3 and perpendicular to $270,500,000,000 in sales from drug
2x—y+6=0. prescriptions in 2010.
2x—y+6=0=y=2x+6
The slope of this line is 2, so the slope of a line c. y=340
P 0 P 340 =13.69x +133.6
perpendicular to the line is 5 206.4 =13.69x
03 15.1=x
(¥1, 1) = (0, 3) Sales from drug prescriptions will be about
y=y =m(x—x;) $340 billion in the year 2015.
y—3=—l(x—0) .a. x=10
6 2 y =40.89(10)+405.3 =814.2
yohETx The total revenue generated from hospital
2y=-x+6 care in 2010 was about $814.2 billion or
$814,200,000,000.
63. Let cost x = 15,965 and life: 12 years. Find D.

D= (ljx = i(15,965) =~1330.42
n 12

The depreciation is $1330.42 per year.

b. »=1000
1000 = 40.89x +405.3 =
594.7=40.89x = x = 14.5
The total revenue generated from hospital
care will be $1 trillion in the year 2014.
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69.

70.

71.

x=0

y=-1.8(0)+384.6 =384.6

There were approximately 384.6 thousand
or 384,600 employees working in the

motion picture and sound industries in
2000.

x=10

y=-1.8(10)+384.6 =366.6

There were approximately 366.6 thousand
or 366,600 employees working in the

motion picture and sound industries in
2010.

y =350
350 =-1.8x+384.6
-34.6=-18x=>x=19.2
This corresponds to the year 2019.
There will be approximately 350,000
employees working in the motion picture
and sound industries in 2019.

x=10.
y=-42.1(10)+16,288 =15,867
There were 15,687 golf facilities in 2010.

y = 15,500.
15,500 = —42.1x +16,288

-788 =-42.1x = x = 18.7
This corresponds to the year 2018.

There will be 15,500 golf facilities in 2018.

The given data is represented by the points
(5,35.1) and (11, 29.7).

Find the slope.
_29.7-351 54
Co11-5 6
Y=y =m(x—-x)

y—=29.7=-09(x—11)

y—29.7=-0.9x+9.9
y=-09x+39.6

The year 2009 corresponds to x = 9.

y=-0.9(9)+39.6=31.5

Total sales associated with lawn care were

about $31.5 billion in 2009.

y=25.

25=-0.9x+39.6
-14.6=-09x=> x=16.2
This corresponds to the year 2016. Total

sales associated with lawn care will reach
$25 billion in 2016.

-0.9

72.

73.

74.

75.

(x1,1)=(0,16.3) and
(x5, y,)=(10, 14.9)

Find the slope.
_149-163 -14 _ 14
10-0 10

Use the slope-intercept form with (0, 16.3).
y=-14x+16.3

Letx=15.
y= —.14(15)+16.3 =142

According to the model, there will be 14.2
million union workers in 2015.

(x1, 1) =(0, .4) and (x,, y,)=(10,.75)
Find the slope.
m=D"2 233 4 035

10-0 10
The y-intercept is .4, so the equation of the
line is y = 0.035x + 0.4.

The year 2014 corresponds to
x=2014-2002 = 14.
y=0.035(12)+0.4=0.82

In 2014, the price for chicken legs will be
about $0.82 per pound.

(x1,31)=(0,.6) and (x,,y,)=(10, 1.25)

Find the slope.
_125-6 =£=0.065
10-0 10

The y-intercept is .6, so the equation of the
line is y = 0.065x + 0.6.

The year 2010 corresponds to
x=2010-2002 = 8.
y=0.065(8)+0.6=1.12

In 2010, the price for chicken thighs was
about $1.12 per pound

(x1,»1)=(0, 36845) and

(x5, ) =(10,27200)

Find the slope.
_27,200-36845
- 10-0

The y-intercept is 36,845, so the equation is
¥ =-964.5x+36,845.

-964.5
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b.  The year 2006 corresponds to Section 2.3 Linear Models
x=2006—2000 = 6.
»y=-964.5(6) +36,845 = 31058 1. a. Let (x;,y,) be(32,0)and (x,,y,) be
In 2006, there were about 31,058 federal (68, 20).
drug arrests. Find the slope.
_20-0 _20_5
76. a.  (x;,»)=(0,1.5) and (x,,y,)= (10, 4.5) M= 37369
Find the slope. Use the point-slope form with (32, 0).
_45-15 0=3 (-3 > y=(x-3)
10-0 YU TgY Yoo
The y-intercept is 1.5, so the equation is
y=.3x+1.5. b. Letx=150.
5 5 .
b. The year 2007 corresponds to Y= 5(50 —32)= 5(1 8)=10°C
x=2007-2000=17. Let x = 75.
y=.3(7)+1.5=3.6 5 5 .
In 2007, the total amount of drugs seized Y= 5(75 —32)= 5(43) ~23.89°C
was about 3.6 million pounds.
5 5
¢. 57=3x+1.5=42=3x= x=14 This 2.y =§(x—32):> C =§(F—32)
corresponds to the year 2014. There will be
5.7 million pounds of drugs seized in 2014. a. F=358°F
5 5 .
77. a. The slope of —.01723 indicates that on C= 5(58 -32)= 3(26) =l144°C
average, the 5000-meter run is being run
.01723 seconds faster every year. It is b. C=50°C
negative because the times are generally 5
decreasing as time progresses. 50= §(F -32)
b.  y=-.01723(2012) +47.61 = 12.94 450=5F -160
The model predicts that the time for the 610=5F = F =122
5000-m run will be about 12.94 minutes in C=-10°C
the 2012 Olympics. ¢ 5
. , ~10=2(F-32)
78. a. Using data points (1980, 106.9) and 9
(2010, 153.9), the slope is: -90=5F-160

_153.9-106.9

"= 2010-1980
Each year there is an average increase of
about 1.57 million civilians.

1.57

b. y-153.9=157(x-2010)
y—153.9=1.57(2015-2010)

y—1539=785= y=161.75

There will be about 161.75 million civilians
in the labor force in 2015.

3.

4.

70=5F = F =14°
d. F=-20°F
5 5
C = 5(_2() -32)= 5(—52) =-28.9°C

F=867°

5 5
C= 5(867 -32)= 5(835) = 463.89°C
When are Celsius and Fahrenheit temperatures
numerically equal? Set F' = C:
Cz%(F—32):F:9F:5F—160=>

4F =-160 = F =—40°
The temperatures are numerically equal at —40°.
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5. Let (x;,,)=(6,201.6) and 8.

(x5, ¥,)=(11, 224.9). Find the slope.

_2249-201.6
- 11-6
y—201.6 =4.66(x—06)
y—201.6 =4.66x—-27.96
y=4.66x+173.64.
To estimate the CPI in 2008, let x = 8.
y= 4.66(8)+ 173.64 = 210.92
To estimate the CPI in 2015, let x = 15.
¥ =4.66(15)+173.64 =~ 243.54

=4.66

6. Let (x),)=(L127.1) and
(x5,¥,)=(11,140.8). Find the slope.

_140.8-127.1 137
11110
y—127.1=1.37(x-1)
y—=1271=137x-1.37
y=137x+125.73.
To estimate the number of filed returns in 2005,

=1.37

let x = 2005 — 2000 = 5. 10.
y= 1.37(5)+125.73 =132.58

There were about 132.58 million examined

returns in 2005. 1

To estimate the examined returns in 2012, let
x=2012-2000=12
y=137(12)+125.73=142.17

There were about 142.17 million examined
returns in 2012

7. Let (x1,,)=(0, 6.0) and (x,,y,)=(8,6.5).

Find the slope.
6.5-6.0
m=———

=0.0625

The y-intercept is 6.0, so the equation is

¥ =0.0625x+6.0.

To estimate the number of employees working in
the finance and insurance industries in 2010, let
x=2010-2000 = 10.

y =0.0625(10)+6.0 = 6.625

The number of employees was estimated to be
6.625 million in 2010.

Let (x;,»,)=(0,14.1) and (x,,y,)=(8,17.2).
Find the slope.
17.2-14.1
m=———
8-0
The y-intercept is 14.1, so the equation is
y=0.3875x+14.1.

To estimate the number of employees working in
the health care and social assistance industries in
2014, let x =2014 — 2000 = 14.

y =0.3875(14) +14.1=19.525

The number of employees will be about 19.525
million in 2014.

=0.3875

Find the slope of the line.
(xl, yl) = (50, 320)
(2, 72) = (80, 440)
ya—y _ 440-320 120
"~ 80-50 30

Each mile per hour increase in the speed of the
bat will make the ball travel 4 more feet.

m=

Xy =X

x = 806,400x

1120 gal 60 min 12 hr
y = - . . .
min hr day

After 30 days,
y = 806,400(30) = 24,192,000 gallons

. a.y=-143.6x+6019

Data Model Point | Residu | Squared

Point ( X, )‘;) al Residual

. ) Y=V | (r-9)?
(7,5036) | (7,5013.8) 222 492.84
(8,4847) | (8,4870.2) | 232 538.24
(9,4714) | (9,4726.6) | —12.6 158.76
(10,4589) | (10, 4583) 6 36
(11,4447) | (11,4439.4) 7.6 57.76

(continued next page)
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12.

y =-170.2x + 6250

Sum of the squares of the residuals for
model 1=40.55.

Sum of the residuals for model 1 =0
Sum of the residuals for model 2 = 42

Sum of the squares of the residuals for
model 1 =1283.6

Sum of the squares of the residuals for
model 2 = 8712

¢. Model 1 is the better fit.

a. y=2I1x+47

Data | Model Point | Residu | Squared Sum of the squares of the residuals for

Point (x, );) al Residual model 2= 241.6.

(x, ») y—9 a2

(y Y ) c. Model 1 is the better fit.
(7,5036) | (7,5058.6) | —22.6 510.76 13. Plot the points.
(8,4847) | (8,4888.4) | —41.4 | 1713.96 W e oz
B TrER —— : @

9,4714) | (9,47182) | —42 | 17.64 : 182 : oo
(10,4589) | (10,4548) | 41 1681 ;E Shig o
(11,4447) | (11.4377.8) | 69.2 | 478864 | ===

[5, 12] by [150, 220]
Visually, a straight line looks to be a good model
for the data.

The coefficient of correlation is » = .956, which

Sum of the residuals for model 1 =-4.5
Sum of the residuals for model 2 =28

Data Model | Residual | Squared indicates that the regression line is a good fit for
Point Point y—3 | Residual the data.
@) 1 (x) (y-5) 14. Plot the points.
L1
(5,53) | (5,57.5) | -4.5 20.25 g :
(8,67) | (8,63.8) 32 10.24 50 :
(11,71 | (11,70.1) | 0.9 0.81 e e ’
Lein=1861 : =2t .
(14,75) | (14,76.4) | -1.4 1.96 [0, 15] by [400, 2000]
(17,80) [ (17,82.7) | 2.7 7.29 Visually, a straight line looks to be a poor model
— 9 8y 444 for the data because it shows a great deal of
y=4 curvature.
Data Model | Residual | Squared L;EEEEE‘
Point Point y—7 | Residual Efé%g? . %5%3%35
o)) | (x 5) (-9 FEs. BeREIAAR63
=, QESEES T 25T
(5,53) | (5,58) =5 25
(8,67) | (8,66.4) 0.6 0.36 The coefficient of correlation is » = —906, which
indicates that the regression line is a good fit for
(L7 AL74.8) 1 3.8 14.44 the data, but the plot shows otherwise.
(14,75) | (14,83.2) | 8.2 67.24
(17,80) | (17,91.6) | -11.6 134.56
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15.

16.

17.

18.

Using a graphing calculator, the regression-
line model is y =5.90x +146.59.

The year 2015 corresponds to x = 15. Using
the regression-line model generated by a
graphing calculator, we have

y=5.90(15)+146.59 = 235.09, or about
$235 billion in sales.

Using a graphing calculator, we find that
the linear model is y = —7.72x+407.94

The year 2015 corresponds to x = 35. Using
the regression-line model generated by a
graphing calculator, we have

y =-7.72(35)+407.94 = 137.74, or about

137 deaths per 100,000 people from heart
disease.

Using a graphing calculator, the regression-
line model is
y=-3.96x +73.98.

The year 2016 corresponds to x = 16. Using
the regression-line model generated by a
graphing calculator, we have

¥ =-3.96(16)+73.98 = 10.62, or about

$10.62 billion in revenue.

Using a graphing calculator, the regression-
line model is
y=14.9x + 2822.

Using the regression-line model:

Let x = 150 feet squared.

y=14.9(150) + 2822 = 5057

Let x = 280 feet squared.

y=14.9(280) + 2822 = 6994

Let x = 420 feet squared.

y=14.9(420) + 2822 = 9080

The predicted values are very close to the
actual data values.

Using the regression-line model:

Let x =235 feet squared.

y=14.9(235) + 2822 = 6323.5

Adam should choose the closest value
above the requirement. therefore, Adam
should choose the 6500 BTU air
conditioner.

19.

20.

21.

22.

Using a graphing calculator, the regression
line model for estimated operating revenue
(in billions of dollars) from internet
publishing and broadcasting is given by
y=237x-2.02.

Letx =12 (2012).
y =2.37(12)-2.02 = 26.42 billion

Letx =14 (2014).
y =2.37(14)—-2.02 = 31.16 billion
The operating revenue was about $26.42

billion in 2012 and will be about $31.16
billion in 2014.

Using a graphing calculator, the

regression-line model is
y=-0.62x+68.28.

y=-0.62(9)+68.28 = 62.7. There were
about 62.7 million subscribers in 2009.

Lety=55.

55=-0.62x+68.28
-13.28 =-0.62x

x=214

There will be 55 million subscribers in the
year 2021.
Using a graphing calculator, the coefficient
of correlation is about —915.

Using a graphing calculator, the
regression-line model is
y=-2318x+55.88.

y=-2.318(6)+55.88=41.972. There
were about 41,972 traffic fatalities in 2006.

Lety=28.
28 =-2.318x+55.88

-27.88=-2.318x

x=12.03
There were 28,000 traffic fatalities in the
year 2012.
Using a graphing calculator, the coefficient
of correlation is about —.972.

Using a graphing calculator, the
regression-line model for men is
y=.215x+52.6.

Using a graphing calculator, the
regression-line model for women is
y=.144x+65.4.
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c. 215x+52.6=.144x+654
071x =12.8x
x=180.3
According to the models, the life
expectancy of men will be the same as
women in the year 2080.

Section 2.4 Linear Inequalities

1.

Use brackets if you want to include the endpoint,

and parentheses if you want to exclude it.

(c).—7>-10

. 8k<32

Multiply both sides of the inequality by —%.

Since this is a negative number, change the
direction of the inequality symbol.

1 1
——(-8k)=-=(32) = k> -4
8( ) 8( )

The solution is [—4, ).

-
L
-4

. 4a<36

Multiply both sides by —1. Change the

direction of the inequality symbol.
1 1
——(-4a)2-—(36)=a=-9
2 (—4a) 4( )

The solution is [- 9, o).

r
L

-9

-2b>0
Multiply both sides by —%.

-2b>0= —%(—Zb) <—%(0) =b<0

The solution is (—oo, 0). To graph this solution,

put a parenthesis at 0 and draw an arrow
extending to the left.

Al
7

0

6—-62<0
Add 6z to both sides.
6—-6z+6z2<0+6z2=>6<6z

Multiply both sides by +.
%(6)<%(6z):>1<z or z>1

The solution is (1, o).
C

<
1

7. 3x+4<14

8.

For exercises 9-26, we give the solutions without

Subtract 4 from both sides.
3x+4-4<14-4=3x<10

Multiply each side by %
HEOE é(m) —rsl

The solution is (—oo, ?}

-
-
10

3

2y-7<9
Add 7 to both sides.
2y-T7T+7<9+7=2y<16

Multiply both sides by %
1 1
—2y)<=(16)= y<8
2( ») 2( )=y

Solution is (—0, 8).
N

p
8

additional explanation.

9.

10.

-5-p=23
—S+5-p=3+5
-p=8
(=D(=p) = (=1)(®)
p<-8

The solution is (—oo, —8].
. |

-
-8
5-3r+(-5)<-4+(-5)
-3r<-9

Lanz-o(-1)

r=3

The solution is [3, o).
C

|=
3
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11. 7m-5<2m+10
Sm—-5<10
Sm<15

1 1

15. -2(3y-8)=5(4y-2)
-6y +16=20y-10
16+10=20y+6y
26226y
12y or y<1

m<3 The solution is (—o, 1].
The solution is (—o, 3). .
% - 1
16. 5r—(r+2)23(r—-1)+6
12. 6x—2>4x-10 Sr—r—223r-3+6
6x—2—-4x>4x-10-4x 4r—2>3r+3
2x-2>-10 F—2>3
2x=2+2>-10+2 F>5
2x>-8 The solution is [5, o).
1 1 C
—(2x)>—(-8 C
(20> 2(8) ;
x>-4
17. 3p-1<6p+2(p-1)
The solution is (—4, ). 3p-1<6p+2p-2

[

N
-4

-1+2<6p+2p-3p
1<5p

13. m—-(4+2m)+3<2m+2 | |
m—4-2m+3<2m+2 §<p 0rp>§
-1-m<2m+2

-m-2m<2+1
-3m<3

1 1
-5 (3m>-20)

m>-1

The solution is (-1, ).

C

The solution is (é, ooj.

V= AN

18. x+5(x+1)>4Q2-x)+x
X+5x+5>8—-4x+x

N

- 6x+5>8-3x
4. 2p-(3-p)<-Tp-2 9x+5>8
2p-3+p<-Tp-2 9x>3
3p-3<-Tp-2 41
10p-3<-2 3
10p<1 The solution is (%, oo).
pP=—

10
The solution is (—oo,

IR 'N

0
10|

’5|>—I_.I
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19. -7T<y-2<5
“T+2<y-24+2<5+2
S<y<7
The solution is (-5, 7).
p N

< 7
-5 7

20. 3<m+6<2

“3+(=6) <m+6+(—6) < 2+(=6)

-9<m<-4
The solution is (-9, —4).

4 hY
\ 7
-9 -4

21. 8<3r+1<16
8-1<3r<16-1
7<3r<l15

ZSrSS

The solution is [%, 5} .

=
-

5

WIN A

22. —6<2p-3<5
—6+3<2p-3+3<5+3
—3<2p<8

1 1 1
—(-3)<=2p)==(8
2() 2(p) 2()
3
-—<p<4
B p

The solution is (—%, 4} .

L

23. 2k -1

—4(3)33(2]‘_1
3
~12<2k-1<6
—124+1<2k<6+1
“11<2k<7
11 7

——<k<<
2 2

The solution is [—E, Z}
22

j <2(3)

,.
Yy I

24, 5y+2

-1< <4

3(—1)33(%)33(4)
3<5p42<12
5<5y<10
-1<y<2

The solution is [-1
C |
4
2

,2].

C
-1

25. 3 1
ZQ2p+3)>2—@Gp+1
5(p ) 1O(p )

10-%(2p+3)210~%(5p+1)

6(2p+3)=5p+1

2p+18=5p+1
Tp=-17

>_-L
r="7

The solution is [—177, ooj.

-
C
7

7

2. 8 2
S(z-4<=@z+2
3(Z ) 9(2 )

—z—-—S<—z+—
3 33 9
6, 3242
3 39
22S£+2
3
2:<10 o<
9 9

The solution is (—oo, 59—0} .

-
-
50

9
27. x22
28. x<-2

29, 3<x<5
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30.

31.

32.

33.

34.

—4<x<4

C=50x + 6000; R = 65x
To at least break even, R > C.
65x = 50x + 6000

15x =2 6000 = x =400

The number of units of wire must be in the

interval [400, o).

Given C = 100x + 6000; R = 500x.
Since R> C,

500x = 100x + 6000 = 400x = 6000 = x > 15
The number of units of squash must be in the

interval [15, o).

C=285x+1000; R =105x
R=C
105x = 85x +1000
20x 21000

xz@:mzso
20

x must be in the interval [50, o).
C="70x + 500; R = 60x
R>C
60x = 70x + 500
—10x > 500
10x <-500

xs—@:ms—so
10

It is impossible to break even.

35. C=1000x + 5000; R = 900x

R=2C
900x =1000x + 5000
—100x = 5000

xswﬁxS—SO
00

It is impossible to break even.

36. C =25,000x + 21,700,000; R = 102,500x

R>C
102,500x = 25,000x + 21,700,000
77,500x = 21,700,000
S 21,700,000
77.500
x must be in the interval [280, ).

= x =280

37.

38.

39.

40.

41.

42.

|p| >7
p<-Torp>7
The solution is (—oo, —7) or (7, o).

N
p

ke

Im|<2=-2<m<2
The solution is (-2, 2).

L h'l

3 7
-2 2

l{<5=-5<r<s
The solution is [-5, 5].

C |
L -
-5 5
|a| <=2

Since the absolute value of a number is never
negative, the inequality has no solution.

B L e e s B
0

|p| > -5
The absolute value of a number is always
nonnegative. Therefore, |b| > =5 is always true,

so the solution is the set of all real numbers.

|2x+5|<1
-1<2x+5<l1
-1-5<2x<1-5
-6<2x<-4
-3<x<-2
The solution is (-3, —2).
2 N

K 7
-3 -2

1

X ——
2

<2

—2<x—l<2
2
——<x<—=
2 2

The solution is (—é, E)
22

I AN
[SYITA 4
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4. z+124 49. |T-61]<21
3z+4124  or 3z+1<-4 -21<T-61<21
3z24-1 3z<-4-1 40<T <82
3223 3z<-5
5 50. |T-43]<22
z21 z<-= —22<T-43<22
: 21<T <65

The solution is (—oo, —2} or[1, o).
3 51. |R, —26.75|<1.42

3 B |Rp —38.75|<2.17
_5 1
’ a. |R, —2675<tl.42=
45. [8b+5|>7 -142<R; -26.75<1.42=
8b+5<-7 or 8h+527 2533 Ry =28.17
8b<-12 or 8h>2 |Rp —38.75|<2.17=
L3 1 2.17<R;-3875<2.17=
bs—5 or bz7 36.58 < R, <40.92
The solution i 3 1
© SOIUtIoN 18 | —e0, == OF | 7, . b. 225(25.33)< T, <225(28.17)
] : 5699.25<T, <6338.25
3 ! 225(36.58) < Ty, <225(40.92)
8230.5 < Ty <9207
46. 1
Sx+——-2<5
2 52. |x-100>12
1
Sx+ <7 53. 35<B<43
—7<5x+%<7 54, 17<U<19
7 1 <Sx<T— 1 55. The six income ranges are:
2 2 0 < x <8700
s B 8700 < x < 35,350
2 35,350 < x < 85,650
51 Bl 85,650 < x < 178,650
2 g 123 > 178,650 < x < 388,350
S <¥<T x> 388,350
Lo 3 13 56. a. Letx represent the number of milligrams
The solution is | —=, — . .
2’10 per liter of lead in the water.
€ > b. 5% of .040 is .002.
= 10 040 —.002 < x <.040 +.002
47, |T-83<7 038<x<.042
—71<T-83<7 c. Since all the samples had a lead content less
76 <T <90 than or equal to .042 mg per liter, all were
less than .050 mg per liter and did meet the
48. |T - 63| <27 federal requirement.
27<T-63<27
36<T <90
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Section 2.5 Polynomial and Rational

Inequalities

1. x+4)(2x-3)<0

Solve the corresponding equation.
x+4(2x-3)=0
x+4=0 or 2x-3=0
x=-4 x= 3
2
Note that because the inequality symbol is

3 . .
“<,” -4 and 5 are solutions of the original

inequality. These numbers separate the number
line into three regions.

|
In region A, let x = —6:
(-6 +4)[2(-6)-3]=30>0.
In region B, let x = 0:
(0+4)[2(0)-3]=-12<0.
In region C, let x = 2:
2+4)[22)-3]1=6>0.
The only region where (x + 4)(2x — 3) is negative

is region B, so the solution is [—4, %} To graph

this solution, put brackets at —4 and % and draw

a line segment between these two endpoints.

r
L

4

ol LA

Gy-D(y+3)>0

Solve the corresponding equation.
(Gy-Dy+3)=0

5p=1=0 or y +3 =0

5y =1 y = =3
_ !
775

Note that because the inequality symbol is "< ",
1 and —3 are not solutions of the original

inequality. These numbers separate the number

line into three regions.
|

]
R
A
'
&
'
N
A
o+

In region A, let x =—6:

[5(-6) — 1][-6+3]= 93 >0.

In region B, let x = 0:
[5(0)-1][0+3]=-3<0.

In region C, let x = 2:

[5(2)-1][2+3]=45>0

The regions where (5y — 1)(y + 3) is positive are
regions A and C, so the solutions are

(—e0,—3) and (%,oo). To graph this solution, put

parentheses at -3 and % and draw rays as shown

below.
N L
P N
3 1
5
P2 +4r> -3
Solve the corresponding equation.
rr+dr=-3

rr+4r+3=0
(r+Dh(r+3)=0
r+1=0 or r+3=0
r=-1 or r=-3
Note that because the inequality symbol is “>,” —

1 and —3 are not solutions of the original
inequality.
|

A

| | | |

|

|

l

— |
-5-4-‘5-2-‘no1

| |

| |

In region A, let r = —4:

(—4)> +4(-4)=0>-3.

In region B, let r =-2:

(-2)* +4(-2)=—4<-3.

In region C, let » = 0:

0% +4(0)=0>-3.

The solution is (-0, —3) or (-1, ).

To graph the solution, put a parenthesis at —3
and draw a ray extending to the left, and put a

parenthesis at —1 and draw a ray extending to
the right.

Y L
7 K
-3 -1
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C . |
4. z°+62>-8 5 Jl
Solve the corresponding equation. 4
2 2
z"+6z=-8= z"+6z+8=0 )
. -1lp+3<
(z+2)(z+4)=0 6 gpl thp 3=0 i ]
4220 or 24420 0 V€2 e corresponding equation.
z=-2 or z=—4 6p” =11p+3=0
Because the inequality symbol is “>”, Bp-DH2p-3)=0
—2 and —4 are not solutions of the original 3p—-1=0 or 2p-3=0
inequality. 1 3
I I p=— or p=—
A i B i C 3 2
= _34 5 :b 0 1 2 5 4 Because the inequality symbol is “<,” % and
| |
! ! 3 . C .
Tn region A, let z = -5 3 are solutions of the original inequality. These
(_5)2 +6(=5)+8=3>0 points divide a number line into three regions.
| |
Inregion B, let z=-3: A B C
2 | | | | | | | | | | | |
(3) +63)+8=-1<0 S e s hha At
Inregion C, let z=0: i i
2
(0) +6(0)+8=8>0 In region A, let p = 0.
The solution is (—eo,—4) or (—2,e0). 6(0)2 —=11(0)+3=3>0
3 € In region B, let p = 1.
~4 2 6(1)> —11(1)+3=-2<0
5. Am’+Tm—2<0 In region C, let p = 10.

Solve the corresponding equation.
4m* +Tm-2=0

Am-1)(m+2)=0

4m—-1=0 or m+2=0

m=— or m=-2

. . . 1
Because the inequality symbol is “<” 7 and -2
are solutions of the original inequality.

| |
A | B |
| |
I I I | I I I I I
T ] T
|
|
|
|

5 4 3210
I
I

In region A, let m =-3:
4(-3)? +7(-3)-2=13>0.
In region B, let m = 0:

4(0)? +7(0)-2=-2<0.
In region C, let m = 1:

412 +7(1)-2=9>0.

The solution is [—2,%}.

6(10)2 —11(10)+3 = 493> 0
The numbers in regions A and C do not satisfy

the inequality, so the solution is [%,%} .

wi—r
e LA

4x% +3x-1>0
Solve the corresponding equation.

4x* +3x-1=0
(Ax-D(x+1)=0
4x—-1=0 or x+1=0

x=— or x=-1

4
Note that l and —1 are not solutions of the

original inequality.

(continued next page)
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73

In region A, let x = -2:
4(-2)*+3(-2)-1=9>0.
In region B, let x = 0:
4(0)% +3(0)—1=-1<0.
In region C, let x = 1:

412 +3(1)-1=6>0.

The solution is (—o, —1) or (%,oo) .

A
z
-1

haliars |

3x?—5x>2=3x2 -5x-2>0

Solve the corresponding equation.
3x2-5x-2=0

Bx+D)(x-2)=0

3x+1=0 or x—2=0

xX=—— or x=2
3

. . . 1
Because the inequality symbol is“>,” 3 and 2

are not solutions of the original inequality.

A

5 4 3 2 1

2 3

-l @
S0

1
i |
0
|
|

|
In region A, let x =—1.
3(-1)? -5(-1)=8>2
In region B, let x = 0.
3(0)2 -5(0)=0<2
In region C, let x = 10.
3(10)% = 5(10) = 250 > 2

The numbers in regions A and C satisfy the
. . L 1
inequality, so the solution is | —eo, 3 or

(2, ).

A\ g
N AN

wWi—

9. x2<36

10.

11.

Solve the corresponding equation.
x?=36=>x=16

I
I

B ! C
|

|
|
i

-5-§-5-4-3-2-1 01234 éé‘s
| |
| |

For region A, let x =-7: (—7)2 =49>36.
For region B, let x = 0: 0% =0<36.

For region C, let x =7: 77 =49>36.
Both endpoints are included. The solution is

[-6, 6].
C |
L 4
-6 6
y2 >9
Solve the corresponding equation.
y2 =9=y=43
Note that —3 and 3 are solutions to the original
inequality.
|
N

C
T T T T 4\

|

|

l

] ‘
5 -4 ‘é 2 10 1 2 $

| |

| |

In region A, let y =—4:

(-4)?=16>9

In region B, let y = 0:

02=0<9

In region C, let y = 4:

4)?=16>9

The solution is (—oo, —3] or [3, o).
. | C
3 3

p2 -16p>0

Solve the corresponding equation.
pP-16p=0= p(p-16)=0=>
p=0orp=16

Since the inequality is “>", 0 and 16 are not

solutions of the original inequality.
|

A C

|

| |

| |

; T T T i
¢ 4 8 12 16

| |

| |

(continued next page)
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For region A, let p = —1: In region A, let x = —4:
(-2 -16(-1)=17>0. (—4)> —9(-4) = 28 <0.
For region B, let p = 1: In region B, let x = —1:
1’ -16(1)=-15<0. (-1)°-9(-1)=8>0.
For region C, let p = 17: Inregion C, letx = 1:
172 -16(17)=17>0. 1)*-9(1)=-8<0
The solution is (—oo, 0) or (16, o). In region D, let x = 4:
% ]:6 43 -9(4)=28>0.
The solution is [-3, 0] or [3, o).
12. #2-9r<0 3
Solve the corresponding equation. 4. p”=25p=<0
72 _9p=0 Solve the corresponding equation.
F(r=9)=0 p’=25p=0
F=0 or r—9=0 p(p2—25)=0
r=0 or r=9 p(p+5)(p-5=0
Note that 0 and 9 are not solutions to the original p=0orp=-5o0rp=>5
inequality. Because the inequality is “<,” 0, -5, and 5 are
} ! solutions of the original inequality. Locate these
| /\‘ i - ]? - i ‘C points and regions A, B, C, and D on a number
S0 idsasb 76t line. | |
l l A i B i C i D
I egion A, et =1 SRR RTRERRETY
D" =-9(-1)=14+49=10>0 i i i
In rzeglon B, letr=1: Test a number from each region in
) —'9(1)=1—9=—8<O P =25p<0.
Irlléezglor; ?(’)let :():010;() 1050 In region A, let p =—10.
- =100-90=10>
;he)solutgon)is 0, 9). (_10).3 ~ 2310 =-730=0
’ In region B, let p = —1.
€ ‘9 (-1)® =25(-1)=24>0
Inregion C, let p = 1.
13, x*-9x20 I’ -25(1)=-24<0
Solve the corresponding equation. In region D, let p = 10.
x> —9x=0 103 -25(10)= 750> 0
x ( 2 _ 9) -0 The numbers in regions A and C satisfy the

x(x+3)(x-3)=0

x=0orx=-3o0orx=3

Note that 0, -3, and 3 are all solutions of the
original inequality.

C

A B

S hhe 4 s

D
4

5 -4

15.

inequality, so the solution is (o0, —5] or
[0, 5].

x+7Dx+2)(x—2)=>0

Solve the corresponding equation.

x+NDx+2)x-2)=0

x+7=0 or x+2=0 or x-2=0
x=-7 or x=-2 or x=2

Note that —7, —2 and 2 are all solutions of the

original inequality.

(continued next page)
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16.

17.

A | B | C )

I | I I | I | I I I | |

847 65432 -10 1 % 3
In region A, let x = -8:
(-8+7)(-8+2)(-8-2)=-60<0

In region B, let x = —4:
(4+7(4+2)(4-2)=36>0

In region C, let x = 0:
O+7)(0+2)(0-2)=-28<0

In region D, let x = 3:
B+7(B+2)3-2)=50>0
The solution is [-7, —2] or [2, «©).
(2x+4)(x*-9)<0

Solve the corresponding equation.
2x+4)(x>-9)=0
2x+4)x+3)(x-3)=0

2x+4=0 or x+3=0 or x-3=0

x=-2 or x=-3 or x=3

Note that —2, —3 and 3 are all solutions of the
original inequality.
A 1B ¢ |
————t—t————
-6 -5 4 B 2 -1 01 2 5 4 5

In region A, let x =-5:

[2(-5)+4][(-5)" =9 = (-6)(16) =96 <0
In region B, let x =-2.5:
[2(-25)+4][(-25)° -9 =-1(-275)

=2.75>0
In region C, let x = 0:

[2(0)+4] (0)° =9 = (4)(-9) = =36 <0
In region D, let x = 4:
[2(4)+ 4][(4)2 - 9} =(12)(7)=84>0

The solution is (—ee, —3] or [-2, 3].

(x+5)(x2 —2x—3)< 0
Solve the corresponding equation.
(x+5)(x2 —2x—3) -0
x+5x+1H)(x-3)=0

x+1=0 or x-3=0
x=-1 or x=3

x+5=0 or
x=-5 or

Note that —5, —1 and 3 are not solutions of the
original inequality.

A B D
—+—1 —

|
I |
T | —
-7 -6 —5 -4 -3 2 —, 0

| |
T T

C i
: l
12 3 4

18.

In region A, let x =—6:
(-6+3)[(-6)° ~2(-6)=3 = (-1)(43)

=-45<0
In region B, let x = -2:

(-2+3)] (-2 ~2(-2)-3]=3(5)=15>0
In region C, let x = 0:

(0+5)] (0)° ~2(0)-3|=5(-3)=-15 <0
In region D, let x = 4:

(4+5)[(4)2 —2(4)—3} =9(5)=45>0
The solution is (o0, —5) or (-1, 3).

x> —2x2-3x<0

Solve the corresponding equation.

X —2x2-3x=0

x(x2 —2x—3)= 0

x(x+1Dx—-3)=0

x=—-lorx=0orx=3

Note that —1, 0 and 3 are solutions of the original
inequality.

B C

SRR

D
4

I
I
I
|

5 -4 -3 -2 -p
I
I

In region A, let x =-2:
(-2)* =2(-2)? = 3(-2) = -8-8+6=-10<0

In region B, let x = —% :

SRORE

=————+—=—>0
8 2 2 8

In region C, let x = 1:
P-20)?-31)=1-2-3=-4<0

In region D, let x = 4:

4% —2(4)® -3(4)=64-32-12=20>0
The solution is [-eo, —1] or [0, 3]
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19. 6k° —5k* < 4k = 6k> —5k* — 4k <0 In region A, let m =-10.
Solve the corresponding equation. 2(—10)3 + 7(—10)2 —-4(-10)=-1260<0
6k —5k2 -4k =0 In region B, let m = —1.
k(6k2_5k_4)= 2= +7(-1)? -4(-1)=9>0
1
kQBk-4)2k+1)=0 In region C, let m = R
k=00rk=iork=—— 1 1
3 2| = -4 =
4 1 4 4
Note that 0, 3 and 5 are not solutions of the In region D, let m=1.
original inequality. 200° +7(1)* - 4()=5>0
L The numbers in regions B and D satisfy the
A B C I D 1
L i 1 | i I inequality, so the solution is (-4, 0) or (—, oo) .
543210 12 3 4 2
(] |
(] |
In region A, let k=—1: 21. The inequality p2 <16 should be rewritten as
6(-1)° —=5(-1)> —4(-1)=-7<0 p? =16 <0 and solved by the method shown in
) this section for solving quadratic inequalities.
In region B, let & =——- This method will lead to the correct solution (—4,
3 ) 4). The student’s method and solution are
6 _1 -5 _1 -4 _1 =Q>0 incorrect.
4 4 4) 3277
Inregion C, let k= 1: 22. Tosolve 6x+7< 2x2, write the inequality as
6(1) =5(1)* ~4(1) = -3 <0 252 —6x-7>0.
In reg;on D, le; ke=10: Graph the equation y = 2x? —6x—7.
6(10)' - 5('10) _"‘(1(')) = 54§0 ’ Enter this equation as y; and use <4 <x <4 and
The given inequality is true in regions A and C. 15 <y <5. On the CALC menu, use “zero” to
The solution is (_oo _l) or (0 f ) ) find the x-values where the graph crosses the x-
T2 3 axis. These values are x = — 0.8979 and
x =3.8979. The graph is above the x-axis to the
20. 203 +Tm2 > dm = 2m> +Tm? —4m >0 left of — 0.8979 and to the right of 3.8979. The

Solve the corresponding equation.
2m® +Tm* —4m =0

m(2m2 +7m—4)=0
m2m—-1)(m+4)=0

m:OOIm:%()rm:—4

Since the inequality is*>,” 0, —, and —4 are not

solutions of the original inequality. Locate these
points and regions, A, B, C, and D on a number

line.
| [
| o
A ; B ‘C} D
Sh s b it b5 4
| |
| |

1@‘)

solution of the inequality is (—0,~0.8979) or

(3.8979, ).
|

y /

1/

2k
n=-.B8781E8 Y¥=0

2k
W=z 0878158 Y=0

[4, 6] by [-15,5]
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23.

To solve .5x% —1.2x < .2 ,write the inequality as
S5x2—12x-.2<0. Graph the equation

y= 5x? —1.2x—.2. Enter this equation as y;

and use 4 <x<6and -5 <y <5.On the CALC
menu, use “zero” to find the x-values where the
graph crosses the x-axis. These values are
x=-.1565 and x = 2.5565. The graph is below
the x-axis between these two values. The

\

solution of the inequality is
(—.1565, 2.5565).
—

2k
n=-1EE4EE  ¥=0

2k
n=g.EEENEE

¥Y=lE-1z

24.

[4, 6] by [-5,5]

To solve 3.1x> = 7.4x+3.2>0, graph the
equation y = 3.1x2 - 7.4x +3.2 . Enter this
equation as y; and use -5 <x <5 and

—5 <y <5.0n the CALC menu, use “zero” to
find the x-values where the graph crosses the
x-axis. These values are x =.5672 and

x =1.8199. The graph is above the x-axis to the
left of .5672 and to the right of 1.8199. The

solution of the inequality is (—,.5672) or

2k
W= EBF2L007 1Y=0

(1.8199, c0).
| /
v

2k
n=1.B198867 V=0

[753 5] by [759 5]

25.

To solve x> —2x% —5x+7>2x+1, graph

1 =x>—2x% —5x+7 and ¥, =2x+1 inthe

window [-5, 5] by[-10, 10]. On the CALC
menu, use “intersect” to find the x-values where
the graphs intersect. These values are
x=-2.2635,x=.7556 and x = 3.5079. The
graph of y; is above the graph of y, for
[-2.2635, .7556] or [3.5079, «).

AN O

%Ettl"itttiﬁl‘l

o o

Inkgrseckion
¥=-r.EeriEE n=.FEEEHO0E

“Z.ehFENE Y=g EllzB0z

26.

[T

Inkgrseckion
W= E0PE0ZE 1V=H.015E0EE

To solve x* —6x° +2x% <5x-2, graph

» =x*-6x°+2x% and ¥, =5x—2 inthe
window [-2, 8] by[-100, 100]. On the CALC
menu, use “intersect” to find the x-values where
the graphs intersect. These values are

x=.3936 and x = 5.7935. The graph of y, is
below the graph of y, for (.3936, 5.7935), so the
solution is (.3936, 5.7935).

%Ettl"itctlﬁn %Ettl"it$

FOZEDEHEE

/#

¥=-0ze0ikl E.rAZ4EEZ V=I6.967 I3

27.

To solve 2x* +3x <2x? +4x -2, graph

V= 2x* +3x® and y, =2x% +4x-2 inthe
window [-2, 2] by[-5, 5]. On the CALC menu,
use “intersect” to find the x-values where the
graphs intersect. These values are x =.5 and

x =.8393. The graph of y, is below the graph of
¥, to the right of .5 and to the left of .8393. The
solution of the inequality is (.5, .8393).

/N

/

“\-\.,-'-"-'_ “\-\.,-'-"-'_
\H""\-\.
Inkerseckion Inkerseckion
H=& V=5 H=.Az8z6676 |v=z.7EEOE1E
5 4 3 2
28. Tosolve x° +5x" >4x” —3x° -2, graph

= x> +5x* and Yy = 4x3 -3x% -2 inthe
window [-8, 4] by[-1600, 400]. There is clearly
one intersection near x =—6. On the CALC
menu, use “intersect” to find this value,

x =-5.783152. Next, change the window to

[2, 2] by [-5, 5] to examine the behavior of the
graphs near the origin. From this view, it is clear
that the graphs do not intersect, and y, is below
the graph of y, The graph of y; is above the
graph of y, for (—5.78315, o).

(continued next page)
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Inkgrseckion
n=-EFBEFLEE Y=-BFE.001z

e

\

-

Wi

29.

30.

r—4

r—1
Solve the corresponding equation.

r—4:0

r—1
The quotient can change sign only when the
numerator is 0 or the denominator is 0. The
numerator is 0 when » = 4. The denominator is 0
when » = 1. Note that 4 is a solution of the
original inequality, but 1 is not.

>0

C

|
\
|
i
3 1‘1 5
\
[

B
2

I
|
|
1
2 4 0 ﬁ
|
|

In region A, let ¥ =0:

glf:4>o,

0-1

In region B, let » = 2:
274_ 5.
2-1

In region C, let » = 5:
5__3:l>0'

5-1 4

The given inequality is true in regions A and C,
so the solution is (—o0, 1) or [4, ).

z+6
>1
z+4
. .. z+6
Solve the corresponding equation is 2 =1.
z
RIS PN AL B SN
z+4 z+4
z+6 z+4 2 -0
z+4 z+4 z+4

Therefore, the function has no solutions. The
denominator is zero when z = —4. Note that —4 is
not a solution of the original inequality.

I
I
I
i

6 -5 -4‘4 83 2 1 0 1 2
I
I

31.

Test a number from each region in the original
inequality.

In region A, let z =—6.

—6+6

—-6+4

In region B, let z = 0.

0+6 3

0+4 2

The numbers in region B satisfy the inequality,
so the solution is (— 4, o).

=0<1

a—2<_l
a-5
Solve the corresponding equation.
a-2
=-1
a->5
a=2 129
a->5
a=-2 a-5
+ =
a-5 a-5
2a —
a 7=O
a->5

The numerator is 0 when a = % . The

denominator is 0 when a = 5. Note that Z and 5

are not solutions of the original inequality.

A iBi C
| | | | | | Ly | | I I
3241012345678
o
In region A, leta =0:
0-2 2
A
0-5 5
In region B, let a = 4:
4-2 2
e S o<l
4-5 -1
In region C, let a = 10:
10-2 8
=25,
10-5 5

The solution is (% s 5) .
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1 1

3k-5 3
Solve the corresponding equation

32.

1

3%-5 3

——-=0
3k-5 3

3.1 13k-5)

33k-5) 33k-5)

3-(3k-5)

33k-5)

3-3k+5

33k-5)

83k

33k-5)

The numerator is zero when k = g . The
. . 5 8
denominator is zero when k = 5 . Note that 5

5 . -
and 3 are not solutions of the original

inequality.

Test a number from each region in the original

inequality.
In region A, let k= 0.
1 11

e
3(0)-5 53
In region B, let k = 2.
I _ | 1
32)-5 3
In region C, let k= 3.
1 1 1
e
33)-5 4 3
The numbers in regions A and C satisfy the

. . L 5
inequality, so the solution is | —eo, 3 or

t-)

33.

34.

1 1
< p—
p—-2 3
Solve the corresponding equation.

1 1

p—2_§
LN
p—2 3
3-(p-2) _
3(p-2)
3-p+2
3(p-2)
S-p _
3(p-2)
The numerator is 0 when p = 5. The denominator
is 0 when p = 2. Note that 2 and 5 are not
solutions of the original inequality.

B

| |
| |
| |
PRI NN S VI
| |
| |

1 1
Inregion A, letp=0: ——=—-—<—.
& P 02772 )

1
InregionB,letp=3: ——=1>—.
g P=>35773

1 1 1
InregionC,letp=6: ——=—<—.
g P e T4 3

The solution is (-0, 2) or (5, ©).

IR
k+2 k+2
Solve the corresponding equation.
7o
k+2 k+2
Tty
k+2 k+2
6 pa—
k+2

Therefore, the numerator is never zero, but the
denominator is zero when £ +2 =0 or

k = -2, but the inequality is undefined when
k=-2.

A

|
|
i
4 3 ? -1 0 1
|
|

(continued next page)
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A. The only endpoint, —1, is not included
because the symbol is “>.” Therefore, the
solution is (-0, —1).

x*—4
L . 36. >0
Test a number from each region in the original X
inequality. Solve the corresponding equation.
For region A, let k= -3. -4
=0
7 =—7 and 1 =-1 x
-3+2 -3+2 5
Since —7 <—1, -3 is not a solution of the x7—-4=0 or x=0
inequality. (x=2)(x+2)=0 or x=0
For region B, let k= 0. ¥—=2=0 or x+2=0 or x=0
OLZZ% ando%:% x=2 or x=-2 or x=0
* 7 1 * Note that —2, 0 and 2 are not solutions of the
Since 5 > 3 0 is a solution of the inequality. original inequality.
| | |
The numbers from region B satisfy the A i B i C i D
inequality, so the solution is 4
(2. ). 4 3 }b 1 d}) 1 é} 3 4
| | |
5 S 12 In region A, let x = -3,
p+l p+l (-3)2-4 _9-4 -5 0
Solve the corresponding equation. 3 3 3 <Y
5 _ 12 In region B, let x =—1:
p+l p+l1 12 _
G4 _1-4 o 4
5 12 -1 -1
p+l p+l1 In region C, let x = 1:
[— 2 [— —
p+1 1 1
The numerator is never 0. The denominator is 0 Inregion D, let x = 3:
when p = —1. Therefore, in this case, we separate 324 9-4 5
the number line into only two regions. 3 3 3 >0.
A i s The solution is (-2, 0) or (2, «).
|
| | | | | |
‘ ‘ | | | | 2
-4 3 2 - 0 1 —x-
| 37, T x20
| X
In region A, let p = —2: Solve the corresponding equation.
2
5 . X-x-6_,
-2 +1 X
12 =—12 x*—x-6=0 or x=0
—2+1 (x=3)(x+2)=0 or x=0
_5_>_12 x—3=0 or x+2=0 or x=0
In region B, let p = 0:
5 x=3 or x=-2 or x=0
0+1 =35 Note that —2, 0 and 3 are not solutions of the
original inequality.
12
—=12
0+1 I I I
| | |
12>5 A N : C ! D
Therefore, the given inequality is true in region _‘4 ‘3 1& ‘1 a:) 1‘ é % j‘
| | |
| | |

(continued next page)
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38.

39.

In region A, let x =-3:
(-3)2-(-3)-6 _9+3-6 6

—=-2<0.

-3 -3 =3

In region B, let x = —1:

—_ 2__ —_ —_ —_—

=D -(=D-6_1+1 6=_4=4>0
-1 -1 -1

In region C, let x = 1:

2_ —_—

P20 6o,

1
In region D, let x = 4:
4>-4-6 _16-10_6_3
4 4 4 2
The solution is (—oo, —2) or (0, 3).

>0.

a. When x>-4=x+4>0,let x=0.
0+4=4>0 is positive. Therefore x +4 is
positive when x >—4.

b. When x<—4=x+4<0, x+4 is
negative. Let x=-5. -5+4=-1<0.

c. When x> —4, the quantity x+4 is
positive, so you don’t change the direction
of the inequality. When x <-4, x + 4 is
negative, so you must change the direction
of the inequality sign.

d. Answers vary, but you must consider two
separate cases (x > —4 and x <—4) and
solve the inequality in each case.

2x2+x-1
x? —4x+4

into two inequalities 2x? +x-1<0 and

To solve <0, break the inequality

x?—4x+4<0. Graph the equations
y:2x2 +x—1 and y:x2 —4x+4. Enter
these equations as y; and y,, and use

-3 <x<3and -2 <y<2.0nthe CALC menu,
use “zero” to find the x-values where the graphs
cross the x-axis. These values for y; are x =-1

and x =.5. The graph of y, is below the x-axis
to the right of —1 and to the left of .5. The graph

the inequality is [-1, .5].

n=.k ¥=0

of y, is never below the x-axis. The solution of

2k
"=1.989898% |¥=0

40. To solve

x> —3x? +5x-29

x2 -7
inequality with O on one side.
x®—3x? +5x-29 3

>3, rewrite the

3>0
x2—7
x3—3x2+5x—29—3(x2—7)
3 >0
x“ =17
¥ =3x? +5x—29-3x2 +21
3 >0
x“=7
x3—6x2+5x—8
e e |
x“=17

Now break the inequality into two inequalities:
x> —6x2+5x-8>0 and x> -7>0. Graph the
equations y=x3 —6x>+5x—8 and y=x>-7.
Enter these equations as y; and y,, and use —6
<x <6 and 25 <y <10. On the CALC menu,
use “zero” or “root” to find the x-values where
the graphs cross the x-axis. The value for y; is

x =15.3445. The graph of y, is above the x-axis
to the right of 5.3445. The values for y, are

x =-2.6458 and x = 2.6458. The graph of y, is

above the x-axis to the left of —2.6458 and to the
right of 2.6458. The solution of the inequality is

(~V7.47) or (53445, ).

AN V|| BN

2k
NEEIHYESTY IV="ZE-1E

2k
W= "Z.EYEFEL IY=0

ANV

2k
WEE BHEFELS IV=0
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41. P=2x*-12x-32 43. P=x?+300x-18,000
The company makes a profit when The complex makes a profit when
2x2 —12x-32>0. x% +300x—18,000 > 0.
Solve the corresponding equation. Solve the corresponding equation.
2x* —12x-32=0 0= x* +300x —18,000
2
Z(x —6x—16)= 0 —300J_r\/(300)2 —4(1)(-18,000)
X =
(x+2)(x—8)=0$x=—2 or x=28 2(1)
The test regions are A(—oo, - 2), B(—Z, 8), and x=51.25 or x=-351.25
) o We only consider positive values of x because
C (8, =). Region 4 makes no sense in this x represents the number of apartments rented.
context, so we ignore this. Test a number from The test regions are A(O, 52) and 3(52, 2()())_
regions B and C in the original inequality. In region A. let x = 1-
For region B, let x = 0. 5 & ’ )
2(0)2 ~12(0)-32=-32<0 (1) +.300(1)—18,000 =-17,699<0.
For region C, let x = 10. In reg;on B, letx = 100:
2(10)2 ~12(10)-32=48> 0 (100)” +300(100)—18,000 = 22,000 > 0 .
. . . . . The complex makes a profit when the number of
The numbers in region C satisfy the inequality. . . . .
units rented is between 52 and 200, inclusive, or
The company makes a profit when the amount when x is in the interval [52, 200]
spent on advertising in hundreds of thousands of ’ '
dollars is in the interval (8, o). 44, 22 +5r—530>0
Use a graphing calculator to solve
42. P=4t>-30r+14

We want to find the values of ¢ for which
P >0, that is, we must solve the inequality

41 =306 +14> 0.
Solve the corresponding equation.

4% —30t +14 =0
2(2 ~15047) =0

1
(2t—1)(t—7)=0:>t=5 or t=7
We only consider positive values of ¢ because
t represents time (in months). The test regions
are 4(0,%), B($,7), and C(7, ).

Inregion A, let ¢ = %. :

1) 30f5)e14=Z50
4 4 4

In region B, let r = 3:

4(3)* =30(3)+14=-40 < 0.
In region C, let ¢ = 10:

4(10)° -=30(10) +14=114>0..

The solution is (0, %) or (7, ).
The investor makes a profit between ¢ = 0 and
t= % month and after 7 months.

45.

x2+5x-530=0

|

EE'H"'II r
HEg0 BEFOfE Y=0
[0, 30] by [-10, 10]
The graph lies above the x-axis for x > 20.657.

Thus, the salesman needs to make 21 pitches or
more to earn a profit.

79x% +5.4x+178 > 300
Use a graphing calculator to solve

T79x% +54x+178 =300 =
T9x% +54x-122=0

L]
=,

Y70R919 Y=0
0, 20] by [-50, 50]

The graph lies above the x-axis for x > 9.47,
which corresponds to the middle of 2009. Thus,
there will be more than 300 million subscribers
from 2010.

— T o
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46.

47.

48.

~.65x% +13.6x—61.1>8
Use a graphing calculator to solve

—65x% +13.6x-61.11>8
—.65x% +13.6x-69.11> 0

.

E E —
2ok / \ 2&kFn /
W=B.B8Y49EE: Y=0 w=lg.ezB09z Y=d

[0, 15] by [-10, 10]
The graph is above the x-axis for

8.69 < x £12.23. These values correspond to
the years 2009 and 2012. There were greater

than 8% delinquent loans in the years 2009—
2012, inclusive or [2009, 2012].

—2x% +3.44x+.16 > 13
Use a graphing calculator to solve

—2x% +3.44x+.16 > 13
—2x% +3.44x-12.84>0

I R,

L NL/ N

ki
Febhremons v=o E=1ipEvl W0
[0, 15] by [-10, 10]
The graph is above the x-axis for
5.48 < x <11.72. These values correspond to
the years 2006 and 201 1. There were greater

than $13 trillion of outstanding mortgage debt in
the years 2006-2011, inclusive or [2006, 2011].

~15x% +2.53x+.66 > 9
Use a graphing calculator to solve

—15x% +2.53x+.66>9

—15x% +2.53x-8.34>0

Fekozanaz veo
[0, 15] by [-10, 10]

The graph is above the x-axis for

4.49 < x £12.37. These values correspond to

the years 2005 and 2012. There were greater

than $9 trillion of outstanding mortgage debt in
the years 2005-2012, inclusive or [2005, 2012].

-,

g
W1z Erx01? Y=1E-iZ

Chapter 2 Review Exercises

1. y=x2—2x—5

(-2, 3):
(-2)*-2(-2)-5=4+4-5=3
(0. -5)

(0)> -2(0)-5=0-0-5=-5
(2,-3):
(2)?-2(2)-5=4-4-5=-5%-3
(3,—2):
(3)2-2(3)-5=9-6-5=-2
(4,3):
(4)?-2(4)-5=16-8-5=3
(7, 2):

(1) =2(7)-5=49-14-5=30%2
Solutions are (-2, 3), (0, -5), (3, -2),
4,3).

3. 5x—3y=15

First, we find the y-intercept. If x =0, y =5, so

the y-intercept is —5. Next we find the

x-intercept. If y = 0, x = 3, so the x-intercept is 3.

Using these intercepts, we graph the line.

— 0 T 4 X
6 -4 -2, :/4 6
“Y sc_3y=15
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. 2x+T7y-21=0

First we find the y-intercept. Ifx =0, y =3,
so the y-intercept is 3. Next we find the

. 21
x-intercept. If y=0, x = > so the

. .21 . .
x-1ntercept 1S 7 . Using these intercepts, we

graph the line.
y

S 2+ Ty-21=0
.

-

o[

. y+3=0

The equation may be rewritten as y =-3.
The graph of y = -3 is a horizontal line with
y-intercept of 3.

y

6. y—-2x=0

First, we find the y-intercept. fx =0, y =0, so
the y-intercept is 0. Since the line passes through
the origin, the x-intercept is also 0. We find
another point on the line by arbitrarily choosing
a value for x. Let x = 2. Then

y—2(2) =0, or y=4. The point with coordinates
(2, 4) is on the line. Using this point and the
origin, we graph the line.

y

7. y=.25x"+1
First we find the y-intercept. If x =0,
y= .25(0)2 +1=1, so the y-intercept is 1. Next
we find the x-intercepts. If y = 0,
0=25x>+1= 25x* =-1= x=+/—4 ,nota
real number. There are no x-intercepts.
Make a table of points and plot them.
) y
X 25x7 +1
—4 5
-2 2
0 1
2 2
4 5
8. y=+vx+4

Make a table of points and plot them.

10.

11.

12.

13.

y
X Vx+4
4 0 y =Vx+4
3 1 =TT
0 2 N
5 3
a. The temperature was over 55° from about

11:30 A.M. to about 7:30 P.M.

b. The temperature was below 40° from
midnight until about 5 A.M., and after about
10:30 P.M.

At noon in Bratenahl the temperature was about
57°. The temperature in Greenville is 57° when
the temperature in Bratenahl is 50°, or at about

10:30 A.M. and 8:30 P.M.

Answers vary. A possible answer is “rise over

”»

run-.

Through (-1, 3) and (2, 6)
Ax 2-(-1) 3

Through (4, -5) and (1, 4)
5-4 -9

1 =———= -3
SOPE T T T
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14. Through (8, —3) and the origin
The coordinates of the origin are (0, 0).
-3-0 3

8-0 8

slope =

15. Through (8, 2) and (0, 4)
4-2 2 1
slope =——=—=——
0-8 -8 4

In exercises 16 and 17, we give the solution by
rewriting the equation in slope-intercept form.
Alternatively, the solution can be obtained by
determining two points on the line and then using the
definition of slope.

16. 3x+5y=25
First we solve for y.

5y=—3x+25:>y:—§x+5

When the equation is written in slope-intercept
form, the coefficient of x gives the slope. The

slope is 3
p 5
17. 6x-2y=7
First we solve for y.
6x—2y=7:6x—7:2y=>3x—%:y

The coefficient of x gives the slope, so the slope
is 3.

18. x—2=0
The graph of x — 2 =0 is a vertical line.
Therefore, the slope is undefined.

19. y=—+4
The graph of y = —4 is a horizontal line.
Therefore, the slope is 0.

20. Parallelto3x+8y=0
First, find the slope of the given line by solving
for y.

8y=—3x:>y=—%x

The slope is the coefficient of x, —% . A line
parallel to this line has the same slope, so the

slope of the parallel line is also —% .

21. Perpendicular to x =3y
First, find the slope of the given line by solving

for y: y=%x

The slope of this line is the coefficient of x, % .

The slope of a line perpendicular to this line is
the negative reciprocal of this slope, so the slope
of the perpendicular line is —3.

22. Through (0, 5) with m = —%

. 2 2 o
Since m = -3 = 3 we start at the point with

coordinates (0, 5) and move 2 units down and 3
units to the right to obtain a second point on the
line. Using these two points, we graph the line.

y 4
=

23. Through (4, 1) withm =3

Since m=3= %, we start at the point with

coordinates (4, 1) and move 3 units up and 1
unit to the right to obtain a second point on the
line. Using these two points, we graph the line.

y

LI L L

P Sy
-

L

24. Answers vary. One example is:
You need two points; one point and the slope;
the y-intercept and the slope.
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2 30. Slope0, (-2, 5)
25. Through (5, —1), slope 3 This is a horizontal line. Its equation is y = 5.

Use the point slope form with x; =5, y; =-1, 31. x-intercept -3, y-intercept 5

and m = 2 . Use the points (-3, 0) and (0, 5).
3 5-0 5
m: = —
y=yr=m(x-x) 0-(-3) 3
2 5
-(-D)==(x-5 =—x+5
y=(1 3(X ) y 3x
y+1=§x_£ 3y=3Gx+5)
3y=5x+15
Multiplying by 3 gives y=or
3y+3=2x-10 32. x-intercept 3, y-intercept 2.
3y=2x-13 Use the points (3, 0) and (0, 2).
2-0 2
1 me2-0__2
26. Through (8, 0), m=—z 0-3 3
1 ——%x+2
y—0=—Z(x—8) y 3
2
4y =-1(x-8) 3y=3(——x+2j
3
4y=—x+8
3y=-2x+6
27. Through (5,2) and (1, 3) 2x+3y=6
3-(-2) 5 5 The answer is (d).
m= == -

1-5 -4 4
33. a. Let (x1,y;) be(5,14.0) and (x,,y,) be

y=3= —%(x—l) (11, 17.3). Find the slope.
4(y-3)=-5(x—1) m:17.131—154.0 :%:.55
4y—-12=-5x+5 o142 550c—5)
4y =-Setld y—14=.55x—2.75
28. (2,-3)and (-3, 4) y=.55x+11.25
m= 2__3 (__j) = —% b. The slope is positive because the amount of

wheat exported is increasing.

7
y=(3)= _g(x -2) c. The year 2014 corresponds to x = 14.

5(y+3)=-7(x-2) y=.55(14)+11.25=18.95
Sy+15=-7x+14 If the linear trend continues, there will be
5p=-Tx-1 18.95 million hectoliters of fruit juice and

wine exported in 2014.

29. Undefined slope, through (-1, 4) 34

. a. Let (x, be (5, 9.7) and , be
This is a vertical line. Its equation is x = —1. (x1.1) be ( ) (x2.2)

(10, 8.2). Find the slope.
_82-97 :ﬁz_3
10-5 5
y=97=-3(x-5)
y=97=-3x+1.5
y==-3x+11.2
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3s.

Y 36. a. 900=174x+639=261=174x=15=x
L R S OIS ST N The weekly median wages for men will earn
el 05 O SO S $900 per week in the year 2000 + 15 =
O e — 2015.
8| o —
6 e b.  900=17.3x+495= 405=17.3x =
Z L S 934y
: G . The weekly median wages for women will
5 6 7 8 9 10 earn $900 per week in the year 2000 + 23 =
2023.
The year 2013 corresponds to x = 13.
y=-3(13)+112=73 37. a. Légﬁﬁb
If the linear trend continues, there will be E=%IE . EE
about 7.3 billion pounds of fish and ToC
shellfish caught in 2013. E=_9§%EEE%$%TF

Let (x;,y;) be (0,47059) and (x,,y,) be
(10, 66249). The least-squares regression line is

Find the slope. y=10.72x+98.8.
:66,249—47,059:19,19021919 b
10-0 10

Use the y intercept (0, 47059)
y=1919x+47,059

c.  Yes; the line appears to fit.
Using a graphing calculator, the least

squares regression line is d. The correlation coefficient is .953. This
y=1917.38x+47,051.26. indicates that the line is a good fit.

The year 291 1 corresponds to x = 11. Using 38. a. L&,QEEEE,

the two-point model, we have EfégéESEagggi
y=1919(11)+47,059 = 68,168. FE=. OPERSOETAL

Using the regression model, we have =, 3ETITISR47

y=1917.38(11)+47,051.26 = 68,142.44.

The two-point model is off by $39, while

the regression model is off by $13.44,

therefore the least-squares approximation is

a better estimate. b.

The least-squares regression line is
y=131.4x+2850.

The year 2015 corresponds to x = 15.
Regression model:

y=1917.38(15)+47,051.26 = 75,811.96
Thus, the compensation per full-time

employee in the year 2015 will be about
$75,811.96.

0 2 4 6 8 10 12
c. Yes; the line appears to fit.
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d. The correlation coefficient is .988. This 43. -3<4x-1<7
indicates that the line is a good fit. D<4x<8
39. —6x+3<2x _lgxgz
—6x+6x+3<2x+6x 2
3<8x The solution is {—l, 2]
2
3 8x
PRy
3 3 44. 0<3-2a<15
§<xorx>§ 0-3<3-3-2a<15-3
; -3<-2a<12
The solution is (g, ooj. =3 > —2a > 12
2" 272
40. 12z25z-7 22512—6
12z—-5225z-5z-17 2
7z>-17 The solution is I:—6, %}
Iz,
77 45. |p|<8=-8<b<8
z>-1

The solution is [-8, 8].
The solution is [—1, ).

46. |a|>7=a<-7 or a>7

41. 2(3-2m)=8m+3 .
The solution is (-0, —7) or (7, ©).
6—4m=8m+3
6—4m—8m >8m—8m+3 47. [2x-7]23
6-12m=>3 2x—7<-3 or 2x-723
6-6-12m=3-6 2x<4  or 2x 210
-12m > -3 x<2 or x=5
—12m<—_3 The solution is (-, 2] or [5, ©).
-12 ~ -12
48.  |am+9<16
m<—
-16<4m+9<16
.. 1 —25<4m <7
The solution is (—oo, Z} ) é - Z
4~ 4
42. 6p—5>—(2p+3) 25 7
6p—5>-2p—3 The solution is [_T’ Z}
8p—-5>-3
8p>2 49.  |sk+2|-3<4
8p 2 |5k +2|<7
_>_
8 8 —-7<5+2<7
p>l —9<5k<5
4 9
-—<k<1
5

The solution is (l, oo) .
4 9
The solution is [—g, 1]
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50.

51.

52.

53.

54.

SS.

PBz-35/+2210

P3x—5|>8

3z-5<-8 or 3z-528
3z<£-3 or 3z213
z<-1 or 22?

The solution is (o0, —1] or [?, °°j .

The inequalities that represent the weight of
pumpkin that he will not use are x <2 orx > 10.
This is equivalent to the following inequalities:
x—6<2-60rx—6>10-6
x—6<—4orx—-6>4

h—q>4

Choose answer option (d).

Let x = the price of the snow thrower
|x — 600 <55

a. Let (x,y,) be (5, 1873) and (x,, y,) be
(10, 2250). Find the slope
_ 22501873 :ﬂ:75'4
10-5 5
y—1873=754(x-5)
y—1873=75.4x-377
v =75.4x+1496.

b. 75.4x+1496 > 2500 = 75.4x > 1004 =

x>13.32

Assuming the linear trend continues, the
amount of energy consumed will exceed
2500 trillion BTU’s sometime during 2013
and after.

Let m = number of miles driven. The rate for the
second rental company is 95+ .2m. We want to
determine when the second company is cheaper
than the first.
125>95+2m=30>2m=150>m

The second company is cheaper than the first
company when the number of miles driven is
less than 150.

P2 4r—6<0

Solve the corresponding equation.
PP ar—6=0=(r+3)r-2)=0=
r=-3orr=2

56.

57.

A
4

r 0

-2 0

N ————

For region A, test —4:
(4% +(-4)-6=6>0.
For region B, test 0:
02+0-6=-6<0.

For region C, test 3:
3743-6=6>0.

The solution is (-3, 2).

y2 +4y-520

Solve the corresponding equation.
¥y +4y-5=0= (y+5(-1)=0
y=-Sory=1

A
8

-4 -2 0

For region A, test —6:

(=6)2 +4(-6)-=5=7>0.

For region B, test 0:
0%2+4(0)-5=-5<0.

For region C, test 2:
22+4(2)-5=7>0.

Both endpoints are included because the

inequality symbol is “>.”” The solution is
(—OO, 75] or [la OO)

222 +72215
Solve the corresponding equation.

2z247z=15
222 472-15=0
(2z=-3)(z+5)=0

z=—orz=-5
2

These numbers are solutions of the inequality

because the inequality symbol is “>.”

C

A
8

-4 2 0

(continued next page)
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For region A, test —6: In region A, let x =—6:
2(=6)2 +7(=6) =30 > 15. (-6 -3) ((—6)2 +7(=6) + 10)
For region B, test 0: =-9(36-42+10)=-9(4)=-36<0
2:02+7-0=0<15. In region B, let x = —3:
For region C, test 2: (=3-3) ((_3)2 +7(=3) + 10)
2 —
2:2747-2=22>15. —-6(9 21+ 10) = —6(-2) = 12> 0.
The solution is (—0, —5] or [é, oo) . In region C, letx = 0:
2 (0—3)(02+7(0)+10)=—3(10)=—30<0.
I ion D, let x = 4:
58. 3k2<k+14 nregion D, fetx
Solve the corresponding equation. (4-3) (4 +7(4)+ 10)
3k2=k+14 =1(16+28+10)=54>0.
32—k —14=0 The solution is (-0, —5] or [-2, 3].
(3]‘_7)(“2):3 60. (x+4)(x*-1)20
k= 3 or k=-2 Solve the corresponding equation.
| | (x+4)(x*-1)=0
A | B e
‘ ‘ | ‘ ] x+dHx+DH(x-1)=0
T T T T ]
-6 4 ‘b 0 2] x+4=0 or x+1=0 or x-1=0
| |
. [ ! x=—-4 or x=-1 or x=1
For region A, test —3: Note that —4, —1, and 1 are solutions of the
3(—3)2 =27, -3+14=11=27>11 original inequality.
For region B, test 0: 1 1 1
A | B | C | D
3(0)°=0, 0+14=14=0<14 ; i ; i ; i ; ;
For region C, test 3: 6 # 202 4
| | |
3(3)2 =27, 3+14=17=27>17 a ‘ ‘
The given inequality is true in region B and at In region A, letx =-5:
, o 7 (-5+4)((-5)" ~1)=-1(24)= 24 0.
both endpoints, so the solution is | -2, — |.
3 In region B, let x = -2:
(=2 +4)((—2)2 ~1)=2(3)=6>0.
59. (x—3)(x2 +7x+1o)so

Solve the corresponding equation.

(x—3)(x2+7x+10)20
(x=3)(x+2)(x+5=0

x=3=0 or x+2=0 or x+5=0
x=3 or x=-2 or x=-5

Note that -5, -2, and 3 are solutions of the
original inequality.

NI )

| |
| |
l l
e | ‘
6 -4 ? 0 2
| |
| |

In region C, let x = 0:

(0+4)(02 —1):4(—1) - —4<0.
In region D, let x = 2:

(2+4)(22 —1)=6(3)=18>0.
The solution is [4, —1] or [1, o).
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61. "2y 63. > 52
m p+1
Solve the corresponding equation m+2 ~0. Solve thescorrespondmg equation.
. . — =2
The quotient changes sign when p+l
m+2=0 or m=0 5
_ _ —=2=0
m=-2 or m=0 p+l
.—2 isa splqtion of the inequality, but the 5-2(p+1)
inequality is undefined when m = 0, so the T
endpoint 0 must be excluded. p
- =20
A i B i C p+1
6 4 ? d? 2 4 The numerator is 0 when p = % The
1 1 denominator is 0 when p = —1.
For region A, test —3: Neither of these numbers is a solution of the
342 1 inequality.
==>0. ! !
-3 3 A B c
For region B, test —1: ; ; i ; i ; ;
_ -4 2 1 0 12 4
*2_ <o, : :
- | |
For region C, test 1: In region A, test —2:
1
i=3>0_ L=_5<2_
1 —-2+1
The solution is [-2, 0). In region B, test 0:
5
q- 4 —=5>2.
62. ——>0 0+1
q+3 In region C, test 2:
. . q-—4 5 5
Solve the corresponding equation =0. —==<2
q+3 2+1 3
The numerator is 0 when ¢ = 4. The denominator . 3
. = The solution is | -1, — |.
is 0 when g =-3. 2
l l
T \ T T T a —_—
412 0 2 4 . .
i ! Solve the corresponding equation.
| |
6 _ 3
For region A, test —4: a=2
—4— - 6
1-4_ B _gso. +3=0
—4+3 -1 a=2
For region B, test 0: 6+3(a-2) ~0
0-4 4 a—2
—=-—<0.
0+3 3 3 _y
For region C, test 5: a-2
5-4 1 50 The numerator is 0 when a = 0. The denominator
543 8 is 0 when a =2.

The inequality is true in regions A and C, and
both endpoints are excluded. Therefore, the
solution is (-0, —3) or (4, ). (continued next page)
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A i 5 i c Since —.13 > —.14, -20 is not a solution of the
| | | ! ‘ inequality.
4 ) 0 2 4 For region B, test —6:
| |
| | 2 =-2 and = 3 .
For region A, test —1: =645 —6-2 8
. 3 . .
6 - 2>-3 Since -2 < ——, -6 is a solution.
~1-2 8
: . . 2 2
For region B, test 1: For region C, test 0: —— =— and 3 = —é.
6 0+5 5 0-2 2
—=-6<-3. ) 3
1-2 . Since — > ——=, 0 is not a solution.
For region C, test 3: 5 2
6 . 2 1
—=62-3. ForreglonD,test3:—=—andi=3.
3-2 3+5 4 3-2
The given inequality is true in region B. The . 1 . i o
endpoint 0 is included because the inequality Since 2 <3, 3 is asolution. The solution is
symbol is “<.” However, the endpoint 2 must be [-19, —5) or (2, o)
excluded because it makes the denominator 0. ’ e
The solution is [0, 2).
1 2
66. >
) 3 z—=1 z+1
65. s < 5 Write the corresponding equation and then set
r r—

Write the corresponding equation and then set
one side equal to zero.
2 3
r+5 r-2
23
r+5 r-2
2(r—=2)=-3(r+5) ~0
(r+5@-2)
2r—4-3r—15
(r+5)(r-2)
-r—=19
(r+5@r-2)
The numerator is 0 when » =—19. The
denominator is 0 when » =—5 or r = 2.
—19 is a solution of the inequality, but the
inequality is undefined when r =—5 or r = 2.

=0

| | |
P
P I I I [} I | I
20 16 12 -8 14 0 |4
| | |
For region A, test —20:
L=—£:—.l3and
—20+5 15
3 3
——=——=-14
-20-2 22

one side equal to zero.
12
z+1

z—1

1 2

z—1 z+41
(z+D)=2(z-1) —0
(z=D(z+D
3—-z _
(z=D(z+1)
The numerator is 0 when z = 3. The denominator
is 0 when z = 1 and when z = —1. These three

numbers, —1, 1, and 3, separate the number line
into four regions.

A

B
4 2 0

[NES e
>+ O

For region A, test —3.

; > L = —l > —1, which is true.
-3-1 -3+1 4
For region B, test 0.
1 > 2 = —1> 2, which is false.
0-1 0+1
For region C, test 2.

1

—>L=>1>g, which is true.
2-1 2+1 3

(continued next page)
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67.

68.

For region D, test 4.

L > i =—> z, which is false.
4-1 441 3 5
Thus, the solution is (-0, —1) or (1, 3).

r=340.1x> - 5360x +18,834

We want to determine when

340.1x% —=5360x+18,834 > 0 for 6 < x<12.
Using a graphing calculator, plot

Y, = 340.1x2 —5360x +18,834 on

[5, 13] by [-10, 10]. Then determine where the
graph of Y lies above the x axis.

Pera
A=10M7L7FF Y=0

The profit was positive in the years 2011 through
2012.

r=89.29x2 —=1517x + 7505
We want to determine when

89.29x? —1577x+7505 > 1000 for 6 < x <12.
Using a graphing calculator, plot

Y, = 89.29x% —1577x+7505 and Y, =1000
on

[0, 6] by [900, 1100]. Then determine where the
graph of Y lies above the graph of Y.
Inkerseckion 'Int-zr]mcti-:-n

H=5.EGEHOZE Y=Ll . H=ii0BEFYE y=1o00

The net income exceeded $1000 million in 2006
and then again in 2012.

Case 2 Using Extrapolation for Prediction

Linkeg

g=ax+h

a=-146.8213132

b=233H0.113132
=, rar 1345586
=-, 87813473933

This verifies the regression equation.

Year
x=0 Table | Predicted
is 2000) | value value Residual

2 1648 2037.8 —389.8
3 1679 1891.7 -212.7
4 1842 1745.6 96.4
5 1931 1599.5 331.5
6 1979 1453.4 525.6
7 1503 1307.3 195.7
8 1120 1161.2 —41.2
9 794 1015.1 —221.1
10 652 869.0 -217.0
11 585 722.9 -137.9
12 650 576.8 73.2

. See the table in problem 2 for residual values.

Residual

. No; because the residuals show over fitting,

under fitting, and then over fitting.

. Since x = 0 corresponds to the year 1900, enter

the following data into a computing device.

x y

70 3.40
75 4.73
80 6.85
85 8.74
90 10.20
95 11.65
100 14.02
105 16.13
110 16.26

Then determine the least squares regression line.
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LinEe=9 Linkeg

g=gw+h u=gx+h

a=. 342IEEEEET A= "R SAAAAIE "D

ne _23-3-%%533355 e e -
=, FFe=1. E~

ﬁ=.995341@655 rr=-. B8 18833365

The model is verified.

6. The year 2002 corresponds to x = 102.
y =.343(102)-20.65 =~ 14.34.

According to the model, the hourly wage in 2002
was about $14.34, about 63¢ too low.

7. The year 1960 corresponds to x = 60.
y =.343(60)—-20.65 =~ —0.07.

The model gives the hourly wage as a negative
amount, which is clearly not appropriate.

8. Year
(x=0 Table | Predicted
is 1900) | value value Residual
70 3.40 3.36 .04
75 4.73 5.075 —.345
80 6.85 6.79 .06
85 8.74 8.505 235
90 10.20 10.22 -.02
95 11.65 11.935 —.285
100 14.02 13.65 37
105 16.13 15.365 765
110 16.26 17.08 -.82
y
A
1.0 .
0'5 N . M H .
= Bl g b
= M M - M : M H . H
g oAt e 4+
£ [ 79480 90100 110
~0.5 - {
—-1.0 -

9. You’ll get O slope and 0 intercept, because the
residual represents the vertical distance from the
data point to the regression line. Since 7 is very
close to 1, the data points lie very close to the
regression line.
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