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CHAPTER 1

Section 1.1

1. (a)iii (b) i ©v (d) ii (e)iv
2. slope

3. parallel

4. They are perpendicular to each other.

5. Since x =3 is a vertical line, all horizontal lines are

perpendicular and have slope m =0.

6. Since the line y—(-2)= %(x —5) is in point-slope

form, the point (5,—2) lies on the line.

7. (@ m= % Since the slope is positive, the line rises.

Matches L,.

(b) m is undefined. The line is vertical. Matches L,.
(¢c) m=-2. The line falls. Matches L,.

8. (a) m=0. The line is horizontal. Matches L,.

(b) m= —%. Because the slope is negative, the line

falls. Matches L,.

(c) m=1. Because the slope is positive, the line rises.

Matches L,.
9. Slope=1%¢_3
run 2

10. The line appears to go through (0, 8) and (2, 0).

Il
|
N

8-0
Slope =——
P 0-2

12.

13.

14.

15.

16.

17.

18.

19.

m is undefined.

0-(-10) _10 _ 5

Slope = ———=—
P -4-0 -4 2
4
-12 -y 0)1\ 12
(0,-10)
=12
—-4-4
Slope = =—4
P -2
6
"(2,4)
\
-6 -\ 12
+(4,-4)
-6
Slope is undefined
6
(=6,4)
=10 1(76’ 71) 2
-2
Slope = 6-(=2) =—=2
1-(-3) 4
7
*(1,6)
/
-10 T 5
(3,-d

-3

Since m =0, y does not change. Three additional points
are (0,1), (3,1), and (-1, 1).

Since m =0, y does not change. Three additional points
are (0,—-2),(1,-2), and (4, -2).

Since m is undefined, x does not change and the line is
vertical. Three additional points are (1, 1), (1, 2),
and (1, 3).
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2 Chapter 1

20.

21.

22.

23.

24,

25.

26.

27.

Because m is undefined, x does not change. Three
additional points are (—4, 0), (-4, 3), and (-4, 5).

Since m =-2, y decreases 2 for every unit increase in x.

Three additional points are (1, —11), (2, —13),
and (3, —15).

Since m =2, Yy increases 2 for every unit increase in x.
Three additional points are (—4, 6), (-3, 8),
and (-2, 10).

Since m = %, y increase 1 for every increase of 2 in x.

Three additional points are (9, 1), (11,0), and (13, 1).
. 1 .

Since m = —5, y decreases 1 for every increase of

2 units in x. Three additional points are

1,=7), (3,-8), and (5, -9).

m=3, (0,-2)

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

m=-2, (-3,6)

y—6=-2(x+3)
y=-2x

2x+y=0

(=3,6) o

y+3=——x+1
2y+4=—x
x+2y+4=0
N
2 -1 a5 s
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3
28. m=—,(-2,-5
m= ( )

3
+5=—(x+2
y 4(x )

4y+20=3x+6
0=3x—4y—14

y

-2

24

29. m is undefined, (6, —1)
x=6
x—6=0 vertical line

bt -t > x
-4 -2 2 4 6,-1)
ol

44+

—6+4+

30. m is undefined, (10, 4)
x=10
x+10=0 vertical line

y

I Y
1+

P M T T
+—t—t—t+

31. m=0, [—l i)
2

%
3 1
-——=0| x+—

y— 7 =0 horizontal line
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Section 1.1 3

32. m=0, (2.3,-8.5)
y—(-8.5)=0(x-2.3)
y+8.5=0 horizontal line
y
41
21
EEEENEREREY
-4+
T (23.-85)
—10+
_i2d
—14+
p
33. Begin by letting x =1 correspond to 2001. Then using
the points (1, 1.6) and (9, 5.2), you have
= 52-1.6 :2:0‘45
9-1 8
y—1.6=045(x-1)
y=0.45x+1.15
When x=17:
y=0.45(17)+1.15=$8.8 million
34. Begin by letting x =0 correspond to 2000. Then using
the points (0, 441,300) and (8, 1,326,720), you have
= 1,326,720 — 441,300 _ 885,420 ~110.6775
8-0
y—441,300=110,677.5(x — 0)
y=110,677.5x + 441,300
When x =16:
y=110,677.5(16) + 441,300 = $2,212,140
35. x-2y=4
—2y=—x+4
1
=—x-2
Y 2
Slo e'l
pe: >
y-intercept: (0, —2)
The line passes through (0, —2) and rises 1 unit for
each horizontal increase of 2 units.
36. 3x+4y=1
4y=-3x+1
S L
Y 4 4
3
Slope: ——
P 4

. 1
y-intercept: | 0, Z

The line passes through (O, %} and falls 3 units for

each horizontal increase of 4 units.

37.

38.

39.

40.

41.

42.

2x—-5y+10=0
—S5y=-2x-10
2
=—x+2
Y 5
2
Slope: —
P 5

y-intercept: (0, 2)

The line passes through (0, 2) and rises 2 units for each
horizontal increase of 5 units.

4x-3y-9=0
—3y=-4x+9
4
=—x-3
Y 3
4
Slope: —
P 3

y-intercept: (0, —3)

The line passes through (0,—3) and rises 4 units for
each horizontal increase of 3 units.

x=-6

Slope is undefined; no y-intercept.

The line is vertical and passes through (=6, 0).
y=12

Slope: 0

y-intercept: (0, 12)

The line is horizontal and passes through (0, 12).

3y+2=0
3y=-2
-2
773
Slope: 0

. 2
y-intercept: | 0, — E

The line is horizontal and passes through [0, —%J

2x-5=0
2x=5

5

xX==

2

Slope is undefined; no y-intercept.

The line is vertical and passes through [; Oj.
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4 Chapter 1

43. S5x-y+3=0 (b)
y=5x+3 y

(a) Slope: m=5
y-intercept: (0, 3)

Q S I A
y -1
oy
5
4 =1
o3 47. 3y+5=0
3
+ + + + + + y 3
D R R
(a) Slope: m=0
4. 2x+3y-9=0 y-intercept: (O,—%}
3y=-2x+9
y=-2x+43 (b)
3 y

(a) Slope: m =—%

y-intercept: (0, 3)

(b)

48. -11-8y=0
8y=-11
11

(a) Slope: m=0
45. 5x-2=0 . ( 11}
y-intercept: | 0, ——
2 8
x=—
5

()
(a) Slope: undefined

No y-intercept 34
(b) 24
y 1+
2 BN A
1
b =T
, -3+
-1 T2 s
1 49. The slope is ﬂ:izl
1 1--1) 2
y=(=3)=2(x-D
46. 3x+7=0 y+3=2x-2
7 y=2x-5
x=—=
3

(a) Slope: undefined

No y-intercept
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3 5
NN s (2] [23)
50. The slope is =—=%=—— 2 2 4
4-(-1) 5 2
1 51
yo(h=——(x=4) y-o=4—2x-2)
| —=2
y+l=—5x+2 21
y=——(x =+
y=——x+1
S
Y 2 2
51. (5,-1), (-5,5)
3
yri=t os)
-5 .
M‘-.
3 e
=——(x-5)-1 -2 4
y 5( ) -~
3 -1
=——=x+2
Y 5
; 56. (L1), [6,——}
L
- 2,
; s 1= —(x-1)
2 ew y 6_
" y-l==3G-D
52. (4,3), (-4,-4) ) |
y=l=——x+—
y-3= 4 3()6—4) 3 3
—4 -4 y——lx+i
8
U 5
Y 8 2 T
4 6 [ -
_.../.:/
-6 : 6 -
.-'/’
- 57. [_i!_ij, [29_2]
- 10 5 10 5
53. (-8,1), (-8.7) 9.3
Since both points have an x-coordinate of —8, the slope y+§= 5 5 ()H—Lj
is undefined and the line is vertical. 5 i.,,i 10
x+8=0 10 10
. 6 1
y+==—=|x+—
5 5 10
6 18
-10 2 —— =
Y 5 25
4 _ 6
54. (-1,4), (6,4) N .
y—4= -4 (x+1) N
6-(-1) . —
y—4=0(x+1)
y—4=0
y=4 -6 6
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6 Chapter 1

62. 10
s (33) (47 \_
4 2 3 4
7 -5 \‘ 5
3_4a(, 3 \
SN
3 4 80
3 3 3 —
Y-S EToo X, B
2 25 4 5 = 10
3.3,
Y727 725" 00 K
3 159 L
y=—TcX T ——
25 100
3
—_ -5 *]I 13
— -2
2 ’ The second graph does not give a good view of the
- intercepts. The third graph is best because it gives the
most accurate view of the slope by using a square setting.
59. (1,0.6), (-2,-0.6) 63. L:(0,-1), (59)
y—o_6:ﬂ(x_l) ” :ﬂzz
—2-1 150
=04(x-1)+0.6
y=04(x-1) Ly (0.3), (4.1)
y=04x+0.2 123 1 1
}’n2 ==
2 4-0 2 m,
o _ L~ -~ R L, and L, are perpendicular.
,J/
64. L:(-2,-1), (L5)
B 5-(-1)_6
ml - — =
60. (-8,0.6), (2,—2.4) 1-(=2) 3
94— L:(,3),(6, -5
0624706 o 2 (1, 3), 5, -3)
2-(=8) -5-3 -8
n’[2 == = —2
y—0.6=-0.3(x+38) 5-1 4
y=-03x-18 The lines are neither parallel nor perpendicular.
3
65. L;: (3,6), (-6,0)
N 6 0-6 2
st $-m__ ml = —=
— -6-3 3
7
. Ly (0,-1), [5, 5]
10 1
61. — 7
) 10 —+1
- 3 2
- m, = =—=m,
B - 5-0 3
-5 — ~ | 1o -
= - L, and L, are parallel.
3
. =) 66. L: (4,8), (-4,.2)
- 1
A 2-8 -6 3
- m, = =—=—
—-4-4 -8 4
= 1
. . . L:@3,-5), |-1,—
The first graph does not show both intercepts. The third 2 3
graph is best because it shows both intercepts and gives (1/3)=(=5) 16/3 4
the most accurate view of the slope by using a square my: = =—=
setting. -1-3 —4 3

The lines are perpendicular.
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Section 1.1 7

67. 4x-2y=3

Slope: m =2

(a) Parallel slope: m =2
y—1=2(x-2)
y=2x-3

(b) Perpendicular slope: m = —%

1
—l=—=(x-2
y 2( )
1
=——x+2
Y 2
68. x+y=7
y=-x+7
Slope: m=-1
(a) Parallel slope: m=-1
y=2=-1(x+3)
y=—x-1

(b) Perpendicular slope: m =1
y=2=1(x+3)
y=x+5

69. 3x+4y=7

3
Slope: m=——
P 4

(a) Parallel slope: m = _%

y____i[ﬁz
8 4 3
y=—ix+E

4 8

4,12
Y 3 72
70. 3x-2y=6
3
=—x—-6
Y 2
Slope: m =—

71.

72.

73.

(@)

(b)

Parallel slope: m :%

+1—z )c—2
) G

=—x——
YTRTS

Perpendicular slope: m = —%

2..n
R
6x+2y=9
2y=—6x+9
9
=-3x+—
Y 2
Slope: m=-3
(a) Parallel slope: m=-3
y+14=-3(x+3.9)
y=-3x-13.1
. 1
(b) Perpendicular slope: m = 3
1
y+1.4=§(x+3.9)
L
Y 3 10
Sx+4y=
BRI
Y 4 4

Slope: m = —% =-1.25

(a)

(b)

Parallel slope: m = _%

y-24= —%(x +1.2)
y=-1.25x+0.9

Perpendicular slope: m =0.8
y—24=0.8(x+1.2)
y=0.8x+3.36

x—4 =0 vertical line

Slope is undefined.

(a)

(b)

x—3=0 passes through (3,—2) and is vertical.
y=-2 passes through (3,-2) and is horizontal.

© 2015 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



8 Chapter 1

74.

75.

76.

77.

78.

79.

80.

y—2=0
y =2 horizontal line

Slope: m=0

(@) y=-1 passes through (3,—1) and is horizontal.

(b) x—3=0 passes through (3,—1) and is vertical.

y+2=0
y =-2 horizontal line

Slope: m=0

(a) y=1passes through (—4, 1) and is horizontal.
(b) x+4=0 passes through (-4, 1) and is vertical.

x+5=0 vertical line

Slope is undefined.

(a) x+2=0 passes through (-2, 4) and is vertical.

(b) y=4 passes through (-2, 4) and is horizontal.
The slope is 2 and (-1, —1) line on the line. Hence,

y—(=D=2(x-(-D)
y+1=2(x+1)
y=2x+1.

The slope is —2 and (-1, 1) lines on the line. Hence,

y=l=-2(x~(-1)
y=1==2(x+1)

y=-2x-1.
The slope of the given line is 2. Then y, has slope

1
——. Hence,
2

y—2=—§(x—(—2»
y—22—%(x+2)

1
=——x+1.
Y 2

The slope of the given line is 3. Then y, has slope

1
——. Hence,
3

y-5 =—§<x—(—3»
y—52—%(x+3)

1
=——x+4.
y 3

81.

82.

83.

84.

. 1 .
The lines y = Ex and y =—2x are perpendicular.

The lines y = %x and y= %x + 2 are parallel. Both are

. 3
perpendicular to y = —Ex.

. 1 1
The lines y = _Ex and y= —Ex +3 are parallel. Both

are perpendicular to y =2x —4.

The lines y=x—8 and y=x+1 are parallel. Both are
perpendicular to y =—x+3.

85 riﬁ:%: =
run
5(32)
3 x
416
4x =48
x=12

86.

The maximum height in the attic is 12 feet.

Slope = nse
run

-12 -2000
100 X

—12x = (=2000)(100)

x= 16,666§ft = 3.16 miles
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Section 1.1 9

87.
(a)

(b)

(©
(d)

88. (a)

(b)

©

Years Slope
2000-2001 1023 -995=28
2001-2002 1247 -1023 =224
2002-2003 1211-1247=-36
2003-2004 1257-1211=46
2004-2005 1380-1257 =123
2005-2006 1431-1380=51
2006-2007 1436 -1431=5
2007-2008 1464 —1436 =28

The greatest increase was $224 million from 2001
to 2002.
The greatest decrease was $36 million from 2002
to 2003.

Using the points (0, 995) and (8, 1464), the slope
= 1464 — 995

=58.625.
Then y—995=58.625(x—-0)
y=58.625x +995

There was an average increase in sales of about
$ 58.625 million per year from 2000 to 2008.
When x=10: y=58.625(10)+995

y=$1581.25 million

Answers will vary.

25+ °
20+ .
12 15 ®
“ 104 .
[ ]
ST o @
o0 2001 2006 2008
Year
Years Slopes
2002-2003 39-3.1=0.8
2003-2004 72-39=33
2004-2005 89-72=1.7
2005-2006 163-89=74
2006-2007 19.7-163=34
2007-2008 244-19.7=4.7

The greatest increase was $7.4 million from 2005
to 2006.

The least increase was $0.8 million from 2002 to
2003.

Using the points (2, 3.1) and (8, 24.4), the slope
_244-3.1
8-2

is m =3.55.
Then

y=3.1=3.55(x-2)
y=3.55x—-4

(d)

©)

There was an average increase of approximately
$3.55 million in profit per year from 2002 to 2008.

When x =10, y=3.55(10)—4 =$31.5 million.
Answers will vary.

For Exercises 89 — 92, t =9 corresponds to 2009.

89. (9,2540), m=125

V —2540=125(t - 9)

V =125t +1415

90. (9, 156), m=4.50

V-156=4.50(t-9)

V=450t +115.5

91. (9, 20,400), m =—-2000

V —20,400 = -2000(t - 9)

V =-20007 + 38,400

92. (9,245,000), m =-5600

V —245,000 = -5600(t — 9)

93. (a)

V' —-25,000 =

V =-56007 + 295,400
(0, 25,000), (10,2000)

2000 —25,000

0o 70

V —25,000 = -2300¢

(b)

V =-2300¢ + 25,000

V 125,000 {22,700 |20,400 | 18,100 | 15,800

13,500

8900 | 6600 | 4300 | 2000

()

94. (a)

t =0: V =-2300(0) +25,000 = 25,000
t=1: V =-2300(1) + 25,000 = 22,700
etc.

Using the points (0, 32) and (100, 212), we have

L _212-32 180 9
100-0 100 5

F—32=%(C—O)

F:2C+32.
5
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9 96.
®) F=ZC+32 (@) (580, 50),(625,47)
9
=0°: == 47—
F=0 0 5C+32 —50= 50 (p—580)
9 625 —580
32=2 -1
32=3C x=50=—=(p~580)
-17.8=C | 266
9 ST
C=10° F==(10)+32
5
(b)
F=18+32
100
F=50 .
o 9 .\‘-\".
F=90°: 90:§C+32 .
0 S 1500
58 =2C 0
5
302=C If p =655, x =45 units.
. 1 2
Cc=-10°: F =%(—10)+32 Algebraically, xz—E(655)+ﬁ=45.
F=-18+32 .
(¢) If p=595, x =49 units.
F=14
. 1 266
F = 68°: 68 = %C +30 Algebraically, x = —3(595) +T =49.
36=2cC o7
5 (a) Using the points (1990, 75,365) and
20=C (2009, 87,163) the slope is
9 _87,163-75,365 11,798
C=177° F=§(177)+32 2009 — 1990 19
F=318.6+32 The average annual increase in enrollment was
F =350.6 about 621 students/year.
cl —178 | 2100 | 100 20° | 32.2° 177° (b) 1995: 75,365+ 5(621) = 78,470 students
F o 14° 500 | 68 90° 350.6° 2000: 75,365+10(621) = 81,575 students
2005: 75,365 +15(621) = 84,680 students
95. . .
(@) C=36.500+9.25¢+18.50¢ (©) EJgs;r(l)g m =621 and letting x =0 correspond to
C =36,500 +27.75¢ ’
b R h $ . y—175,365=621(x—0)
(b) =1tp (thours at $p per hour) y=621x+75,365
R =1(65)
R =65t The slope is 621 and it determines the average
increase in enrollment per year from 1990 to 2009.
(c) P=R-C
P =65t —(36,500 + 27.751) 98. Answers will vary. Sample answer: Slope is the rate of

P =37.25t-36,500

(d P=0:
37.25¢-36,500=0
37.25¢t =36,500
t = 980 hours

99.

change over an interval; average rate of change is the
slope of the line passing through the first and last points
of a plot.

False. The slopes are different:

4—

2 2

—1+8 7
7+4 11

-7-0 7
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100.

101.

102.

103.

False.

The equation of the line joining (10, —3) and (2, -9) is

+3
-10
2—10(x )

y+3=

3
+3="(x-10
y 4( )

3.2
YT
3 21
Forx=-12, y=—(-12)——
y 4( ) 5
=-19.5
-37
;ﬁ_
2
=-18.5
14.1:1
5 3
—-3x+5y+15=0

a and b are the x- and y- intercepts.

-3 9

.—'/./
-8 [ - 4

Y _

z7

3
—Zxtdy=—"
—2x+12y=-8

a and b are the x- and y-intercepts.

105. 22

106. SR AN |

L
-5 -4
4x+5y+20=0

107. X+
~1/6  —2/3

3
—6x——y=1
2)’

12x+3y+2=0

108. 2oy
a b
XLy
3/4 475
4..3,.3
577477
16x+15y-12=0

109. The slope is positive and the y-intercept is positive.
Matches (a).

110. The slope is negative and the y-intercept is negative.
Matches (b).

111. Both lines have positive slope, but their y-intercepts
differ in sign. Matches (c).

112. The lines intersect in the first quadrant at a point (x, y)

where x <y. Matches (a).
113. No. The line y =2 does not have and x-intercept.

114. No. x =1 cannot be written in slope-intercept form
because the slope is undefined.

115. Yes. Once a parallel line is established to the given line,
there are an infinite number of distances away from that

line, and thus an infinite number of parallel lines.
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116.

117.

118.

(a) The slope is m =—10. This represents the decrease
in the amount of the loan each week. Matches
graph (ii).

(b) The y-intercept is 12.5 and the slope is 1.5, which
represents the increase in hourly wage per unit
produced. Matches graph (iii).

(c) The slope is m =0.35. This represents the increase
in travel cost for each mile driven. Matches graph
().

(d) The y-intercept is 600 and the slope is —100,
which represents the decrease in the value of the
word processor each year. Matches graph (iv).

Yes. x+20

Yes. 3x—10x +1=-10x> +3x+1

Section 1.2

10.

11.

12.

13.

domain, range, function
independent, dependent

No. The input element x =3 cannot be assigned to
more than exactly one output element.

To find g(x+1) for g(x)=3x—2, substitute x with the
quantity x+1.

g(x+1)=3(x+1)-2
=3x+3-2
=3x+1

No. The domain of the function f(x)=+/1+x is
[—1, =) which does not include x =-2.

The domain of a piece-wise function must be explicitly
described, so that it can determine which equation is
used to evaluate the function.

Yes, it does represent a function. Each domain value is
matched with only one range value.

No, it is not a function. The domain value of —1 is
matched with two output values.

No, it does not represent a function. The domain values
are each matched with three range values.

Yes. Each element, or state, in the domain is assigned to
exactly one element, or electoral votes, in the range.

Yes, the relation represents y as a function of x. Each
domain value is matched with only one range value.

No, the table does not represent a function. The input
values of 0 and 1 are each matched with two different
output values.

(a) Each element of A is matched with exactly one
element of B, so it does represent a function.

119.

120.

121.

122.

123.

124.

125.

126.

127.

14.

15.

16.

17.

18.

19.

20.

a1 .
No. The term x™' =— causes the expression to not be a
X

polynomial.

Yes. 2x® —2x* —x* +2=-2x" =¥’ +2x* +2
No. This expression is not defined for x =+3.
No.

X —6x-27=(x-9(x+3)

¥ =11x+28=(x-4)(x-=7)

232 +11x—40=2x-5)(x +8)

3x* —16x+5=CBx-1)(x-5)

Answers will vary.

(b) The element 1 in A is matched with two elements,
—2 and 1 of B, so it does not represent a function.

(c) Each element of A is matched with exactly one
element of B, so it does represent a function.

(a) The element ¢ in A is matched with two elements, 2
and 3 of B, so it is not a function.

(b) Each element of A is matched with exactly one
element of B, so it does represent a function.

(c) This is not a function from A to B (it represents a
function from B to A instead).

Both are functions. For each year there is exactly one
and only one average price of a name brand prescription
and average price of a generic prescription.

Since b(t) represents the average price of a name
brand prescription, b(2007) =~ $119.50.

Since g(t) represents the average price of a generic
prescription, g(2000) = $19.00.

xz+yz=43y=ix/4—x2

Thus, y is not a function of x. For instance, the values
y=2 and y=-2 both correspond to x =0.

x=y+1
y=tvx—1

This is not a function of x. For example, the values
y=2 and y=-2 both correspond to x =5.

y=+x*-1
This is a function of x.
y=+x+5

This is a function of x.
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21.

22,

23.

24.

25. y=

26.

27.

28.
29.

30.

31.

32.

33.

2x+3y=42y=%(4—2x)
Thus, y is a function of x.
x=—y+5=>y=—x+5.

This is a function of x.

e

Thus, y is not a function of x. For instance, the values
y= \/5 and y= _ﬁ both correspond to x =2.

x+y =3=>y=*+J3-x

Thus, y is not a function of x.

y =x’ -l=y=

|44

This is a functions of x.
|y|=4—x:>y=4—x or y=—(4-x)
Thus, y is not a function of x.

x =—7 does not represent y as a function of x. All
values of y correspond to x =—7.

y =28 is afunction of x, a constant function.
f@®)=3t+1

(@ fQ2)=32)+1=7
b) f(-4)=3(-4)+1=-11
() fG+2)=3(t+2)+1=3t+7

g(y)=T7-3y
(@ g0)=7-30)=7

o {1

) gs+2)=7-3(s+2)
=7-35s—6=1-3s

h(t)=1* -2t

(@) h(2)=2*-2(2)=0

(b) h(1.5)=(1.5)*-2(1.5)=-0.75

(©) h(x+2)=(x+2)*=2(x+2)=x>+2x
V(r)= %ﬁr3

(@ V@)= %zr(sf =367

3
) V[E}i,{i} _421 97
2) 37\2) 38 2
©) V(2r)=%7z’(2r)3—32%
f=3-y

@ f(@)=3-4=1
(b) £(0.25)=3-4025=25
© f4x’)=3-4x* =3-2|x]

34.

35.

36.

37.

38.

39.

f)=vx+8+2

@ f(-4)=-4+8+2=4

(b) f(8)=8+8+2=6

© fx—8)=+x—8+8+2=+/x+2

1
q(x)—x2_9
(@ ¢q(-3)=—— ! 1 undefined
1 (37-9 9-9 0
1 11
b =
b)) q2)= Y9 4.9 3
© qy+3)= SN S—
A 37 -0 Y +6y+9-9 ¥ +6y
(t)_Zt +3
220 +3 _8+3 _11
2 = =
(@ q2) % 4 "4
(b) ¢0)= 2((()% Division by zero is undefined.
2=x)+3 2x*+3
© q(-=x)= (_x)z = )
2
fo)y=—
X
@ fO 9| 1
a =—=
9
-9
b f9=l=m
© so=t. 10
- t - -1, t<0

f(0) is a undefined.
f)=|x|+4
@ fS)=|5]+4=9
®)  f(5)=|-5+4=9
© f)=|+4

) 2x+1, x<0
x =
’ 2x+2, x 20

@ f-)=2-D+1=—
®  f0)=2(0)+2=2
© f)=22)+2=6
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40.

41.

2x+5, x £0

2-x%, x>0

-]

(@ f(=2)=2(-2)+5=1
(b) f(0)=20)+5=5
() fM=2-1"=1
X*+2, x <1

f(X)={

2x*+2, x >1

49. h(r) =%|r +3|

1 1 1
h(=5)= E|_5 +3| :E|_2| =5@=1

1 1 1 1
h(—4) = EH +3= E|_l| =S0=>

1 1
h(-3) = 5|_3 +3= E|0| =0

1 1 1 1
@) f(-2)=(2+2=6 h(-2) = E|_2 +3|= E|1| = h=>

®) fH=1)’+2=3 1 1 1
h(-1) =5|—1 +3| =5|2| =5@=1

42.

43.

44.

45.

46.

47.

48.

() f(2)=22+2=10

-4, x<0 t | S5 432
f(X)z{l—ZxZ, x>0 o | 1| o | S|
@ f(-2)=(-2)'-4=4-4=0
(b) f(O)=0"-4=—4 s0. =l
© fH=1-201*=1-2=-1 §=2

x+2, x<0 £(0) :_| _2|: 2 =-1
fx)=1 4, 0<x<2 |0‘2| -2

2 1-2 1

1, 2 2 == — =

X"+ X f(l) 2 = 1
@ f(=2)=(-2)+2=0 3., 1
(b) f)=4 f(i] 2 1.2

3 1
() f@)=4+1=17 2) 3_, _1L
2 2

5-2x, x<0 2_2 1
f(x)=<5, 0 <x<l1 f(i]z 2 =l=1

4x+1, x =1 2 5_2 1

2 2
@ f(-2)=5-22)=9 ) =|j_§|=%=1
®) f(lj=5 -

2 3 5
© f)=41)+1=5 s 0 1 By 2
Fr) = f) | -1 -1 -1 1
{2.4). -1 1. 0. 0). (1. 1), 2. 9} 51. f(x)=15-3x=0

3x=15
f=x -3 *
x=5
{(_27 1)3 (_17 _2)’ (Os _3)7 (1’ _2)’ (2’ 1)} 52. f(x):5x+1:0
Sx=-1
f)=|a+2 1
.X:—g
{(_27 4)3 (_17 3)7 (07 2)’ (1’ 3)a (Za 4)}
3x—-4
f(x)=|x+1| 53. f(x)= 5 =0
3x-4=0
{(_27 1)3 (_13 O)? (07 1)7 (17 2)a (27 3)} 3X=4
4
=2
3
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54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

2x-13
= =0
f(x) 7
2x-3=0
2x=3
3
x=—=
2

f(x):Sx2 +2x—1

Since f(x) is a polynomial, the domain is all real
numbers x.

g(x)=1-2x"

Because g(x) is a polynomial, the domain is all real
numbers x.

nny=2
t

Domain: All real numbers except =0

3y
s(y) = —2—
) y+5

y+5#0
y#-=5

The domain is all real numbers y # —5.
fy=x—4

Domain: all real numbers x

F =4 +3x

X 4+3x=x(x+3)>0

Domain: x<-3 or x>0

3
x+2

g(x) R
X

Domain: All real numbers except x =0, x =-2

10
h(x)=
) Xt =2x
xX*=2x#0
x(x=2)#0

The domain is all real numbers except x =0, x =2.

y+2
gy =
Jy—10
y—10>0
y>10

Domain: all y>10

fl=YEE0

6+ x

x+ 6 >0 for numerator, and x # —6 for denominator.

Domain: all x >-6

65.

66.

67.

68.

69.

-4

Domain: [-2, 2]

Range: [0, 2]
F(x)=+x*+1
9
AN
. AP )

Domain: all real numbers

Range: 1<y
glx)= |2x + 3|
6
.\ ¥
\ /
\\\ .
-8 A 4

Domain: (—oo, )

Range: [0, o)
g(x)=|x~3|
9
N -
. -
. .

Domain: all real numbers
Range: y=0

A=nxr*, C=2nr

y=—

2

2 2
e O e o
2r ar
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2
70. A= lbh, in an equilateral triangle b =s and: Therefore, A= lxy = lx G (R
2 2 2 \x=-2) 2x-4

The domain is x > 2, since A >0.

73. A=l-w=Q2x)y=2xy

2
e
2
s 2
— 2 _| 2
h=\]s [2) But y=+36-1, s0 A=2xy36—x>, 0<x<6.
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e 45> 5* Bs 74. (a) V =(length)(width)(height) = yx’
4 4 2 But, y+4x=108, ory =108 —4x.
A —ls 3s \/gsz s
) _2 4 Thus, V=108 —-4x)x".
Since y=108—-4x>0
4x <108
§ x<27.
h
Domain: 0<x<27
e— 5 —> (b) 12,000
b=s | —
71. (a) From the table, the maximum volume seems to be /..f". \\
1024 cm’, corresponding to x = 4. e "..
)
) —— ] P
(b) 1200 0
L (c) The highest point on the graph occurs at x =18.
) The dimensions that maximize the volume are
' 18x18%36 inches.
% ’ 75. (a) Total Cost = Variable Costs + Fixed Costs
Yes, Vis a function of x. C =68.20x + 248,000
(¢) V =lengthx widthx height (b) Revenue = Selling price X units sold
=(24-2x)(24 —2x)x R =98.98x
=x(24-2x)’ =4x(12 - x)’ (¢c) Since P=R-C
P =98.98x —(68.20x +248,000)
Domain: 0<x<12 P =30.78x —248,000.
d
@ 1200 76. (a) The independent variable is x and represents the
o month. The dependent variable is y and represents
A - the monthly revenue.
/
4
I } b £ -1.97x+26.3, 7<x<12
X)=
0 0.505x* —1.47x+6.3, 1<x<6
The function is a good fit. Answers will vary. Answers will vary.
1 . 1 (¢) f(5)=11.575, and represents the revenue in May:
72. A= E(base)(helght) = Exy $11,575.
(d) f(1)=4.63, and represents the revenue in
Since (0, y), (2, 1) and (x, 0) all lie on the same line, November: $4630.
the slopes between any pair of points are equal. (e) The values obtained from the model are close
approximations to the actual data.
I-y 1-0
2-0 2—x 77. (a) The independent variable is # and represents the
2 year. The dependent variable is n and represents
I-y= the numbers of miles traveled.
2—x (b)
2 X
y=1- =
2—x x=2 t 0 1 2 3 4 5 6

n(t) | 581 |645.26 [699.04 |742.34 |775.16| 797.5 |809.36
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t 7 8 9 10 | 11 12 13 82. g(x)=3x-1
n(t) | 843.9 | 869.6 | 895.3 | 921 [946.7 | 972.4 | 998.1 g(x+h)=3(x+h)—1=3x+3h-1
gx+h)—g(x)=0Bx+3h-1)-Bx-1)=3h
1 14 15 16 17 g =g _3h 5 .0
n(t) | 1023.8 | 1049.5 | 1075.2 | 1100.9 h

83. f(x)=x"—x+1,f(2)=3
(c) The model fits the data well.
fQR+h)-f(2) _ Q+h)-Q2+h)+1-3

78. (a) F(y)=149.76\10y"" P P
2
y 5 10 20 30 40 _A+4h+h” -2-h+1-3
F(y)| 26,474 | 149,760 | 847,170 | 2,334,527 | 4,792,320 , h
h*+3h
(Answers will vary.) T h+3, h#0
F increases very rapidly as y increases. 84. f(x)=x"+x
®) 5,000,000 fx+h)=(x+ /’l)3 +(x+h)= X H+3x°h+3xh + R +x+h
X =0
r_/’ X =30 Fx+h) = f(x) = +3x°h+3xh> + B + x + h)— (x* + x)
i x., =10 =3 h+3xh” + 1’ +h
/"/ Ymin =0 — 2 2
b Y =5,000,000 =hGx +3xh+h +1)
0 Y_, = 500,000 [t =) _hGE +3xh 4 W 4D) 3o 30y pao
(c) From the table, y = 22 ft (slightly above 20). You h h
could obtain a better approximation by completing 1
the table for values of y between 20 and 30. 85. f(H)y=—, fH=1
(d) By graphing F(y) together with the horizontal line !
¥, =1,000,000, you obtain y=21.37 feet. l 1
fO-f® _, 1=t 1.,
79. No.If x=60, y=-0.004(60)"+0.3(60)+6 -1 t—1 t(t-1) t
y=9.6 feet 4
. . . . 86. f(x)=—
Since the first baseman can only jump to a height of x+1
8 feet, the throw will go over his head.
f= =l
80. (o) L0000 o5 million/ year 7+1 2
2008 —2000 4 1
- x+1 2 - 1
This represents the average increase in sales per ACRFiC) =X+l 2. 8-(x+D
year from 2000 to 2008. x=1 x=T  2x+Dx-T7)
T—x 1
(b) = = x#7
2x+D(x=T7) 2(x+1)
t 0 1 2 3 4

St | 84 | 922 | 1054 | 1235 | 146.6 87. False. The range of f(x) is (=1, ).

88. True. The first number in each ordered pair corresponds
to exactly one second number.

t 5 6 7 8
S(@) 174.7 207.7 245.7 288.7 89. f(x)= Jx+2
The model approximates the data well.

81, f(x)=2x Domain: [0, =) or x>0
Range: [2, o) or y=>2
fx+o)—f(x) _ 2(x+c)—2x

¢ ¢ 90. f(x)=x+3
2¢
- ¢ =2, e#0 Domain: [-3, o) or x>-3

Range: [0, o) or y2>0
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91.

92.

93.

No. f is not the independent variable. Because the value
of f depends on the value of x, x is the independent
variable and f'is the dependent variable.

(a) A relation is two quantities that are related to each
other by some rule of correspondence. A function
is a relation that matches each item from one set
with exactly one item from a different set.

(b) The domain is the set of input values of a function.
The range is the set of output values.

4 12(x+2)-4  12x+20

12— =
x+2 x+2 x+2

Section 1.3

E o o

10.

decreasing
even
Domain: 1< x <4 or [1, 4]

No. If a vertical line intersects the graph more than once,
then it does not represent y as a function of x.

If f(2)=f(2) forall xin (0, 3), then (2, f(2)) isa
relative maximum of f.

Since f(x) :[[x]] =n, where n isaninteger and n<x,

the input value of x needs to be greater than or equal
to 5 but less than 6 in order to produce an output
value of 5. So the interval [5, 6) would yield a function

value of 5.

Domain: all real numbers, (—oo, o)
Range: (—eo, 1]

fO)=1

Domain: all real numbers, (—oo, oo)
Range: all real numbers, (—oo, oo)
f(0)=2

Domain: [—4, 4]

Range: [0, 4]

f(0)=4

Domain: all real numbers, (—oo, oo)
Range: [-3, o)

f(0)=-3

94.

95.

96.

11.

12.

13.

3 X 3 X
+ = +
XHx=20 xX*+4x-5 (x+5x-4) x+5x-1
3(x—1) x(x—4)

- x+5)x—4H(x-1) (x+5x-D(x—-4)
_ 3x—3+x*—4x _ X -x-3
x+5)x—-4)(x-1) (x+5x—-4)(x-1)

2x° +11x° —6x. x+10
S5x 2x* +5x-3

_ x2x" +11x—6)(x +10)

T 5x(2x—D(x+3)

_Qx—-D(x+6)(x+10)

T 502x=D)(x+3)

_GHOGH10) 1
5(x+3) 2

x+7  x-=T7 x+7 2(x-9) x+7

+ = . ,x#9
2x-9) 2(x-9) 2(x-9) x-7 x-7

f(x)=2x"+3

Domain: (—oo, oo)

Range: [3, )
f(x)=—x*-1
2
6 6
—’z’ \\
1"II \.ln
Jll ll\

-6
Domain: (—ee, o)
Range: (—eo, —1]

fx)=+x-1

3

Domain: x—1>20=x>1or[l, )

Range: [0, o)
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14. h(t)=+4-7

4-20=17<4

Domain: [-2, 2]
Range: [0, 2]
15, f(x)=|x+3]

-9 - 3

Domain: (—co, o)
Range: [0, o)
1
16. =——|x-5
f(x) Jx |

Domain: (—ee, o)
Range: (—oo, 0]
17. (a) Domain: (—co, o)
(b) Range: [-2, o)
(© f(x)=0at x=—1 and x=3.

(d) The values of x=—1 and x=3 are the
x-intercepts of the graph of f.

(e) f(O)y=-1

(f) The value of y=—1 is the y-intercept of the graph

of f.
(g) Thevalueof fat x=1is f(1)=-2.
The coordinates of the point are (1, —2).
(h) The value of fat x=-1 is f(-1)=0.
The coordinates of the point are (-1, 0).

(1) The coordinates of the point are (-3, f(-3)) or
(-3,2).

18. (a) Domain: (—oo, o)
(b) Range: (—oo, 4]
(©) f(x)=0 at x=—4 and x=2.

19.

20.

21.

22,

23.

24.

25.

26.

(d) The values of x=—4 and x=2 are the
x-intercepts of the graph of f.

(e) f(0O)=4
(f) The value of y =4 is the y-intercept of the graph of f.
(g) Thevalueof fat x=11is f(1)=3.
The coordinates of the point are (1, 3).
(h) Thevalueof fat x=-1 is f(-1)=3.
The coordinates of the point are (-1, 3).

(1) The coordinates of the point are (=3, f(-3)) or
(=3, D).

1
y=—x

A vertical line intersects the graph just once, so y is a

function of x. Graph y, = %xz’

x—y =l y=%Jx-1

y is not a function of x. The vertical line x =2
intersects the graph twice. Graph y, =+/x—1 and
v, =—vx—1.

x*+y' =25

A vertical line intersects the graph more than once, so y
is not a function of x. Graph the circle as

¥, =v25-x and y, =—/25-x".
x> =2xy-1
A vertical line intersects the graph just once, so y is a

2
function of x. Solve for y and graph y, = x2+ l.
X

f0=2x
fis increasing on (—eo, oo).
f(x)=x"—4x

The graph is decreasing on (—ee, 2) and increasing on
(2, o).

f(x)=x=3x"+2
f is increasing on (—eo, 0) and (2, o).
f is decreasing on (0, 2).

F =¥ -1

The graph is decreasing on (—eo, —1) and increasing
on (1, o).
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27. f(x)=3 33. f(x)=|x+l|+|x—l|
() 6 (a) .
\\ ’/
\.\_ /
-6 6 B
6 6
-2
-2
(b) f is constant on (—eo, o).
(b) Increasing on (I, o), constant on (-1, 1),
28. f(x)=x decreasing on (—oo, —1)
() . 3. f(x)=—|x+4|=|x+1|
@
- 1
-6 6 -10 5
.’""ﬁ
4 ;f." ‘.\\
(b) Increasing on (—oo, o) 9
29. f(x)=x" (b) Increasing on (—eo, —4), constant on (-4, —1),
(@ { decreasing on (—1, o)
35. f(x)=x"—6x
e e 2
"-.__‘_ ,J,.J’ 1'
6 o 6 -6 t 12
y
= h
(b) Increasing on (0, o) 0 -
Decreasing on (—o, 0) Relative minimum: (3, —9)
30. f(x)=—x" 36. f(x)=3x>—-2x-5
@ W
, 3 Wi
" N 9 % % 9
/
\-_- A
— —
-5
Relative minimum: (0.33, —5.33)
b) Decreasing on (0, oo
®) gon ( ) 37. y=2x+3x*-12x
3. f(x)=x+x+3 24
A f’
(@) - \n l'
.'I -6 6
'I'r J‘ \V_f
¢ -8
i L 9
el Relative minimum: (1, —7)
-3
Relative maximum: (-2, 20)
(b) Increasing on (=2, o)
38. y=x'-6x"+15
Decreasing on (-3, —2)
18
32. f(x)=+1-x A ;
frh
(a) -4 ITI & f 8
? f \\ ."I|
— J S

(b) Decreasing on (—eo, 1)

Relative minimum: (4, —17)

Relative maximum: (0, 15)
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39.

40.

41.

42.

43.

44.

h(x) = (x = D\/x

Relative minimum: (0.33, —0.38)

(0, 0) is not a relative maximum because it occurs at
the endpoint of the domain [0, o).

gx)=xJ4—x

-3 6

Relative maximum: (2.67, 3.08)

fx)= x*—4x-5

2

Relative minimum: (2, —9)

f(x)=3x*-12x

3

Relative minimum: (2, —12)

f(x)=x"-3x
T |

. o .
s
\/

-4
Relative minimum: (1, —2)
Relative maximum: (-1, 2)

f(x)=—x*+3x

6

Il R

Al

-5 7
1

Relative minimum: (0, 0)

Relative maximum: (2, 4)

45.

46.

47.

f(x)=3x*—6x+1

Relative minimum: (1, —2)

f(x)=8x—4x’

Relative maximum: (1, 4)

fo=[x]+2
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x+6, x<—4
2x—4, x>—-4

51 f(x)=[2x] 56 oo {
) . X)=

57. f(x)=
4—x, x>0
)
51
ol
NI
4 :
47372714’1234 *
8 o4
-3+
e e I—(x=17 x<2
58. f(x)=
x—=2, x>2
-4
Domain: (—eo, o) y
44
Range: [0, 2) N
Sawtooth pattern 2+
2 T
54, g0 =2| tx-|1x N
. =a| X -1 1 2 3 4 5
& 4 4 L
. L
x+3, x<0
) G IS P 59. f(x)=13, 0<x<2
2x-1, x>2

Domain: (—co, o)
Range: [0, 2)
Sawtooth pattern

2x+3, x<0

3—x, x20

55. f(x)= {
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65.
x+5, x<-3
60. g(x)=<-2, -3<x<l1
Sx—4, x2=1
66.
>34
6L 1(x) 2x+1, x<—1
. x)=
x*=2, x>-1 67.
3<>
51
4
a0
68.
3+ x, x<0
62. h(x)=y ,
x“+1, x>0
69.
>3 45
70.
63. f(x)=5 iseven.
8
-9 9
—4
71.

64. f(x)=-9 iseven.

1

f(x)=3x-2 is neither even nor odd.

f(x)=5-3x is neither even nor odd.

7

-6 T 6

|
=
=

-6

—4 !

9
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72. f(x)= —|x - 5| is neither even nor odd.

73.

74.

75.

76.

77.

78.

79.

6

-3

(a) If f is even, another point is (% 4).

(b)

(a)

(b)

If f is odd, another point is (%, —4].

(49

If f is even, another point is (%, —7].

If f is odd, another point is [%, 7].

4, 9)

(a)
(b)

(5,

(@)
(b)

(x,

(a)
(b)

If f is even, another point is (—4, 9).
If f is odd, another pointis(—4, —9).

-1

If f iseven, another pointis (=5, —1).
If f is odd, another pointis (=5, 1).

-y

If f iseven, another point is (—x, — ).

If f is odd, another pointis (—x, y).

(2a, 2c¢)

(a)
(b)

(a)

If f is even, another point is (—2a, 2c¢)
If f is odd, another point is (—2a, —2c).

f=0)= (=)’ +2(-1)-3
= -2t-3
zf@W)=-f(1)

fis neither even nor odd.

(b

©

—6

The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, fis neither
even nor odd.

Tables will vary. fis neither even nor odd.

80. (a)

(b)

(©
81. (a)

(b)

©
82. (a)

(b)

()
83. (a)

(b)

©

f(=x)=(=x)°" =2(=x)* +3
=x-2x"+3

=f(x)

fis even.

Y

=5
The graph is symmetric with respect to the y-axis.
So, fis even.
Tables will vary. fis even

g(=x)=(=x)* =5(-x)
=—x’+5x
=—(x —5x)

=—g(x)
g is odd.

6
I
|
|
4_,,..§A.,A4
|
|
i

-6

The graph is symmetric with respect to the origin.
So, g is odd.
Tables will vary. g is odd.
h(=x)=(-x)’ =5

=—x'-5

# h(x) #—h(x)
h is neither even nor odd.

0

-10
The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, & is

neither even nor odd.
Tables will vary. 4 is neither even nor odd.

J(=x)=(=x)y1-(=x)’
=—xy1-x

=—f()
fis odd.

) - # - s

-1
The graph is symmetric with respect to the orign.
So, fis odd.

Tables will vary. fis odd.
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84. (a) f(—x)=(=x)J(-x)+5 f(x)20
N S 4-x20
42>x
# (0% —f(x) (oo, 4]
fis neither even nor odd. ’
(b) 88. f(x)=4x+2

B |5

The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, fis neither
even nor odd.

(c) Tables will vary. fis neither even nor odd.

2

85. (a) g(—s)=4(=s)’
-
=45’

=8(s)
g is even.
(b) 89.

-2

The graph is symmetric with respect to the y-axis.
So, g is even.
(c) Tables will vary. g is even.

3 >

86. (a) g(—s)=4(-s)’ 2f (=0

g is not defined for s <O0. x =920

g is neither even not odd. x> =9

(b) 16 x23 or x<-3
/ (=eo, =31, [3, )
e 90. f(x)=x"—4x
o . ,

—4

The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, g is
neither even nor odd.

(c) Tables will vary. g is neither even nor odd.

87. f(x)=4-x20

f(0=20
x> —4x=0
x(x=4)=20
(=0, 0], [4, =)
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91. (a) C,is the appropriate model.

The cost of the first minute is $1.05 and the cost
increases $0.08 when the next minute begins, and
SO on.

® s

[—

L—1
0

25

The cost of an 18-minute, 45-second call is
C,(18.75)=1.05-0.08 [-(18.75~ 1)
=$2.49.

92. C=18.80+3.50[x], x>0

C

[ ¢
=0
[ @)
O
[ ¢
[ )
[ ¢
O
[ ¢

Cost of overnight
delivery (in dollars)
w

X
12345678910
Package weight
(in pounds)

93. h=top — bottom
=(=x"+4x-1)-2
=—x"+4x-3,1<x<3

94. h = top — bottom
=3-(4x-x")

=3-4x+x*,0<x<1

95. (a)

1000

[ e— R

(b) The number of cooperative homes and condos was
increasing from 2000 to 2005, and decreasing from
2005 to 2008.

(¢) The maximum number of cooperative homes and
condos was approximately 855 in 2005.

96.

Interval Intake Pipe |Drain Pipe 1 |Drain Pipe 2
[O, 5] Open Closed Closed

[5, 10] Open Open Closed

[10, 20] Closed Closed Closed
[20,30] Closed Closed Open

[30, 40] Open Open Open

[40, 45] Open Closed Open

[45, 50] Open Open Open

[50, 60] Open Open Closed

97. False. The domain of f(x)= \/x_2 is the set of all real numbers.

98. False. The domain must be symmetric about the y-axis.

9. ¢
100. d
101.b
102. e
103. a
104. f

105. Yes, x=y* +1 defines x as a function of y. Any
horizontal line can be drawn without intersecting the
graph more than once.

106. No, x* +y*> =25 does not represent x as a function of y.
For instance, (-3, 4) and (3, 4) both lie on the graph.

-1, -1<x<0
107. Yes, f(x)=10, 0<x<l
1, 1 <x<2

108. The graph of the greatest integer function is a series of
steps with a closed circle at the left end and an open
circle at the right end. The graph of a line with a slope
of zero is one continuous horizontal line with no steps.

109. fis an even function.

(a) g(x)=—f(x) iseven because
g=x)=—f(=x)=—f(x) = g(x).

(b) g(x)=f(—x) is even because
g(=x) = f(=(=x)) = f(x) = f(=x) = g(x).

(¢) g(x)=f(x)—2 iseven because
g=x)=f(=0)—-2=f(x)-2=g(x).

(d) g(x)=—f(x—2) is neither even nor odd because
g(=x)=—f(-x-2)=—f(x+2)# g(x) nor
—-8(x).

110. (a)

(b) Using the graph from part (a), the domain
is (—oo, o) and the range is (—oo, oo).

(c) Using the graph from part (a), you can see that the
graph is increasing on —1< x <1, and the graph is
decreasingon x <—1 and x>1.

(d) Using the graph from part (a), there is a relative
minimum at (—1, —2) and a relative maximum at

a, 2).

© 2015 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
does not guarantee this page will contain current material or match the published product.



© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
does not guarantee this page will contain current material or match the published product.

Section 1.4 27

UL f(x)=a, x""+a, X" ++ax +ax
2n+1 2n-1 3
fEx)=a,,, (=) +a,, (=x)"" +--+a,(—x)’ +a,(—x)

2n-1 _

2n+1 3
=0y, X " X cr—ax —ax =—f(x)

Therefore, f(x) is odd.

2n-2

112, f(x)=a, x" +a, ,x" " +-+a,x" +a,

fl=x)= a%(—x)z” +a,, , ()" 4t a, (=x) + a,
= aanZ” + 512"72)62"72 +oee 4 a2x2 +a, = f(x)
f(=x)= f(x); thus, f(x) is even.
113. —2x* +8x
Terms: —2x°, 8x
Coefficients: -2, 8
114. 10+ 3x
Terms: 3x, 10

Coefficient: 3
115, 2507 + 1
3
Terms: %, —5x%, x°

Coefficients: %, =51
116. 7x* + x/ixz
Terms: 7x*, V2x2

Coefficients: 7, \/E

Section 1.4

1. Horizontal shifts, vertical shifts, and reflections are rigid
transformations.
2. (a) 1i
(b) iv
(¢) iii
@ i
3. —f(0), f(-=x)

4. c¢>1,0<cx<l1

117. f(x)=—x"—x+3

(@ fd)=-(4)Y-4+3=-17

(b) f(-2)=—(-2)-(-2)+3=1

© f(x-2)=—(x-2)"—-(x-2)+3
=—(x*—4x+4)—x+2+3

=—x"+3x+1
118. f(x)=xvJx-3

@ f3)=3J3-3=0
b) f(12)=12412-3

=129 =12(3)=36

© f(6)=66-3=63

119. f(x)=x"-2x+9

fB+h)=CB+h)’ =23 +h)+9=9+6h+h —6-2h+9

=h>+4h+12

f3=3-2(3)+9=12
FG+)—f(3) (W +4h+12)—12  h(h+4)
h - h T h

120. f(x)=5+6x—x*

f6+h)=5+6(6+h)—(6+h)
=5+36+6h—36+12h+h?)
=—h’—6h+5

f(6)=5+6(6)—-6>=5

f(h+6)—f(6) (=h*—6h+5)-5 _h(=h-6)

=h+4,h#0

h h h
=—h-6,h#0
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g )
\

11.
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18. ® y=f(-x

19.
@

(b)

d y=rf(x+3)
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21.

22,

23.

24.

25.

(d)

(e)

®

(g) Let g(x)=f(2x). Then from the graph,
gD =fQ2D))=f(-2)=4
8(0)=f20)=f(0)=3
8(3)=r(2(3))=rm=0
8(3)=r(2(3))=r®=-1

The graph of f(x)= x*should have been shifted one
unit to the left instead of one unit to the right.

The graph of f(x)= x* should have been shifted one
unit to the right instead of one unit downward.

y= \/; +2is f(x)= \/; shifted vertically upward two
units.

1 . 1. . . .
y=—=51is f(x)=— shifted vertically five units

X X
downward.

y=(x—4)"is f(x)=x"shifted horizontally four units
to the right.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

y= |x + 5| is f(x)= |x| shifted horizontally five units to
the left.

y=x>—2is f(x)=xshifted vertically two units
downward.

y=+x—-2 is f(x)= \/; shifted horizontally two units
to the right.

Horizontal shift three units to leftof y=x: y=x+3(or
vertical shift three units upward)

1
x+2

. . . 1
Horizontal shift two units to the left of y=—:y=
x

Vertical shift one unit downward of y=x": y=x"—1

Horizontal shift two units to the left of
y=|x|: y=|x+2|

Reflection in the x-axis and a vertical shift one unit
upward of y=\/;: y=1—\/;

Reflection in the x-axis and a vertical shift one unit
upwardof y=x": y=1-x’

y= —|x| is f(x) reflected in the x-axis.

y= |—x| is a reflection in the y-axis. In fact

y= |—x| = |x|, therefore y = |—x| is identical to y = |x|

y=(=x)* is areflection in the y-axis. In fact,

y =(=x)* = x*, therefore y=(—x) is identical to
2

y=x".

y=-x" is areflection of f(x)=x’in the x-axis.
However, since y=—x" =(—x)’, either a reflection in
the x-axis or a reflection in the y-axis produces the
same graph.

1. . 1. .
y=— is areflection of f(x)=— in the y-axis.
-X x

. 1 1. .
However, since y = — = ——, either a reflection in the
—x x
y-axis or a reflection in the x-axis produces the

same graph.

1. . 1. .
y=—— is areflection of f(x)=— in the x-axis.
X X

. 1 1 . Lo
However, since y =——=—, either a reflection in the
X =X
x-axis or a reflection in the y-axis produces the
same graph.

y= 4|x| is a vertical stretch of f(x) = |x|

x—1
4

plx) = %xz is a vertical shrink of f(x)=

g(x)= %f is a vertical shrink of f(x)=x".

y= 2/x is a vertical stretch of fx)= Jx.
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45. f(x)=+/4x isa horizontal shrink of f(x)=+/x. 51 (a) f(0)=x i
. e . (b) g(x)=2—-(x+5)" is obtained from fby a
However, since f(x) =~4x = 2, italso can be horizontal shift to the left five units, a reflection in
described as a vertical stretch of f(x) = \/; . the x-axis, and a vertical shift upward two units.
(©) s
1 1
46. y= Ex :E|x| is a vertical shrink of f(x)= |x|

47. f(x)=x>-3x"

s

” d) gx)=2-f(x+5)
g(x)= f(x+2)=(x+2)’ =3(x+2)’ is a horizontal 52. (a) f(x)=x"
shift two units to the left. (b) g(x)=—(x+10)*+5 is obtained from fby

a horizontal shift 10 units to the left, a reflection in
the x-axis, and a vertical shift 5 units upward.

(©

h(x)= %f(x) = %(f —3x7) is a vertical shrink.

48. f(x)=x-3x*+2

—4

i

g(x)=f(x—1)=(x—1)’ =3(x—1)> +2 is a horizontal

shift one unit to the right. ) g(x)=—f(x+10)+5
_ _ 3_ 2 . . .

h(x)= f(3x)=Bx)" —3(3x)" +2 is a horizontal shrink. 53. () f(x)=x
(b) g(x)=3+2(x—4)" is obtained from fby a

_ 3 _a.2
49. fx)=x"-3x horizontal shift four units to the right, a vertical

4 stretch of 2, and a vertical shift upward three units.
1A ] ©
—6 H }rill 6 =
| +
LA o
-4
ot
1 1 3 2\ ¢ . . 3T
g(x)= —Ef(x) = —E(x —3x7) is areflection in the 24
1
x-axis and a vertical shrink. ; ey
-1 1 1 2 3 4 5 6 7
h(x)= f(=x) = (=x)’ —=3(=x)* is a reflection in the
y-axis. (d gx)=3+2f(x—-4)
50. f(x)=x"-3x*+2 54. () f(x)=x*

b) gx)= —%(x + 2)2 —2 is obtained from f by

6 a horizontal shift two units to the left, a vertical

. 1 .. .
shrink of Z, a reflection in the x-axis, and a

vertical shift two units downward.
g(x)=—f(x)=—(x’ —=3x> +2) is areflection in the
X-axis.

h(x)= f(2x)=(2x)’ —=3(2x)* +2 is a horizontal shrink.
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©

55. (a)

56. (a)

()

57. (a)

(d)

ﬂﬂ=—%f@+%—2

f)=x
g(x)=3(x~-2)* is obtained from fby a

horizontal shift two units to the right followed by a
vertical stretch of 3.

g(x)=3f(x-2)

fo=x°

glx)= —%(x +1)’ is obtained from fby a
horizontal shift one unit to the left, a vertical shrink

1 .. .
of E’ and a reflection in the x-axis.

ﬂ@=—%f@+0

fo)=x°

g(x)=(x—1)’ +2 is obtained from f by a
horizontal shift one unit to the right and a vertical
shift upward two units.

y

gx)=fx-D+2
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58. (a) f(x)=x’

59.

60.

61.

(b)

©

(d

(a)

(b)

©

(d)

(b)

©

(d

(a)
(b)

g(x)=—(x+3)’ —10 is obtained from fby a
horizontal shift 3 units to the left, a reflection in the
x-axis, and a vertical shift 10 units downward.

y

4 4 4 ¢
T T T X

t t t t
-12-10 -8 -6 |-4 -2 2

gx)=—f(x+3)-10
f=—
X

g(x)= L 9 is obtained from fby a
x+8

horizontal shift eight units to the left and a vertical
shift nine units downward.

gx)=f(x+8)-9

1

fx)=—
x

gx)= ! 7 +4 is obtained from fby a
X—

horizontal shift seven units to the right and a
vertical shift four units upward.

gx)=fx=1+4

f)=|x

g(x)= —2|x - 1| —4 is obtained from f by a
horizontal shift one unit to the right, a vertical
stretch of 2, a reflection in the x-axis, and a vertical
shift downward four units.
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62.

63.

(d gx)=-2f(x-1)-4

@ f0) =]
b) gx)= %|x —2| -3 is obtained from f by a

horizontal shift two units to the right, a vertical
shrink, and a vertical shift three units downward.

©

y

— 0w AW,

@ g0)= —%f(x ~2)-3

@ fo=+x
(b) gx)= —%\/x +3 —1 is obtained from f by a

horizontal shift three units to the left, a vertical
shrink, a reflection in the x-axis, and a vertical shift
one unit downward.

©

y

d g)=—7f(x+3)-1

64. (2) f(x)=+x

(b) g(x)=—+/x+1-6 isobtained from fby a
horizontal shift one unit to the left, a reflection in
the x-axis, and a vertical shift six units downward.

65.

66.

67.

68.

69.

d g)=—fx+D)-6

(a) f(#) is ahorizontal shift of 24.7 units to
the right, a vertical shift of 183.4 units upward, a
reflection in the f-axis (horizontal axis), and a
vertical shrink.

(b)

250

.-»""’M

01 20
0

(©) G(t)=F(t+10)=—-0.099[(t + 10) - 24.7 +183.4
=-0.099(t —14.7) +183.4

To make a horizontal shift 10 years backward (10
units left), add 10 to z.

(a) S(¢) is a horizontal shift of 2.37 units to the
left and a vertical stretch.

(b)

350

(c) Let S(¢) =400 and solve for ¢.

99+t +2.37 =400
NE+2.37 = %

4237 =100.000
9801
,_ 160000
9801

t=13.95 (or year 2014)

In the year 2014, sales will be approximately $400
million.

@) G(t)=S(t+5)=99(t +5)+2.37 =991 +7.37

To make a horizontal shift 5 years backward
(5 units left), add 5 to ¢.

False. y = f(—x) is areflection in the y-axis.

True. y = |x|+6 and y= |—x| +6 are identical because a
reflection in the y-axis of y = |x| +6 will be identical to
itself. Additionally it is an even function.

y = f(—x) is areflection in the y-axis, so the
x-intercepts are x =—2 and x =3.
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70.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

y=2f(x) is a vertical stretch, so the x-intercepts are
the same: x =2, —3.

y= f(x)+2 is a vertical shift, so you cannot determine
the x-intercepts.

y = f(x—3) is a horizontal shift 3 units to the right, so
the x-intercepts are x=5 and x=0.

The vertex is approximately at (2,1) and the graph
opens upward. Matches (c).

The domain is [0, —e0) and (0, —4) is approximately
on the graph, and f(x) <0. Matches (a) and (b).

The vertex is approximately (2, —4) and the graph
opens upward. Matches (c).

The graph of f is y = x° shifted to the left approximately
four units, reflected in the x-axis, and shifted upward
approximately two units. Matches (b) and (d).

Answers will vary.

Since y = f(x+2)—1 is a horizontal shift of two units
to the left and a vertical shift one unit downward, the
point (0, 1) will shift to (=2, 0), (1, 2) will shift
to(—1, 1), and (2, 3) will shift to (0, 2).

(a) Since 0<a<1, g(x)=ax’ will be a vertical
shrink of f(x)=x’.

(b) Since a>1, g(x)=ax’ will be a vertical
stretch of f(x)=x’.

(a) Since, y = f(—x) is areflection in the
y-axis, it will be increasing on (—eo, —2) and
decreasing on (=2, o).

(b) Since, y=—f(x) is areflection in the
x-axis, it will be increasing on (2, =) and

decreasing on (—eo, 2).

Section 1.5

addition, subtraction, multiplication, division
composition

8(x)

inner, outer

Since (fg)(x) = 2x(x*+1) and f(x)= X+,
g(x)=2x, and (fg)(x)=(gf(x)=(2x)f(x).

Since (f o g)(x)= f(g(x)) and (fog)(x)= f(x*+1),

g(x) mustequal x*+1.

81.

82.

83.

84.

85.

86.

(c) Since y=2f(x) is a vertical stretch, it will
remain increasing on (—eo, 2) and decreasing on
(2, o0).

(d) Since y= f(x)—3 is a vertical shift three unit
downward, it will remain increasing on (—oo, 2)
and decreasing on (2, o).

(e) Since y= f(x+1) is a horizontal shift one unit to
the left, it will be increasing on (—eo, 1) and
decreasing on (1, o).

Slope L, : 10+2 =3
2+2
9-3 3
Slope L, :——=—
Pe T T2
Neither parallel nor perpendicular
Slope L, : 3= 2222
4-(-1) 5
-7-5 -12

Slope L, : =——=4
P T s

Neither parallel nor perpendicular
Domain: All x#9

Jx-5

f="2

Domain: x>5 and x#7

Domain:
100-x*20=x*<100=>-10<x <10

f(x)=\3/16—x2

Domain: all real numbers
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10.

11.

12.

13.

——
-3 -2 -1

f(x)=x+3, g(x)=x-3

(@ (f+e@) = (0)+g(x)=(x+3)+(x-3)=2x
b) (f-9®)=f()-gx)=(x+3)-(x=3)=6
© () =f()gx)=(x+3)(x=3)=x"~9

i f(x) x+3
d | L|y=LH 272
(d) [g](x) ) 223

Domain: all x #3
f(x)=2x-5,g(x)=1-x

@ (f+ox)=2x-5+1-x=x-4
® (f-gx)=2x-5-(1-x)
=2x-5-1+x
=3x-6
© (fox)=2x-501-x)
=2x-2x"—5+5x
=-2x*+7x-5

@ [iJ(x) S
8

I—x

Domain: 1—x#0
x#1

f)=x", gx)=1-x
@ (f+@)=f)+gx)=x"+1-x)=x"—-x+1

b) (- =f()-gx)=x"-(1-x)=x"+x~1
© (fox)=fx)gx)=x’(1-x)=x"—x’

f fx) X
d — = =
(d) [g](X) o) 1-x

Domain: all x #1

14.

15.

16.

17.

f(x)=2x-5, g(x)=5

(@ (f+g)x)=2x-5+5=2x
b) (f-g)(x)=2x-5-5=2x-10
©) (fe)x)=2x-5)5)=10x-25

@ [i}x) _2x09
g 5

Domain: —oo < x < oo
fx)=x*+5, g(x)=1-x

(@ (f+@x)=x"+5+1-x
b) (f-g)x)=x"+5-1-x
© (fox)="+51-x

f X +5
d —_— =
@ [gj(x) Ji-x

Domain: x<1

2
F =N -4, gx)=—
x +1
2
@ (f+ =V -4+
x +1
2
) (f-@)=vx—4-—
x +1
2 2 2
Jxi -4
© (fg)(X)=(x/x2—4)[f jzx x
x +1 x +1

@ [i]m:w— -

x +1

_ (x> +DVx* -4
- 2
X

Domain: x> —4>0 and x#0
x22o0rx<-2

1 1
f(x) =, g(x) :_2
x X
1 1 1
@ (f+e)0)=—+—="0
X X X
1 -1
® (f-9x)=———="m
X X
11 1
X X X
1
() [i](x):izx’xio
g) L

Domain: x#0
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18.

19.

20.

21.

22.

23.

24.

25.

26.

) =—"—, gx)=x’
x+1

4 3
3 X+x +x

() (f+g)(x)=xx +x0=

+1 x+1

4 3
3 X=X —Xx

b) (f-g)x)=——=x
X

+1 T x+l

4
© (fr)=——-x'=—
x+1 x+1
(@ (ij(x): al +x°
8 x+1

X 1 1
x+1 ¥ P+

Domain: x#0, x #—1

(f+8B)=f(3)+g(3)
=3 -D+(3-2)
=8+1=9

(F=8)2)=f(-2)=g(-2)
=2 -D=(-2-2)
=3—(-4)=7

(f —8)0)=f(0)-5(0)
=(0-1)-(0-2)
=1

(f+M=fD+gl)
=1*-D+(1-2)
=0+(-1)
=-1

(/8)(6) = f(6)g(6)
=(6"-1)(6-2)
=354
=140

()4 = f(~4)g(4)
= (47 ~D(-4-2)
= (15)(-6)
=-90

[zj(_s) _ID)
8 8(=5)
(=57 -1
-5-2
24
=
24
7

[z](o):&
8 80
0-1

2

1

2
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27.

28.

29.

30.

31.

32.

33.

34.

35.

(f—8)2H)=f(21)—g(21)
=20 -1)—(2t-2)
=4 -2t +1

(f+e)t-H=ft-H+gt-4)
=((t—-4Y -D+(t-4-2)
=17 =8t+15+1-6
=t*-7t+9

(f8)(=51) = f(=51)g(-51)
=((-51)* =1)(-51-2)
=251 =1)(-5t -2)
=—125¢ 501> + 5t +2

(fe)3t*) = f(3r*)g(3t*)
=((3*) DB’ -2)
= -3 -2)
=27t —18¢* =3¢ +2

S S
[8]( & g(-=1)

(-1’ -1
-2

-1 _1-7

T -2 142

[ij(wrz) _fur2)
8 gt +2)

(2’ -1
(t+2)-2
P +4143 .

t#-2

#0
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36.

37.

38.

39.

40.

.//.
<N
A

=
e

_6 .5_“ E
el M
FAN AR

-3

3 3

X X
f(x)_3xs g(x)__ﬁa (f+g)(x)—3x—ﬁ

LW S 16

[+ g'\ ;I

For 0 <x <2, f(x) contributes more to the magnitude.

For x>6, g(x) contributes more to the magnitude.

X

f0=2, ()= Jx,

<f+g)<x>=§+&

g(x) contributes more to the magnitude of the sum for
0< x<2. f(x) contributes more to the magnitude of

the sum for x> 6.

f(x)=3x+2, g(x)=—/x+5,
(f+9x)=3x+2—-~x+5

6

Fi
Fal
Ift+e

“‘}*;"'l [
Vi

i

-6
f(x) contributes more to the magnitude in both
intervals.
2 1 2
f(x)=x 7 glx)=-3x"-1,

(f+8)x)= (Xz —%j +(3x -1 =25 —%

4

.\\\ /f

-6 - 6

o

-4

g(x) contributes more to the magnitude on both
intervals.

41.

42,

43.

44,

45.

46.

47.

f=x" gx)=x-1

(@ (fe)x)=fg(x)=fx=D=(x-1)
b)) (goH)=g(f(x)=g(x*)=x"-1

(©) (feg)0)=(0-1)7=1

fx)=3Yx—1, gx)=x"+1

(@ (feg)x)=f(g(x)
=f(x’+1)

=3 =x
(B (go/)x)=g(f(x))
-s(¢1)
=(3x—1)3+1
=(x—-D+1=x
(©) (fo8)0)=0

f(x)=3x+5, gx)=5-x

(a) (fog)(x)zf(g(x))=f(5—x)=3(5—x)+5=20—3x
() (gof)@)=g(f(x))=8gBx+5)=5-(3x+5)=-3x
© (fog)0)=20

f)=2, g(x)%
@ (rea))=r(e()=s(L)=[2] =%

b (gof)(x)=g(f(x)=g(x') =~
(© (f°g)(0) is not defined.

(a) Domainof ff x+420 or x=—4

(b) Domain of g: all real numbers

© (fog)(x)=F(g(x)) =7 (x") =V’ +4
Domain: all real numbers

(a) Domainof f: x+320=x2>-3
(b) Domain of g: all real numbers

© (roa)=s(3 )3+

2 2

Domain: §+320:>x2—6

(a) Domain of f: all real numbers
(b) Domain of g: all x>0

© (£o5)(x)=f(g(x))=f (%)

:(J})Z+1:x+1,x20

Domain: x>0
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48.

49.

50.

51.

52.

53.

54.

55.

(a) Domainof f: x=0

(b) Domain of g: all real numbers
1/4

© (fog)(x)=/(g(x))=r(x")=(x") =x
Domain: all real numbers

(a) Domain of f: all x#0
(b) Domain of g: all real numbers

© (Feg)n)=f(+3)=ig

Domain: all x # -3

(a) Domain of f: all x#0
(b) Domain of g: all x#0

(©) (fog)(x):f(z—liZZX,x#O
Domain: all x#0

(a) Domain of f: all real numbers
(b) Domain of g: all real numbers

© (fog)(x)=r(s(x))=r(3-x)
=|(3-x)-4|=-x—1]=[x+1]

Domain: all real numbers

(a) Domain of f: all x#0
(b) Domain of g: all real numbers

© (reg))=rlet)= o0 =
Domain: all x#1

(a) Domain of f: all real numbers

(b) Domain of g: all x #12

© (fog)(x)=f(g(x))=f[ ! j L,

Domain: x #+2

(a) Domain of f: all x #=+1
(b) Domain of g: all real numbers
3
(C) (fog)(x)—f(x+1)—m
3 3
X +2x x(x+2)
Domain: all x#0, —2.

(@) (fog)(x):f(g(x)):f<x2): =

Domain: all real numbers
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(b)

56. (a)

(b)

57. (a)

(b)

58. (a)

(b)

8
L
\-..\_(__..-- fog| They are not equal.
gof T
6 : 6
0
(£og)(x)=f(g(x)=f(x"-1)

Domain: all real numbers
(go)(x)=8(f(x)=g(¥x+1)
(i -

=(x+D)-1=x

7
fogzgof

S They are equal.

-4

(£8)(x)=F(g(x))=f(3x+9)

1
=—0Bx+9)-3=x
3( )

Domain: all real numbers

(gof)<x>=g<f<x))=g[§x_3j

=3(lx—3J+9=x
3

’ They are equal.

fog=go f

-6

(fog)(x)z(gOf)(x):\/T:xlm

Domain: all x>0

- They are equal.
5
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B, 63. (a)

59. (@ (fog)(x)=rlg(x))=rf(x)=(x")" =x
(7e8)x)=1(609)=7)=() (fo8)0) = f(g() = f(* =5) =" =5)+6 =/x* +1

D in: all real b
oA e P (g0 N0 =) =g(Jx+6)=(Jx+6) -5
(b) (gof)(x)_g(f(x))_g(x )—()C ) =X :(X+6)—5:X+1,)C2—6
R (b) They are not equal because x> +1#x+1.
f
\h | ©
VLA They are equal. x| flg) | g(f(x)
- feo g‘: gof 0 1 1
B 2| 5 1
60. (a) (fog)(x):f(g(x)):f(—xz+1):|—x2+l| 3 J10 4
Domain: all real numbers 5 5 3
64. (@) (FoR)0)=f( x+10):|:\/x+10:| —4
2
(so1)(x)=8(7 (1) =&(l]) =i +1 —(x+10)-4=x+6
=1-x* 3 3 3.3
(g0 N0 =g —4) = =4)+10 =x’ +6
b
®) ) (b) They are not equal because x +6 #3/x’ +6.
L e ©
-6 - { ¢ They are not equal. x| fe) | s(f(x)
e 1Y 2| 4 | =
- 0 6 N3
6l. (@ (fep)0)=[f(gx)=[f(4-x)=5(4-x)+4 1 7 7
=24 -5x 5 g 14
(8o f)x)=g(f(x)=g(5x+4)=4-(5x+4)
_ s, 3 9 33
(b) They are not equal because 24 —5x # —5x. R R
© 65. (@ (fog)(x)=f(g(x)=fQx")=|2x|
x| [ | sU ) (82 )0) = 8(F(x) = g(|x]) =2
0 24 0 3
1 19 -5 (b) They are equal because |2x3| = 2|x|‘ .
2 14 -10
3 9 15 (©
— X f(g(x)) 8(f(x))
-1 2 2
62. (a) 1 1 0 0 0
(feg))=fAx+D)=—[(4x+D—-1]=—[4x]=x 1 2 2
4 4 2 16 16
(8o NHx)= g(%(x—l)} = 4[%();— 1)}1 =(x-D+1=x 66. (a)
6
(b) They are equal because x = x. (fe)x)=f(g(x))=f(=x)= 3 -5 ~ 3:_5
“ (g /)= [ ° j=—( ° j: -
x| ree | stron ¢ 3x=5) 7 (3x-5) 3x-5
-1 -1 -1 6 —6
(b) They are not equal because 3,5 # 3_3

W [—=O
WIN(—=O
W[~ |o
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© 76. Let g(x)=5x+2 and f(x)= L then (f o g)(x)=h(x)
x| fe) | e(F(x) Ces e § '
6 6 This answer is not unique. Another possibility is
0 —_ —
5 5 f(x)= 4 and g(x)=(5x+2)".
3 X
1 1 3 77. Letf(x) =x'+ 2x and g(x) = x + 4, then (f o g)(x) = h(x).
6 This answer is not unique. Another possibility is f{ix) = x
2 BT -6 and g(x) = (x + 4)* + 2(x + 4).
3 3 3 78. Let g(x)=x+3 and f(x)=x"+4x"
7 2 then (f o g)(x)=h(x). This answer is not unique.
Another possibility is f(x) = (x+1D¥* +4(x+1)"* and
67. @ (f+2)3)=fB)+g3)=2+1=3 ()= x 42,
2) 0
(b) i (2):&:_:0 3 1,
g g2) 2 79. () T(x)=R(x)+B(x)= Zx +Ex
(b) 300
68. (@ (f-oM=fD-gd)=2-3=-1
®) (fD=f4)g#H=4-0=0
69. (@ (fo)2)=[f(g2N=f12)=0
®) (g2 =g(f(2))=80)=4 "o .
(¢) B(x) contributes more to 7T(x) at higher speeds.
70. (@) (feo)D=[f(gM)=rf3)=2
® (goNHB)=8(fB)=g(2)=2 80. (@
Year | 1997 1998 1999 | 2000 | 2001 2002
71. Let f(x)=x* and g(x)=2x+1, Y, 161.5 172 182.5 193 203.5 214
then (f o g)(x)=h(x). This is not a unique solution. ¥, 348.54 | 386.04 | 424.86 | 465 | 506.46 | 549.24
Another possibility is f(x)=(x+1)*and g(x)=2x. y3 54.27 | 5472 | 55.63 57 58.83 | 61.12
=]|— = 3 o =
72. Let g(x)=1-x and f(x)=x", then (fog)(x)=h(x). Year | 2003 | 2004 | 2005 | 2006 | 2007
This answer 1i not unique. Another possibility is V. 2245 735 2455 256 266.5
fx)=(x+1) and glx)=—x. y, | 59334 | 63876 | 685.5 | 733.56 | 782.94
73. Let f(x)= Yx and g(x)=x"—4, Ys 63.87 | 67.08 | 70.75 | 74.88 | 79.47
then (f o g)(x) .:h(x). This answer is not unique. The models are a good fit for the data. The variation of
Other possibilities are the model from the actual data is small in comparison to
)= Y¥TF and o= £ or Ell;e): sizes of the numbers.
200
F(x)=3Y=x and g(x)=4— »* or ' T
f(x)=x and g(x) = (x* - 4)". P
- o ;
— v 8
74. Let g(x)=9—x and f(x)=+[x, , — "
0
then (f o g)(x)=h(x). This answer is not unique.
e Yr represents the total out-of-pocket payments,
Another possibility is f(x) =49+ x and g(x)=—x. . . .
insurance premiums, and other types of payments in
1 billions of dollars spent on health services and supplies
75. Let f(x)=—and g(x)=x+2, in the United States and Puerto Rico for each year z.
X
X
then (f o g)(x)=h(x). This is not a unique solution. 81. (&) r(x)= 7

f(x)=

Other possibilities are

and g(x)=xor f(x)= ! and g(x)=x+1.
X+ x+1

b) A(r)=nr?
(© (Aeor)(x)=A(r(x))

2
=A 1 =T i =lﬂ'x2
2 2 4

A or represents the area of the circular base of the

. .X
tank with radius E
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82.

83.

84.

85.

86.

87.

88.

(Aer)(1)=A(r(1))
= A(0.61)

=7(0.61)* =0.3671*
(Aor)(t) gives the area of the circle as a function of
time.

(a) Since
T=S8+S, T=@830+1 217)+ (390 +75.41)

T =1.2¢* +75.4t +1220.
(b) 2200

=

(a) Since
P=R-C, P=(320+2.8t)— (260 — 81 +1.61%)
P=-1.61>+10.8¢ + 60

() a0

=3

(@ (NoT)t)=N(T®)
=NQi+1)
=102t +1)* —=20(2¢ +1) + 600
=40¢* +590

N oT represents the number of bacteria as a
function of time.

(b) (N oT)(6)=10(13%)—-20(13)+ 600 = 2030
At time 7 =6, there are 2030 bacteria.
(¢c) N =800 when r=2.3 hours.

(a) Area = 77>, r(t)=5.25Vr. Hence
2
(Aor)1)= n[s.zsﬁ } =27.562571, 120

(b) (Aor)(36)=27.56257(36) =992.257
= 3117 square meters
(¢c) A=06250=27.56257t = t=72.2 hours

First, write the distance each plane is from point P. The
plane that is 200 miles from point P is traveling at 450
miles per hour. Its distance is 200 —450¢. Similarly, the
other plane is 150 —450¢ from point P.

So, the distance between the planes s(¢) can be found
using the distance formula (or the Pythagorem

Theorem): s(t) = \/(200 —4501)* + (150 — 4501)>
s(¢) = 50416212 — 1261 + 25

(@ R(p)=p-1200

() S(p)=092p

() (RoS)(p)=0.92p—1200. This is the cost if the
discount is taken before the rebate.

89.

90.

91.

92.

93.

94.

95.

(SoR)(p)=0.92(p —1200). This is the cost if the
rebate is taken before the discount.

(d) (R°S)(18,400)=$15,728
(S°R)(18,400)=$15,824

The discount first yields a lower cost because the
discount is applied to the full amount and then the
rebate is taken.

False. g(x)=x-3
True. (fog)(x):f(g(x)) is only defined if g(x) is
in the domain of f.

Let A, B, and C be the three siblings, in decreasing age.
Then A=2Band B=%C+6.

(a) A=2B=2Gc+6j=c+12

(b) If A=16,then B=8 and C=4.

From Exercise 91, A=2B and B =%C +6.

(a) 2(B—6)=Cand B =%A. Hence,

CZZLLA—6JZA—12.
2
(b) If C=2,then B=7and A=14.

Let f(x) and g(x) be odd functions, and define
h(x)= f(x)g(x). Then
h(=x) = f(=x)g(—x)
=[-f(x)][-g(x)] since f and g are both odd
= f(x)g(x) = h(x).

Thus, A is even.

Let f(x) and g(x) be even functions, and define
h(x) = f(x)g(x). Then
h(=x) = f(=x)g(=x)

= f(x)g(x) since f and g are both even

= h(x).

Thus, £ is even.

The product of an odd function and an even function is
odd. Let fbe odd and g even.

Then (fg)(=x) = f(=x)g(=x) = —f(x)g(x) = =(fg)(x).
Thus, fg is odd.

g(=x)= %[f(—X) +f(=(=0)]= %[f(—X) + (0] = g(x),

which shows that g is even.
1 1
h(-x) = E[f (=x) = f(~(=x))]= E[f (=x)= f(x)]

1
= _E[f (x) = f(=x)] =—h(x),
which shows that /4 is odd.
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96.

97.

98.

99.

1 1
(@ fx)= E[f(X) + =01+ E[f(X) —f(=x)]
=g(x) + h(x)

where g is even and / is odd.
b fx)= %[(x2 —“2x+ D+ (x> +2x+1)]
+%[(x2 —2x+ 1) - (x*+2x+1)]
= %[2)8 +2]+ %[—4x] =2 +1D)+(-2x)

1] 1 1 1] 1 1
g0 == —+ | — -
21 x+1 —x+1 2l x+1 —x+1

_ -1 + X
T(x+Dx=1) (x+D(x=1)

(@ If f(x)=x" and g(x)zL, then
x=2

(1Y 1
f(g(x))—(x_zj “ G2 G2y =h(x).
®) If f(x)= ! and g(x)zxz, then
—
Flg) =—— % h(x).
x° =2

(c) If f(x)zl and g(x)=(x-2)°, then
X

flg(x)=

1
=h(x).
27 (x)
The domain of f(x)=x" is (—oo, o) and the domain
of g(x)= \/; is [0, «). For f(g(x))=g(f(x))=x, the
domain of f must be restricted to [0,o) because the
domain of g is already [0, o).

Three points on the graph of y=—x>+x-5
are (0, —=5), (1, =5), and (2, =7).

Section 1.6

inverse, [
range, domain
y=x
one-to-one

If a function is one-to-one, no two x-values in the
domain can correspond to the same y-value in the range.
Therefore, a horizontal line can intersect the graph at
most once.

No. If both the points (1, 4) and (2, 4) lie on the graph

of a function, then the function is not one-to-one; it
would not pass the Horizontal Line Test.

100. Three points on the graph of y= %x3 —4x*+1

are (0, 1), (1, —2.8) and (-1, —3.2).

101. Three points on the graph of x* +y* =24

are (v24, 0), (—/24, 0), and (0, +/24).

102. Three points on the graph of y=

x* =5
are (0, 0), (1, —lj and (—1, lj
4 4
103. First m = 3-2 = 10 =10, and using the
-3-(-4) 1
point (4, —-2), y—(-2)=10(x—(-4))
y+2=10x+40
y=10x+38.
2-5 _3

104. First m=——=—= l, and using the
-8-1 -9 3

point (1, 5), y—5 =%(x—l)

Ll
=3
. _4-=H_ 5 _ 30 . .
105.F1rstm—_l_i—_£— 11,andusmgthepomt
3 2 6
3 30 3
=1, y=(-)=—-"| x-=
5o
0 45
yt+l=——x+—
11 11
30 34
y=——x+—
11 11
106. First m = SA-11_20 -0.5, and using the
—-4-0 -4

point (0, 1.1), y—1.1=-0.5 (x-0)

y=-05x+1.1

fﬁl(x):3x
77 ()= £(3) = 3(3x) =x

)= (3] =33
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10.

11.

12.

13.

14.

15.

16.

17.

f(x)=x+7

f_](x)zx—7

()= f(x=7)=(x=7)+7=x

FH )= (x+7) =@+ =T=2x

f(x)zx—3

fﬁl(x)=x+3

(7 () =7 (x+3)=(x+3)=3=x

FUFE)) = (x=3)=(x=3)+3=x

f(x)=2x+l

f_l(x):xz—l

f(f'l(x))=f[x;1 =2[x;1)+1
=(x—1 +1l=x

)= ren) = BT 2e

f(x):x;1

fil(x)=4x+1

£ ()= flaxsn =Bt _dr

=" [%‘1) 0= 4(%—1)“
=(x—1)+1=x

f(x)=x

fﬁl(x =x

The inverse is a line through (—1, 0).Matches
graph (c).

The inverse is a line through (0, 6) and
(6, 0). Matches graph (b).

The inverse is half a parabola starting at (1, 0). Matches

graph (a).

18.

19.

20.

21.

22.

The inverse is a reflection in y =x of a third-degree
equation through (0, 0). Matches graph (d).

£(x)= 8(x) =

o) =s{ L) =121 22

L e e
Loy

The graphs are the same.
f(x)=\/ -4, g(x)=x2+4, x>0
f(g(x))zf(x2 +4), x20

= (x2+4)—4 =X

0115

Reflections in the line y =x

f(x)=9—x2, x>0
g(x)zm,xs9
F(8(x)=F(No=x)=9~(\o—x)

=9—(9—x)=x

g(f(x))=8(9-)=9-(9-2*) =4/x* =x
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23. f(x)zl—x3, g(x)zi/m

3
f(g(x))zf( 1—x)=1—(31—x) =1-(1-x)=x %. (@
g(f(x))zg(l—x1)=31—(1—x3)=3x3=x
N
. ————-\..\ . (b)
i
|
Reflections in the line y=x
24. f(x)zlix,xzo;g(x)zl;x,0<x£1 ©
1-x 1 1
f(g(x))=f( ] _ L,
x 1+G;1j NN
x X  x X
1_(;7] l+x 1 x
- L I+x) _14x l4x _l4x_ X x+1_
g(f(x))_g(HxJ 1 1 T 1ex 1
. 1+x 1+x 1+x
\l 27. (a)
¢
\ i
. L . ()
Reflections in the line y=x
2
2. @ f(g(x))=f[— x7+6j
7( 2x+6j ©
=——| — —3=x
2 7
7
g(f(x))=g[—ax—3j
:_2(—;x7—3)+6:x
) 6 28. (a)
i
g f\
—9\1“\_,,_ 9
T (b)
7
© ¥=-7X-3
y, o 2X+6
7

Y, =%,0)
Y, =Y,(Y)
x | v | v
4| 4 | 4
-2 -2 -2
0 0 0
2 2 2
4 4 4
Flg(0) = fdx+9) = D=2

g(f(X))=g(xT_9J=4(x;9J+9=x

8f
|
- |
LT
—7
-6
X-9
== X |y |y
Y,=4X+9 3 |3 |3
L1 [
Y, =Y(,) S . S
Y, =rX) 9 9
3
fen=f(¥x=5)=(Vx=5) +5=x
gf(0))=g(x" +5)=J(x +5) -5 =x
8
[J7
[
7 ".-«—" 1
—FH
A X | % |y
3
Y,=X"+5 o2 2
Y,=Xx-5 -1 | -1 [ -1
0 oo
Y, =YY T
Y, =Y,(%,) 2 | 4 | 4
3
V2x
.f(g(x»:f(%):(z):x x | v |y
2 |2 |2
X X’ o1 | -1 | -
g(f(x) g[zJ 3 [2J X 0 5 0
L[t |1
4 4 [ 4 | 4

F
—
; 8
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; (b)
(© Y =X7 X Y, Y, —
. -2 -2 —2 .f';’i-' 2 -
Y2 :\‘/2X 0 0 0 -6 —= L 6
Y, =Y,(,) 2 | 2 [ 2 T
Y, =Y,(Y) 4 4 4 —
6 | 6 6
(c) Y, =2x X Y, Y,
X 4 |4 |4
-
29. @) fg)=FE+x) 2 T oo
Y, =%,
=—J8+x)-8 : 2 1212
Y, =Y,(Y) 4 4 4

:—\/?z—(—x)ZX,XSO

g(f(x) = g(—Jx—8) 32.(a) f(g(x)=f(x+3)

=(x+5-5=x
=8+ (—/x—8) (x+3)
g(f(x)=g(x-5)
=8+(x—-8)=x,x>8
(b) =(x-5)+5=x
24 (b)
[ 6
‘A et .
S .
-9 —— 36
_ v At g x | v, |y
() ¥, =—/x-8 2 3 3 o . .
© h=x- 2 2 | 2
— 2 _ - — —
Y2—8+X ,x=0 192 192 192 YZ:x+5 1 i} ]
Y, =Y,(Y.
;_YI(YZ) 15 | 15 | 15 Y, =Y(Y,) (1) (1) (1)
¢ =nM) 20 [ 20 | 20 Y, =Y,(Y) T
0@ Sx+1
x* +10 ¥ +10 33. () f(g(x))=f[— - j
f(g(X))=f[ ]:33( J—w:x x
’ ’ (), e
g(f(x)=gR/3x-10) L ox-l - x6_1 =x, x#1
QBx—10)’+10 _3x—10+10 [_5x+1j+5
- = =X x—1 x-1
3 3
x—1
® 7 g(f(x) = g[—]
] x+5
__-"lg ;
" 4 2, 5(’“_1)_‘_1 6x
4_4-__,.1 _ x+5 _x+5 N
' x—1 _ 6 ’
N x+5 x+5
(© Y,=33x-10 X Y, Y, )
L 410 -18 | —18 | -18 6
Y,= I
2 3 0 0 0 LE _ f .
Y, =Y(Y,) % % % FR
Y, =Y,(%) o . c _
x—1
= © Y= x| v, |v
@ feo=f[3) © 1= T,
g 5 2] 2] =2
x+1
x Y, =- -1 | -1 | -1
:2 E =X x—l 0 0 0
(F() = g2) =N T
g(f(x)=g2x Y, =Y,(Y,) 5 2 5
:E:x

2
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2x+3
34.(a) f(g(x))=f( j
x—1
(2x+13j+3 Sx
= 2x_3 =X 1=x,x¢l
[ X+ ]_2
x—1 x—1
x+3
g(f(x))=g( j
x—-2
2(x+§j+3 Sx
= *7 =X=2 _y x#2
x+3 _1
(x—2j x=2
(b)
8
f
g -8
-10 _'—..‘\ 11
f
-6
© lex+3 X Y, Y,
x=2 2| 2| =2
Y2:2x+3 1| -1 | =1
x—1 0 0 0
Y, =Y,(Y,) 1 1 1
Y, =Y,(Y) 3 3 3

35.

36.

37.

38.

39.
40.
41.
42,
43.
4.

45

Yes. No two elements, number of cans, in the domain
correspond to the same element, price, in the range.

No. Both elements, 4 hour and 1 hour, in the domain
correspond to the same element, $40, in the range.

No. Both x-values, —3 and 0, in the domain correspond
to the y-value 6 in the range.

Yes. No two x-values in the domain correspond to the
same y-value in the range.

Not a function.

It is the graph of a function, but not one-to-one.
It is the graph of a one-to-one function.

It is the graph of a one-to-one function.

It is the graph of a one-to-one function.

It is the graph of a one-to-one function.

. f(x)=3—%x

fis one-to-one because a horizontal line will intersect
the graph at most once.

46.

47.

48.

49.

50.

51.

£ =%<x+2>2 1

fdoes not pass the Horizontal Line Test, so fis not
one-to-one.

X

2

h(x)=
x+1

h is not one-to-one because some horizontal lines
intersect the graph twice.

4—x

6x°

g does not pass the Horizontal Line Test, so g is not
one-to-one.

g(x)=

h(x) =16 — x>

h is not one-to-one because some horizontal lines
intersect the graph twice.

-6 . 6

f(x)==2xJ16—x*

f1s not one-to-one because it does not pass the
Horizontal Line Test.

f'\

f(x)=10
f1s not one-to-one because the horizontal line y =10

intersects the graph at every point on the graph.
14

-2
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52.

53.

54.

5S.

56.

f(x)=-0.65

fis not one-to-one because it does not pass the
Horizontal Line Test.

2

g =(x+5)’

g is one-to-one because a horizontal line will intersect
the graph at most once.

—4

f=x"=17

f1s one-to-one because it passes the Horizontal Line
Test.

ll-
-10

h(x) =|x+4|-|x—4]

h is not one-to-one because some horizontal lines
intersect the graph more than once.

[+

TO="1

fis not one-to-one because it does not pass the
Horizontal Line Test.

57.

58.

59.

60.

61.

The graph of the function passes the Horizontal Line
Test and does have an inverse function.

The graph of the function does not pass the Horizontal
Line Test and does not have an inverse function.

fo=x*
fis not one-to-one.
For example, f(2)= f(-2)=16.

5

—4 o e 4

glx)=x" —x'
g is not one-to-one.
For example, g(1)=g(-1)=0.

1

—4 B e 4

3x+4
x)= 6
f =" —
3x+4 A7
= 5 -9 - i 9
I
s
‘= 3y;—4 -
S5x=3y+4
5x—4=3y
Sx—4 _
3
- Sx—4
X)=
VANEY) 3

f is one-to-one and has an inverse function.
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62. x)=3x+5 2 _
s 1 =x ,)CZO,yZ—z
y=3x+5 _ 2
-8 | o= 4
x=3y+5 = fis one-to-one and has an inverse function.
x—5=3y | 6
x—-5 _ l .l'r e
3 Y -7 )v/'fuf
—1 x-=5 3 i .1’ 9
xX)=—-— _;
S x) 3 [

fis one-to-one and has an inverse function.
68. f(x)=~x-2=x22,y20

63. f(x):izis not one-to-one. y=+x-2,x22,y20
X

x=4y-2,y22,x20
x2=y—2,x20,y22

x2+2=y,x20,y22
fis one-to-one and has an inverse function.

For example, f(1)=f(-1)=1.

64. h(x)= iz is not one-to-one. ]
x

For example, h(1) = h(=1) = 4. - 6

T 69. f(x)=|]x-2/,x<2,y20

y=|x-2|

65.

G fm—— g e e ]

F(x)=(x+3?% x=-3,y>0
y=(x+3), x=-3,y>0

x:|y—2|,y£2, x=0
x=—(y—2) since y—2<0.
x=—y+2
y=—x+2,x20, y<2

x=(y+37, y2-3,x20 fis one-to-one and has an inverse function.

\/7=y+3,y2—3,x20
y=\/;—3,x20,y2—3

X

70.  f(x)=

2

>+

is not one-to-one.

fis one-to-one and has an inverse function. For instance, f(1)=f(-1)= %

/ fdoes not have an inverse.

L |9 '
."f
-3 | et e g
66. g(x)=(x-5) T ) =)
y=(x-5),x<5 | 71. f(x)=2x-3
x=(y=5)°, y<5 | T y=2x-3
—\/;:)’—S,ySS ] —— x=2y-3
-1 x+3
y=—x+5 y= 5
q is one-to-one and has an inverse function.
e B =212
67. f(x)=~2x+3 :>x2—5,y20 : 2
3 6
y= 2X+3,X2—E,y20 j_:’:.,l'?:'l.
Y

x=1/2y+3,y2—%,x20 4z v 8

-2

3
2= > >_=
X =2y+3,x20,y2 2 Reflections in the line y =x

© 2015 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
does not guarantee this page will contain current material or match the published product.



Section 1.6 49

© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
does not guarantee this page will contain current material or match the published product.

72. f(x)=3x 76.  f(x)=x% x=0
y = 3x y= x2
x =3y x=y
X -
37 e 3_
-1
T Fro=vx
=
3 4
4 Jf
53 | f f_d_jﬁ:l-
-6 - f".—.;' 6 ,..'_:-'f—/.—-
T A [ == 6
/ !

- Reflections in the line y=x

Reflections in the line y =x
77.  f(x)=+4-x*, 0<x<2

73. X)=x
£ e
y=x’ —
)C:y5 xr= 4_y2
y=ix x =4y
=i ymaos
4 y= 4—x*

If -1 —1 2
oj(_f_ [T (x)=+4—x",0<x<L2
-6 6

__—-f 3

-4 [ r=f!

o

Reflections in the line y=x \
0 4

4. f)=x+1 ’

The graphs are the same.

y:x3+1
x=y'+1 78, f(x)=+16-x>, —4<x<0
x-1=y’ y=+16—-x

3 -] =
f"l ! 3y x=416-y", —4<y<0
T(x)=+x-1

¥ =16-y’
i 7 Yy =16-x
1
» Vi J‘f’”‘_ . y=-16—x>
-_——_r fl==J16-x*, 0<x<4
-4 4
Reflections in the line y =x L
75, fx)=x" - 6
— 305 __,-/f’l
y=x -
x= y3/5
y=x" Reflections in the line y = x
- _ 53 4
frm=x 79. f(x)=
2
iy -
e y
4 - s

A
T

=

Il

Boels xs x|

&
I

Reflections in the line y =x
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-

Y
f=r ! Y

—4
The graphs are the same.

80. f@g:jL

Reflections in the line y =x
81. Ifwelet f(x)=(x—2)° x =2, then fhas an inverse
function. [Note: We could also let x <2.]
y=(x-2y
x=(y-2)
Vx=y-2
Jx+2=y
fw=vx+2

Domain of f: x>2 Rangeof f: y=0
Domain of f™': x>0 Range of f™': y>2

82. Ifwelet f(x)=1-x* x>0, thenfhas an inverse
function. [Note: We could also let x <0. ]

=

4
4

y
X
4

1-
1-—
1-—

= <

y
y=3l-x

Floo=1-x

Domain of f: x>0 Rangeof ffy < 1

Domain of f":x < 1  Range of f:y>0.

83. Ifwelet f(x)= |x + 2|, x = -2, then fhas an inverse

function. [Note: We could also let x <-2.]

y=x+2

x=y+2
x—2=y

ffx)=x-2

Domain of f: x > -2
Domain of f™: x>0
Range of f y 20
Range of f™:y>-2

84. If welet f(x)= |x - 2|, x 22, then fhas an inverse

function.
[Note: We could also let x <2.]

y=x-2

x=y-2
x+2=y

Flx)y=x+2

Domain of f: x > -2 Range of f: y >0

Domain off": x>0 Range off": y=-2

85. If welet f(x)=(x+3)*, x=-3 then fhas an inverse
function. [Note: We could also let x <-3.]

y:(x+3)2

x=(y+3)
Vx=y+3
y=+x-3

[ @)=x-3

Domain of f: x>-3 Range of f: y2>0
Domain of f': x>0 Range of f™:y>-3
86. If welet f(x)=(x—4)*, x>4, then fhas an inverse
function. [Note: We could also let x <4.]
y=(x—4)y
x=(y-4)y
Vx=y-4
y=+x+4
o =Jx+4

Domain of f:x2>4 Range of f:y2>0
Domain of f™:x>0 Range of f™':y>4
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87. If welet f(x)= 2x*+5,x20, then f'has an inverse
function. [Note: We could also let x <-3.]

y==2x"+5
x=-2y"+5

x=5=-2y*
yz_x—S _S5—x

-2 2
2
1 5—x
= 5

Domain of f: x>0 Range of f:y<5
Domain of f': x<5 Range of f':y>0

88. Ifwelet f(x)= %xz —1, x 20, then fhas an inverse

function. [Note: We could also let x <0.]

L,
=—x" -1
Y 2
L,
x=—y -1
2)’
2x+1) =y

Flx)=~2x+2

Domainof: x>0 Range of : y=2-1

Domainof': x>-1  Range of ': y=0

89. If welet f(x)= |x - 4| +1, x 24, then f'has an inverse

function. [Note: We could also let x <4.]

y=|x—4|+1

y=x—3 because x >4

x=y-3

y=x+3
flx)=x+3

Domainof f: x>4

Domain of f™: x>1

Range of f:y2>1
Range of f™': y>4

90. Ifwelet f(x)= —|x — 1| —2, x 21, then fhas an inverse

function. [Note: We could also let x <1.]

y=—|x—1|-2=—~(x—1)—2 because x>1

y=—x-1

x=-y-1
x+l=-y

[T==x-1

Domain of f: x>1 Range of f: y<-2
Domain of f™': x<-2 Range of f™': y>1

91.

92.

93.

9.

95.

96.

97.
98.

99.

100.

101.

102.

103.

i) x|
-2 | 4 —4 )
-1 -2 -2 -1
1 2 2 1
3 3 3 3
f(x) x | )
4 -3 -3 4
3 —2 -2 3
-1 0 0 -1
2] 6 6 -2

0y =L 1)
= 5 because fLZJ 0.
g7'(0)=-2because g(-2)=0.
(fe2)2)=f(3)=-2
g(f(4)=g@A)=06

F(g0)=r"2)=0
(g HB=g"(-2)=-3

(gofH2)=g(0)=2
(fegH®)=f"(g'ON=f"(4)=—4
fx)= X +x+1

(a) and (b)

-6

(c) The graph of the inverse relation is an inverse
function since it satisfies the Vertical Line Test.

F(x)=xV4-x*

(a) and (b)

"

-2

(c) Not an inverse function since it does not satisfy the
Vertical Line Test.

3x?
X +1
(a) and (b)

g(x)=

-6 6
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The graph of the inverse relation is not an inverse
function since it does not satisfy the Vertical Line Test.

_Ax
X2 +15

(a) and (b)

104. f(x)=

___,/f.’f_ 1

—4

(¢) Inverse function since it satisfies the Vertical Line
Test.

In Exercises 105 - 110, f(x)= %x -3, f(x)=8(x +3),
gx)=x* g7 (x) =x.
105 (feg =g =7 ()

=8(iﬁ+3) =8(1+3)=32

106. (g7 o f)(-3)=g7'(f " (=3)) = g7'(8(-3+3))
=g"(0=0=0

107. (f7 o f)O)=f(f(6)=F"B16+3])
= 7(72) =8(72+3) =600

108. (g7 o)) =g (g7 (~4) =g (V4
4 =Yx
109. (f)(x) = f(g(x) = f(x*) =" =3

Now find the inverse of (f o g)(x)= %f -3:

1

=—x =3
Y 8
1,

x=—y =3
8)’
1
x+3=—y’
8)’
8(x+3)=y’

J8(x+3)=y
(fog)'(n)=2Vx+3
Note: (fog)' =g o f™
110. (g7 o f () =g (f (%))
=g '(8(x+3))
=2x+3

In Exercises 111 to 114,

fO)=x+4, f'(x)=x-4,g(x)=2x-5,g"'(x) = x;S.

1L (g7 o fH@)=g""(f"(x)
=g (x-4)

_(x=d+5
T2
_x+ 1
T2
112, (fog™hHx) =f"(g7'(x)

113.(fog)x)=f(g(x)=f2x-5)=2x-5)+4=2x—1.
Now find the inverse function of (f o g)(x)=2x—1.

y=2x-1
x=2y-1
x+1=2y
_x+l
2
_ x+1
(feg) 1()€)=—2

Note that (fog)"'(x)=(g" o f')(x); see Exercise 111.

114.(go fH(x) =g(f(x)=gx+4)=2(x+4) -5
=2x+8-5=2x+3.

Now find the inverse function of (go f)(x)=2x+3.

y=2x+3
x=2y+3
x—=3=2y
x=3
=y

2

Ay=X23
(oYW=

Note that (go )" = f'og™.
115. (a) Yes, fis one-to-one. For each European shoe size,
there is exactly one U.S. shoe size.
(b) fA1)=45
(c) f7'(43)=10 because f(10)=43.
@ fUT@)=r@)=41
@ fl(fa3)=,"@n=13
116. If two functions are inverse functions of each other,
then g(g™'(x) =g '(g(x)=x, so g '(8(6))=6
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117. (a) CALL ME LATER corresponds to numerical

values: 3112120135012 1205 18. Using fto

encode,
f(3)=19
=9
f(12)=64
f(12)=64
f(0)=4
f(13)=69
f(5)=29
F(0)=4
f(12)=64
SMH=9
f(20)=104
f(5)=29
f(18)=94

(b) For f(x)=5x+4, f-l(x):x—zl.

Using ™' to decode, f7'(119)=23

Fa4)=8
fo=1
£7a04)=20
[#=0
£71(104)=20
49 =9
7769 =13
@9 =5
Converting from numerical values to letters, the message is
WHAT TIME.
118.(a) y=10+0.75x
x=10+0.75y
x—10=0.75y
x—10 _
075 "

So, y' = )(()_—7150 y™" is the number of units

produced while x is the hourly range.

(b)

60

0190

(c) When y"' =10, x=$17.50.
(d) When x=$21.25, y"' =15 units.

119. False. f(x)= x> is even, but f~' does not exist.

120. True. If (0, b) is the y-intercept of f, then (b, 0) is the

x-intercept of f7'.

121. Yes. The inverse would give the time it took to
complete n miles.

122.

123.
124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

This situation could be represented by a one-to-one
function if the population continues to increase. The
inverse function would represent the population in terms
of the year.

No. The function oscillates.

This situation could not be represented by a one-to-one
function because height remains constant after a certain age.

The graph of f"is a reflection of the graph of fin the
line y=x.

If the domain of fis [0, 9] and the range is [-3, 3], and

since the graphs of fand f~' can be described as if the
point (a, b) lies on the graph of £, then the point (b, a)
lies on the graph of £, then the domain of f'is

[-3, 3] and the range is [0, 9].

(a) The function f will have an inverse function
because no two temperatures in degrees Celsius
will correspond to the same temperature in degrees
Fahrenheit.

(b) f7'(50) would represent the temperature in degrees
Celsius for a temperature of 50° Fahrenheit.

Yes. The function would pass the Horizontal Line Test
and therefore have an inverse function.

The constant function f(x)=c, whose graph is a

horizontal line, would never have an inverse function.

(a) No, the graphs are not reflections of each other in
the line y = x.

(b) Yes, the graphs are reflections of each other in the
line y=x.

(c) Yes, the graphs are reflections of each other in the
line y=ux.

(d) Yes, the graphs are reflections of each other in the
line y=x.

We will show that (fog)"'(x)=(g™" o f")(x) for all x
in their domains.

Let y=(fog)"(x)= (fog)(y)=x then
fem=x=f"x)=gW).

Hence,
(g e f =g (=g =y=(fog) " (x).
Thus, g™ o f™ =(fog)™.

If fis one-to-one, then f~' exists. If fis odd, then
f(=x)=—f(x). Consider f(x)=y<> f'(y)=x. Then
T EN =)= () =—x==f"(.
Thus, f™'is odd.

3
27)2 =9x, x#0
3x

5x)y  5x%y _ Sxy
xy+5x  x(y+5) y+5’

x#0

2
Y36 (-6t _at6 oo
6—x —(x-6) -1
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x*+3x—-40 _(x=5)(x+8) x+8

5 ,X#S
x"=3x-10 (x=-5(x+2) x+2

136.

137. x =5. No, it does not pass the Vertical Line Test.

138. y=+x+2

Yes, y is a function of x.

Section 1.7

1. positive
2. regression or linear regression
3. negative
4

. No. The closer the correlation coefficient |r| isto 1, the
better the fit.

5. (a)

60+

°

50+ egq00
40+ s
»

30+ @

20te

Monthly sales
(in thousands of dollars)

1 2 3 4
Years of experience
(b) Yes, the data appears somewhat linear. The more
experience x corresponds to higher sales y.

6. (a)
y

16+
N [ ] 0
5 14t o o o
B °
< 121
2 o o
g 10+ e o
3 °
g s+ .
8§ 6+ °
!
A 2

2 4 6 810121416
Score on first quiz

(b) No. Quiz scores are dependent on several variables,
such as study time, class attendance, etc.

7. Negative correlation
8. No correlation
9. No correlation

10. Positive correlation
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139. x* +y?

=9
y=14y/9 - X2
No, y is not a function of x.
140. x—y* =0
yi=x

y=tx

No, y is not a function of x.

11. (a) and (b)

4t .
34
2+ .
s
bty —
4 -3 -2 T 123 4
Iy
34
4t
(© y=x

12. (a) and (b)

(¢ y=-2x

13. (a) and (b)

y

1
c =—x+2
© vy 5%

14. (a) and (b)

3

() y=—x+5
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15. y=0.46x+1.6 19. (a)and (c)

200

(@)

- The model fits the data well.

(b)
(b) T =12.37t+24.04
X . =3 -1 0 2 4 (d) For 2010,
Linear equation | 0.22 | 1.14 | 1.6 | 2.52 | 3.44 t=10and T =12.37(10) +24.04 = $147.74 million.
Given data 0 1 2 3 3 For 2015,
The model fits the data well. t=15and T =12.37(15) + 24.04 = $209.59 million.
(e) 12.37; The slope represents the average annual
16. y=-13x+2.8 increase in salaries (in millions of dollars).
(a) 20. (a)and (c)
Y u 60
A
\- -
. e
. e
-7 - 8 H
\_‘
-2 0 10
(b) 30
X -2 -1 0 1 2 The model fits the data well.
Linear equation 54 [ 4128 ]15]02
Given data 6 4 2 1 1 (b) §=1.26r+41.8
. . (d) For 2016, t=16 and S =1.26(16)+41.8 =$62.0
The model fits the data fairly well.
thousand.
17.
(@) d For 2018, =18 and § =12.6(18)+41.8 =$64.5
7.4 thousand.
g7 °
é 2 . Answers will vary.
] ‘1 . 21. (a) and (c)
% 24+ s 12,000
= > F
20 40 60 80 100 e
Force (in kilograms) .
(b) d=0.07F-0.3 s s
(¢) d=0.066F or F=15.13d +0.096
) If F=55 d=0.066(55)~3.63cm. EZ; P =38.98r+8655.4
18. (@ and (©) Year | 2010 | 2015 | 2020 | 2025 | 2030
350 Actual | 9018 9256 9462 | 9637 9802
e Model | 9045.2 | 9240.1 | 9435 | 9629.9 | 9824.8
I’."
[~ The model fits the data well.
o el (e) For 2050,
t =50 and P =38.98(50) + 8655.4 =10,604,400
The model fits the data well. people.
(b) §=22.60t+93.9 Answers will vary.

(d) For 2015, t=15and § =22.60(15)+93.9

. . 22. (a)and (c)
=432.9 = 433 million subscribers.

575

Answers will vary.
| ———a—a —

0 35
450
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(b) P=0.14r+5234 (@

@ Year | 1952 1956 | 1960 | 1964 | 1968
Year 2010 | 2015 2020 2025 2030 Actual | 5.20 4.91 4.84 | 472 | 453
Actual | 520 528 531 529 523 Model | 4.88 4.81 473 | 4.65 | 458
Model | 524.8 | 525.5 526.2 526.9 527.6

Year | 1972 | 1976 | 1980 | 1984 | 1988

The model fits the data well. Actual | 4.32 4.16 4.15 | 4.12 4.06

Model | 4.50 443 4.35 | 427 | 4.20

(e) For 2050,

t =50 and P =0.14(50) + 523.4 = 530,400 people. Year 1 1992 | 1996 | 2000 1 2004 | 2008

Actual | 4.12 4.12 4.10 | 4.09 | 4.05

Answers will vary. Model | 4.12 | 405 | 3.97 | 3.89 | 3.82

2. (@ y=4777x+1038 The model does not fit the data well.

Correlation coefficient: 0.81238 (e) The closer |r| is to 1, the better the model fits the data.
b) (f) No. The winning times have leveled off in recent
( years, but the model values continue to decrease to
250 _ unrealistic times.
. 26. (a) [=0.34d+77.9;r~0.993
. _.-f'f‘ ' (b) Yes; Since r=0.993 and |r| is close to 1, the
= . N model fits the data well.
150 © 1
(c) The slope represents the increase in sales due to e
increased advertising. e
(d) For $1500, x=1.5 and y =175.455 or $175,455. J‘,:-"
24. (a) °% "
1800
, The data fits the model well.
AT (d) When d=112,
: 1=0.34(112)+77.9=11598 =116 cm.
0 8
1100 27. True. To have positive correlation, the y-values tend to

The first four points and the last five points are INCIease as x INCreases.

approximately linear. 28. False. The closer the correlation coefficient is to —1 or

(b) T =83.2:+1304, 0<1<3 1, the better a line fits the data.
L =83. X <

T,=942:+928, 3<1<8 29. Answers will vary.
83.2t+1304, 0<t<3 30. (@ (@) y=-0.62x+10.0
(¢ T= _
94.2:+928, 3<t<8 r=-0.986

The data are decreasing, so the slope and

g correlation coefficient are negative.

- /-"'/I 12
0 8 [ B | =
1100
(d) Answers will vary. 0 9
25. (a) T=-0.019r+4.92 (i) y=041x+2.7
r~—0.886 r=0.973

(b) The negative slope means that the winning times

are generally decreasing over time. The slope is less sleep than the slope of the

line in (iii). The line is a better fit for the data

©

54 than the line in (iii), so the correlation
L. coefficient will be greater.
T 12
"reinesa,
0 s P e
3.8 el L
0 9
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57

(iii) y=0.68x+2.7 2. g()= 55 —6x+1
r=0.62
(@ g(-2)=5(4)-6(-2)+1=33

The slope is steeper than the slope of the line .
(b) g(z-2)=5(z-2)" -6(z-2)+1

in (ii). The line is not a good fit for the data, so

the correlation coefficient will not be close to 1. =572 -267+33
12
. 33. 6x+1=-9x-38
" e 15x=—9
. . . 9 3
n X=——m=——
15 5
0 9
(b) Model (i) is the best fit for its data because its 34. 3(x-3)=Tx+2
r-value is —0.986 , and therefore |r| is closest to 1. —11=4x
U
31. f(x)=2x>-3x+5 4
(@ f(=D=2+43+5=10 35.  8x’-10x-3=0
(b) fw+2)=2(w+2)*=3(w+2)+5 (4x+D(2x=3)=0
=2w* +5w+7 x:_l,i
4 2
36. 10x*-23x-5=0
Q2x=5)05x+1)=0
5 1
x==, ——
2 5
Chapter 1 Review
1 3. .
8+ 24+ (7,12
6+ 10+
4 8
(=3.2) 8,2) 6
I I 1 1 1 1 4 7
-4 -2 2 4 6 8 ! 27
ot ‘ N
4t 7272 | 2 (7" _1') 8 10 12
me_272 _0_, m is undefined.
8—(-3) 11 "
y
2. s W1
31
3T 24 (3,2)
2+ L
1T } I R e x
ey e Gl 12345567
-4 -2 -1 1 2 4 Sl @8,-1)
=3.-D G,-D 34
3+ —4+
4t -5+
sl m is undefined.
_Sl=(=)_ 0 _
-3-3 -6
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5. 3
y 10. (a) y—5 =—5(x+3)
6T 2y-10=-3x-9
4+ (5 i) 3x+2y—l=0
) (é . ) . (b) Three additional points:
2’ (-3+2,5-3)=(-1,2)
/’ I -1+2,2-3)=(, -1
el (1+2, —-1-3)=(3, —4)
5 /2) -1 32 3 (other answers possible)
T5-(32) 72 1
(/ ) / 11. (a) y+5=3(x—0)
6. y 2
, 2y+10=3x
5 -3x+2y+10=0
(b) Three additional points:
L 0+2, =5+3)=(2, -2)
2 s (2+2, —=2+3)=4, 1)
5 (4+2, 1+3)=(6, 4)
"2
(other answers possible)
7 4
G B 2. @ yme = (x=0)
To_3_1  _3_2  _s 8 5
‘o2 Lo 4 40y —35=-32x
10 4 8
:__.gz__ 32x+40y-35=0
7. 3 3 (b) Three additional points:
y
fors, 24)fs -2)
(—4.5,6) 8 8
6l
\\ 2.1,3) 5+5, —§—4 =10, _7
\\ 8 8
)l
e A 57 89
6 4 — > 4 6 10+5, ———41|=|15, ——
6 -4 -2 Ll 2 4 6 ( 3 ] ( 8 \J
“T (other answers possible)
me_ -6 _3__30__5
21-(45 66 66 11 13. @ y-6=0(x+2)=0
y=6 (horizontal line)
8. y—6=0
(b) Three additional points:
0, 6), (1, 6), (-1, 6)
(other answers possible)
14. (a) y-8=0(x+8)=0
y=8 (horizontal line)
y—8=0
(b) Three additional points: (0, 8), (1, 8), (2, 8)
1.8—(-6.3) 8.1 P
= -3 )
0-(=27 27 (other answers possible)
9. (@ y+l= l( x=2) 15. (a) mis undefined means that the line is vertical.
4 x—10=0
dy+4=x-2 (b) Three additional points: (10, 0), (10, 1), (10, 2)

-x+4y+6=0 )

(b) Three additional points: (other answers possible)
Q2+4,-1+1)=(6, 0) 16. (a) m is undefined means that the line is vertical.
6+4, 0+1)=(10, 1) x=5=0
(10+4, 1+1)=(14, 2) (b) Three additional points: (5, 0), (5, 1), (5, 2)
(other answers possible) (other answers possible)
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17.

18.

19.

20.

21.

2, -1, 4, -1

ﬂ = 9 =0 (The line is horizontal.)
4-2 2

y—(=D)=0(x-2)
y=-1

1

-3

(0, 0), (0,10)

m= % = %, the slope is undefined and the line is

. 2
vertical.
x=0

e

n_n
m:uzgzo (The line is horizontal.)
9-7 2
11
——=0(x-7
Y3 (x=T7)
_n
Y 3
6
6 6
-2
24] (2 -6
8 8
m= % = —Tl()’ the slope is undefined and the line
8 8
is vertical.
5
x==
8
2
3 3
-2
(-1,0), (6, 2)
2-0 2
m= = —
6-(-1) 7
2
-0==(x+1
y 7( )

-6 6

22. (1,6), (4.2)

23. (3, -1), (-3.2)
3

m= ==

-3-3 -6 2
y- (D=2 =3

1 1

=——x+—
YIRS
4
-6 e = 6
4
s [50) (=2
2 9
a0 -l 14
4-2 2
2 2
P2 O )
Y 2
14 62
y=—x+—
277 27
5
-8 ’_,"/" 4

For Exercise 25-28, ¢ = 0 corresponds to 2010.

25. (0, 12,500), m =850
V —12,500 =850(¢ - 0)
V =850t +12,500
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26.

27.

28.

29.

30.

31.

(0, 3795), m=-115
V —=3795=-115(t -0)
V =—-115t+3795

(0, 625.50), m=42.70
V —625.50 =42.70(t - 0)
V =42.70t +625.50

(0, 72.95), m=-5.15
V—=7295=-5.15(t - 0)
V=-515t+72.95

(2, 160,000), (3, 185,000)
= 185,000 — 160,000
3-2
§ —160,000 = 25,000(z —2)
$ =25,000¢ +110,000

= 25,000

For the fourth quarter let  =4. Then we have
S =25,000(4) +110,000 = $210,000.

(a) Since r=0 corresponds to 2010, the V-intercept is
given by (0, 134), and since the value is
decreasing at a rate of $26.80 per year, the slope is

m=-26.80.
V =-26.80¢ +134
(b)
X,,=0
140 X - 5
. Xscl= 1
- T Ymin= 0
. ‘\‘-. Ymax = 140
ol [ Y520
0

Explanations will vary.
(¢) For2014, t =14 and
V =-26.80(14) +134 = $26.80.

(d) Set V=0.
0=-26.80r+134
26.80r =134
t=5 or 2015

5 5
Sx-4y=8 = y=—x—-2andm=—
y y 7 :

5

(a) Parallel slope: m=7

y—«a>=§(x—$

4y+8=5x—-15
0=5x—-4y-23
5 23

47 4

(b) Perpendicular slope: m = —%

y—em=—%u—a

Sy+10=—4x+12
4x+5y-2=0

32.

33.

34.

35.

36.

37.

38.

39.

40.

4 .2
y=-_x+_
5 5
2
. L
4 3 a 8
S o
(7‘\_
SN
4 ‘\-\.
.,

2X+3y:5 = y:_%x_;’_i andm:_%
3 3 3

2

(a) Parallel slope: m = -3

2
—3=——(x+8
y 3( )

3y—-9=-2x-16
2x+3y+7=0

2,7

3 3

(b) Perpendicular slope: m =%

3
—-3="(x+8
y 2( )

2y—6=3x+24
3x-2y+30=0

3
=—x+15
Y7o

30

—40 e 20

(a) Not a function. 20 is assigned two different values.

(b) Function

(a) Function
(b) Not a function. w is assigned two different values
and u is unassigned.

16x* =y’ =0= y=H4x

No, y is not a function of x. Some x-values correspond
to two y-values. For example, x =1 corresponds to
y=4andy=—4.

X4y =64 = y=1/64-x

No, y is not a function of x. Some x-values correspond
to two y-values. For example, x = 0, corresponds to

y=8and y=-8.
y=2x-3

This is a function of x.
y=-2x+10

This is a function of x.
y=+1-x

This is a function of x.

y=+x*+4
This is a function of x.
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Chapter 1 Review 61

. |y|=x+2:>y=x+20ry=—(x+2) 50. f(x)=+x*-16
Thus, y is not a function of x. Some x-values correspond

to two y-values. For example, x =1 corresponds to x*=16>0

© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
does not guarantee this page will contain current material or match the published product.

42. 16-|y|-4x=0=y|=16-4x
= y=16-4x ory=—(16-4x) 51. (a) C(x)=16,000+5.35x
Thus, y is not a function of x. Some x-values correspond
to two y-values. For example, x = 0 corresponds to (b) P(x)=R(x)-C(x)
y=16andy=-16. =8.20x (16,000 +5.35x)
2
43. f(x)=x"+1 =2.85x—16,000
@ f()=1r+1=2 52. (a)
b f(-3)=(-3) +1=10 t 0 1 2 3 4
© f(bg):(bz)zﬂzbﬁﬂ n(r) | 61.40 | 62.16 | 62.92 | 63.68 | 64.44
@ flx-1)=(x=1) +1=x>-2x+2 i 5 6 7 8
4. g(x)=+x"+1 n(t) | 64.19 | 64.09 | 6519 | 65.49
@ g(-1)=y(-1) +1=I+1=42 )
72
® g(3)=V3+1=9+1=410
© g(3x)=4(3x) +1 =192 +1 RN
e
d g(x+2)= (x+2)2+1:\/x2+4x+4+1 ‘% *
—J+4x45 2009: 62.99 million; 2010: 55.7 million;
2x+l x<—1 2011: 41.61 million; 2012: 18.72 million
45 h( ):{xz-rz, x>-1 The values seem unreasonable because there is a
steep decline of enrollment over those years.
@@ h(-2)=2(-2)+1=-3
(b) h(—l)=2(—l)+l=—l 53. f(x)=2x2+3x—l
2
© h(0)=0°+2=2 f(x+h)=2(x+h) +3(x+h)-1
@) h(2)=22+2=6 =2x" +4xh+2h" +3x+3h-1
3 SGAh - fx)
46. = -
f0=53 h
3 (20 +4xh+ 21" +3x+3h—1) - (22 +3x - 1)
@ f(1)= =-1
2(1)-5 h
3 31  4xh 42k +3h
b -2)= = =—— =T T
® f(=2) 2(-2)-5 -9 3 h
3 =4x+2h+3, h#0
© f()=
2t-5 54. f(x)=x"-3x+5
3 3 1
@ f(”’Fm:g:g Fx+h)=(x+h) =3(x+h)+5
x—1 . =x"+2xh+h* —3x-3h+5
47. The domain of f(x)= is all real numbers x # —2.
x+2 flx+h)=f(x) ¥ +2xh+h =3x=3h+5—(x"=3x+5)
, -
48. The domain of f(x)= zx is the set of all real numbers. h ) h
x +1 _2xh+h”=3h
49. f(x)=+25-x h
) 25230 h(2x+h-3)
—X =2 P —
h
(5+x)(5-x)20 =2x+h-3, h#0

y=3andy=-3.

The domain is [—5, 5].

x*>16
The domain is (=0, —4]U[4, o).
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5S.

56.

57.

58.

59.

60.

Domain: all real numbers x

|/ .‘.'u
—6 ffl‘ iﬂ 6
[
—4
Range: y<3
11
| l]l'
by
-9 9

Domain: all real numbers x
Range: [5, o)

Domain: [—3, oo)
Range: [4, oo)

Domain: [5, o)
Range: (—oo, 2]

Domain: 36-x*>0=x"<36=>-6<x<6
Range: 0<y<6

Domain: (—oo, —3], [3, °°)
Range: [0, oo)

61.

62.

63.

64.

65.

66.

67.

68.

Domain: all real numbers x
Range: [2, oo)

Domain: all real numbers x
Range: [—3, o)

y—dx=x"
A vertical line intersects the graph just once, so y is a

function of x. Solve for y and graph y, = x> +4x.

|x+5]-2y=0
A vertical line intersects the graph just once, so y is a

function of x. Solve for y and graph y, = %|x + 5|.

3x+y*=2=0

A vertical line intersects the graph more than once, so y

is not a function of x. Solve for y and graph

v, =+v-3x+2 and y, =—/-3x+2.

X4y —49=0

A vertical line intersects the graph more than once, so y

is not a function of x. Solve for y and graph

y,=vV49—x" and y,=—49—x".

f(x) =x’-3x
(@)

(b) Increasing on (—eo, —1) and (1, o)

Decreasing on (-1, 1)

(b) Increasing on (3, o)

Decreasing on (—oo, —3)
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70.

71.

72.

73.

74.

0 171

(b) Increasing on (6, )

|x + 8|
flo=d
(@) .
e //,f’
~16 e 2

(b) Increasing on (—8, oo)

(¢) Decreasing on (—eo, —8)

-4
Relative minima: (-2, 0) and (2, 0)

Relative maximum: (0, 16)

f(x)zxz—x—l

Relative minimum: (0.5, —1.25)

h(x) =4x —x*

30

Relative maximum: (3, 27)

f(x)=x3—4x2—1

Relative maximum: (0, —1)

Relative minimum: (2.67, —10.48)

75. f(x) =

3x+5, x<0
x—4, x>0

fiseven.

-6

6

The graph is symmetric with respect to the y-axis. So, f

is even.
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)V () = 2 2
80. f(=x)=(=x) —(=x)-1 84. f(—x)=3(—x)° =3x° = f(x)
=x"+x-1 fis even.
=f (x) 5
and f(-x)#—f(x) |
fis neither even nor odd. |
s -3 T ] 6
| -1
| The graph is symmetric with respect to the y-axis.
- . S 7 So, fis even.
- 85. f(—x)=+4—-(=x)
The graph is neither symmetric with respect to the A
origin nor with respect to the y-axis. So, fis neither even =V4-x
nor odd. =f(x)
, fis even.
81. f(—)c):((—x)2 —8) 3
= (xz - 8) I
= f@) S E a—
fis even. =
= The graph is symmetric with respect to the y-axis.
' So, fis even.
i
|/ . 86. f(—x)=(—x)/(-x)* -1
-20 =—xx’ -1
The graph is symmetric with respect to the y-axis. =—f(x)
So, fis even. fis odd.
82. f(=x)=2(~x)’ = (~x)’ -
=-2x"—x* '
B 6
# f(x) ;
and f(-x) #—f(x) '
f1is neither even nor odd. -
5 The graph is symmetric with respect to the origin.
I So, fis odd.
3 4 3 87. Horizontal shift three units to the right of
' 1 1
' f)=—1y=—-—
= X x=3
The graph is neither symmetric with respect to the 88. Reflection in the x-axis, followed by a vertical shift five
origin nor with respect to the y-axis. So, fis neither units upward of f(x)=x: y=-x+5
even nor odd.
5 89. Horizontal shift two units to the right, followed by a
83. f(—x)=3(-x)? # f(x) and f(-x)#—f(x) vertical shift one unit upward of
f1is neither even nor odd. fx)=x" y=(x-2)"+1
(Note that the domain of fis x 20.) 90. Reflection in the x-axis, followed by a vertical shift two
. units downward of f(x)=x": y=—x’ -2
| 91. Vertical shift three units upward of
| f(x)=|x|:y=|x|+3
¢ S ]
o 92. Horizontal shift three units to the right, followed by a

The graph is neither symmetric with respect to the
origin nor with respect to the y-axis. So, f'is neither even
nor odd.

reflection in the x-axis of f(x)= \/;: y=—/x-3
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93.
y
s+
6+
o X
-8,~4) T C)
6+
8t
y = f(—x)is a reflection in the y-axis.
94.
y
gt
49 °T (8,4)
4
2
2 6 8 10 !
(-1,-2) 4,-2)
Tat
ot
st
y=—f(x)is areflection in the x-axis.
95.
y
4
L (7}, 0)‘\2 & 9) ' x
B RE
-4
-6
(4.-6) (8,-6)
-10
-12
y= f(x)—2is a vertical shift two units downward.
96.

y= f(x—1) is a horizontal shift one unit to the right.
1
97. h(x)=—-6
X

@ f)=+

X
(b) The graph of 4 is a vertical shift six units
downward of f.

98.

©

1 23 45

@ )= fx)-6
hy=-1-3
X
@ f=_t
X

(b) The graph of 4 is a reflection in the x-axis and a
vertical shift three units downward of f.

d) Ax)==f(x)-3
h(x)=(x-2)"+5

@ fo=x’

(b) The graph of 4 is a horizontal shift of f two units to
the right, followed by a vertical shift five units
upward of f.

©

y

123456738

(A h(x)=(x-2+5=f(x-2)+5

100. & (x) =—(x —2)- 8

@ f)=x

(b) his a horizontal shift two units to the right, a
reflection in the x-axis, followed by a vertical shift
eight units downward of f.

©

(d hx)=-f(x-2)=8
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101. A(x)=—/x +6
@ f)=+x

(b) The graph of 4 is a reflection in the x-axis and a
vertical shift six units upward of f.

©

y

L L Y - NN

CENRREREE
(d hx)=-f(x)+6

102. h(x)=~+x—-1+4

@ f=x
(b) The graph of 4 is a horizontal shift one unit to the
right and a vertical shift four units upward of f.

©

+ —t—t—t—t—t
—]1]234567

(d) hx)=fx-D+4

i T Y - R |
—_ -

x

103. h(x)=|x|+9

@ fx)=]|y
(b) The graph of 4 is a vertical shift of f nine units
upward.

©

(@) h(x)=|x|+9
=f(x)+9

104, h(x)=|x+8|-1

@ f)=]|y
(b) his ahorizontal shift eight units to the left, followed
by a vertical shift one unit downward of f.

(d) h(x)=f(x+8)-1

105. 1 (x) = -3

x+1

@ f=_—
X

(b) his ahorizontal shift one unit to the left, a reflection
in the x-axis, a vertical stretch, followed by a vertical
shift three units downward of f.

(©

y

l ]$
+—t—t—+ +—+—+ X
y o

(d h(x)=-2f(x+1)-3

106. 1 (x) = -4

x+2

@ f)=1

X
(b) his a horizontal shift two units to the left, followed
by a vertical shift four units downward of f.

©

(A hx)=fx+2)-4

107. (f - )4 = f(4) - g
=[3-2(]-4

=-5-2
=7

108. (f +h)(5) = f(5)+h(5)
=-T7+77
=70

109. (f +g)(25) = £(25)+ g(25)
=-47+5
=42
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110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

(g-m)=g)-h(1)=1-5=—4

(MM = fDh1) = (3=2())3(1)* +2)
=3 =5

(iJ(D _s _1
h r1) 5
(hog)(5)=h(g(5))
-4
=3(v5 )2 +2=17
(8o )=3)=28(f(=3)

=2(9)

=9 =3
(f o )(=4) = f (h(=4))
= £(50)
=3-2(50)=-97
(g°n)(6)=(1(6))
=g(110)
=110

f)=x" g(x)=x+3
(fog)(x)=f(x+3)
=(x+3)’ =h(x)

fO)=x" g(x)=1-2x
(£o8)(x)=(1-2¢) = (1-22)' =)

f)=x.g(x)=4x+2
(fog)(x)Zf(4X+2)=m=h(x)

F)=x,g(x) = (x+2)?
(fo8)(x)=£((x+2) | =}/(x+2) =htx
f(x)=i,g(x)=x+2

X

4

(fog)(x)=f(x+2)=——==h(0

6
fx)=—,8(x)=3x+1

X

6
(fog)(x)—f(3x+1)—m—h(x)

124.

125.

126.

127.

128.

129.

For 2010, r=10.
¥+, =[2.61(10) +55.0(10) + 1244 | +

[0.949(10)3 —8.02(10)° +44.4(10) + 1056}

=1533+1647
=3180 thousand or 3,180,000 students

f(x)=6x

f"(X)=%x

£ ) = f[%XJ - 6(%x} -
FUFG) = (60 = %(6x> —x

f(x)=x+5

fl)=x-5

SO =f(x=5)=(x=5)+5=x
=" (x+5)=(x+5)-5=x

f(x):%x+3

f"(x) =2(x-3)=2x-6
FUF ) = f(2(x=3))

=%(2(x—3))+3=x—3+3=x

Fa)=r" wa]

=2 lx+3—3 =2 l)c =x
2 2

x—4
fx)= S

fl(x)=5x+4

FU )= f(5x+4)=

Sx+4-4 5x
—:?:x

FUFa) = £ [ = 4}

=5[x_4j+4:x—4+4:x
5

3—x
f(x)=3—4x,g(x)=T

3—x

(@) f(g(X))=3—4( 7

i)

j=3—(3—x):x

© 2015 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



68 Chapter 1

(© 2
Y =3-4X h(t) =—— passes the Horizontal Line Test, and hence
1 X | v |y -3
is one-to-one and has an inverse function.
3-X -2 | 2| =2
Y2 = T -1 -1 -1 134. 10
Y3 - Y] (Yz) 0 0 0
1 1 | ———
Y4=Y2(Yl) 2 2 2 -9 /fJ 9
-2
130. f(x)= [x + 1, g(x)= -1, x>0 g(x) =+/x+6 passes the Horizontal Line Test, and
hence is one-to-one and has an inverse function.
@ fg@)=yP-D+1=vx" =x 1
) 135. y=—x-5
g(fe)=(Vx+1) ~1=x+1-1=x 2
1
b =—vy—5
(b) . x=2y
| 1
1 Ei f x+5= Ey
- g 6 y=2(x+5)
> F(x)=2x+10
(©
136.  f(x)= 7x8+ 3
X Y, Y,
Yl = \/;+ 1 > 4 1
0 0 0 y=—(Tx+3)
V== 1,X>0 1|1 |1 8
1
Y3=Y1(Ya) 2 |2 |2 x=—(Ty+3)
B 3 3 3 8
Y=Y, (Y1) 1 | 4 | 4 8x=Ty+3
8x—-3="Ty
1
Tx)==@8x-3
131. fo 7 ( )
6
137. f(x)=4x-3
—9 - ot y= 43 -3
/,/’IH x=4y’ -3
s x+3=4y’
1 . . x+3 3
f(x)= Ex — 3 passes the Horizontal Line Test, and 1 =y
hence is one-to-one and has an inverse function. x+3
-1
Flo==
132. 4
6
\ | 138. y=5x>+2
\ / x=5y"+2
-6 - 6 x=2=5y°
= x—-2 _
5 y
f(x) = (x—1)* does not pass the Horizontal Line Test, T_2
so fis not one-to-one. =3
133.
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139.  f(x)=/x+10
y=+x+10, x>-10, y=0
x=4/y+10,y>-10, x>0
x> =y+10
x*-10=y
F(x)=x*-10,x=0
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140. f(x)=4J6—-x,x<6,y=20

y=4y6—-x
x=4,6-y,y<6, x>0
x> =16(6-y)=96-16y

16y =96 — x*
_96—x2
16
_1 96—.X2
X)= ,x20
o) T
L,
f(x)=zx +1,x20
L,
=—x"+1
Y 4
L,
x=—y +1
27
L,
x—1=—
27
4x-1=y’

Fl(x)=4x—1) =2Jx-1

The positive square root is chosen as f~' since the
domain of fis [0, o).

142. f(x)=5—$x2,x20
1
=5——x"
Y 9
1
x=5-—y
9y
1
x—5=——y"
9y
9(x-5)=y’

F(x)=-9(x=5) =35 x

The positive square root is chosen as f~' since the
domain of fis [0, oo).

143. Negative correlation
144. No correlation

145. (a)

Grade-point average
©
]
L )

x
65 70 75 80 85 90 95

Exam score

(b) Yes, the relationship is approximately linear.
Higher entrance exam scores, x, are associated with
higher grade-point averages, y.

146. (a)

Time to failure
(in hours)

5 10 15 20 25 30 35
Distance bent
(in centimeters)

(b) Yes, the relationship is approximately linear. The
time to failure, y, decreases as the distance bent, x,
increases.

147. (a)

Speed (in meters per second)
1
°

Time (in seconds)
(b) s =10¢ (Approximations will vary.)
(c) §=9.7t+0.4; r=0.99933
(d) For t=25:
§=9.7(2.5)+0.4
=2425+04
=24.65 m/sec

148. (a) y=-0.0109x+4.146

(b)

0 s Y
36

(c) and (d) Answers will vary.

149. False. g(x)=—{(x—6)" +3]=—(x—6)" -3 and

g(-)=-52%28

150. True. f~'(x)=x"", n odd

151. False. f(x)= 1 or f(x)=xsatisfies f=f".
X
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Chapter 1 Test
1. 5x+2y=3 9, h(x):lx4_2xz:lx2(x2_8)
2y=-5x+3 4 4
y= 2 X+ 3 By graphing &, you see that the graph is increasing on
2 2 (=2, 0) and (2, =) and decreasing on (—eo, —2) and
Slope = —% 0, 2).

5 10. g()=|t+2|-|r -2
(a) Parallel line slope: _E
By graphing g, you see that the graph is increasing on

y—4= _E(x -0) (=2, 2), and constant on (—eo, —2) and (2, o).
2
p 11.
13
=——x+4
S 2 |
S5x+2y-8=0 ¥
~15 14 15
|
. 2 il
(b) Perpendicular line slope: r =
y—4= z(x -0) Relative minimum: (-3.33, —6.52)
; Relative maximum: (0, 12)
=—x+4
Y 5 12.
2x—5y+20=0 :
_4=(D_5 _ J
2. Slope= =5 —_—5——1 -9 b 9
y+1=—1(x-2) |74
y=-x+1
Relative minimum: (0.77, 1.81)
3. No. For some x there corresponds more than one value Relative maximum: (=0.77, 2.19)
1
of y. For instance, if x=1, y=>—.
V3 13. (@ f()=x
4. f(x)= | X+ 2| ~15 (b) g is obtained from f by a horizontal shift five units
to the right, a vertical stretch of 2, a reflection in
(a) f(-8)= |—8 + 2| -15=6-15=-9 the x-axis, and a vertical shift three units upward.
(b) f(14)=|14+2|—15:16—15:1 © y
© ft—6)=[t—6+2/-15=]t—4|-15 T
61
5. 3-x20= domainis all x <3. 4t

6. Total Cost = Variable Costs + Fixed Costs

C =25.60x +24,000 SN
Revenue = Price per unit X number of units )
R =99.50x
Profit = Revenue — Cost 4. @ f)=+x
P =99.50x — (25.60x + 24,000) (b) g is obtained from f by a reflection in the y-axis,
—73.90x — 24.000 and a horizontal shift seven units to the left.
T ’ ©
7. f(=0)=2(=x)' =3(-x) 2t
=-2x"+3x=—f(x) 10+
gt
Odd ol
4t
8. f(=x)=3(=x)"+5(-x)’ 21
=3x"+5x" = f(x) _16-14-12-10 -8 —6 —4 -2720»X
Even al
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15. (@) f(x)=|y 18. f(x)=x*+6
(b) g is obtained from f by a vertical stretch of 4 No, f.is not one-to-one, and does not have an inverse
followed by a vertical shift seven units downward. function.
(©
Y 3x\/;

19. f(x)=
8
Yes, f'is one-to-one and has an inverse function.

yzgxm,xZO,yZO

xz%ym,yZO,xZO
8 3/2
Sy=
3 y
2 2/3
16. @) (f-g)(x)=x*-V2—x (ﬁxj =y
Domain: x <2 3

(b) [i](x)z% fl(x):[ng ,x20

Domain: x <2 20. C=1.686¢+31.09

© (f"g)(x):f( 2—x)=2—x Let C =50 and solve for z.
Domain: x<2 50 =1.686¢ +31.09

(d) (gof)x:g(xz)zqz_xz 18.91=1.686¢
N:) NG t =11.21 or approximately 2012
Domain: —/2 <x<+/2

17. f(x)=x"+8
Yes, fis one-to-one and has an inverse function.

y=x"+8
x=y +8
x-8=y

fr-8=y
Floo=Yx-8
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CHAPTER 2

Section 2.1

1. nonnegative integer, real

2. quadratic, parabola

3. Yes, f(x)=(x—2)>+3 is in the form

f(x)=a(x —h)* + k. The vertex is (2, 3).

4. No, the graph of f(x) = —3x" +5x +2 is a parabola
opening downward, therefore there is a relative
maximum at its vertex.

5.  f(x)=(x—2)" opens upward and has vertex (2, 0).
Matches graph (c).

6. f(x)=3-— x° opens downward and has vertex (0, 3).
Matches graph (d).

7. f(x)=x*+3 opens upward and has vertex (0, 3).
Matches graph (b).

8. f(x)=—(x—4)* opens downward and has vertex

(4, 0). Matches graph (a).
9.
24
14
The graph of y = —x” is areflection of y = x” in the
X-axis.
10.

The graph of y=x" —1 is a vertical shift downward

one unit of y = x>

11.

12.

13.

14.

The graph of y = (x +3)* is a horizontal shift three

units to the left of y = x7.

The graph of y = —(x + 3)* —1is a reflection in the
x-axis, a horizontal shift three units to the left, and a

vertical shift one unit downward of y = x°.

The graph of y = (x +1)* is a horizontal shift one unit
to the left of y = x’.

The graph of y = —x” +2 is a reflection in the x-axis

and a vertical shift two units upward of y = x*.

73
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74 Chapter 2

15.

—2—11123456

The graph of y = (x —3) is a horizontal shift three
units to the right of y = x”.

16.

The graph of y = —(x —3)> +1 is a horizontal shift

three units to the right, a reflection in the x-axis, and a

vertical shift one unit upward of y = x°.

17. f(x)=25—x*
=—x’+25
A parabola opening downward with vertex (0, 25)

18. f(x)=x>—7
A parabola opening upward with vertex (0, —7)
L,
19. f(x)= Ex —4

A parabola opening upward with vertex (0, —4)

20. f(x)=16 fixz

= flxz +16
4

A parabola opening downward with vertex (0, 16)

21, f(x)=(x+4)7-3
A parabola opening upward with vertex (—4, —3)

22, f(x)=(x—6)"+3
A parabola opening upward with vertex (6, 3)

23. h(x)=x"—8x+16
=(x—4)
A parabola opening upward with vertex (4, 0)
24, g(x)=x"+2x+1
=(x+1)
A parabola opening upward with vertex (-1, 0)

25. f(x)=x’ —x+%

5
2
=P —x)+=
(x" —x) 2
, 1) 5 1
= xS
4] 4 4
2
—[x—l] +1
2

. . 1
A parabola opening upward with vertex [E, 1]

26. f(x)=x +3x+%

1
=" +3x)+—
( ) 1

2 91,1 9
=X +3x+—|+———
4] 4 4
2
= x+i] -2
2

A parabola opening upward with vertex [—%, — 2]

27. f(x)=—x*+2x+5

=—(x*—2x)+5
=—(x*=2x+D+5+1
=—(x—1"+6

A parabola opening downward with vertex (1,6)

28, f(x)=—x*—4x+1
=—(x*+4x)+1
= (X +dx+4)+1+4
=—(x+2)+5
A parabola opening downward with vertex (-2, 5)

29, h(x)=4x*—4x+21
=4(x" —x)+21

=4 xz—x—l—l +21—4 1
4 4

1 2
= 4[x — —] +20
2
. . 1
A parabola opening upward with vertex [E, 20]

30. f(x)=2x"—x+1

=2 xzf%x]Jrl
=2 xz—lx—ﬁ—i +1—2L
2 16 16
2
=2 x_l] +1
4 8

A parabola opening upward with vertex [%, g]
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3L ) =—(x*+2x-3)
=—(x"+2x)+3
=—(xX"+2x+1)+3+1
=—(x+17+4
—(x* +2x-3)=0

—(x+3)(x-1)=0
x+3=0=>x=-3
x=1=0=x=1
A parabola opening downward with vertex (—1, 4) and
x-intercepts (—3, 0) and (1, 0).

32, f(x)=—(x"+x-30)

=—(x"4+x)+30
" 1 1
=—|x +x+—]+30+—
4 4
1]2 121
=—|x+=| +—
2 4
—(x*+x-30)=0

—(x=5)(x+6)=0
x—=5=0=x=5
xX+6=0=>x=-6

A parabola opening downward with vertex

1
2’ 4
and x-intercepts (5, 0) and (-6, 0).

33. g(x)=x"+8x+11
=(x>+8x)+11
=(x*+8x+16)+11-16
=(x+4)Y -5

X +8x+11=0
i —8+/8% —4(I)(11)
2(1)

—8++/64—44

2
—8+20
2
—8+25

2
=—4+.5
A parabola opening upward with vertex (—4, —5) and
x-intercepts (—4+ \/g , 0).

34. f(x)=x>+10x+14
=(x*+10x)+14
=(x*+10x+25)+14-25
=(x+5)y°-11
X +10x+14=0
~10£4/10° - 4(1)(14)
- 20)

_ —10%+/100-56

2

_—10++/44
2

1042411

2
=-5+11

A parabola opening upward with vertex (—5, —11) and

x-intercepts (=5 \/ﬁ , 0)

35. f(x)=—-2x" +16x-31
=-2(x* —8x)—31
=-2(x* —8x+16)—31+32
=-2(x—4) +1
—2x* +16x-31=0
—16£4/16% —4(=2)(-31)
2(-2)
~16++/256-248
-4
~16++/8
==
~16+22

4
=4i%¢§

A parabola opening downward with vertex (4, 1)

X =

and x-intercepts (4 i%ﬁ , Oj

36. f(x)=—4x" +24x—41
=—4(x> —6x)— 41
=—4(x* —6x+9)—41+36
=—4(x—37-5
—4x* +24x—41=0
~24+ 24 —4-4)-41)
2(-4)

—24 +/576 — 656
-8
—24 +/-80

-8

No real solution
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37.

38.

39.

40.

41.

A parabola opening downward with vertex (3, —5)
and no x-intercepts

(—1, 4) is the vertex.
f)=a(x+17>+4

Since the graph passes through the point (1, 0),
we have:
O=a(l+1)7+4
0=4a+4
—-1=a
Thus, f(x)=—(x+1)*+4. Note that (=3, 0) is on the
parabola.

(=2, —1) is the vertex.

f=a(x+2)* -1

Since the graph passes through (0, 3), we have:
3=a(0+2) -1

3=4a-1

4=4a

l=a

Thus, y = (x+2)* —1.

(=2,5) is the vertex.
f(xX)=a(x+2)*+5
Since the graph passes through the point (0, 9),
we have:
9=a(0+2)*+5
4=4a
l=a
Thus, f(x)=(x+2)"+5.

(4, 1) is the vertex.
f=a(x—-4)* +1

Since the graph passes through the point (6, —7),
we have:

—T=a(6-4)+1
—T=4a+1
-8=4a

-2=a

Thus, f(x)=-2(x—4)> +1.

(1, —2) is the vertex.
f(x)= a(x—17-2

Since the graph passes through the point (-1, 14),
we have:

14=a(-1-17 -2
14=4a-2
16 =4a
d=a
Thus, f(x)=4(x—1)>-2.

42.

43.

4.

45.

(-4, —1) is the vertex.
f)=a(x+4)’ -1

Since the graph passes through the point (-2, 4), we
have:

d=a(-2+47 -1

5=4a
5

a==
4

Thus, f(x)= %(x +4)* —1.
1 .
E’ 1| is the vertex.

1 2
‘f(x)za[x—aj +1

Since the graph passes through the point [—2, - %j,
we have:
2
_Eza[_z_lj b
5 2
21 25
——=—a+1
5 4
26 25
2222,
5 4
_104 _
125
2
104 1
Thus, =——| x——| +1.
J@=155 (x 2]

[—l, —1] is the vertex.
4
1 2
X)=alx+—| -1
r=efs1)

1
Since the graph passes through the point [O, - —7] ,

16
we have:
2
—1—7=a 0+l -1
16 4
LA
16 16
11
16 16
a=-1

1 2
Thus, f(X):_[)H—ZJ —1.

y=x'-4x-5
x-intercepts: (5, 0), (=1, 0)
0=x>—4x-5

0=(x-35(x+1)

x=5o0r x=-1
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46. y=2x"+5x-3 52. y=4x"+25x-21
. 1 10
x-intercepts: | —, 0|, (=3, 0) Y 7
2 -8 ’j 2
0=2x>+5x-3 \
(e N
0=Q2x-1)(x+3)
= l, _3 —70
2 x-intercepts: (=7, 0), (0.75, 0)

47. y=x*+8x+16
x-intercept: (—4, 0)
0=x+8x+16

0=4x"+25x-21
=(x+7)(4x-3)

0=(x+4) Ty
xX= —4 _ 1 2
83, y=—(x"-6x-17)
48. y=x"-6x+9 2
x-intercept: (3, 0) o
0= x2 —-6x+9 JI//\
0=(x—3)? 7 e
x=3 )
— 2
49. y=x" -4x x-intercepts: (—1, 0), (7, 0)
3
1
0=——(x*-6x-7)
A ’
0=x>-6x-17
O0=(x+1)(x=7)
o x=-1,7
x-intercepts: (0, 0), (4, 0) 7,
0= dr 54. y:E(x +12x—45)
0=x(x—4) 10

x=0or x=4 Y /"' 6

50. y=-2x"+10x

/

=60

x-intercepts: (3, 0), (-15, 0)

15

7
-9 = : 15 OZB()C2 +12x—45)

0=x>+12x—-45
=(x-3)(x+15)

x-intercepts: (0, 0), (5, 0)

0=-2x>+10x
0=x(-2x+10) x=3 -15
x=0,x=5 55. f(x)=[x—(-D](x—3), opens upward
=(x+D(x-3)
51. y=2x*-7x-30 = —2x—3
- T d ] " g(x) =—{x—(-1)](x—3), opens downward
=—(x+1)(x-3)
=—(x"-2x-3)
=—x"+2x+3
—40
5 Note: f(x)=a(x+1)(x—3) has x-intercepts (-1, 0)
x-Intercepts: (_5’ OJ’ (6, 0) and (3, 0) for all real numbers a # 0.
0=2x>-7x-30 56. f(x)=x(x—10)=x>—10x, opens upward.
0=02x+5)(x—6) g(x) =—x(x —10) = —x* + 10x, opens downward.

Note: f(x)=ax(x—10) has x-intercepts (0, 0) and
(10,0) for all real numbers a # 0.
© 2015 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

x=—é or x=6
2



78

Chapter 2

57.

58.

59.

60.

fx)=[x~- (—3)]{)6 - (—%H (2), opens upward

1
=(x+ 3)(x+5](2)

=(x+3)2x+1)
=2x"+7x+3
g(x) =—(2x*> +7x +3), opens downward

=2x*-7x-3
Note: f(x)=a(x+3)(2x+1) has x-intercepts (-3, 0)

and [—%, Oj for all real numbers a # 0.

fx)= 2|}—(—§H(x—2)

= 2(x+§)(x—2)

=2x" + x—10, opens upward
g(x)=—f(x), opens downward

g(x)==2x*—x+10

Note: f(x)= a(x + %j (x—2) has x-intercepts
[—g, OJ and (2, 0) for all real numbers a # 0.

Let x = the first number and y = the second number.

Then the sumisx+y=110=y=110—x.
The product is

P(x)=xy=x(110—x)=110x — x”.
P(x)= —x*+110x
=—(x* —110x + 3025 — 3025)
=—{(x-55)" —=3025]
=—(x—55)> +3025

The maximum value of the product occurs at the vertex
of P(x) and is 3025. This happens when x =y =55.

Let x = first number and y = second number. Then
x+y=66 ory=66—x. The product P is given by
P(x)=xy.
P(x)= x(66-x)

=66x—x"

=—(x* —66x)

=—(x" —66x +33%)+33’

=—(x—33)"+1089

The maximum P occurs at the vertex where x =33,
so y =66 —33 =33. Therefore, the two numbers are 33
and 33.

61.

62.

Let x be the first number and y be the second number.
Then x + 2y =24 = x =24 -2y. The product is

P =xy=(24-2y)y=24y-2y".

Completing the square,

P=-2y"+24y
=2(y* =12y +36)+72
=2(y-6)*+72.

The maximum value of the product P occurs at the
vertex of the parabola and equals 72. This happens
when y=6 and x =24 -2(6) =12.

Let x = first number and y = second number.
Thenx+3y=42, y= %(42 —x). The product is
1 1,
P(x)=xy=x—(42-x)=14x——x".
3 3
L,
P(x)= —gx +14x
= —l(x2 —42x)
3
1

= —g(x2 —42x +441) +147

= —é(x —21)* +147.

The maximum value of the product is 147, and occurs

when x =21 and y =%(42—21) =7.

63. (a)

| ——— < ————|

. . 1
(b) Radius of semicircular ends of track: r = 5 y
Distance around two semicircular parts of track:

d=2nr= Zﬂ[%y] =71y

(c) Distance traveled around track in one lap:

d=ry+2x=200
7y =200-2x
200-2x
y=——7>""
T

200-2
(d) Area of rectangular region: A =xy = x(M]
V4
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(e) The area is maximum when x =50 and

5= 200-2(50) _ 100

2000

T

T

100

64. (a) 4x+3y=200:>y:%(200—4x)

=>A=2xy= 2x%(200 —4x)= 8TX(SO -X)

(b)

X y Area
2 %[200 -42)] 2xy =256
4 %[200 —44)] 2xy = 491
6 %[200 - 4(6)] 2xy =704
8 %[200 - 4@8)] 2xy =896
10 %[200 —-4(10)] | 2xy=1067
12 %[200—4(12)] 2xy=1216
X y Area
20 %[200 —4Q0)] | 2=1600
22 %[200 —422)] | 2xy=1643
24 %[zoo a4y | F=leed
26 %[200 —ae) | 2 =166
28 %[200 —4(28)] | 2xy=~1643
30 %[200 —4(30)] | 2=1600

. 1
Maximum area when x =25, y= 335

© A= 8x(50—x)
3

2000

//‘“\\

50

1

Maximum when x =25, y= 335

65.

66.

() A=§x(50—x)
8 .
=——(x"=50x
3( )
8
=—§(x —50x + 625 —625)

= —%[(x —25)* —625]

B asy 4 S0
3 3

The maximum area occurs at the vertex and is
5000

square feet. This happens when x =25 feet

_ (200 —4(25)) _ 100

and y 3 = feet. The dimensions

are 2x =50 feet by 33% feet.
(e) The result are the same.

(a)

(b) When x=0,y =% feet.
(¢) The vertex occurs at
= —_b _ -9/5 3645
2a  2(-16/2025) 32

=113.9.

The maximum height is

~16 (3645 9(3645) . 3
2025 32 sU32 ) 2

=104.0 feet.
(d) Using a graphing utility, the zero of y occurs at
x =228.6, or 228.6 feet from the punter.

The height at x =3 is —%(3)2+%4(3)+12:16.

The maximum height of the dive is 16 feet.
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67. (a) 100 - 2x

A=Ilw

A=(100-2x)(x—6)

A=-2x*+112x-600
(b) Y, =-2x"+112x—-600

X Y
25 950
26 960
27 966
28 968
29 966
30 960

The area is maximum when x =28 inches.

68. (a)

25

0
(b) The parabola intersects y =10 at s =59.4. Thus,
the maximum speed is 59.4 mph. Analytically,

0.0025> +0.055 —0.029 =10
25 +50s —29 = 10,000
25° +50s —10,029 = 0.

Using the Quadratic Formula,

,_ Z50£/50° ~4(2)(~10,029)
o 2(2)

50 +./
=w =—-84.4, 59.4.

The maximum speed is the positive root, 59.4 mph.

69. R(p)=-10p> +1580p

(a) When p =350, R(50) = $54,000.
When p=3$70, R(70) = $61,600.
When p =$90, R(90) =$61,200.

(b) The maximum R occurs at the vertex,

_=b

T2

_ —1580

T 2(-10)

(¢) When p=8$79, R(79)=$62,410.

(d) Answers will vary.

p

$79

70.

71.

72.

73.

74.

75.

76.

77.

R(p)=-12p> +372p

(a) When p=$12, R(12) =$2736.
When p =816, R(16) = $2880.
When p =820, R(20) = $2640.

(b) The maximum R occurs at the vertex:

_~b
P 2a
p= 72 _g15.50
2(-12)

(¢) When p=8$15.50, R(15.50) = $2883.
(d) Answers will vary.

4500

%

5

Sk 50
1000

(b) Using the graph, during 1966 the maximum
average annual consumption of cigarettes appears
to have occurred and was 4155 cigarettes per
person.

Yes, the warning had an effect because the
maximum consumption occurred in 1966 and
consumption decreased from then on.

(¢) In 2000, C(50)=1852 cigarettes per person.

@ =5 cigarettes per da
365 g P y
(a) According to the model, ¢ = ;—b or
a
=214 15 or 2005,
2(-8.87)

P(15)=82,437,000
(b) When ¢=110, P(110)=2,889,000.

No, the population of Germany would not be
expected to decrease this much

True.
—-12x*-1=0
12x* = -1, impossible
True. For f(x), __b:___w:_ﬂz_i
2 24 8 4
b _ 30 30 -5

For , == =,
8 S Ty T e T a

In both cases, x = —% is the axis of symmetry.

The parabola opens downward and the vertex is
(-2, —4). Matches (c) and (d).

The parabola opens upward and the vertex is (1, 3) .
Matches (a).

The graph of f(x)=(x—z)* would be a horizontal shift
Zunits to the right of g(x)=x".
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78.

79.

80.

81.

82.

83.

The graph of f(x)= x> —z would be a vertical shift

z units downward of g(x) = x>

The graph of f(x)=z(x—3)> would be a vertical
stretch (z >1) and horizontal shift three units to the
right of g(x) = x*. The graph of f(x)=z(x—3)* would
be a vertical shrink (0 <z <1) and horizontal shift three

units to the right of g(x)= x>

The graph of f(x)=zx" +4 would be a vertical stretch
(z>1) and vertical shift four units upward of

g(x) = x> The graph of f(x)=zx"+4 would be a
vertical shrink (0 <z <1) and vertical shift four units

upward of g(x)= x>

bY b’
For a<0, f(x)=a| x+— | +|c—— | isa
2a 4a

. -b . .
maximum when x = 2— In this case, the maximum
a

2
value is c—4—. Hence,

a
2
25=-75- b
4(-1)
—100 =300 -5*
400 = b*
b ==220.
2 2
For a<0, f(x)=a x+i + c—b— isa
2a da

. -b . .
maximum when x = 2— In this case, the maximum
a

2
value is 0—4—. Hence,

a
48 =-16— b
4=
—192 =64 - b*
b* =256
b=+16.

2

2
For a>0, f(x)=a x+i +| ¢ —— | is a minimum
2a 4a

-b . .. .
when x = 2— In this case, the minimum value is
a

2
c¢——. Hence,
4

a
10:26—b—2
4
40 =104 -b*
b* =64
b=18.

84.

85.

86.

87.

88.

2

2
For a>0, f(x)=a x+i +| ¢ —— | is a minimum
2a 4a

-b . . .
when x = 2— In this case, the minimum value is

a
2
¢——. Hence,
a
2
-50=-25 —b—
4
—200=-100-5"
b»* =100
b ==%10.

Let x = first number and y = second number.
Then x+y=s or y=s—x.

The product is given by P =xy or P = x(s—x).
P=x(s—x)

P=sx-x

. -b
The maximum P occurs at the vertex when x = 2—
a

—S N
X = =—
2(-1) 2

When xzi, y=s—i=i.
2 2 2

So, the numbers x and y are both %

If f(x)=ax’+bx+c has two real zeros, then by the

—b++b* —4dac

Quadratic Formula they are x = 5
a

The average of the zeros of fis

—b—+b* —4dac + —b++b* —4ac -2b

2a 2a __2a :_i.
2 2 2a

This is the x-coordinate of the vertex of the graph.

y=ax’ +bx—4

(1, 0) on graph: O=a+b—-4

(4, 0) on graph: 0=16a+4b—-4

From the first equation, b=4—a.

Thus, 0=16a+4(4—a)—4=12a+12= a=-1 and

hence =5, and y=-x>+5x—4.
Model (a) is preferable. a >0 means the parabola

opens upward and profits are increasing for ¢ to the right
of the vertex

> b
(2a)
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89. x+y=8=y=8-x
—zx +8—x=6
3
—§x+8=6
3
—éx =2
3

x=1.2

y=8-12=6.8
The point of intersection is (1.2, 6.8).
1
90. y=3x—10=zx+l
12x-40=x+4
1lx=44
x=4
y=34)-10
y=12-10=2
The graphs intersect at (4, 2).

Section 2.2

1. continuous

2. n,n-1

3. (a) solution
®) (x-a)

(©) (a,0)

4. touches, crosses

5. No. If f is an even-degree fourth-degree polynomial
function, its left and right end behavior is either that it
rises left and right or falls left and right.

6. No. Assuming f is an odd-degree polynomial function,
if its leading coefficient is negative, it must rise to the
left and fall to the right.

7. Because f isapolynomial, itis a continuous on
[x.x,] and f(x)<0 and f(x,)>0. Then f(x)=0
for some value of x in [x,, xzj.

8. The real zero in [x3, x4] is of even multiplicity, since
the graph touches the x-axis but does not cross the
X-axis.

9. f(x)=-2x+3 isaline with y-intercept (0, 3).

Matches graph (f).

91.

y=x+3=9-x
F¥+x-6=0

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

92.

93.

10.

11.

12.

13.

14.

15.

16.

x=-3, x=2
y==-3+3=0
y=2+3=5

Thus, (=3, 0) and (2, 5) are the points of intersection.

y=x+2x-1=-2x+15
X +4x-16=0
(x=2)(x" +2x+8)=0
x=2

y=-22)+15=—4+15=11
The graphs intersect at (2, 11).

Answers will vary. (Make a Decision)

f(x)=x*—4x is a parabola with intercepts (0, 0) and
(4, 0) and opens upward. Matches graph (h).

f(x)=—2x" —5x is a parabola with x-intercepts (0, 0)

and (—%, Oj and opens downward. Matches graph (c).

f(x)=2x" =3x+1 has intercepts (0, 1), (1, 0),
1 1 1 1
————4/3,0| and | ——+—4/3, 0 |.
33w 35 0]
Matches graph (a).
f(x):—%x4 +3x” has intercepts (0, 0) and

(12\/3 , 0). Matches graph (e).

1, , 4 . 4
X)=——x"+x" —— has y-intercept| 0, —— |.
fx 3 3 y p [ 3]
Matches graph (d).

f(x)=x"+2x’ has intercepts (0, 0) and (-2, 0).
Matches graph (g).

fl)= %xs -2x° +%x has intercepts

(0, 0), (1, 0), (-1, 0), (3, 0), and (=3, 0). Matches (b).
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17. The graph of f(x)=(x— 2)3 is a horizontal shift two
units to the right of y =x’.

)
'
]
3
|
|
5l

18. The graph of f(x)=x"—2 is a vertical shift two units

downward of y=x’.

19. The graph of f(x)=—x’ +1 is areflection in the x-axis

and a vertical shift one unit upward of y = x’.

¥

o b

20. The graph of f(x)=(x—2)'—2 is a horizontal shift
two units to the right and a vertical shift two units

downward of y=x’.
'

.
!_

21. The graph of f(x)=—(x—2)’ is a horizontal shift two

units to the right and a reflection in the x-axis of y=x".

22. The graph of f(x)=—x"+3 is areflection in the x-axis

and a vertical shift three units upward of y = x°.

¥

"~

23.

1

Yes, because both graphs have the same leading
coefficient.

|

-8

=

24.

Yes, because both graphs have the same leading
coefficient.

25.

A

I\

=

Yes, because both graphs have the same leading
coefficient.

26.

-4

Yes, because both graphs have the same leading
coefficient.

27.

il

-0y

No, because the graphs have different leading
coefficients.
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28.

29.

30.

31.

32.

33.

34.

\/J;‘ |
N

No, because the graphs have different leading
coefficients.

f(x)=2x"-3x+1

Degree: 4
Leading coefficient: 2

The degree is even and the leading coefficient is
positive. The graph rises to the left and right.

h(x)=1-x°
Degree: 6
Leading coefficient: —1

The degree is even and the leading coefficient is
negative. The graph falls to the left and right.

7
X)=5-——x-3x2
8(x) 2

Degree: 2
Leading coefficient: -3

The degree is even and the leading coefficient is
negative. The graph falls to the left and right.

fx)= lx3 +5x
3
Degree: 3

Leading coefficient: %

The degree is odd and the leading coefficient is positive.

The graph falls to the left and rises to the right.

6x° —2x* +4x* —5x
3

fx)=
Degree: 5

Leading coefficient: g =2

The degree is odd and the leading coefficient is positive.

The graph falls to the left and rises to the right.

3x =2x° +5x° +6x°

fx)= 1

Degree: 7

Leading coefficient: %

The degree is odd and the leading coefficient is positive.

The graph falls to the left and rises to the right.

35.

36.

37.

38.

39.

2
h(t)=-=(f =5t +3
0==3( )
Degree: 2
. - 2
Leading coefficient: -3

The degree is even and the leading coefficient is
negative. The graph falls to the left and right.

T(3, e
s)=——(s"+55"-Ts+1
f@==2( )

Degree: 3
. - 7
Leading coefficient: ry

The degree is odd and the leading coefficient is
negative. The graph rises to the left and falls to the
right.
(@ fx)=3x>—12x+3
=3(x’ —4x+1)=0
+ _
x:4_\/16 4 243
2

(b)

(¢) x=3.732,0.268; the answers are approximately
the same.

(@ gx)=5(x"-2x-1)=0

po2ENAZAED s

5 =

(b)

1
(¢) x=-0.414,2.414; the answers are approximately

the same.
1, 1
a H=—t"——
@ g 3 >

=%(t+ D(E-D(@*+1)=0

t==1

(b)

fi o g B

(c) t==l; the answers are the same.
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40. (a)

(b)

©

41. (a)

(b)

(©)

42. (a)

(b)

©

43. (a)

(b)

©

1
0==x3(x*-9
x(x )

x=0, £3

0

12

x =0, £3; the answers are the same.

fx)=x"+x—6x

x(x*+x*-6
( )

= x(x2 +3)(x2 -2)=0

x=0, i\/a

L
N

-4
x=0,1.414,—1.414; the answers are
approximately the same.

g)=1 -6 +9¢
= t(t4 —-61" + 9)
=1(t*-3)"=0

1=0, +3

N
|

x =0, £1.732; the answers are approximately the
same.

fx)=2x"-2x*-40
=2(x* - ¥ -20)
=2(x2+4)(x+\/§)(x—\/§)=0
x:i\/g

s
x =2.236,—2.236; the answers are approximately
the same.

44. (a)

(b)

©
45. (a)

(b)

©

46. (a)

(b)

©

47. (a)

(b)

©

fx)=5(x"+3x"+2)

=5 +D(x*+2)>0
No real zeros

LT

- L]

No real zeros

f(x)=x>—4x* =25x+100
=x*(x—4)-25(x—4)
=(x" =25)(x—4)
=(x=5)(x+35)(x—4)=0
x=15 4

13}

LA

T

x=4,5,-175; the answers are the same.

0=4x"+4x" -Tx+2
=Qx-1Q2x*+3x-2)
=Q2x-D2x-D(x+2)=0

x=-2, l
2

1
x=-2, E; the answers are the same.

y=4x* —=20x* +25x
0=4x*—20x> +25x

0=x(2x—5)
x=0, 2
2

12

|

-4

5
x=0, E; the answers are the same.
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48.

49.

50.

51.

52.

53.

54.

5S.

56.

57.

(@ y=x"—5x"+4x
=x(x* =5x"+4)
=x(x* —H(x* -1
=x(x=2)(x+2)(x-D(x+1)=0
x=0, 1, £2
(b) )

(c) x=0, £1, £2; the answers are the same.

f(x)=x>-25
=(x+5)(x-5)
x =15 (multiplicity 1)

Ff(x)=49-x
=T-x)(T+x)
x =27 (multiplicity 1)

h(t)=1*—6t+9

=(t-3)
¢t =3 (multiplicity 2)

F(x)=x"+10x+25
=(x+5)
x ==5 (multiplicity 2)

f(x)= X +x-2
=(x+2)(x-1)
x ==2, 1 (multiplicity 1)

f(x)=2x"—14x+24
=2(x* -7x+12)
=2(x-3)(x—-4)

x =3, 4 (multiplicity 1)

fO) =t -4 +4¢
=1(t-2)
t =0 (multiplicity 1), 2 (multiplicity 2)

Ff(x)=x"—x’-20x"
=x*(x* —x-20)
=x2(x+4)(x-5)
x =—4 (multiplicity 1), 5 (multiplicity 1),
0 (multiplicity 2)

1, 5 3
=—x +=x—-=
S(x) 5% T35 75

1 2
=—(x2+5x-3
2(x x=3)

e —5+./25-4(=3) z_gi\/;?

2 2
=0.5414, —5.5414 (multiplicity 1)

58.

59.

60.

61.

62.

5, 8 4
X)=—x"+—x——
fx) 3 373

= %(sz +8x—4)

= %(Sx —2)(x+2)

x= %, —2 (multiplicity 1)

Ff(x)=2x"—6x"+1

]
Il

-4

Zeros: x ==+ 0.421,+1.680
Relative maximum: (0, 1)
Relative minima: (1.225, —3.5), (-1.225, —=3.5)

fx)= —%x“ — X +2x%+5

25

Zeros: —4.142, 1.934
Relative maxima: (0.915, 5.646), (-2.915, 19.688)
Relative minimum: (0, 5)

fX)=x"+3x"—x+6

J

Zero: x=-1.178
Relative maximum: (-0.324, 6.218)
Relative minimum: (0.324, 5.782)

fx)=-3x"-4x>+x-3

.. l\\

Zero: —1.819
Relative maximum: (0.111, —2.942)
Relative minimum: (-1, —5)
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63.

64.

65.

66.

67.

68.

69.

70.

f(x)==2x"+5x*—x—1

T
1

-4

Zeros: —1.618, —0.366, 0.618, 1.366
Relative minimum: (0.101, —1.050)
Relative maxima: (—1.165, 3.267), (1.064, 1.033)

f(x):3x5—2x2—x+l

N

L

]:

Zeros: —0.737,0.548, 0.839
Relative minimum: (0.712, —0.177)
Relative maximum: (—0.238, 1.122)

£ =(x—0)(x—4) = x* —4x

Note: f(x)=a(x—0)(x—4)=ax(x—4) has zeros 0
and 4 for all nonzero real numbers a.

f)=(@x+7(x—-2)=x>+5x—14

Note: f(x)=a(x+7)(x—2) has zeros —7 and 2 for all

nonzero real numbers a.
F(x)=(x—0)(x+2)(x+3)=x" +5x" +6x

Note: f(x)=ax(x+2)(x+3) haszeros 0, —2, and
—3 for all nonzero real numbers a.

F(x)=(x—=0)(x—2)(x—5)=x"—7x* +10x

Note: f(x)=ax(x—2)(x—15) has zeros 0, 2, and 5 for

all nonzero real numbers a.

S =(x—-4H(x+3)(x-3)(x-0)
=(x —4)(x* —9)x
=x* —4x* —9x* +36x

Note: f(x)= a(x* —4x* —9x* +36x) has zeros

4, —3, 3, and O for all nonzero real numbers a.

F) =(x=E2)x - (D) —0)(x —D(x - 2)
=x(x+2)(x+D(x-1)(x-2)
=x(x* =H (> -1)
=x(x*-5x" +4)

=x" —5x°+ 4x

Note: f(x)=ax(x+2)(x+1)(x—1)(x—-2) has

zeros—2, —1, 0, 1, 2, for all nonzero real numbers a.

71.

72.

73.

74.

75.

76.

717.

f(x):[x—(1+\/§)}[x—(l—\/§)]
=[(x=1) =B ][(x-1)++3]
= (-1 (V3]

=x*-2x+1-3

=x’-2x-2

Note: f(x)=a(x*—2x—2) haszeros 1++/3 and

1- \/5 for all nonzero real numbers a.

f={o-{ows5) {645
:((x—6)—\/§)((x—6)+\/§)

=(x-6)" -3
=x*-12x+36-3
=x>-12x+33

Note: f(x)=a(x*—12x+33) has zeros
6+ \/§ and 6 — \/g for all nonzero real numbers a.

f(x):(x—Z)[x—(4+\/§ﬂ[x—(4—\/§)}
=(x—2)|:(x—4)—\/§J[(x—4)+\/§J

=(x-2)[(x—4)’-5]
=x*—10x* +27x-22

Note: f(x)=a(x—-2)[(x— 4)* —5] has zeros

2, 4++/5, and 4— \/g for all nonzero real numbers a.

fmte=fe—fee ) -2
== H)((x=2)=T)((x-2)+7)

=(x-H((x=2=7)
=(x—4)(x* —4x-3)
=x*—8x* +13x+12

Note: f(x)=a(x—4)(x* —4x —3) has zeros

4,2+ \/7 for all nonzero real numbers a.

fX)=(x+2(x+D)=x"+5x"+8x+4

Note: f(x)=a(x+2)’(x+1) has zeros -2, —2, and

—1 for all nonzero real numbers a.

f)=(x=3)(x-2)
=x*-9x’ +30x% —44x+24

Note: f(x)=a(x—3)(x—2)" has zeros 3, 2, 2, 2 for

all nonzero real numbers a.

fO)=(x+4>(x-3)
=x*+2x°=23x* —24x + 144

Note: f(x)=a(x+4)*(x—3)* has zeros —4, —4,

3, 3 for all nonzero real numbers a
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78. f(x)=(x—=5)(x—0) 85. (a) The degree of fis odd and the leading coefficient
s . R R is 1. The graph falls to the left and rises to the
=x" —15x" +75x" —125x right.
_ .3 — (42 -
Note: f(x)=a(x—5)’x" has zeros 5, 5, 5, 0, 0 for all (b)  f)=x"=-9x=x(x"-9)=x(x=3)(x+3)
nonzero real numbers a. Zeros: 0,3, -3
(c) and (d)
79. f(x)=—(x+1(x+2) :
=—x —4x" -5x-2
Note: f(x)=a(x+1)*(x+2)*, a<0, has zeros
-1, =1, =2, rises to the left, and falls to the right. EEE '
80. f(x)=-(x—1>(x-4)
=—x"+10x’ —33x> +40x—16
. e 1 (v A2 86. (a) The degree of g is even and the leading coefficient
Note: f(x)=a(x—1y(x—4), a <0, has z.eros is 1. The graph rises to the left and rises to the
1, 1, 4, 4, falls to the left, and falls to the right. right.
31, (b) g(x)=x'—4x"=x’(x*-4)

82.

83.

84.

=x*(x=2)(x+2)
Zeros: 0,2, -2

(c) and (d)

87. (a) The degree of fis odd and the leading coefficient

(b) f(x)=x"-3x"=x*(x-3)
Zeros: 0, 3
(c) and (d)

’l\\_" ) 88. (a) The degree of fis odd and the leading coefficient
y=a0-50 -k +2| is 3. The graph falls to the left and rises to the
right.
) (b) f(x)::':x3 —24x* =3x"(x—8)
| b 10 e “‘-;| j Zeros: 0, 8
—-

(c) and (d)
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89. (a) The degree of fis even and the leading coefficient
is —1. The graph falls to the left and falls to the
right.

() f(x)==x"+9x =20 =—(x* —4)(x* - 5)

Zeros: £2, *£+/5
(c) and (d)

f————-
4 6 81012

[

90. (a) The degree of fis even and the leading coefficient
is —1. The graph falls to the left and falls to the

right.

(b) f(x)=—x"+7x"+8=—(x"+1)(x’ -8)
Zeros: —1, 2

(c) and (d)

91. (a) Thedegree off is odd and the leading coefficient is 1.

The graph falls to the left and rises to the right.
(b) f(x) =x+3x"=9x-27=x*(x+3)=9(x +3)
=(x*=9)(x+3)
= (x—3)(x+3)2
Zeros: 3, =3
(c) and (d)

[ e e i
B 1216 20

92. (a) The degree of /i is odd and the leading coefficient is 1.
The graph falls to the left and rises to the right.

(b) hx)=x"—4x> +8x—=32=x*(x* —4)+8(x* —4)
=(x"+8)(x* —4)
=(x+2)(x* =2x+4)(x =2)(x+2)

Zeros: —2,2
(c) and (d)

93. (a) The degree of g is even and the leading coefficient is

—%, The graph falls to the left and falls to the right.

(b) &)= —l(t4 —-82 +16) = _l(ﬂ — 4y
4 4
Zeros: =2, —2,2,2
(c) and (d)

94. (a) The degree of g is even and the leading coefficient is

1 . . .
o The graph rises to the right and rises to the left.

b g =%<x PR3y
Zeros: —1,3
(c) and (d)

95. f(x)=x’—3x"+3
(@ ;

fIV

The function has three zeros. They are in the
intervals (—1, 0), (1, 2) and (2, 3).
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(b) Zeros: —0.879, 1.347,2.532

(a)

X y X y X y
-0.9 |-0.159 1.3 ]0.127 2.5 |-0.125
-0.89|-0.0813 | | 1.31 | 0.09979 | | 2.51| -0.087
-0.88 | —0.0047 | | 1.32 | 0.07277 | | 2.52| -0.0482,
—0.87| 0.0708 1.33 | 0.04594 | | 2.53| -0.0084
-0.86|0.14514 | | 1.34 | 0.0193 2.541 0.03226
-0.85]0.21838 | | 1.35 | -0.0071 | | 2.55| 0.07388
—0.84 | 0.2905 1.36 | -0.0333| | 2.56| 0.11642
96. f(x)= —2x—6x" +3
4
The function has three zeros. They are in the
intervals (=3, —2), (=1, 0), and (0, 1).
(b) Zeros: —2.810, —0.832, 0.642
X Yy X B X Yy
—2.83| -0.277| | -0.86] —0.166 || 0.62| 0.217
—2.82| -0.137| | -0.85| -0.0107| | 0.63| 0.119
281 =0 -0.84| -0.048 || 0.64| 0.018
—2.80| -0.136| | 0.83] 0.010 0.65| -0.084
—2.79] -0.269] | -0.82] 0.068 0.66] —0.189

97. g(x)=3x"+4x’ -3

(@)

|

—— |

)

=5

The function has two zeros. They are in the
intervals (-2, —1) and (0, 1).
(b) Zeros: —1.585, 0.779

x Y, x A
—1.6 | 0.2768] | 0.75] —0.3633
—1.59[0.09515| | 0.76| —0.2432
—1.58[-0.0812| [ 0.77] —0.1193
—1.57[-0.2524] | 0.78] 0.00866
—1.56| —0.4184) [ 0.79] 0.14066
—1.55[-0.5795| | 0.80] 0.2768
—1.54] -0.7356] | 0.81] 0.41717

98. h(x)=x*-10x>+2

(a)

0

The function has four zeros. They are in the

intervals (0, 1), (3,4), (-1, 0),and (-4, -3).
(b) Notice that 4 is even. Hence, the zeros come in

symmetric pairs. Zeros: £0.452, £3.130.

Because the function is even, we only need to

verify the positive zeros.

x A x Y,
0.42 0.26712 309 | -2315
0.43 0.18519 310 | -1.748
0.44 0.10148 311 | -1.171
0.45 0.01601 3.12 | -0.5855
0.46 —-0.0712 3.13 0.01025
0.47 —0.1602 3.14 0.61571
0.48 —0.2509 3.15 1.231

99. f(x)=x"-3x"—-4x-3

(a)

k1]

\

L

NJ

25

The function has two zeros. They are in the

intervals (-1, 0) and (3, 4).

(b) Zeros: —0.578, 3.418

X b X Y,
-0.61 0.2594 3.39 -1.366
—0.60 0.1776 3.40 —0.8784
-0.59 0.09731 3.41 —0.3828
—0.58 0.0185 3.42 0.12071
-0.57 —-0.0589 3.43 0.63205
—0.56 —0.1348 3.44 1.1513
-0.55 —-0.2094 3.45 1.6786

100. f(x)= x° —4x> —2x+10

(a)

The function has three zeros. They are in the

intervals (-2, —1),(, 2), and (3, 4)
(b) Zeros: —1.537, 1.693, 3.843

x Y, x b
-1.56 | —0.4108 1.66 0.2319
-1.55 | -0.2339 1.67 0.16186
~1.54 | —0.0587 1.68 0.09203
~1.53 | 0.11482 1.69 0.02241
-152 | 0.28659 1.70 -0.047
~1.51 | 0.45665 1.71 —0.1162
-150 | 0.625 1.72 —0.1852
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101.

102.

103.

104.

105.

X Y
3.82 —0.2666
3.83 —0.1537
3.84 —-0.0393

3.85 0.07663
3.86 0.19406
3.87 0.313

3.88 0.43347

F) =2 (x+6)

15

-5

No symmetry
Two x-intercepts

h(x)=x*(x—4)*

40

f

=1}

No symmetry
Two x-intercepts

gn=—%a—4fu+4f

(1]

=1t {11}

=150

Symmetric with respect to the y-axis
Two x-intercepts

1
g(x) = g(x +1)’(x=3)’

.

No symmetry
Two x-intercepts

f(x)=x—4x=x(x+2)(x=2)

Ll ]
{U

Symmetric with respect to the origin
Three x-intercepts

106. f(x)=x*—2x7

2

IREEE

VIN/

Symmetric with respect to the y-axis

Three x-intercepts

107. g(x)= %(x +1)*(x=3)(2x-9)

4

o

-t

No symmetry
Three x-intercepts

108. h(x)= %(x +2)°(3x =5y

|

-1

-y

No symmetry
Two x-intercepts

109. (a) Volume =length x width X height

Because the box is made from a square, length =

width.

Thus: Volume = (length)2 X height = (36 - 2x)2 X

(b) Domain: 0<36—-2x <36

-36< -2x <0
18>x>0
©
Height, x | Length and Width Volume, V
1 36-2(1) 1[36-2(1)] =1156
2 36-2(2) 2[36-2(2)] =2048
3 36-2(3) 3[36-2(3)] =2700
4 36-2(4) 4[36-2(4)] =3136
5 36-2(5) 5[36-2(5)] =3380
6 36-2(6) 6[36-2(6)] =3456
7 36-2(7) 7[36-2(7)] =3388

Maximum volume is in the interval 5<x<7.
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110.

111.

112.

113.

(d)

5k . . H .7
13X}

x=6 when V(x) is maximum.
(a) V(x) =length x width X height
=(24-2x)(24—4x)x
= 8x(12 —x)(6—x)
(b) Domain: 0<x <6

©

Maximum occurs at x = 2.54.

The point of diminishing returns (where the graph
changes from curving upward to curving downward)
occurs when x = 200 The point is (200, 160) which
corresponds to spending $2,000,000 on advertising to
obtain a revenue of $160 million.

)

1]

Point of diminishing returns: ( 15.2, 27.3)
15.2 years
(@)

14,000

gk - - ;. - .l M
10,000

The model fits the data well.
(b)

[EXVLY]

5

b e dw
[{EL L

Answers will vary. Sample answer: You could use
the model to estimate production in 2010 because
the result is somewhat reasonable, but you would
not use the model to estimate the 2020 production

because the result is unreasonably high.

©

P PR N T
50

The model fits the data well.

i)

Bk v Wil Wl wa alay
50

Answers will vary. Sample answer: You could use
the model to estimate production in 2010 because
the result is somewhat reasonable, but you would
not use the model to estimate the 2020 production
because the result is unreasonably high.

114. True. f(x) =x° has only one zero, 0.

115. True. The degree is odd and the leading coefficient
is —1.

116. False. The graph touches at x =1, but does not cross
the x-axis there.

117. False. The graph crosses the x-axis at x =-3 and
x=0.

118. False. The graph rises to the left, and rises to the right.

119.
‘:\[\W
L]

s

The graph of y, will fall to the left and rise to the right.

It will have another x-intercept at (3, 0) of odd
multiplicity (crossing the x-axis).
120. (a) Degree: 3
Leading coefficient: Positive
(b) Degree: 2
Leading coefficient: Positive
(c) Degree: 4
Leading coefficient: Positive

(d) Degree: 5
Leading coefficient: Positive

121, (£ +.)(4) =/ (~4) +5(4)

=-59+128 =69
122. (g—£)(3) =2(3) - £(3) =8(3)" - [14(3) - 3]
= 72-39=33
SN ENENERT
I T
49
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f f(-15) 24 4
124. [E](—I.S) = m =5 "3

125. (fog)(-1)=£(2(-1))=f(8) =109

Il
o
|
S
=
Il
o)
|
w0
=
©
Il
2
)

126. (g2 £)(0) = 8(£(0))

127. 3(x-5) <4x - 7

3x—15<4x-17
—-8<x

128. 2x°—x > 1

L
3
i 2
23 —x - 1

>0
(2x+1)(x - 1) >0

[2x+1 2 0andx — 1 2 0]or[2x+1 < Oandx — 1 < 0]
{x 2—%andx21} or [x <
X >1 or x < —l
2
Section 2.3

1.  f(x) isthe dividend, d(x) is the divisor, g(x)is the

quotient, and r(x) is the remainder.
improper

constant term, leading coefficient
Descartes’s Rule, Signs

upper, lower

SN ;RowN

According to Descartes’s Rule of Signs, given that

f(—=x) has 5 variations in sign, there are either 5, 3, or

1 negative real zeros.

7. According to the Remainder Theorem, if you divide

f(x)by x—4 and the remainder is 7, then f(4)=7.

8. To check whether x —3 is a factor of

f(x)=x" —2x* +3x+4, the synthetic division format

should appear as 3|1 —2 34 and if it is a factor, the

remainder should be 0.

—landx <1
2

130.

10.

M2 4<o
x -7
5x—2—4(x—7)
x -7 B
x +26 <0
x -7

[x+26 > Oandx — 7<0]or [x+26 <Oandx —7>0]

[x 2-26andx<7] or [x <-26andx>7]
-26 < x<7 impossible
|x+8 - 1215
h | L i
4 L
i2 M 16 8 0 B It
|x+8 = 16

x+8 =216 orx+8 < —16
x =28 orx < =24

2x+4
x+3)2x* +10x +12
2x% +6x
4dx+12
4x+12
0
2
2x°+10x+12 x4 x£-3
x+3
5x+3
x—4}5x2—17x—12
5x> =20x
3x-12
3x—12
0
2_ p—
S lIxm12 i3 c4
x—4
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X +3x° -1
L x+2)x 4527 +6x" —x—2
xt+2x’
3x° +6x7
3x° +6x°
-x-2
—x=2
0

X458 +6x7—x-2

x+2
XX - x-20
12. x-3)x’—4x’-17x +6
x =3x
—-x"—17x
-x*+ 3x
-20x+6
—20x+60
-54
x3—4);2_—317x+62)62_)6_2()_)65_43
x* = 3x+1
13, 4x+5)4x" =72 ~11x+5
—4x° +5x°
—12x* —11x
—12x*> —15x
4x+5
~4x+s

45 —T7x* —11x+5 _

4x+5
x> =25
14. 2x- 3>2x3 —3x*=50x +75
2x° —3x?
—-50x+75
—~50x+75
0
2x3—3)2£;—_530x+75 25, ”%
7x* —14x+28
15. x+2>7x3 + 0x* +0x + 3
7x° +14x°
—14x
—14x* —28x
28x+3
28x+56
-53
TXH3 e axeaso 2
x+2 x+2
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=x*+3x" -1, x#2

—x2—3x+l,x;&—i
4

1
472X+ x——
2

16. 2x+ 1)8x4 +0x° +0x% +0x—5

8x* +4x°
-4y’
—4x* —2x°
2x°
2x% 4+ x
—x-5
1
—x—=
2
2
2
9
. Z
u=4x3—2x2+x—l— 2
2x+1 2 2x+1
3x+5
6x°+10x* + x+8
3 2
17. 2x2+0x+lw
10x™—2x +8
10x*+0x +5
-2x+3
6x°+10x% +x+8 2x-3
—————=3x+5-——
2x"+1 2x"+1
X +2x+4

18. x* —2x+3>x4+0x3 +3x7 +0x+1

xt—2x% 4347

2x° + Ox
2x° — 4x° +6x
4x* —6x+1
4x* —8x+12
2x—-11
X42+3X2+1=x2+2x+4+ 22x—11
X =2x+3 X" =2x+3
X
19. xX*+1)x* +0x*+0x-9
x + x
-x-9
=9 _x+9
x*+1 x*+1

2
X

20. x° —l>x5 +0x* +0x° + 0x*+0x+7

X +7
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2x

21, ¥ —2x+l>2x3 —4x? 1

5x+5

2x° —4x* + 2x
—17x+5

2x° —4x* —15x+5 _

B 17x-5

(1)

22. (x—=1°=x"-3x"+3x—

2x

(x-1)

1
x+3

X =3x* +3x— 1>)c4

X =343 —x

3 -3 +x

35 —9x%+ 9x— 3

6x* +8x+3

x* 6x* —8x+3

=x+3+

x—l)3 (x—

23. 513 —-17 15 =25
15 -10 25
3 -2 5 0

3x° —17x* +15x =25 _

X —

5

24. 35 18 7 -6
-15 -9 6

5 3-2 0

Sx*+18x +7x -6
x+3

25. 36 7 -1 26

1)’

3x%=2x+5 x#5

=5x"+3x-2, x#-3

18 75 222
6 25 74 248
3 2 _
6x" +7x x+26=6x2+25x+74+ 248
x-3 x-3
26. 6|2 14 =20 7
-12 -12 192
2 2 =32 199
3 2
2x” +14x 20x+7=2x2+2x—32+ 199
x+6 x+6
27. 29 —-18 -16 32
18 0 -32
9 0 -16 0
3 2
9x” —18x 16x+32=9x2—16,x¢2
x=2
28. 2[5 0 6 8
-10 20 -52
5-10 26 —44
3
w:5x2_10x+26_ 4“4
x+2 x+2

29.

30.

31.

32.

33.

-§1 0 0 512

-8 64 -512

1 -8 64 0

3
XHASIZ_ o gii64, x-8
x+38
91 0 0 -729

9 81 729

1 9 81 0

3_
x—729=x2+9x+81,x¢9
x=9

114 16 -23 -15
2 -2 =7 15
4 14 =30 0
4x° +16x* —23x-15

=4x* +14x-30, xi—%

3x —4x* +5 , 1 3 49
—=3x"+—x+—+
3 2 4 8x-12
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. =x—1+
M. % x+3

(x=1)(x+3)+2
- x+3
X +2x-3+2
x+3
X 4+2x-1
x+3
Vi

(¥ —=8)(x*+5)+39
xX*+5
_ x* =8x% +5x* —40+39
- X +5
Xt =321
P +5
=)

LA

x+1
xz(x2+1)—1
2 +1
P |
- X +1

37. f(x)=x—-x*-14x+11, k=4
41 -1 -14 11
4 12 -8
1 3 -2 3
f)=(x—4)(x"+3x-2)+3
f(4)=(0)26)+3=3

38.

39.

40.

41.

42,

43.

Fx)=15x" +10x° —6x> +14, k :%

201510 -6 0 14

3
10 0 4 -3
3

150—64ﬁ

f(x)=[x+%](15x3 —6x+4)+%

S 3 -2 14
V2 2432 6
1 3442 32 -8

f(x):(x—\/g)(x2 +(3+\/E)x+3\/§)—8
f(ﬁ)=o(4+6ﬁ)—8=—8

-5 2 -5 -4
-5 5-2J5 10
1 2-45 -2J5 6

)= +5)( +2=~5)x=25)+6

f(—5)=6

1-3] 4 -6 12 -4
4-43 10-243 4

4 -2-4y3 -2-23 0

F)=(x=1+3)[4x" =2 +43)x =2 +24/3)]

fa=+3)=0

2+\/5

-3 8 10 -8
-6-3V2 -2-42 8

-3 2-32  8-42 0
) =[x=Q2+2)I[-3x" +(2-3V2)x +8 - 44/2]

fQ+42)=0

f(x)=2x3—7x+3

(@ 1|2 o0 -7 3

2 2 -5
2 2 -5 =2 =f)
® 212 o -7 3
—4 8§ -2
2 —4 1 1 = f(=2)
L2 o -7 3
(©) 5
1 13
1 - =
2 4
13 1 1
2 1 -= = =f| =
2 4 f[zj
@ 212 o - 3
4
2 4 1 5 =f(2)
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4. g(x)=2x"+3x*—x*+3 48. 411 0 -28 -48

© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
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X =Tx+6=(x-2)(x"+2x-3)
=(x-2)(x+3)(x—-1)

Zeros: 2, =3, 1

@ 212 03 0 -1 0 3 -4 16 43
4 8 22 4 86 172 1 -4 -12 0
411 22 43 86 175 =302 x'—28x—48 = (x +4)(x’ —4x-12)
® 12 0 3 -1 0 3 =(x+4)(x-6)x+2)
2 2 5 5 4 4 Zeros: -4, =2, 6
2 25 5 4 4 7 =g 4. 1|2 -15 27 -10
© 3)2 o0 3 0 -1 0 3 2 1 -7 10
6 18 63 189 564 1692 2 14 20 0
2 6 21 63 188 564 1695 =g(3) 203 —15x% + 27 —10
-12 03 0 -1 0 3 1,
=(x——)2x" —14x+20)
(d) -2 2 -5 5 -4 4 2
2 -2 5 -5 4 -4 7 =g =Q2x-Dx=2)(x-5)
1
45. h(x)=x"—5x—Tx+4 Zeros: 72,5
@ 4t -5 -7 4 2048 —80 41 6
3 -6 -39 0. 2
3 32 -32 6
1 -2 -13 =35 =hQ)
48 —48 9 0
® 21 -5 -7 4 5
2 —6 —-26 48x° —80x* +41x—6=(x —g)(48x2 —48x+9)
1 -3 -13 =22 =hQ) =Bx—2)(4x-3)(4x—1)
© 211 -5 -7 4 Zeros: 2. 31
eros: —, —, —
-2 14 -14 3 4 4
1 -7 7 =10 =h-2) @ 212 1 -5 2
d 511 -5 -7 4 —4 6 -2
-5 50 -215 5 3 1 o
1 =10 43 =211 =h(-5) (b) 2x*=3x+1=Qx—-D(x—-1)
fr=axt 166 17 520 Reaelag oo @1 =1
@ 1|4 -16 7 0 20 © fE=@ )xl r=1)
4 —12 -5 -5 (d) Real zeros: -2, > 1
4 -12 -5 =5 15 =f(@1) ’
b 2|4 -16 7 0 20 {\j
-8 48 -110 220 ¥
4 —24 55 —110 240 = f(-2) l
) 5|4 -16 7 0 20 '
20 20 135 675 @ 33 2 -19 6
4 4 27 135 695 =f(5 -9 21 -6
(d-1014 -16 7 0 20 3 -7 2 0
—40 560 —5670 56,700 (b) 3x*=Tx+2=(@Bx-1)(x-2)
4 —56 567 —5670 56,720 = f(10) Remaining factors: (3x—1), (x—-2)
© f(O)=x+3)Cx-1)(x-2)
2 _
! 0 7 6 (d) Real zeros: -3, l, 2
2 4 -6 3
1 2 -3 0

RTE

f \V

20
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53. (@ 5|1 -4 -15 58 -40 o Realzems:% +5

5 5 =50 40

1 1 -10 8 0

411 1 -10 8 [\ }

-4 12 -8 h 6

1 -3 2 0

(b) x*-3x+2=(x-2)(x-1)
Remaining factors: (x—2), (x—1) 57. f(x)=x"+3x"—x-3

© fO=x=5)(x+4x-2)(x-1)

(d) Real zeros: 5, —4, 2, 1

p = factor of -3
q = factor of 1

7 o
i Possible rational zeros: 1, £3

FO)=x*(x+3)=(x+3)=(x+3)(x* -1)

Rational zeros: 1, —3

58. f(x)=x"—-4x*—4x+16

54. (@) 2|8 -14 -71 -10 24
-16 60 22 —24

8 =30 -11 12 0 p = factor of 16
418 -30 -11 12 q = factor of 1
32 8 —12 Possible rational zeros: 1, £2, £4, £8, *16
sz =3 0 F) =X (= 4) =4 —4) = (x4~ 4)
(b) 8x*+2x-3=(4x+3)2x-1)
Remaining factors: (4x+3), (2x—1) Rational zeros: 4, £2
(c) xX)=(x+2)(x—4)(4x+3)2x—-1)
! 31 59. f(x)=2x*—-17x>+35x* +9x 45
(d) Real zeros: -2, 4, ——, —
) 4 2 p = factor of —45
iy 1 T q = factor of 2
Possible rational zeros: *1, 3, *5, £9, +15, £45,
L3 43,0 s
00 2 2 2 2 2 2
55. (a) 116 41 —9 _14 Using synthetic division, —1, 3, and 5 are zeros.
2| -3 -19 14

Sx)=(x+D(x=3)(x=5)2x-3)
6 38 -28 0 ] 3
(b) 6x*+38x—28=(3x—2)(2x +14) Rational zeros: —1, 3, 5, —
Remaining factors: (3x—2), (x+7)

— 4 3 2
© f()=Qx+DBx=2)(x+7) 60. f(x)—4x5—8x =5x"+10x" +x-2
(d) Real zeros: —l, 3, -7 p = factor of —2
23 q = factor of 4
! Possible rational zeros: 2, *1, + l, il
\ 2 4
Using synthetic division, —1, 1,and 2 are zeros.
; : fO)=(x+Dx-D(x-2)2x-DR2x+1)
- ‘I-J’ 1
) Rational okl £—, 2
5. (@ 1|2 -1 -10 5 atonatzeros: =L =5
2 1 0 -5
61. f(x)=2x"-x"+6x"—x+5
2 0 -10 O
(b) 2x*-10=2(x— x/g)(x +45) 4 variations in sign = 4, 2, or 0 positive real zeros
Remaining factors: (x—+/5), (x++/5) fx)=2x" +x +6x7 +x+5

0 variations in sign = 0 negative real zeros

© f)=Cx-Dx+/5)x=/5)
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62.

63.

64.

65.

66.

F(x)=3x"+5x" —6x* +8x-3

3 sign changes = 3 or 1 positive real zeros
f(=x)=3x"=5x"—6x* —=8x -3
1 sign change = 1 negative real zero

g(x)=4x> =5x+8

2 variations in sign = 2 or 0 positive real zeros
g(—x)=—4x"+5x+8
1 variation in sign = 1 negative real zero

g(x)=2x" —4x* -5

1 sign change = 1 positive real zero
g(—x)=-2x"—4x* -5
No sign change = no negative real zeros

f)y=x"+x*—4x-4

(a) f(x) has 1 variation in sign = 1 positive real
zero.
f(=x)=—x"+ x> +4x —4 has 2 variations in sign
= 2 or 0 negative real zeros.

(b) Possible rational zeros: *1, +2, +4

()

(d) Real zeros: -2, —1, 2

(@) f(x)=-3x"+20x*-36x+16

3 sign changes = 3 or 1 positive real zeros

f(=x)=3x"+20x> +36x+16
0 sign changes = No negative real zeros
(b) Possible rational zeros:

il +2 +i +§ i16

s — s — s — s

3773 73 T3 T3
(©

(d) Zeros: g, 2,4

67.

68.

69.

70.

F(x)==2x"+13x —=21x% +2x +8

(a) f(x) has variations in sign = 3 or 1 positive real
Zeros.
f(=x)==2x*-13x> =21x* =2x+8 has 1
variation in sign = 1 negative real zero.

(b) Possible rational zeros: i%, +1, £2, £4, £8

(©

| VAR
|

4

(d) Real zeros: —%, 1,2, 4

(@ f(x)=4x'-17x"+4

2 sign changes = 0 or 2 positive real zeros
f=x)=4x*-17x" +4
2 sign changes = 0 or 2 negative real zeros

. . 1 1
(b) Possible rational zeros: iz, iz, +1, £2, +4

©

15

(d) Zeros: =*2, i%

F(x)=32x>-52x" +17x+3

(a) f(x) has 2 variations in sign = 2 or 0 positive
real zeros.
f(=x)=-32x>-52x* —=17x +3 has I variation in
sign = 1 negative real zero.

(b) Possible rational zeros:

ii, ii, il, il, il, 1, ii, ii, ii, ii, ii, +3
32 16 8 4 2 32 16 8 4 2
© )

(d) Real zeros: 1, z,_l
4 8

F(x)=x"—x-29x" —x-30

(a) f(x) has 1 variation in sign = 1 positive real
zero.
F(=x)=x*+x* —=29x*> + x =30 has 3 variations in
signs = 3 or 1 negative real zeros.

(b) Possible rational zeros:
+1, £2, £3, £5, £6, £10, £15, £30
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© 74. f(x)=2x"—8x+3

6 18 54 138

\/\-/i
26 18 46 141

150

1i [ 3120 0 -8 3

(d) Real zeros: -5, 6 3 is an upper bound.

71. —x'—4x 41
foo=x" =4 +15 ~8 32 —128 544

41 -4 0 0 15 2 =8 32 -—136 547
40 0 O —4 is lower bound.

1 00 0 15

42 0 0 -8 3

Real zeros: 0.380, 1.435
4 is an upper bound.

25
M 40 0 15 75. P(x)=x —Zx +9

-15 -5 5
= %(4)64 —25x% +36)

1 -55 -5 20
1
—1 is a lower bound. = Z(4x2 -9) (x* —4)

Real zeros: 1.937, 3.705 1
=Z(2x +3)2x-3)(x+2)(x-2)

72. =2x"—3x*—12x+8
fo=2x * * The rational zeros are i% and 2.

42 -3 12 8
8 20 32 7. f(x):%(2x3—3x2—23x+12)

2 5 8 40

. Possible rational zeros:
4 is an upper bound.

32 -3 -12 8 £1,4£2,£3,£4, 6,212, £
-6 27 -45
2 -9 15 -37

—3 is a lower bound.
2 5 -3 0

Real zeros: —2.152,0.611, 3.041 Fx) = %(x—4)(2x2 +5x-3)

73. f(x)=x'—4x’+16x-16 1
= E(X -H2x-1(x+3)

51 -4 0 16 -16
25 105 525 2705
5 21 105 541 2689

Rational zeros: —3, %, 4

5 is an upper bound. 77. f(x)=x° _ixz —x +l

=31 -4 0 16 -16

=l(4x3 —x*—4x+1)
-3 21 -63 141 4

1 -7 21 -47 125 :i[x2(4x—1)—(4x—1)]
—3 is a lower bound. 1
=—(4x-D(x* -1
Real zeros: -2, 2 4

=i(4x -Dx+Dx-1)
The rational zeros are % and *1.
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_ 4 3 2
78. f(z):é(6z3+llzz—3z—2) 83. y=2x*-9x +5x* +3x-1
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79.

Possible rational zeros: 1, +2, +

=26 11 -3 =2
-12 2 2
6 -1 -1 0

f(x)= %(z +2)(67° —z—1)

1
=g(z +2)(B3z+1D(2z-1)
. 11
Rational zeros: —2, ——, —
32
f=x"-1
=(x-D*+x+1)
Rational zeros: 1 (x =1)

Irrational zeros: O

84.

. s 1.
Using the graph and synthetic division, 3 is a zero.

2 2105 -5 1

12 -9 5 3 -1
2
2 -10 10 -2 0

y= [x+%j(2x3 —10x* +10x—-2)

x =11is a zero of the cubic, so
y=Qx+D(x—-1)(x>—4x+1).

For the quadratic term, use the Quadratic Formula.

+16 -
x=¥=2i\/§

The real zeros are —%, 1, Zi\/g.

y=x'=5x=7x* +13x-2

Using the graph and synthetic division, 1 and -2 are

Matches (d). P
_ .3
80. f(x)=x"-2 y=(x-D(x+2)(x*—6x+1)
=(x—3/§)(x2+32x+3/1) . )
For the quadratic term, use the Quadratic Formula.
Rational zeros: 0
+/36 —
X= 6£v36-4 _ 3422
Irrational zeros: 1 (x = Q/E ) 2
Th 1 I, =2, 3£2+2.
Matches (a). e real zeros are 1, , 3 \/—
_ 4 3 2
81. f()=x—x=x(x+D(x-1) 85. y=-2x"+17x" -3x" -25x-3
Rational zeros: 3 (x =0, £1) Using the graph and synthetic division, —1 and % are
Irrational zeros: O Zeros.
Matches (b). y=—(x+1D)2x—3)(x* —8x—1)
82. f(x)=x"-2x For the quadratic term, use the Quadratic Formula.
=x(x*-2)

-2 )
Rational zeros: 1 (x =0)
Irrational zeros: 2 (x = -_F\/E )

Matches (c).

86.

+
Lo 8ENO4+4 \13‘”4 4+ 17
3
The real zeros are —1, 5 4+417.

y=—x'+5x"-10x—4

Using the graph and synthetic division, 2 and —1 are
ZEeros.

y=—(x=2)(x+D(x* —4x—-2)

For the quadratic term, use the Quadratic Formula.

- 4i\/;6+8 245

The real zeros are 2, —1,2+ \/g
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87. 3x'—14x*-4x=0 90. 4x*+7x*—11x-18=0

3 _
x(3x0—.14x - ;1) =0 Possible rational zeros: +1,+2,+3,+£6,+9, +18,
x =0 is a real zero.
il 41 43 43,9 19

s — s =T — s =77

472 T4 T2 T4 T2

Possible ratoinal zeros: +£1, +2, +4, i%, i%, i%
-2/4 7 -11 -18
-2|3 0 -14 -4 -8 2 18
-6 12 4 4 -1 -9 0
3 -6 -2 0 x=-2 is areal zero.
x =-2 is areal zero. ) )
Use the Quadratic Formula. 4x~ —x—-9=0
Use the Quadratic Formula. 3x> —6x—-2=0 1+£+/145
xX=—"-
8
EEEVE 1£145
3 Real zeros: x=-2, T
34415
Real zeros: x=0. =2, == 91. 2y*+7y’~26y° +23y-6=0
dx* 11 =222 +8x =0 Possible rational zeros:
88.
3 2 -
x(4x” —11x"=22x+8)=0 i%, L1, i% 12 43 46
x =0 is areal zero.
I | 112 7 =26 23 -6
Possible rational Zeros:il,iZ,i4,i8,iZ,i5 9 1 4 —11 6

2 8 =22 12 0
44 -11 -22 8

16 20 -8 12 8 -22 12
4 s _, 0 2 10 -12
2 10 -12 0
x =4 is areal zero.
-6[2 10 —-12
Using the Quadratic Formula.
_5+ﬁ -12 12
45> +5x-2=0 XZ_T 2 -2 0
5+ 1 _
Real zeros: x=0, 4, 5_7\/5 2 2
89. *-7"-27-4=0 2 0
1
Possible rational zeros: *1, +2, 4 x=o x=1,x=-6, and x=1 are real zeros.
-1]1 -1 0 -2 -4 +O-1’'Qy-1)=0
-1 2 =2 4 |
Real zeros: x=-6, 1, —
1 -2 2 -4 0 )
2|1 -2 2 -4 X =x"=3x +5x*=2x=0
2 0 4 92. 4 3 2
x(x"—x"=3x"+5x-2)=0
1 02 0 x =0 is areal zero.

1 0 -3 2
1 0 -3 2 0

z=-1 and z=2 are real zeros. 111 =1 =3 5 -2

=2 =2z-4=(z+1)(z-2)(z"+2)=0

The only real zeros are —1 and 2. You can verify this by

graphing the function f(z)=z'-z7’-2z-4. 2|1 0 -3 2
-2 4-=2
1 -2 1 0
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x=1 and x=-2 are real zeros. 5 3
x= —E, x=-2,x :E, and x =3 are real zeros.

x(x=D(x+2)(x* =2x+1)=0
x(x=D(x+2)(x—D(x-1)=0 2x+5)(x+2)(2x—-3)(x-3)=0

Real zeros: -2, 0, 1 Real zeros: x=—§, -2, %, 3

. 4x*—55x" —-45x+36=0

© 2014 Cengage Learning. All Rights Reserved. This content is not yet final and Cengage Learning
does not guarantee this page will contain current material or match the published product.

95. 8x'+28x°+9x*-9x=0

Polssible;ational ZETOS: X(8x° +28x% +9x—9)=0

sloe3 w1 23 40 22 13 54 22 16 +0, 218
2" T4 2 4 2

x =0 is areal zero.

Possible rational zeros:

414 0 -55 -45 36
16 64 36 -36

416 0 -9 0 +1, £3, £9, il, ié, ig, il, ii, ig, il, ii, t
314 16 9 -9 8 8 8 2 2 2 4 4
-12 -12 9
] ] 3 o =318 28 9 -9
- 24 -12 9
l 4 4 -3 8 4 -3 0
2 2
x=-3 1is areal zeros
4 6 0
Use the Quadratic Formula.
314 6 4+
) _6 8x’ +4x-3=0 x= V7
4
4 0
—1%4/7
x=4, x=-3, x:%, andx:—% are real zeros. Real zeros: x=0, =3, n

(x=4(x+3)2x-1D(2x+3)=0 96.  x° 455" —5x° — 154 —6x=0

4 38,2 _ —_6)=
Realzeros:x=4,—3,%,—% X +3x7 =507 ~15x-6)=0

4x* —43x*-=9x+90=0

x=0 is a real zero.

) ) Possible rational zeros: 1, £2, +3, £6
Possible rational zeros:

£1,42,%3,45,+6,£9,+10, £15, %18, s s -5 -6
1 -1 -4 9 6
130, £ 45,+90, £+ —, _ _
> 1 4 9 6 0
ii, ii, ii, iz, ig’ 12’ il—, il—, iﬁ, iﬁ x=-1 is areal zero.
2 4 2 4 2 4 2 4 2 4
211 4 -9 -6
514 0 -43 -9 90 2 12 6
-10 25 45 =90 1 6 3 0
4 -10 -18 36 0 x =2 is areal zero.
-2/4 -10 -18 36 Use the Quadratic Formula.
-8 36 -36 X +6x+3=0 x=-3%6
4 -18 18 0 Real zeros: x=0,—1, 2,—3i\/g
4 —18 18
3 97. 4x° +12x* — 116 — 42> +Tx +30=0
2 6 -18
4 —12 0 Possible rational zeros:
+1, £2, £3, £5, £6, £10, £15, 30,
34 -12 41 g1 3 .3 .5 .5 15,15
T27 T4 T2 T4 T2 T T2 T4
12
4 0
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114 12 -11 -42 7 30 99, h(t)=1 =2t =Tt +2
4 16 5 -37 =30
4 16 5 =37 =30 0

(a) Zeros: -2, 3.732,0.268

-1]4 16 5 =37 =30
-4 -12 7 30
4 12 -7 =30 0

b -2/1 -2 -7 2

1 -4 1 0

214 12 -7 =30 (©) h(l)z(l+2)(lz—4l+1)
-8 -8 30 =+2)[ -3+ |[t+(3-2)]
4 4 -15 0

100. f(s)=5>—12s" +40s—24

% 4 4 -15
6 15 (a) Zeros 6, 5.236,0.764
4 10 0 b 61 -12 40 -24
6 -36 24 s=6 isa zeros.
Sl40010
2 1 -6 4 0
-10
4 0 ©) f(s)=(s—6)(s*—65+4)

=(s=6)(s=3-V3)s=3-+/5)

3 5
x=1, x=-1, x=-2, x=—, and x = —— are real zeros.
2 101. A(x)=x" —7x* +10x° +14x> — 24x

(x=D(x+D(x+2)2x-3)2x+5)=0 @) x=0, 3 4, +1.414

Real zeros: x=1, —1, =2, % —%. (b) 3|1 -7 10 14 -24
o 3 2 3 -12 -6 24
98. 4x° +8x* —15x’ —23x* +11x+15=0 1 -4 =2 8 0

Possible rational zeros: 3 is a zero

x= .

+1, £3, £5, +15, il, il i—z, iz, ii, iz, ig, +
2 4 2 4 2 4 2

s

&5

/4 8 —-15 -23 11 15
4 12 -3 =26 -15
4 12 -3 =26 -15 0

4|1 -4 -2 8

1 0o -2 0

©)  h(x)=x(x=3)(x-4)(x*-2)

T4 12 =3 =26 -1 = (=3 -4 —V2)(x +4/2)

-4 -8 11 15

4 8 —-11 -15 0 102. g(x):6x4—11x3—51x2+99x—27
-1]4 8 —-11 -15 (a) x=43.0, 1.5, 0.333
-4 -4 15 (b) 3|6 -11 =51 99 =27
4 4 -15 0 18 21 =90 27
sS4 4 —15 6 , 7 =30 9 0
2 x =3 is a zero.
6 15
4 10 0 -316 7 -30 9
-18 33 -9
5
2 410 6 —11 3 0
—10
4 0 x =-3 is a zero.

x=Lx=-lLx=-1x =3, and x = 3 are real zeros. (© 8()=(x=3)(x+3)(6x" ~1lx+3)
2 2 =(x=3)(x+3)3x—1)(2x-3)

Real zeros: x=1, -1, —1, %, _2_
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103. (a)

(b)
(©

104. (a)

(b)

(©)
105. (a)

(b)

(©)

(x—
Using the Quadratic Formula, x =15 or

The value of

([LY}

n .1}
0

The model fits the data well.
S =-0.0135¢ +0.545:* —=0.71¢ + 3.6

25 [-0.0135 0545 -0.71 3.6
-0.3375 5.1875 111.9375

0.2075 4.4775 115.5375

-0.0135

In 2015 (t = 25), the model predicts approximately
116 subscriptions per 100 people, obviously not a

reasonable prediction because you cannot have
more subscriptions than people.

&

[

20100}

In 1960 (r =0), there were approximately
3,167,000 employees.

40 |-0.084 1032 -235 3167
-3.36 278.4 10,196

-0.084 696 2549 13,363

In 2000 (t = 40), the model predicts approximately

13,363,000 employees.
Answers will vary.

Combined length and width:

4x+y=120=y=120—-4x

Volume =/-w-h=xy
=x"(120 — 4x)
=4x*(30-x)

(R

A

1} 1)

Dimension with maximum volume:
20x20x40

13,500 = 4x*(30 — x)
4x* —120x* +13,500 =0
x> —=30x*+3375=0
1 =30 0 3375
15 —225 -3375

1 -15 225 0
15)(x* =15x—225)=0

15-155
2

negative.

15155
—

is not possible because it is

106.

107.

108.

109.

110.

111.

112.

y=-5.05x" +3857x—38,411.25, 13<x <18

@ 7
/7

(b) The second air-fuel ratio of 16.89 can be obtained
by finding the second point where the curves y and

¥, =2400 intersect.
(¢) Solve —5.05x" +3857x—38,411.25=2400 or
—5.05x° +3857x—40,811.25=0.

By synthetic division:

15 |-5.05 0 3857 —-40,811.25
=75.75 -1136.25 40,811.25
=5.05 -75.775 2720.75 0

The positive zero of the quadratic

—5.05x* = 75.75x +2720.75
can be found using the Quadratic Formula.

L1575~ J(=75.75) — 4(=5.05)(2720.75)
- 2(=5.05)

=16.89

False, —% is a zero of f.

False, f(%j =~—7.896 #0.

The zeros are 1, 1, and —2. The graph falls to the right.
y=a(x—1)*(x+2), a<0

Since f(0)=—4, a=-2.

y ==2(x-1)*(x+2)

The zeros are 1, —1, and —2. The graph rises to the right.

y =alx-Dx+1)(x+2),a>0
Since f(0)=—4, a=2.
y=2(x-Dx+1)(x+2)

f)=—(x+Dx-Dx+2)(x—-2)
Use synthetic division.

311 -k 2k —-12

3 9-3k 27-3k

13-k 9-k 15-3k
Since the remainder 15— 3k should be 0, k£ =5.
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2

113. (a) =x+1, x#1

x—1
-1

(b) al =x"+x+Lx#1
X—
4

(©) ad 1=x3+)c2+x+l,)c;a&1
x—1

In general,

x"—1 n—1 n=2
=x"+x""+.--+x+Lx=#l

x—1

114. (a) fhas 1 negative real zero. f(—x) has only 1 sign
change.

(b) Because f has 4 sign changes, fhas either 4 or 2
positive real zeros. The graph either turns upward
and rises to the right or it turns upward and crosses
the x-axis, then turns downward and crosses the
x-axis and then turns back upward and rises to the
right.

(¢) No. No factor of 3 divided by a factor of 2 is equal

1
to——.
3

(d) Use synthetic division. If =0, then x —% isa
factor of f. Otherwise, if each number in the last

L . 3.
row is either positive or 0, then x = 7 is an upper

bound.
Section 2.4
1. (a) ii
(b) iii
() 1

2. -1, -1
3. (T+6)+@+5)=(7T+8)+(6+)5)i
=15+11i
The real part is 15 and the imaginary part is 11i.

4.  When multiplying complex numbers, the FOIL Method
can be used.

(a+ bi)(c + di) = ac + adi + bci + bdi*
=(ac—bd)+ (ad + bc)i

5. The additive inverse of 2 —4i is —2+4i so that
(2-4i)+(-2+4i)=0.

6. The complex conjugate of 2—4i is 2+4i so that
2-4)(2+4i)=4-16i" =4+16=20.

7. a+bi=-9+4i

a=-9
b=4
8. a+bi=12+5i
a=12
b=5
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115. 9x* =25 = 0

(Bx+5)3Bx-5)=0

55
xX=—=, —
33
116. 16x* -21=0
.21
16
o2l
4

117. 2x* +6x+3=0

e —6+4/6> —4(2)(3)

2(2)

118. 8x* —22x+15=0
(4x-5)2x-3)=0

53
xX=—, —
42

9. 3a+(b+3)i=9+8i
3a=9 b+3=8
a=3 b=5

10. (a+6)+26i=6—-i
a+6=6 2b=-1

—a=0 b=——

11. 5+-16 =5+./16(-1)

=5+4i

12. 2-J-9=2-Jo(-1)
=2-3i

13. —6=—-6+0i

14. 8=8+0i
15. —Si+i*=-5i-1=-1-5i

16. —3i*+i=-3(-1)+i
=3+
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17.

18.

19.

20.
21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

=0.09 =+/0.09i = 0.3i
+/=0.0004 = 0.02i

G+H-T-2)=A-1+(1+2)i
=-3+3i

(11=2i) = (=3+6i) = (11+3) + (-2 - 6)i
—14-8i

(-1+8i)+(8—5i)=(—1+8)+ (8 —5)i
=7+3i

(T+6)+(B+12i)=(7+3)+(6+12)i
=10+18i

13i—(14—7i)=13i— 14+ 7i =—14+ 20i

22+ (=5+8i)—9i = (22 +(-5)) + (8- 9)i

=17-1i

3.5, 5 11, 35 5 11
i || =i = = || = —
2 2 3 3 2 3 2

_9+10 15422
6 6

1937,

"6 6

(1.6 +3.2)) +(-5.8+4.3i) =-4.2+7.5i

~(=3.7-12.8i) (6.1-16.3i)
=(3.7+12.8i)+(~6.1+16.3i)
=(3.7-6.1)+(12.8 +16.3)i
=24+29.1i

4(3+5i)=12+20i
—6(5-3i)=-30+18i

A+)(B-2i)=3-2i+3i -2
=3+i+2
=5+i

(6-2i)(2-3i)=12-18i —4i +6i"

=12-22i-6
=6-22i

35.

36.

37.

38.

39.

40.

41.

43.

45.

46.

47.

48.

49.

4i(8 +5i) =32i +20i°
=32i+20(-1)
=-20+32i

—3i(6—i)=—18i —3=-3—18i
(\/ﬁ+\/ﬁi)(\/ﬁ—\/ﬁi) =14-102 =14+10=24
(J§+Jﬁi)(ﬁ—JEi) =315

=3-15(-1)

=3+15
=18

(6+7i) =36 +42i +42i + 497

=36+84i—49
=—13+84i

(5-4i)" =25-20i —20i +16/°
=25-40i 16
=9-40i

(4+50)* — (4 - 50y
=[ (4+50)+(4—5i) |[ (4+5i) - (4-5i) | =810i) = 80i

(1=2i) —(1+2i)" =1—4i+4i* — (1 + 4i +4i%)
=1-4i+4i° —1-4i—4i°
=-8i

4 —3i is the complex conjugate of 4 + 3i.
(443i)(4-3i)=164+9=25

The complex conjugate of 7—5i is 7+ 5i.

(7-5))(T+5i)=49+25="74

—6++/5i is the complex conjugate of —6 — Jsi.
(—6—\/§i)(—6+\/§i) =36+5=41

The complex conjugate of —3+ \/Ei is -3— \/El'.

(—3+x/5i)(—3—\/§i)=9+2=11

—J20i is the complex conjugate of /=20 =+/20i.

(v20i)(~v20i) =20

The complex conjugate of +/—13 = \/Bi is —\/Ei.

V=13 (—V13i) = (V13i) (~V13i) = 13
3++/2i is the complex conjugate of

3-V2=3-2i
B-2)3+2i)=9+2=11
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50. The complex conjugate of 1++/—8 =1+2+2i is 60. 2i N 5 _ 2i(2-i) N 5(2+i)
1-2+/2i. 2+i 2-i (2+i)(2-i) (2+i)(2-i)
4i =2 +10+5i
(1+243)(1-2431) = 14829 R
_1249i
51, 80 766 5
i i -1 - 1 12 9.
=?+§l
52, L0035,
2 i =202 6l i, 2 _3i+87+6i-4F
s, 2 __ 2 A¥5i_8+10i _8 10, 3-2i 3+8  (3-2i)(3+8i)
" 4-5 4-5 4+5i 16425 41 41 _ Ao
. . . 9+18i+16
sq, 3 i 3430 _3+430_3 3, 4490 25-18i
I=id+i =22 2 T 25418 25-18i
s 2HI_2+i 2+ _ —100+72i+225i +162
T 2—i 2-i 2+i 25" +18°
:4+4i+i2 :62+297z
441 949
3+4i 3 4 _62 297,
=—% ~5'3¢ 949 ' 949
8-7i 1+2i 8+16i—7i—147 6. Lfi_ 3 _IwiZi 3 4di
56. o = > i 4—i i =i 4—-i 4+
1-2i 1+2i 1-4i Litl 1243
SRR - T 1641
5 55
_5_20,
“ P ; 17 17
) = :
(4-5i) 16-25-40i 63. =18 /=54 = 32i—3/6i
_ i -9+40i =3(J§—J€)i
—9_40i —9+40i
:;40;(?; 64. =50 +~/—275 = 52 + 511
1+
=i
1681 1681
65. (—3+\/—24)+(7—\/—44):(—3+2x/8i)+(7—2\/ﬁi)
5i 5 -5-12i
(2+3i) —5+12i —5-12i :4+(2\/€—2\/ﬁ)i
-25i+ 60 )
T 25+144 :4”(\/8‘\5)’
60 25
169 169" 66. (—12—x/—72)+(9+\/—108)=(—12—6x/§i)+(9+6«/§i)
23 2(1-i)-3(1+i) =-3+(-62+6V3)i
1+i 1-i  (1+i)(1-i) =—3+6(\3-2);
2-2i-3-3i
1+1 67. ﬁ-@:(ﬁi)(ﬁi)
“1-5i
T2 =127 =(23)(-1) =23
1
ERES o NS0 = (i) (Vioi)

=501 =5V2(~1) =52
69. (V-10) =(V10i) =102 =-10
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70.

71.

72.

73.

74.

75.

76.

77.

(V=75) =(V75i) =750 =75

(2-+=6) =(2-6i)(2-/6i]
=4-26i—2:/6i +6i

=4-26i—2/6i +6(~1)

=4-6-4/6i
=-2-4J/6i

(357 -0)= 345 )
=21-310i + 7/5i /507
=21++/50 +7/5i = 3:/10i
=(21+5v2)+ (745 -3J10)i

X +25=0
x*=-25
x=25i

x2+32=0
xt=-32

x = +/32i = +4:/2i

X =2x+2=0;a=1 b=-2,c=2

o= —(=2)£4/(=2)° —4()(2)
2(1)
244
2
2+2i

2
=1%i

X +6x+10=0; a=1, b=6, c=10

—6+./6> —4(1)(10)

4x* +16x+17=0; a=4, b=16, c=17

~16£4/(16)" —4(4)(17)
2(4)
_—162-16
- 8
_—16+4i
I

— o+l
2

78.

79.

80.

81.

82.

9x?—6x+37=0; a=9, b=—6, c=37
—(=6)£4/(=6)" = 4(9)(37)
B 2(9)
_ 6241296

18

g
_636i 1.
18 3

16/ —4t+3=0; a=16, b=—4, c=3
—(—4)£(4) -4(16)(3)
2(16)
_4%4-176
32

44l
32

1T,

=

=—+

8 8
4x* +16x+15=0; a=4, b=16, c=15
—16£4J(16)" —4(4)(15)

. 2(4)
162416 164
8 8
_ 23 =25
) 8 2

%xz —6x 49 =0 Multiply both sides by 2.

3% —12x+18=0; a=3, b=-12, c=18
~(~12)£4/(-12)" - 4(3)(18)
B 2(3)
124472
6
-
12_6\/51 =2i\/§i

6

zx2 —Ex 2= 0 Multiply both sides by 16.
8 4~ 16

14x* —12x+5=0; a=14, b=-12, ¢ =5
—(=12)£4/(~12)" = 4(14)(5)
B 2(14)
_1244/-136
28
1242434
28

Ners

14

i

:ii
7
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83. 1.4x* —2x—10=0 Multiply both sides by 5. 93.(a) *=@{*)=01)’=1
b F=H"i="i=i

7x* —10x-50=0; a=7, b=-10, c=-50
© =" =) )=

2
(= + /(= _ _
_ =(=10)%J(-10)* ~4(7)-50) @ i () =1
27 94.(a) z,=5+2i
_10£+/1500 _10+10+15 o~ 3
- - , =
14 14
1111 1
= 4
=§J£5\/E z 0z, oz, 542 3-4i
77 _(B—4i)+(5+2i)
84. 45x—3x+12=0; a=4.5,b=-3, c=12 (G+20)(3-4)
_ 8-2i
—(=3)£4(-3)" —4(4.5)(12) 23-14i
= o .
243) L 23-14i(8+2i
8—2i \8+2i
34207 _3+323i 1,423, 212 —66i
T 9 9 373! = ~ 3.118-0.971i
85. —6i° +i =—6 i +i* =—6(=1)i+(=1) =6i—1=—1+6i b) z =16i+9
z, = 20-10i
86. 4i°—2i=-4+2i 111 1 1
—_——=— —_— =+
3 N o Y4 ) z z, z, 9+16i 20-10i
87. (V=75) =(5V3i) =5'(V3) ' =125(33) ) _(20-10i)+(9+16i)
= —375\3i (9+16i)(20 —10i)
29+ 6i
6 6 -
88. (V-2) =(v2i) =8i" =8i'" = -8 340 +230i
o Z:340+2301(29—6z):11240+463012128164_5.2791.
go, L L i_i_i_, 20+6i (29— 6i 877
. 303 . T T
£orior 1 95. False. A real number a+0i = a is equal to its conjugate.
11 1 8 _ 8 1. 96. False. i* + i —i"— i+ " = 1-1+1-i +i =1

90. L1 S -
Qi)Y 8 -8 8 —64° 8

97. False. For example, (1+ 2i)+(1—2i) =2, which is not

91. (a) (2 =8 an imaginary number.

92.

(b) (—1+\/§i)3 - (_1)3 +3(_1)2(\/§-) _,_3(_1)(\/5-)2 + (\/gl-f 98. False. For example, ({)( i) =—1, which is not an
imaginary number.
_ . 2 3
=~ 14330 - 07" + 3\3i 99. True. Let 7z, = a, +bji and z, =a,+ b,i. Then
- 8— 143/3i +9-34/3i =G e ED

© (—1—\61')3 =(1)"+3(1)" (3] +3(—1)(ﬁ6')2 +(—ﬁ')3

—1-33i = 9% = 3/3°
—1-33i +9+33i

=8

The three numbers are cube roots of 8.

(@ 2*=16

(b) (=2)'=16

() @)*=2**=16(1)=16

(d) (=20 =(=2)"i*=16(1)=16
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=(a,a, —bb,)+(ab, +ba,)i
=(a,a, —bb,)—(ab, +ba,)i
=(a, - bji) (a, —byi)

=a, +bjia,+b,

=27,%,-

100. True. Let z, = a, + bi and z,= a,+ b,i. Then

z,+2z,=(a, +bi)+(a, +b,i)
=(a,+a,)+ (b +b,)i
=(a,+a,)— (b +by)i
=(a, = bji)+(a, —byi)

=(a, +bji)+(a, +b,i)

=7,+2,
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101. —6/-6 =+/6iJ6i=6i>=-6
102. f(x)=2(x—3)* —4,g(x)=—-2(x—-3)> -4

(a) The graph of fis a parabola with vertex at the point
(3, —4). The a value is positive, so the graph
opens upward.

The graph of g is also a parabola with vertex at the
point (3, —4). The a value is negative, so the graph
opens downward.

fhas an x-intercept and g does not because when
g(x)=0, xis a complex number.

(b) f(x)=2(x-3)"-4

0=2(x-3)7"-4
4=2(x-3)
2=(x-3)
+2=x-3
3i\/5=x
Section 2.5

1. Fundamental Theorem, Algebra
2. irreducible, reals

3. The Linear Factorization Theorem states that a
polynomial function f of degree n, n >0, has exactly n
linear factors

f=alx—c)(x—c,)...(x—c,).
4. Since complex zeros occur in conjugate pairs, if a
fourth-degree polynomial function has zeros —1, 3, and
2i, then —2i is also a zero.

5.  f(x)=x"+x has exactly 3 zeros. Matches (c).

6.  f(x)=—x+7 has exactly 1 zero. Matches (a).
7.  f(x)=x"+9x> has exactly 5 zeros. Matches (d).
8. f(x)=x*—14x+49 has exactly 2 zeros. Matches (b).

9. f(x)=x"+25

X +25=0
x> =-25
x:i\/z
x =150

10. f(x)=x"+2
¥ +2=0
x*=-2
xzix/z
xzix/ai

103.
104.

105.
106.

11.

12.

13.

14.

g(x)=-2(x-3) -4
0=-2(x-3)" -4
4=-2(x-3)

2=(x-3)
i\/3=x—3
3+2i=x

(c) If all the zeros contain i, then the graph has no
X-intercepts.

(d) If a and k have the same sign (both positive or both
negative), then the graph of fhas no x-intercepts
and the zeros are complex. Otherwise, the graph of
fhas x-intercepts and the zeros are real.

(4x—5)(4x+5)=16x" —20x+20x—25 =16x" -25
(x+2) =x> +3x22+3x(2)* +2°

=x"+6x" +12x+8
(3x—%)(x+4)=3x2—%x+12x—2 =3x"+Zx-2

(2x—5)* =4x* —=20x+25

f(x):x3+9x
X +9x=0
x(x*+9)=0
x=0 x*+9=0
x'=-9
x:i@
x==3i
f(x)=x>+49x

X +49x=0
x(x* +49)=0
x=0 x*+49=0
x=-49

x=14/-49

x==%7i

F)=xX"=4x* +x-4=x*(x=d+1(x -4 =(x-4H(*+1)

Zeros: 4,+i
The only real zero of f{x) is x =4. This corresponds to
the x-intercept of (4, 0) on the graph.

f(xX)=x"—4x* —4x+16
=x"(x—4)-4(x-4)
=(x* -4)(x—-4)
=(x+2)(x=2)(x—4)

The zeros are x =2,-2, and 4. This corresponds to the
x-intercepts of (-2, 0),(2, 0), and (4, 0) on the graph.
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15.

16.

17.

18.

19.

20.

21.

f(x)zx4 +4x*+4=(x"+2)

Zeros: i\/y, i\/2—i

f(x) has no real zeros and the graph of f{x) has no
Xx-intercepts.

f(x)=x"-3x>—4

== +1)

=(x+2)(x-2)(x* +1)
Zeros: 12,+i
The only real zeros are x =—2, 2. This corresponds to
the x-intercepts of (-2, 0) and (2, 0) on the graph.
h(x)=x>—4x+1

h has no rational zeros. By the Quadratic Formula, the zeros
are

_AxNI6-4 L

2
h(x)=[x—(2+\/§)}[x—(2—\/§)]
=(x—2-3)(x=2++3)

g(x)=x"+10x+23
g has no rational zeros. By the Quadratic Formula, the zeros

are x:#:—Siﬁ.

g0 =[x=(5+vD)|[x-(5-2)]
=(x+5+/2)(x+5-42)
f(x)=x*-12x+26

f has no rational zeros. By the Quadratic Formula, the zeros
are

Lo 12212 - 406) + 0.

2
F =] x=6+410) ][ 1= (6-+10)]
=(x=6-+/10)(x-6++/10)

f(x)=x"+6x-2

f has no rational zeros. By the Quadratic Formula, the zeros

are
_6+./62 —4(—
M=_3i,/11_

2
F=[x= B+ ][ 1= (3 -1D) ]
=(x+3 -1 (x+3+/11)
f(x)=x"+25

Zeros: £5i

f(x)=(x+5i)(x—5i)

X =
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22,

23.

24,

25.

26.

27.

28.

29.

Ff(x)=x+36
Zeros: *6i
f(x)=(x+6i)(x—6i)

f(x)=16x"-81
=(4x* -9)(4x*+9)
=2x-3)2x+3)2x+3)(2x—3i)
Zeros: ii, i—gi
2
f(y)=81y*—625
=(9y* +25)(9y* - 25)
=Q@By+5i)(By-5)3y+5Q3y-5)
5

Zeros: ié, +—i
33

f()=7"—z+56

. 1£/1-4(56)

=li i
2 2
Zeros: li 223 i
2 2
1 /223 1 223§
f@=|z-—+ Z-—-
2 2 2 2

h(x)=x>—4x-3

M EN I TIEN

2
Zeros: 2+ \ﬁ

h(x)=(x—2+\/7)(x—2—\/7)

fx)= x+10x* 49
=+ D +9)
=(x+i)(x—i)(x +3i)(x=3i)

The zeros of f(x) are x==4i and x =13i.

F(x)=x"+29x* +100
=(x*+25)(x* +4)
Zeros: x=%2i, £5i{

S(x) = (x+2i)(x = 2i)(x + 5i)(x — 5i)
f(x)=3x"—5x>+48x—80
Using synthetic division, g is a zero:

53 -5 48 80
5 0 80
3048 0
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30.

31.

32.

33.

f(x)=[x—§j(3x2 +48)
=Bx-5)(x*+16)
=Bx=5)(x+4i)(x—4i)

The zeros are g, 4i, —4i.

f(x)=3x"-2x"+75x-50
Using synthetic division, % is a zero:

23 2 75 50
2 0 50
3 075 0

225
f(x)=[x—gj(3x +75)
=GBx—2)(x*+25)
=(3x = 2)(x +5i)(x - 5i)

The zeros are %, 5i, —5i.

fO)=1 =3t =15t +125
Possible rational zeros: *1, 5, 25, £125

-5 |1 -3 -15 125

-5 40 -125

1 -8 25 0

By the Quadratic Formula, the zeros of
> —8t+25 are
. 8+£+/64-100

2

=4+3i.

The zeros of f(f) are t =-5 and t =4 £3i.
fo=[t-5][t-@+3)][t-(4-3)]
=(1+5)(t—4-3i)(r—4+3i)

f(x)=x" +11x" +39x +29
-1 {1 11 39 29

-1 10 -29
110 29 0
—10++/16i _

Zeros: x=-1, -5+2i

2

f)=(x+D(x+5+2i)(x+5-2i)

Ff(x)=5x"-9x* +28x+6

Possible rational zeros: +6, g, +3,+ 3, +2, £ 2, +1, i—l
5 5 5 5
—% 5 -9 28 6
-1 2 -6
5 —-10 30 O

34.

35.

36.

37.

By the Quadratic Formula, the zeros of 5x% —10x +30

are those of x> —2x+6:

NEEN O

2
Zeros: —%, 1i\/§

s0=s{rr oo (- )
= (5x+1) (=150 ) (x =145

f(s)=3s"—45 +85+8
=Bs+2)(s* =25 +4)

Factoring the quadratic,

s=2i— V;_mzuﬁi,

Zeros: —%, 1+ \/gi

F(s)=Bs+2)(s —1+/3i)(s —1-+/3i)
g(x)=x"—4x* +8x’ —16x+16

Possible rational zeros: 1, £2, £4, £8, *16
211 4 8 —-16 16
2 -4 8 -16
2 |1 -2 4 -8 0
2 0 8
1 0 4 0
g(x):(x—Z)(x—Z)(x2+4)
=(x—2)2(x+2i)(x—2i)

The zeros of g are 2,2, and 2 .

h(x)=x*+6x’ +10x* +6x+9

-3 11 6 10 6 9
-3 9 3 9
=311 3 1 3 0
-3 0 -3
1 0 1 O

Zeros: x=-3, =3, +i
h(x)z(x+3)2(x+i)(x—i)

(@) f(x)=x>—14x+46.

By the Quadric Formula,
£ (=14) -
o 14+ /( l;t) 4(46) =7i\/§.

The zeros are 7+\/§ and 7—\/5.
) f@=[x=T+3)] x-7-5)]
=(x=T-3)x-7+3)
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(c) x-intercepts: (7+\/§, O) and (7—\/5, 0)

38. (a)

(b)

(©)

39. (a)

(b)

()

40. (a)

(b)

(©

L

fx)=x"-12x+34

By the Quadric Formula,

_ 12 +(=12)* — 4(34) _6+2.

2
The zeros are 6+\/5 and 6—\/5.

fo-{ofor2) (o)
=(x-6-2)(x-6+2)
xmterceplts (6++2,0) (6-+2.0)

\ /

1n

fx)=2x"-3x> +8x-12
=(2x-3)(x" +4)

The zeros are % and £2i.

f(x)=Qx=3)(x+2i)(x—2i)

. 3
X-intercept: Px 0

/

L~

Ll

rd

5)

f(x)=2x" =5x* +18x—45
=Qx=5)(x*+9)

The zeros are % and £3i .
) =(2x=5)(x+3i)(x-3i)
5
-1 t: | —, 0
x-intercep (2 ]

4}

/],
P

=}

41.

42,

43.

(a)

(b)

(©)

(a)

(b)
©

(@)

(b)

©

f)=x" —11x+150
=(x+6)(x* —6x+25)

Use the Quadratic Formula to find the zeros of
x> —6x+25.

+.(=6)* —
=—6_ =6) 4(25)=314i.

2
The zeros are — 6,3+ 4i, and 3 —4i.

fx)=(x+6)(x—3+4i)(x-3-4i)
x-intercept: (=6, 0)

FJ

n - 5

7

F(x)=x" +10x> +33x+34
=(x+2)(x2 +8x+17)

L]

Use the Quadratic Formula to find the zeros of
x> +8x+17.

_ —8+./8 —-4(17)

2

_ —8++-4
2

=—4+i

The zeros are =2, —4 +i, and —4 —1i.
f)=(x+2)(x+4+i)(x+4-1i)
x-intercept: (=2, 0)

H

flx)=x"+25x" +144
= (xz +9)(x2 + 16)
The zeros are £3i, *4i.
f)=(x"+9)(x*+16)
=(x+30)(x = 3i)(x +4i)(x — 40)

No x-intercepts
i}

\V/

1
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44.

45.

46.

47.

48.

49.

(@ f(x)=x'-8x+17x"-8x+16
=(* +1)(x* -8x+16)
=(x2 +l)(x—4)2

The zeros arei, —i, 4, and 4.
®) f)=(x+1)(x-4)

(c) x-intercept: (4, 0)

H)

L
Y

A 8

f(x)=(x—2)(x—i)(x+i)
=()c—2)(x2 +1)

Note that f(x) = a(x’ —2x* + x —2), where a is any
nonzero real number, has zeros 2, *i.

f(x)= ( )(x 41)(x+4i)

=(x—3)(x* +16)

=x’—3x" +16x—48
Note that f(x) = a(x’ —3x* +16x —48) , where a is any
nonzero real number, has zeros 3, *4i.

F=(x=2) (x~
=(x=2)"(x—8x+16+1)

')(x—4+i)

=(x2 —4x+4)(x —8x+17)

=x*—12x* +53x* —100x + 68

Note that f(x)=a(x* —12x* + 53x> —100x + 68),
where a is any nonzero real number, has
zeros2, 2, 4ti.

Because 2+ 5i is a zero, so is 2 —5i.
f=(x+1) (x=2-5i)(x—2+5i)
=(x+1)"(x* —4x+4+25)

=(x +2x+l)(x2 —4x+29)

=x*—2x° +22x* +54x+29

Note that f(x)=a(x* —2x +22x* +54x +29),
where a is any nonzero real number, has
zeros—1,—1,2 £ 5i.

Because 1+ \/Ei is a zero, so is 1 — \/Ei.

£ =(x=0)(x+5)(x=1-+2i)(x=1++2i)
= (" +5x)(x* —2x+1+2)
=(x2 +5x)(x2 —2x+3)

=x*+3x =7x* —15x
Note that f(x) = a(x* +3x°

nonzero real number, has zeros 0, —5, 1+ \/Ei.

—7x* +15x), where a is any

50.

51.

52.

53.

54.

5S.

Because 1+ \/Ei is a zero, sois 1 = \/Ei.

£ =(x=0)(x=4)(x=1-2i)(x-1+2i)
=(x2 —4x)(x2 —2x+1+2)

=x'—6x+11x" —12x
Note that f(x) = a(x* —6x’ +11x* —12x), where a is

any nonzero real number, has zeros 0, 4,1+ J2i.
@ f)=a(x—1)(x+2)(x—2i)(x+2i)
=a(x—1)(x+2)(x2 +4)
SO =10=a(2)H(S)=>a=-1
fy=—(x- )(x+2)(x 2i)(x+2i)
® fO=—(x-
=—(x2+x—2)(x +4)

x+2 (x2+4)

=—x'—x"-2x" —4x+8
@ f=a(x+1)(-2)(x—i)(x+i)
:a(x+1)(x—2)(x2+l)
Ff=8=a)(-12)=>a=-2
f(x)z—2(x+1)(x—2)(x—i)(x+i)
(b) f(x)=—2(x2—x—2)(x2+l)
=2x" +2x° +2x7 +2x +4
(a) f(x)za(x+1)(x—2—\/§i)(x—2+\/§)
:a(x+1)(x2—4x+4+5)
=a(x+1)(x2—4x+9)
f(2)=42=a(-1)(4+8+9 = a=-2
£ ==2(x+1)(x=2-5i)(x-2+1/5i)
(b)  f(x)==2(x+1)(x* —4x+9)
=-2x"+6x>-10x—18
@ fO0)=a(x+2)(x-2-242i)(x-2+242i)
=a(x+2)(x2—4x+4+8)
=a(x+2)(x2—4x+12)
f(-D)==34=aH(1N) =>a=-2
f(x):—2(x+2)(x—2—2ﬁi)(x—2+2J§i)
(b) fx)==2(x+2)(x* —4x+12)
=2x +4x* —-8x—48
f(x)=x4—6x2—7
(a) f(x)=(x2—7)(x2+l)
() f()=(x=T)(x+7)(x*+1)
©  fO0=(x=T)(x+T)(x+i)(x~i)
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56. f(x)=x'+6x>-27
@ fx)=(x"+9)(x*-3)
(b) _f(x):(x2+9)(x+ﬁ)(x—d§)
©) f(x)=(x+3i)(x—3i)(x+\/§)(x—\/§)

57. f(x)=x*-2x"-3x"+12x-18
(a) f(x):(xz—é)(x2—2x+3)
) f0)=(x+ 6)(x JE) *-2x+3)
© f)=(x+6)(x=6)(x-1

58. f(x)=x"-3x*—x*-12x-20
(@ f()=(x +4)(x~3x-5)
3+@J{x_ 3—@}
2

b fx)=(x* +4)[x— 5

x4

(©) f(x)=(x+2i)(x—2i)(x— 3+;/E](x— 3-

59. f(x)=2x"+3x>+50x+75
Since is 5i a zero, so is —5i .
2 3 50 75
100 -50+15i -75

2 3+10i 15 0

S5i

12 3+10i 150
=5i
—-10i -15i
2 30

The zero of 2x+3isx = —%. The zeros of fare x = —%

and x = £5i.
Alternate solution

Since x =15 are zeros of

F(x), (x +5i)(x — 5i) = x* + 25 is a factor of f(x). By

long division we have:
2x+3

2 +0x+25 122 +3x% +50x+75
2x° +0x* +50x

3x* +0x+75

3x% +0x+75

0

Thus, f(x)=(x"+25)(2x+3)and the zeros of

fare x=15(and x = —%.

60. f(x)=x"+x*+9x+9

Since is 3i is a zero, so is —3i .

11 1 9 9
3i
3i -9+3i -9
1 1+3 3i 0
11 143 3i
=3i
=3i -3i
1 1 0

The zeros of fare 3i, —3i, and -1 .

61. g(x)=x’—-7x*—x+87. Since 5+2i is a zero, so

is 5—-2i.
. -7 -1 87
5+42i
5+2i —-14+6i -87
1 -2+2i —-15+6i O
1 242i —-15+6i
5-2i
5-2i 15-6i
1 3 0

The zero of x+3is x=-3.
The zeros of fare =3, 5+2i. .

62. g(x)=4x+23x +34x-10
Since —3+iis azero,sois —3—1i
-3+i |4 23 34 -10
—-12+4i -37-i 10
4 11+4i -3-i 0
-3—i |4 11+4i -3-i
—-12-4i 3+i
4 -1 0

The zero of 4x—1 is x= % The zeros of g(x) are
: 1
x=-3%i and x=—

Alternate solution

Since —3 *i are zeros of g(x),
[x=(B+DIx—(3-D]=[(x=3)—ill(x+3)+i]
=(x+3)2—i2 =x>+6x+10

is a factor of g(x). By long division we have:

4x -1

X +6x+10 [4x° +23x> +34x—10
4x% +24x% +40x

—x*—6x-10
—x*—6x-10
0
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Thus, g(x)= (x> +6x+10)(4x —1) and the zeros of g 66. f(x)=25x"—55x>—54x—18
. 1 B .

are x=-3%/ and x =z- Since é(—2 + ﬁi) = 2%@ is a zero, 50 is
63. h(x)=3x"—4x> +8x+8 Since 1—+/3i is a zero, so 22

is 1+/3i. 5

1-3i 3 —4 8 8 24+42i |25 -55 -54 -18

3-33i -10-2/3i -8 5 ~10+5v2i 24-15{2i 18
3 _1-33i —2-23i O —2-2i |25 —65+5J2i -30-15y2i O
1430 |3 —1-33 —2-23i 5 —10-5v2i  30+15\2i
34330 24243 25 -75 0
3 2 0 The zero of 25x—75 is x =3. The zeros of fare
2 —2+:2i
The zero of 3x+2 is x= _5' The zeros of & are x=3, T
2 .
x=—§,1i«/§z. 67. f(x)=x"+3x"—5x—21x+22
(a) The root feature yields the real roots 1 and 2, and
64. f(x)=x"+4x> +14x+20 the complex roots —3 £1.414i.
(b) By synthetic division:
Since —1-3i is a zero, sois —1+3i. | 1 3 -5 =21 22
. 1 4 -1 =22
-1-3i |1 4 14 20

14 -1 22 0
2 11 4 -1 22

-1-3i -12-6i -20
1 3-3i 2-6i 0

2 12 22
143 |1 3-3i 2-6i
—143i —2+6i L6 110
1 2 0 The complex roots of x> +6x+11 are
The zero of x+2 is x =—2. The zeros of f are 2
—614/6°—4(11
x=-2,—1%3i xzf():%iﬁi.
65. h(x)=8x" —14x” +18x—9. Since %(1—\/51') isa 68. f(x)=x"+4x>+14x+20
| (a) The root feature yields the real root—2 and the
zero, so is —(1 + \/gi). complex roots —1£3i.
2 (b) By synthetic division:
1(1-J5:) I8 -14 18 -9
H1-5i) a5 15eaf5i 21 4 14 20
s EUSh S AL 2 4 20
8 _10- i i 0
10-45i 34350 . 2 10 o
%(H\/g,-) 8 —10-45i 3+35i
4+4\/§i —3—3\/51' The complex roots of X2 +2x+10 are
8 -6 0 o —2+./4-4(1)(10) 143
B — +3i

The zero of 8x—6 is x= % The zeros of h are
69. h(x)=8x"—-14x"+18x-9
(1£/50). (a) The root feature yields the real root 0.75, and the
complex roots 0.5+1.118i.
(b) By synthetic division:
28 -14 18 -9
6 6 9
8 -8 12 0

N | =

3
x==,
4

The complex roots of 8x* —8x+12 are

e 8+./64 —4(8)(12) l+£i

2(8) 272
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70.

71.

72.

73.

74.

75.

F(x)=25x" —55x" —54x—18
(a) The root feature yields the real root 3 and the
complex roots —0.4 +0.2828i.
(b) By synthetic division:
3 125 =55 54 -18
75 60 18

25 20 6 0

The complex roots of 25x* +20x+6 are

_ —20+.,[400-4(25)6 242

B 2(25) 5

To determine if the football reaches a height of 50 feet,
set h(t) =50 and solve for .

—161% + 48t =50

—16t> +48t—50=0
Using the Quadratic formula:

,_—48) +/48” — 4(~16)(=50)

2(-16)

e Gk 20

=32

Because the discriminant is negative, the solutions are
not real, therefore the football does not reach a height of
50 feet.

First find the revenue quation, R = xP.
R =x(140-0.001x)
R=140x-0.001x"

Then P=R-C
P =(140x —0.001x*) — (40x + 150,000)

P =-0.001x* + 100x — 150,000
Next, set P =3,000,000 and solve for x.

—0.001x* +100x — 150,000 = 3,000,000
-0.001x> +100x — 3,150,000 = 0

Using the Quadratic Formula

100+ (100)* — 4(=0.001)(=3,150,000)
B 2(=0.001)

L ~100:£+-260

-0.002

Because the discriminant is negative, the solutions are
not real. Therefore, there is no price P that will yield a
profit of $3 million.

False, a third-degree polynomial must have at least one
real zero.

False. Because complex zeros occur in conjugate pairs,
[x+ (4 —3i)] is also a factor of f.

Answers will vary.

76. f(x)=x'—-4x*+k

77.

78.

79.

80.

(a)

(b)
()

(d)

T b _ax2fik
2(1) 2

x=42+J4—k

For there to be four distinct real roots, both 4 —k

and 2t \/m must be positive. This occurs

when 0<k<4. So, some possible k-values are

k=1, k=2 k=3, k%, k=42, etc.

For there to be two real roots, each of multiplicity
2, 4 —k must equal zero. So, k=4.

For there to be two real zeros and two complex
Zeros, 2 + \/m must be positive and

2 —\J4—k must be negative. This occurs when

k <0. So, some possible k-values

arek=-1, k=-2, k= —%, etc.
For there to be four complex zeros, 2 £/4 —k

must be nonreal. This occurs when k >4. Some
possible k-values are k =5, k=6, k=7.4, etc.

f(x)=x"-7x-8

A parabola opening upward with vertex

78
27 4

fxX)=—x*+x+6

A parabola opening downward with vertex

12
27 4

f(x)=6x*+5x-6

2
=6 x+i _169
12 24

A parabola opening upward with vertex

_S5 _16d
127 24

f(x)=4x"+2x-12

2
=4 x+l _®
4 4

A parabola opening upward with vertex

1 ®»
4’ 4
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Section 2.6

rational functions

vertical asymptote

To determine the vertical asymptote(s) of the graph of
y= XL, find the real zeros of the denominator of the

equation. (Assuming no common factors in the
numerator and denominator)

No, the x-axis, y =0, is the horizontal asymptote of the
graph of y= 3%—)65 because the numerator’s degree is
X

less than the denominator’s degree

1
fx)= 1
(a) Domain: all x#1
(b)
X f(x) X f(x)
0.5 -2 1.5 2
0.9 -10 1.1 10
0.99 -100 1.01 100
0.999 | —-1000 1.001 1000
X f(x) X f(x)
5 0.25 -5 -0.16
10 0.1 -10 | —0.09
100 0.01 -100 | —0.0099
1000 | 0.001 ~1000 | —0.00099
(c) fapproaches —oo from the left of 1 and oo from
the right of 1.
5
f=—"2
x—1

(a) Domain: all x#1

(b)

X f(x) X f(x)
0.5 -5 1.5 15
0.9 —45 1.1 55

0.99 —495 1.01 505
0.999 | —4995 1.001 5005
X f(x) X f(x)
6.25 -5 416

10 555 -10 4.54
100 505 —100 | 4.950495

1000 | 5.005 -1000 | 4.995

(c) fapproaches —co from the left of 1 and oo from
the right of 1.

(a) Domain: all x #1

(b)

X fx) x fx)
0.5 3 1.5 9
0.9 27 1.1 33

0.99 297 1.01 303
0.999 2997 1.001 3003

X f(x) X f(x)

5 3.75 -5 2.5
10 333 -10 | =2.727
100 3.03 -100 | -2.970

1000 3.003 —-1000 | —2.997

(c) fapproaches oo from both the left and the right of
1.

3
f)=——7>=
=
(a) Domain: all x#1
(b)
X f(x) X f(x)
0.5 6 1.5 6
0.9 30 1.1 30
0.99 300 1.01 300
0.999 3000 1.001 3000
x f(x) x J(x)
5 0.75 -5 0.5
10 033 -10 | 027
100 0.03 -100 | 0.0297
1000 0.003 -1000 | 0.003
(c) fapproaches oo from both the left and the right
of 1.
3x?
fl)= 1

(a) Domain: all x #1

(b)

x J(x) x f(x)
0.5 -1 1.5 5.4
0.9 -12.79 1.1 17.29
0.99 —-147.8 1.01 152.3

0.999 —1498 1.001 | 1502.3
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10.

11.

12.

13.

14.

15.

X f(x) X S(x)

5 3.125 -5 3.125

10 3.03 -10 3.03
100 3.0003 -100 3.0003
1000 3 —1000 3

(c) fapproaches —oo from the left of 1, and o from
the right of 1. fapproaches oo from the left of -1,
and —o° from the right of —1.

4x

x* -1

f(x)=

(a) Domain: all x #=*1

(b)
x S(x) X f(x)
0.5 266 1.5 4.8
0.9 ~18.95 1.1 20.95
0.99 ~199 1.01 201
0999  [-1999 1.001  |2001
X fx) X f(x)
~0.833 -5 | —0.833
10 0.40 -10 | —0.40
100 0.04 ~100 | -0.04
1000 | 0.004 ~1000 | —0.004

(c) fapproaches ~0.833 oo from the left of 1,and oo

from the right of 1. f approaches —oo from the left

of
-1, and oo from the right of —1.

2
f@= x+2
Vertical asymptote: x =—-2
Horizontal asymptote: y =0
Matches graph (a).

1
f(x)—;

Vertical asymptote: x =3
Horizontal asymptote: y=0

Matches graph (d).
4x+1
fn="
X

Vertical asymptote: x=0
Horizontal asymptote: y =4
Matches graph (c).

1-x

f(x)=

Vertical asymptote: x =0
Horizontal asymptote: y =—1

X

Matches graph (e).
x=2
f="—

16.

17.

18.

19.

20.

21.

22.

23.

24.

Vertical asymptote: x =4
Horizontal asymptote: y =1

Matches graph (b).
x+2
fx= x+4

Vertical asymptote: x =—4
Horizontal asymptote: y =—1
Matches graph (f).

f=—L
X

Vertical asymptote: x =0
Horizontal asymptote: y =0 or x-axis

3 3

f(x):(x_2)2 TP —4x+4

Vertical asymptote: x =2
Horizontal asymptote: y =0 or x-axis

2x? _ 2x*
P Hx—6 (x+3)(x—2)

Vertical asymptotes: x = -3, x =2

flo)=

Horizontal asymptote: y =2

x> —4x _ x(x—4)
x*—4 (x+2)(x—2)

Vertical asymptotes: x =-2, x =2

fl)=

Horizontal asymptote: y =1

2 2
Fl)= x( +xz) _ /(x+ ) _ x+2, 20
2x—-x —/((x—Z) x=2
Vertical asymptote: x =2
Horizontal asymptote: y =—1

Hole at x=0

f(x)=x2+2x+1= (x+1)M _ x+l1 B
252 —x-3 (zx_3)w 2x-3’

Vertical asymptote: x = %

#-1

Horizontal asymptote: y =},
Hole at x=-1

225 (3#S)(x-5) o5
X +5x XM T ox

Vertical asymptote: x =0

fx x#-=5

Horizontal asymptote: y =1
Hole at x=-5

3-1dx-5¢  —(x#F)(5x-1)  —(5x-1)

T34+ 7x 4247 -

- (343) (20+1) 20+l

Vertical asymptote: x =),

f(x)

Horizontal asymptote: y=-%
Hole at x=-3
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25.

26.

27.

28.

29.

30.

3t +x-5
fx)=—F——
x +1

(a) Domain: all real numbers

(b) Continuous

(c) Vertical asymptote: none
Horizontal asymptote: y =3

3x%+1
X)=—
Fx X +x+9

(a) Domain: all real numbers. The denominator has no
real zeros. [Try the Quadratic Formula on the
denominator.]

(b) Continuous

(c) Vertical asymptote: none
Horizontal asymptote: y =3

( x+ 4) (x - 1)
—(x - 3)()62 +3x+ 9)
(a) Domain: all real numbers x except x =3
(b) Not continuous at x =3
(c) Vertical asymptote: x =3

Horizontal asymptote: y =0 or x-axis

X 43x-4

flx= - +27

x3—x2+3_ 45 —=x* +3
30+24 3(x+2)(x’ —2x+4)

fa= 2

(a) Domain: all real numbers x except x =-2
(b) Not continuous at x =-2
(c) Vertical asymptote: x =—-2

Horizontal asymptote: y = %

=16 (x+4) (%)
x—4 }//4
gx)=x+4
(a) Domain of f: all real x except x =4
Domain of g: all real x
(b) Vertical asymptote:
fhas none. g has none.
Hole: fhas a hole at x =4; g has none.

=x+4,x#4

f(x)=

©
X 1 2 3 4 5 6
f(x) 5 6 7 Undef. 9 10
g(x) 5 6 7 8 9 10

(d

u a b

/

(e) Graphing utilities are limited in their resolution and
therefore may not show a hole in a graph.

P-9  (x+3)(x<3)
x=3

=x+3,x#3

f==

x=3

g(x)=x+3

(a) Domain of f: all real x except x =3
Domain of g: all real x

31.

11
11

32.

(b) Vertical asymptote: f has none.

g has none.
Hole: fhas a hole at x =3; g has none.
(©
X 0 1 2 3 4 5 6
fx) 3 4 5 Undef. 7 9
gx) 3 4 5 6 7 8 9
(d)

L

L/

/ 4

(e) Graphing utilities are limited in their resolution and
therefore may not show a hole in a graph.
2

= _GADG-D) _x-1
x*=2x-3 (x—S)M x=3

x—1
g()f)—x_3

(a) Domain of f: all real x except x =3 and x=-1

x#-—1

Domain of g: all real x except x =3
(b) Vertical asymptote: f has a vertical asymptote at
x=3.
g has a vertical asymptote at x =3.
Hole: fhas a hole at x =—1; g has none.

©

X -2 -1 0 1 2 3 4
3 1
f(x) g Undef. E 0 —1 Undef. 3
3 1 1
X — — - 0 —1 Undef. 3
8(x) 5 > 3 1 nde
@ i
e ‘\_-_\_

5

(e) Graphing utilities are limited in their resolution and
therefore may not show a hole in a graph.

-4 () (x~T)  x+2

= = = 2
f@) X =3x+2 M(x—l) x—l’x;t
g(x)=%

(a) Domain of f: all real x except x=1 and x=2
Domain of g: all real x except x =1

(b) Vertical asymptote: f has a vertical asymptote
atx=1.
g has a vertical asymptote at x =1.
Hole: fhas a hole at x =2; g has none.
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© 2_ — —
. g(x)zx 25x+6=(x 3;)(x 2)=0
X -3 -2 -1 0 1 2 3 x°+4 x +4
1 1 Dx=
f(x) — 0 - -2 Undef.  Undef. 3 Zeros: x=2,3
4 2 2 ,
2x"=5x+2 (2x-1D)(x-2) x-2 |
1 1 S 43. x)= = = , X#E—
g 0 —— 2 Undef 4 3 T e i3 a3 32
() ) Zero: x=2(x= % is not in the domain.)
- S 2 +3x-2  (x+2)2x—1) 2x-1
E —— 7 44. f(x) = 3 = = , X =—
: X +x-2 (x+2)(x+1) x+1
i Zero: x = l (x=-2 is not in the domain.)
(e) Graphing utilities are limited in their resolution and 2
therefore may not show a hole in a graph. 255
1 . C= P <
33. f(x)=4-— 45. C 100_p,0-p<1oo
X
As x oo, fx) 4. (@ find €(10)= 220 _ 538 3 million
As x —> o0, f(x)—> 4 butis less than 4. 100-10
As x — —oo, f(x)— 4 butis greater than 4. C(40) = 255(40) =$170 million
—-40
1
M fo=24—— c(75)= 22209 _ 5765 million
100-75
Asx — Too, f(.x) - 2. (b)
As x — o0, f(x) —> 2 but is greater than 2. L
As x — —oo, f(x)— 2 butis less than 2. !
3. f=2"1 ,,/
x-3 1] (11}
A Foo 2. !
S¥ e, f0- . (¢) No. The function is undefined at p =100 %.
As x = oo, f(x)— 2 butis greater than 2.
As x — —oo, f(x)— 2 butis less than 2. 46.
2x—1 (a) Use data
36. f(x)=
X +1 (16, l} [31#} (44#} (5&#} (6O’LJ'
As x — too, f(x) = 0. . 3 4.7 9.8 19.7 39.4
As x — oo, f(x)— 0 butis greater than 0. 1
As x — —oo, f(x)—> 0 but is less than 0. 3o —0.007x+0.445
X =4 (x=2)(x+2) _ 1
3. g == Y= 0.445-0.007x
The zeros of g correspond to the zeros of the numerator (b)
and are x = 2. 16 32 44 50 60
'_g Yy 30 | 45|73 | 105 |40
38. g(x)= xz
x +4 (Answers will vary.)
The zero of g corresponds to the zero of the numerator (¢) No, the function is negative for x = 70.
andis x =2.
5 7 47.
39. fx)=1- 5:" ; (a)
‘- - M| 200 | 400 | 600 | 800 |1000 |1200 |1400 | 1600 |1800 |2000
The zero of f corresponds to the zero of the numerator
andis x=7. 110.472(0.596|0.710(0.817(0.916|1.009|1.096|1.178 |1.255|1.328
40. h(x)=5+ The greater the mass, the more time required per
X +1 oscillation. The model is a good fit to the actual
There are no real zeros. data.
(b) You can find M corresponding to ¢t =1.056 by
2
41. g(x)= x —2x-3 = (r=3)(x+1) =0 finding the point of intersection of

X +1 X +1

Zeros: x=-1,3
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48.

49.

50.

51.

52.

53.

54.

_ 38M +16,965
10(M +500)

If you do this, you obtain M = 1306 grams.

_20(5+31)
140.04¢
(a)

<t

12041

1] 500

(b) N(5)=333 deer
N(10) =500 deer
N(25)=800 deer

(c) The herd is limited by the horizontal asymptote:

N = ﬂ =1500 deer
0.04

(a) The model fits the data well.

210

ol _-
(RILH

and ¢ =1.056.

_ 77.095¢% —216.04¢ + 2050

a
(@ 0.052¢* - 0.8 +1

2009: N(19) = 1,412,000
2010: N(20) = 1,414,000
2011: N(11) = 1,416,000
Answers will vary.

(b) Horizontal asymptote: N =1482.6
(approximately) Answers will vary.

False. A rational function can have at most n vertical
asymptotes, where n is the degree of the denominator.

False. For example, f(x) =

asymptote.

If the domain of f (a rational function) is all real

x except x = ¢, then either the graph of fhas a vertical
asymptote at x = ¢ (numerator and denominator do not
have the like factor x —c ) or the graph of f has a hole at
x = ¢ (numerator and denominator do have like factor

x—c).

No. If x=c is also a zero of the denominator of f, then
fis undefined at x = ¢, and the graph of f may have a
hole of vertical asymptote at x = c.

Yes. If the graph of f, a rational function, has a vertical
asymptote at x =4 , then f may have a common factor

of x —4. For example,
_(x=H(x+1
T = =

1 .
5 has no vertical
x +1

55.

56.

57.

58.

59.

60.

61.

|

The graphs of y, =

3x° —5x* +4x-5
2x7 —6x+7

3x°
T

are approximately the same graph as x — o and

x = —oo,

Therefore as x — too, the graph of a rational function

ax"+...ax+a
y—%

b x"+..bx+b,

n
n

e

raph of y=
grap! y b

m

x—1

(@ f(x)=
X

-8
x—2

b flx)= T

2(x+3)(x-3)  2x*-18

O appears to be very close to the

() fo)=

(d f)=

(x+2)(x=1) x*+x-2
“2(x+2)(x—3)  2x"+2x+12

(x+1)(x=2)

-1-2
0-3
y=x-1
y—x+1=0

y=2= (x=3)=1(x-3)

1+5
—-6-4
—10y+10=6x+36
3x+5y+13=0

y—1= (x+6)

10-7
-2)=3(x-2
3, ¥72=3x-2)

y=T=

y=3x+1
3x-y+1=0

4-0
x—0
_9_0( )

—9y=4x
4x+9y=0

y—0=

x+9

x—4 X’ +5x+6
x> —4x

9x+ 6

9x-36

42

2 +5x+6 42

——=x+9+

x—4 x—4

X —x=-2
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62.
3 11 -10 15
3 -21
1 -7 -6
x> —10x+15 -6
—_—=x-7+
x=3 x=3
63.
2x° -9
45 [oxt +0x" + 22 +0x-11
2x* + 10x°
-9x* — 11
-Ox’— 45
34
4 2 _
2x tx 11 —2 — 04 234
x +5 x +5
Section 2.7
1. slant, asymptote
2. vertical
3. Yes. Because the numerator’s degree is exactly 1
greater than that of the denominator, the graph of fhas a
slant asymptote.
4. The slant asymptote’s equation is that of the quotient,
y=x-1..
5.

The graph of g = ! 7] is a horizontal shift four units

X—
to the right of the graph of f(x)= l
X

2x* =3x* + 617 —9x+§

2x+3 4% +0x* +3x° +0x +0x—10

4x° +6x*
—6x* +3x°
—6x* —9x’
12x°
12x° +18x°
—18x7
—18x* —27x
27x—-10
27x+ﬂ
2
_101
2
—4x5 +3x° 10 =2x" =3x" + 67 —9x+2—7— 101
2x+3 2 4x+6

The graph of g = - 5 is areflection in the x-axis and
X

a vertical shift five units downward of the graph of

fo=1.

X

The graph of g(x)= 3 is a reflection in the x-axis
X+
and a horizontal shift three units to the left of the graph

of f(x) :i.
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10.

11.

12.

The graph of g(x)= ;6_ 2 is a horizontal shift six
X+
units to the left and a vertical shift two units downward

of the graph of f(x)= l
x

2
g)==+1
X

e |

Vertical shift one unit upward

gl =——

4

"“—'-=§\I\/.l: !

f}

Horizontal shift one unit to the right

2
gx)=——
X

[y v
N

Reflection in the x-axis

80 = x+2

So "-,r
L |

Horizontal shift two units to the left, and vertical shrink

13.

14.

15.

16.

17.

2
=2

X

g(x)=

4

A\
| e

Vertical shift two units downward

2
8(x) ——7

A

-l
Reflection in the x—axis

2
g(x) —m

7

Horizontal shift two units to the right

1
X)=
8(x) Py

Vertical shrink

f=—

x+2

. 1
y-intercept: | O, 3

Vertical asymptote: x =-2

Horizontal asymptote: y =0

[}
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x|a[-3]-1[0]1 :
1 1|1 6T
v|-L o[ L)L T o
2723 Tl
18. f(x)=L ______ I_ﬂ: ________
x—6 l 1
. 1 TR SRS
y-intercept: | 0, —— _ )‘,(\'_ ) _
6 =g | E I S T
Vertical asymptote: x =6
Horizontal asymptote: y =0 Y |-1]0]12]3
21 f(t)=1—2t=_2z—1
t t

1
. t-intercept: (E’ Oj

Vertical asymptote: =0
Horizontal asymptote: y =—-2

_.

—_

—_

—_
| = |
I

i

y —_ —_— | —_ —_—
71 6] 4| 2
19. Cx)=2t2X_2x+5
1+x x+1

. 5
x-intercept: —5, 0

y-intercept: (0, 5) 1
Vertical asymptote: x =—1 2l B L2
Horizontal asymptote: y =2 3 3
Y |-=1-3]10|-1|-%
2 2
1 2x+5
22. X)=—+2=
5(%) x+2 x+2
. ( 5]
y-intercept: | 0, —
; 2
e (3:0)
x-intercept: | —, 0
2
X A3 210 1 ]2 Vertical asymptote: x =-2
1 7 i C oy
Aol 1| =|=1|5|=|3 Horizontal asymptote: y =2
2 2 ‘
20. P(x)= 1-3x _ 3x—1
I-x x-1

x-intercept: (%, OJ

y-intercept: (0, 1)
Vertical asymptote: x =1
Horizontal asymptote: y =3

5
x| 4l-=|-1]0|2
2
3 5
v 210322
2 2 |4
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2
X

X —4

23. f(x)=

Intercept: (0, 0)
Vertical asymptotes: x =2, x =-2

Horizontal asymptote: y =1

y-axis symmetry

24, g(x)=

2
X

Intercepts: (0, 0)
Vertical asymptotes: x =13
Horizontal asymptote: y =0
Origin symmetry

X | 5|-4|-210|21|4]|5
REEERERE
16| 7|5 5017 |16
4 1
25, g(x):ﬂ
x(x—4)
Intercept: (-1, 0)
Vertical asymptotes: x=0 and x=4
Horizontal asymptote: y =0
N :
r-|_m:J' 1
+— — 1
6 -4 -2 T 006 B 10
4 r\"
X | 2|-1| 1|23 |5]|6
1 8 16 7
vi—=lo|-2|a|-=22 L
3 3 31513

26.

27.

28.

2
hx) = X(x=3)

Vertical asymptotes: x =0, x=3

Horizontal asymptote: y =0

X | 2 0 112 3 4
y —i Undef. | -1 —l Undef. l
10 2 8

3x 3x

f(x)=

Cox—2 (x+h(x-2)

Intercept: (0, 0)
Vertical asymptotes: x =—1, 2
Horizontal asymptote: y =0

v

4
el

(0,
J S

x| 3101 |3]|4

BEINERE
10 21415
2x 2x

X)= =
F@x X+x=2 (x+2)(x-1
Intercept: (0, 0)

Vertical asymptotes: x=-2, 1
Horizontal asymptote: y =0

v

4

|
I
i
|
I
|
I
|
I
R
2

l
1o, 0y
|

1
X | 4|-3(-1]10|=1213
2
41 3 4 3
yl-—|-=| 1 ]o|l--|1]=
51 2 5 5
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_ x*+3x _ox(x+3)  x _x2—16
2. f(x)_x2+x—6_(x—z)(x+3)_x—2’ 2. fx= x—4

=x+4,x#4

x#-3
Intercept: (0, 0) 124
Vertical asymptote: x =2
(There is a hole at x =-3.)
Horizontal asymptote: y =1

Hole at x=4

2+x __x+2
1-x x—1

33, f(x)=

Vertical asymptote: x =1

Horizontal asymptote: y =—1

- 1 2 3 4
L 0 1| Undef. | 3 f
3 ~ ' ] .
30, o(x)= S(x+4)  5(x+4) 5 -
-8 PHx-12 (x+Hx-3) x-3’ Domain: x #1 or (—eo, 1)U (1,00)
x4 M. fy=2toxo3
Vertical asymptote: x =3 2-x x-2

Horizontal asymptote: y =0 i

\ 8

A ~ A
~

x-intercept: (3, 0)

y-intercept: (0, %)

Vertical asymptote: x =2

i
|
|
|
|
|
|
|
1t
|
|
'
|
|
|
|
|

Horizontal asymptote: y =1

Hole at x=—4 Domain: all x #2
X -4 0 1 3 4
2 3. f=tL
Y | Undef. 3|73 Undef. | 5 t

Vertical asymptote: =0

1 _ (x+D(x=1) - Horizontal asymptote: y =3

2 —
3. f)=2 -1,
x+1 x+1

x#-1 L

The graph is a line, with a hole at x =—1. ——\\

-6 ] 6

Domain: £#0 or (-, 0) U (0, «)
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37.

38.

39.

x-intercept: (2, 0)
y-intercept: (O, %]

Vertical asymptote: x =3
Horizontal asymptote: y =1
Domain: all x#3

h(t) =

2 +1

Domain: all real numbers or (—oee, oo)

Horizontal asymptote: y =0

N

Domain: all real numbers except 2 or (
Vertical asymptote: x =2
Horizontal asymptote: y =0

x+1 x+1
X—x—6 (x=-3)(x+2)

f(x)=

Domain: all real numbers except x =3,
Vertical asymptotes: x =3, x=-2
Horizontal asymptote: y =0

&

© 2015 Cengage Learning. All Rights Reserved.

x+4
40. =
Fx X +x-6

Domain: all real numbers except —3 and 2 or
(=eo, =3)U(=3,2)U(2, =)

4

-H il .‘\""_‘- (3

P

Vertical asymptotes: x =-3, x=2
Horizontal asymptote: y =0
2 p—
M. fo= 20x 1 19x" -1

x2+1_x _x(x2+1)

1]

[ —
]

1]

Domain: all real numbers except 0, or (—ee, 0) U (0, o)
Vertical asymptote: x =0
Horizontal asymptote: y =0

1 1 30
42. = - =
F@ 5(x—4 x—2j (x—4)(x+2)

B

'-\.

-5

= D2, ) Domain: all real numbers except -2 and 4
Vertical asymptotes: x=-2,x=4
Horizontal asymptote: y =0
43. hx)=—2
Vi +1
-2 8

—

7

-

There are two horizontal asymptotes, y = £6.

44.

( ):—_x
Tt V9 + x?

-4
There are two horizontal asymptotes, y ==1.
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—_ 2
45. g(x)= % 50. g(x)= I=x
18 Intercepts: (1, 0), (-1, 0)
Vertical asymptote: x =0
, . , Slant asymptote: y =—x
T \

It

There are two horizontal asymptotes, y =4 and one
vertical asymptote, x = —1.

R S N 1
i B

_ —8[3+x|_ 8[3+x]|
x—-2 2—x

46. f(x)

T==x

15

J 2
o 51, h(x)=— C=xrly

— Xx— x—1

Intercept: (0, 0)
Vertical asymptote: x =1
Slant asymptote: y=x+1

There are two horizontal asymptotes, y =—8 and
y =8, and one vertical asymptote, x =2.

4(x—1)°
XX —4x+5

—{

4

The graph crosses its horizontal asymptote, y =4.

47. f(x)=

e
4_ 52. f(x)= =x+
48. 8(X)=w x* -1 x -1
x"+1
g Intercept: (0, 0)
Vertical asymptotes: x ==*1
_/\ Slant asymptote: y =x

0 s x Origin symmetry

X

The graph crosses its horizontal asymptote, y =3.

2
9. f=22t1_ o L
X X

L0, 0)
+—F——F—= 1

2 4 6

Vertical asymptote: x =0
Slant asymptote: y =2x
Origin symmetry
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3

53. g(x)= i = 4x

Intercept: (0, 0)
Vertical asymptotes: x =22

1
Slant asymptote: y = Ex

Origin symmetry

Intercept: (0, 0)
Vertical asymptotes: None
Slant asymptote: y = x

Origin symmetry

L] -

4 ’

(0,00 .7

1 7 T4 b
‘a
/.
o -
A
Agh N
A r=\| 6

’

X+2x7+4  x
55. X)=———=—+1+
F@® 2x% +1 2

Intercepts: (—2.594, 0), (0, 4)

Slant asymptote: y = % +1

1
—_Xt+—
2x°-8 2 2x°-8

56.

57.

3_2

2x% +1

58.
x 590
2

60.

2_
_ﬂm31—3§i§=2»4+

X — x-2

. 5
y-intercept: | O, Y

Vertical asymptote: x =2
Slant asymptote: y =2x—1

_x+1
x-3
x-intercept: (=1, 0)
0= x+1
x=3
O0=x+1
—1=x
_ 2x
Y x-3
x-intercept: (0, 0)
0= 2x
x=3
0=2x
0=x
1
y=—-x
X

x-intercepts: (%1, 0)

O0=—-x
X
1
x=—
x
=1
x=z=1
y=)c—3+g
X
x-intercepts: (1, 0), (2, 0)
0=x—3+£
X
0=x"-3x+2
0=(x-D(x-2)
x=12
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2
6L y=2" T oy
x+1 x+1
Domain: all real numbers except x =—1
Vertical asymptote: x =—1
Slant asymptote: y =2x—1
6
I 12
2
62. y= X ASx+8 o4
x+3 x+3
Domain: all x #-3
Vertical asymptote: x =-3
Slant asymptote: y=x+2
B
4 L]
2_ .3
63. y=1t X 1 s i3l
X X X
Domain: all real numbers except 0
or (—oo, 0)U (0, =)
Vertical asymptote: x =0
Slant asymptote: y =—x+3
"
12 \ 12
_ 42
64. = M = _lx +1+
2(4+ x) 2 4+x

Domain: all real numbers except —4 or
(—oo, - 4) (& (_49 °°)
x-intercepts: (—4.61, 0), (2.61, 0)
y-intercept: (0, ij

2
Vertical asymptote: x =—4

1
Slant asymptote: y = —Ex +1

n

.. \ :\
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65.

66.

67.

68.

69.

X =5x+4 (x—D(x-1)
flo= P-4 (x=2)(x+2)

Vertical asymptotes: x =2, x =-2
Horizontal asymptote: y =1
No slant asymptotes, no holes

f(x) = X -2x-8 _ (x=4(x+2)
’ x*=9 (x=3)(x+3)

Vertical asymptotes: x =3, x=-3

Horizontal asymptote: y =1

No slant asymptotes, no holes

Fy= 237 =5x+2  (Q2x-D(x-2) 2x-1
2 =x—-6  (2x+3)(x-2) 2x+3’

x#2
. 3
Vertical asymptote: x = 5

Horizontal asymptote: y =1
No slant asymptotes

Hole at x =2, (2, %)

_ 3x* —8x+4 _(Bx-2)(x-2) 3x-2
2x*=3x-2 (Qx+D(x-2) 2x+1°

Jf(x)

x#2

. 1
Vertical asymptote: x = Y

: 3
Horizontal asymptote: y = 3

No slant asymptotes

Hole at x =2, [2, %]

200 —x? =2x+1
X +3x42

f(x)=

C(x=D(x+D2x-1)
T (x4 D(x+2)

=(x—l)(2x—1)’ et -1
x+2

Long division gives

2_
f(x)=2x 3x+1:2x_7+ 15 .
x+2 x+2

Vertical asymptote: x =—2
No horizontal asymptote
Slant asymptote: y =2x—7
Hole at x=—1, (-1, 6)
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230 +x*—8x—4
X’ =3x+2
_(x=2)(x+2)2x+1)
S =)D
(x+2)2x+1)
=X
x—1

70. f(x)=

%2

Long division gives f(x)=2x+7+ L
X—

Vertical asymptote: x =1
No horizontal asymptote
Slant asymptote: y =2x+7

Hole at x=2, (2, 20)

71. y= ! +i
x+5 x
o
" 3 \“—_‘
Ty T

x-intercept: (—4, 0)

0=—1 2
x+5 x
4 1
x  x+5
—4(x+5)=x
—4x-20=x
—5x =20
x=-4
72. y= 2 3
x+1 x

x-intercept: (-3, 0)

2 3
x4l x
2 3
x+1  x
2x=3x+3
—3=x

2
+
x+2 x+4

73. y=

L.

. 8
X-intercept: 3 0

1 2
+ =0
x+2 x+4
1 =2
x+2 x+4
x+4=-2x-4
3x=-8
8
x=—
3
74. y= 2 - 3
x+2 x-1
10 - :/__,_,_x

-t

Xx-intercept: (—8, 0)

2 3
x+2 x-1
2x—-2=3x+6
—8=x
75. =x-
Y x—1
L]
/f
£ //J‘ )
P

X-intercepts: (—2, O), (3, O)
6
x—1

0=x-

6
x—1
6=x(x—1)
0=x’-x-6
0=(x+2)(x—3)

x=-2,x=3

=X
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76. y=x—2

x-intercepts: (-3,0), (3,0)

0=x-——
X
9
Z=x
X
9=x"
3=x
77. y=x+2-
x+1
p
Vs
rd

=10 i ]

/
i

-t

X-intercepts: (—2.618, 0), (—0.382, 0)

1
x+2

x+2=

X 4+3x+2=1

X +3x+1=0

x_—3ix/9—4
2

3.5

:——i—
2 2
=-2.618,-0.38
78. y=2x—1+;
x=2

12

A

P

x-intercepts: (1, 0), [%, OJ

2x—1+ =0
x—2
! =1-2x
x—2
1=-2x"+5x-2
2x* —5x4+3=0

(x=1)(2x-3)=0

x=1, 3
2

79.

80.

81.

y=x+1+
x—1

1

No x-intercepts

x+1+ =0
x—1
2 =-x-1
x—1
2=—x"+1
X +1=0
No real zeros
=x+2+
Y x+2

o

A%

No x-intercepts

x+2+ =0
x+2
2 =—x-2
x+2
2=—x"—4x-4

X +4x+6=0

Because b* —4ac =16—-24 <0, there are no real zeros.

=x+3-
Y 2x—1

7

e

#

Xx-intercepts: (0.766, O), (—3 .266, 0)

x+3-— =0

2x—1
x+3=
2x—1

2x* +5x-3=2

2x* +5x-5=0
—5i./25—4(2)(—5)

B 4

_ —5+4/65

==

=(0.766,—-3.266

X
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J/

x-intercepts: (0.219, 0), (2.281, 0)

x—1- 2 =0
2x-3
x—1= 2
2x-3
2x* —5x+3=2
2x* =5x+1=0
= 5++25-8
4
+
=# ~0.219, 2.281
83.
(@) 0.25(50)+0.75(x)=C(50+x)
12. .
5+0.75x —C
50+ x
50+3x
200 +4x
_ 3x+50
4(x+50)
(b) Domain: x>0 and x <1000 -50 =950
Thus, 0< x<950.
©
As the tank fills, the rate that the concentration is
increasing slows down. It approaches the horizontal
asymptote C = % =0.75. When the tank is full
(x = 950), the concentration is C =0.725.
(a) Area=xy=500
84. 500
y=—
X
(b) Domain: x>0
©
120
I.lI :‘n \I'| .x’n: _’-I|| nlr:l Z
For x=30, y =5ﬁ = 16% meters.
30 3

8s.
(a) A=uxyand
(x=2)(y-4)=30
30
4=
Y x—2
30 4x+22
y:4+ =
x—2 x—-2
2x(2x+11
Thus, A= xy= o 2422 x(2x+11)
x=2 x—=2

(b) Domain: Since the margins on the left and right are

each 1 inch, x >2, or (2,e).

(©
7

nft . . . AET
50

]

The area is minimum when x = 5.87 in. and
y=11.75in.

86.
(a) The line passes through the points (a, 0) and

(3, 2) and has a slope of

2-0 2
m= = .
3—a 3-a
2
y—0—3_a x—a)
_2(x—a)_—2(a—x by th intes] f
y= 14 _—l(a—B) y the point-slope form
=2(a_x),03x<a
a-3

(b)

The area of a triangle is A = %bh.

b=a

h=y when x=0, soh:a—:

2
Azla 2a __a
2 \a-3 a-3

2

(c) A= =a+3+

a-3 a-3

Vertical asymptote: a =3

e
v

£

1] - e e e s ih
|11}

Slant asymptote: A=a+3
A is a minimum when a =6 and A =12.
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200 X (b) Vertical asymptote: x =25
87. C= 100( 2 * X430 J’ I<x Horizontal asymptote: y =25
0 ()
x |30 | 35 | 40 | 45 [50 | 55 60
Y 1150 [ 87.5|66.7|56.3 |50 |45.8 | 42.9
PEE———
0 W The results in the table are unexpected. You would

o expect the average speed for the round trip to be

The minimum occurs when x = 40.4 ~ 40 the average of the average speeds for the two parts

of the trip.
) : &)
88. C:£:0.2x +10x+5’x>0 .
X X [
X 0.5 1 2 3 4 51617
Cc | 201 | 152 | 129 | 123
4 (e) No, it is not possible to average 20 miles per hour
o in one direction and still average 50 miles per hour
251 on the round trip. At 20 miles per hour you would
204 use more time in one direction than is required for
i L/"/ the round trip at an average speed of 50 miles per
i hour.
5 91.
e ] (a) A=-0.2182t+5.665
x 10 15 20 25 X '
The minimum average cost occurs when x = 5. \\\
89. '
2
+ e [y
=1t o<y - 2
" +50
The horizontal is the r-axis, or C =0 b A=—
(a) e horizontal asymptote is the #-axis, or C =0. 0.03027 —0.020

This indicates that the chemical eventually "

dissipates. i
®) | \\\
¥ e ©
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! Year 1999 2000 | 2001 | 2002
The maximum occurs when ¢ = 4.5. Original data, A 3.9 3.5 3.3 2.9
(c) Graph C together with y =0.345. The graphs Model from (a), A 37 35 33 30
intersect at ¢ =2.65 and t=8.32 . C <0.345 Model from (b), A 40 33 3.2 29
when 0<t<2.65 hours and when 7 >8.32 hours.
90. Year 2003 2004 | 2005 | 2006
(a) RatexTime = Distance or —Dllit;zce = Time I?/Ircl)ileriaflr(()lztai A i; iz ;i ;z
100 100 200 Model from (b), A 2.7 2.5 2.3 2.2
- + 7 T 4
25 25 Year 2007 2008
<! Original data, A 2.0 1.9
25y +25x = xy Model from (a), A 2.0 1.7
25x = xy—25y Model from (b), A 2.0 1.9
25x=y(x—-25) Answers will vary.
_ 25x
YT oS
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92.

93.

9.

95.

96.

97.

(a) Domain: ¢ > 0; the model is valid only after the elk

have been released.
(b) At =0, P=10.

() P(25)=22¢lk
P(50) =24 elk
P(100) = 25 elk

(d) Yes, the horizontal asymptote y = % =27 is the
limit. .

False. The graph of a rational function is continuous
when the polynomial in the denominator has no real
ZEeros.

False. f(x)= 3x 1 crosses its horizontal asymptote
X+
y=0 at x=0.
ho)=0728 2079 ) a3
3—x 3—x

Since A(x) is not reduced and (3 — x) is a factor of both
the numerator and the denominator, x =3 is not a
horizontal asymptote.

There is a hole in the graph at x =3.

X 4+x-2
-1

=w=x+2’ x#1

g(x)=

x—1
Since g(x) is not reduced (x —1) is a factor of both the
numerator and the denominator, x =1 is not a
horizontal asymptote.

P .

i

There is a hole at x =1.

Horizontal asymptotes:

If the degree of the numerator is greater than the
degree of the denominator, then there is no
horizontal asymptote. If the degree of the
numerator is less than the degree of the
denominator, then there is a horizontal asymptote
aty=0.

If the degree of the numerator is equal to the
degree of the denominator, then there is a
horizontal asymptote at the line given by the ratio
of the leading coefficients.

Vertical asymptotes:

Set the denominator equal to zero and solve.

Slant asymptotes:

98.

100.

101.

If there is no horizontal asymptote and the degree
of the numerator is exactly one greater than the
degree of the denominator, then divide the
numerator by the denominator. The slant
asymptote is the result, not including the
remainder.

@ y=x+1+ —2_ has aslant asymptote
x+2

y=x+1and a vertical asymptote x =—-2.

0=2+1+—2
2+2

0=3+—

4_3

4

a=-12

12 _x2+3x—10

Hence, y=x+1— =
x+2 x+2

(b) y=x-2+—2

has slant asymptote y=x—-2
X+

and vertical asymptote at x =—4. We determine a
so that y has a zeroat x=3:
0=3-2+——=1+2=4=—7

3+4 7
-7 X’ +2x-15
x+4  x+4

Hence, y=x-2+

{5

_ R6/6
ST—B =3
102 2 .xl/z B x.xl/2 B x3/2
° x—l ~x5/2 xz .xs/z x9/2
1
IS

103.

1

Domain: all x
Range: y 2 \/E
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104. 106.

15 ]

D] A

-5 =10

Domain: -1 < x < 11 Domain: all x
Range:0 <y <11 Range: y <9
105. 107. Answers will vary.

Domain: all x
Range: y<0
Section 2.8
1. quadratic
10. (a)

2. S?=0.9688, the closer the value of S” isto 1, the

better fit of the model. LR
3. Quadratic
4. Linear w2 = 2
5. Linear (b) Quadratic model is better.
() =0.006x>-0.23x+10.5, quadratic
6. Neither (d
7. Neither
e
8. Quadratic [t
9. (a) -3 9
gmea’ g (e)
’ x -2 | -1 0 2
y 11 10.7 10.4 10.3 10.1
ke~ " Model 11 10.7 10.4 10.3 10.1
(b) Linear model is bgtter. X 3 1 5 6 7 3
(¢) y=0.14x+2.2, linear
) y 9.9 9.6 94 | 94 9.2 9.0
4 Model 9.9 9.7 9.5 9.3 9.2 9.0
"'.'.,n-"". 11. (a)
© | S T e
X o1 [2 [3 T[4 !
y 21 24 | 25 28 29 (b) Quadratic model is better.

Model | 22 | 24 | 25 | 26 | 2.8 () y=5.55x*-277.5x+3478

X 5 6 7 8 9 10
y 30 | 30 | 32 | 34 | 35 | 3.6
Model | 29 | 30 | 32 | 34 | 35 | 36
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(d ©)
s . x 1 2 3 4 5
).f Actual,y | 40 | 65 | 88 | 106 | 13.9
“-\ A Model,y | 36 | 6.1 | 85 | 11.0 | 13.5
-
i * X 6 7 8 9 10
© Actual,y | 15.0 | 17.5 | 20.1 | 24.0 | 27.1
Model,y | 16.0 | 185 | 209 | 234 | 259
x 0 5 10 15 20 |25
y 3480 | 2235 | 1250 | 565 | 150 |12 | 14. (@ i
Model | 3478 | 2229 | 1258 | 564 | 148 | 9 - T
x 30 | 35 | 40 | 45 50 | 55 ,, Te
y 145 | 575 | 1275 [ 2225 | 3500 | 5010
Model | 148 | 564 |1258 | 2229 | 3478 | 5004
(b) Linear model is better.
12. (a) - (¢) y=-0.89x+5.3
O @
s .. \\\
(b) Quadratic model is better. 6 \\
©) y=-17.79x" +354.8x + 6163 ©
(d) X -6 —4 -2 0 2
e Actual, y 10.7 9.0 7.0 54 35
/ ’ Model, y 106 | 89 71 | 53 | 35
) x 4 6 8 10 12
' Actual,y | 17 | —0.1 | 1.8 | =36 | —53
(e) Model, y 1.7 0.0 -1.8 -36 | 54
x 0 2 4 6 8 10
y 6140 | 6815 | 7335 | 7710 | 7915 | 7590 | 15. (a)
Model | 6163 | 6801 | 7298 | 7651 | 7863 | 7932
x 12 14 16 18 20 22 " )
y 7975 | 7700 | 7325 | 6820 | 6125 | 5325 Treees
Model | 7859 | 7643 | 7286 | 6785 | 6143 | 5358 N
(b) Quadratic is better.
3. @ (©) y=0.14x>-9.9x+591
-. (d) 6%
o
(b) Linear model is better. g )
() y=248x+1.1 ©
(d
30 x 0 5 10 15 20 25
/ Actual,y | 587 | 551 | 512 | 478 | 436 | 430
// Model,y | 591 | 545 | 506 | 474 | 449 | 431
i x 30 35 40 45 50
Actual,y | 424 | 420 | 423 | 429 | 444
Model,y | 420 | 416 | 419 | 429 | 446
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16. (a)

(b)
(©)
(d

(e)

1]

1

Quadratic model is better.
y=-0.283x" +0.25x+35.6

1]

X

1

X 2 3 4 5 6 7

Actual,y | 343 | 33.8 | 32.6 | 30.1 | 27.8 | 225

Model,y | 35.0 | 33.8 | 32.1 | 29.8 | 269 | 23.5

x 8 9 10 11 12

Actual, y 19.1 14,8 9.4 3.7 -1.6

Model, y 19.5 14.9 9.8 4.1 =22

17. (a)

(b)
©

(d)

18. (a)

(b)
(©

(d)

| Ao nl 12

4

The model’s minimum is H = 0.1 at t =7.4. This
corresponds to July.

2

S =-1.093£> +9.32¢ +202.4

2

/

1] - ) i)
2000

To determine when sales will be less than $180
billion, set S =180. Using Quadratic Formula,
solve for .

—1.093¢* +9.32¢ +202.4 =180

19.

20.

~1.093 +9.321 +22.4=0

932 J(9.32) —4(-1.093)(22.4)
2(~1.093)

| ~9:32+/184.795

-2.186
t=10.48 or 2010

Therefore after 2010, sales are expected to be less than
$180 billion.

This is not a good model for predicting future years. In
fact, by 2019 the model gives negative values for sales.

(@)

L]

L]

(b) P =-0.5638¢>+9.6901 +32.17
©

L]

L]

(d) To determine when the percent P of the U.S.
population who used the Internet falls below 60%,
set P = 60. Using the Quadratic Formula, solve for
t.

—-0.5638¢% +9.690¢ +32.17 = 60

-0.5638¢> +9.690r —27.83=0

(9690 J(9.690) —4(~0.5638)(-27.83)
- 2(~0.5638)

. -9.690£+/156.658316

-1.1276

t=13.54 or 2014

Therefore after 2014, the percent of the U.S. population
who use the Internet will fall below 60%.

This is not a good model for predicting future years. In
fact, by 2021, the model gives negative values for the
percentage.

(@)

N

168

1] BE]

168
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21.

() H=-1.68*+11.1t+174
2 =0.9567
(d)

N

N
Y|

168

The model fits the data fairly well.
(e) The cubic model is a better fit because its
coefficient of determination is closer to 1.

®

Year 2008 2009 2010
H* 164 159 155
Cubic model 168 172 186
Quadratic model 155 138 117

Answers will vary.

(a)

(b) T=7.97t+166.1
2 ~0.9469
©

(d) T=0459*-3.51r+232.4
2 ~0.9763
(e)

(f) The quadratic model is a better fit. Answers will
vary.

(g) To determine when the number of televisions, 7, in
homes reaches 350 million, set T for the model
equal to 350 and solve for .

Linear model:
7.97t +166.1 =350
7.97t =183.9
t=23.1or 2014

Quadratic model:
0.4591*> —3.51r +232.4 =350

0.4591* =351t —117.6 =0
Using the Quadratic Formula,

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

 —(-3.51)++/(-3.51)> —4(0.459)(~117.6)
- 2(0.459)

. 3.51++/228.2337

0.918
t=20.3 or 2011

t

True. A quadratic model with a negative leading
coefficient opens downward. So, its vertex is at its
highest point.

True. A quadratic model with a positive leading
coefficient opens upward. So, its vertex is at its lowest
point.

False. A quadratic model could be a better fit for data
that are positively correlated.

The model is above all data points.

Because the data appears more quadratic than linear, a
quadratic model would be the better fit. Therefore the

§? -value of 0.9995 must be that of the quadratic model.

@ (fo@))=f(x+3)=2(x"+3)-1=2x"+5
(b) (ge)X)=gRx—-1)=Q2x—1)+3=4x"—4x+4

@ (fe)=f2x"=1)=52x"-1)+8=10x"+3

(b) (go )(x)=gBx+8)=2(5x+8)* —1=50x" +160x +127

@ (foo)x)=f@/x+1)=x+1-1=x
b) (goHx) =g -1)=x’-1+1=x

@ (fog)x)=f(x'=5)=Y—5+5=x
(b) (g°f)(x)=g(\/3X+5)=[\/3X+ST—5=JC

fis one-to-one.
y=2x+5

x=2y+5
2y=x-5

y=(xT_5)3f"(x):xT_5

fis one-to-one.
_x—4

y

5x+4:y:f’](x):5x+4

f1is one-to-one on [0, o).
y=x"+5,x20
xX=y"+5,y20
y'=x-5
y=vx-5= f(x)=x-5,x2>5
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34. fis one-to-one. 36.

y=2x*=3,x20
x=2y"-3,y20

,  (x+3)
2 37
_ x+33f’l(x)— x+3 )
2 2
N2x+6
=— x2-3
2 38.
35. For 1-3i, the complex conjugate is 1+ 3i.
1-3)1+3i)=1-9"
=1+9
=10
Chapter 2 Review Exercises
4.
1.
= B2
The graph of y=x*>—2 is a vertical shift two units
downward of y = x’. s
2.
g T
The graphof y = x? + 4 is a vertical shift four units
upward of y = x>.
3 6.

The graph of y=(x—2)’ is a horizontal shift two units
to the right of y = x”.

For -2+ 4i, the complex conjugate is —2 —4i.
(=2 +4i)(2-4i)=4-16i"

=4+16

=20

For —5i, the complex conjugate is 5i.
(=5i)(5i) = -25*
=25

For 8i, the complex conjugate is —8i.
(8i)(—8i) = —64i*
=64

The graph of y =—(x+4)’ is a horizontal shift four

units to the left and a reflection in the x-axis of y = x*.

The graph of y = (x+5)* —2 is a horizontal shift five
units to the left and a vertical shift two units downward

of y= x>

The graph of y=—(x—4)>+1 is a horizontal shift four
units to the right, a reflection in the x-axis, and a vertical
shift one unit upward of y = x’.
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143

The graph of f(x)= (x + 3/2)2 +1 is a parabola

opening upward with vertex [—%, 1] , and no

x-intercepts.

The graph of f(x)=(x—4)> -4 is a parabola opening
upward with vertex (4, —4).
x-intercepts: (x—4)> —4=0

(x—-4y =4
x—4=12
x=6,2
6, 0),(2, 0)

f(x) =%(x2 +5x—4)

:l X +5x+2—5—é _2
3 4

4 3
1 5) 41
=—|x+=| ——
3 2 12
The graph of f is a parabola opening upward with

5 41
vertex | ——, —— |
2 12

. 1 5) 41
x-intercepts: —| x+— | ——=0.
3 2

or
Lo
—(x +5x—4)=0
3
X +5x—4=0

Use Quadratic formula.

xz—SiJH
2
2550} (25
L0, PR

2

10.

11.

12.

Ff(x)=3x>—12x+11

=3(x" —4x)+11

=3(x* —4x+4-4)+11

=3(x-2)" -1
The graph of f is a parabola opening upward with
vertex (2,—1).

x-intercepts: 3(x —2)*—1=0
or
3xP—12x+11=0

Use Quadratic Formula.

6++/3
X=

3

(2520} (555
3 7 3

Vertex : (1,—4) = f(x)=a(x—1)> -4
Point: (2,-3)=-3=a(2-1"-4
l=a
Thus, f(x)=(x—-1)>-4.
Vertex: (2, 3)=> y=a(x— 2)*+3
Point: (0, 2) =2 =a(0-2)*+3

=4a+3:>a=—l
4

Thus, f(x)= —%(x —-2)" +3.
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13.

14.

(@) A=uxy

If x+2y—8=0, then y=8;x.

5

A:4x—%x2, O<x<8

~

1]

(b)

Using the graph, when x =4, the area is a maximum.
When x =4, y=¥=2.

() A=—%x2+4x
=—%(x2—8x)
L >
=—5(x —-8x+16-16)
1 >
:—E(x—4) +8

The graph of A is a parabola opening downward,
with vertex (4, 8). Therefore, when x =4, the
maximum area is 8 square units.

Yes, graphically and algebraically the same
dimensions result.

X X X

6x+4y=1500
A=3xy

Total amount of fencing
Area enclosed

Because y = i(ISOO —6x),
1
A=3x [Z] (1500 — 6x)

= —gx2 +1125x.
2

The vertex is at x _—h_-1U%

=)

feet, y= i(l 500 —6(125)) =187.5, and the dimensions

=125. Thus x=125

are 375 feet by 187.5 feet.

15.
4=
E
34
The graph of f(x)=(x+4)*is a horizontal shift four
units to the left of y=x".
16.
4 =3 =2 1J]2 3 4 '
-3
A
The graph of f(x)=x’—4is a vertical shift four units
downward of y = x°.
17.
it
|
+ +- T = 1
4 -3 =2 231 4
The graph if f(x)=—x’+2 is a reflection in the x-axis
and a vertical shift two units upward of y = x°.
18.

ra

The graph of f(x)=(x+3)’ —2is a horizontal shift
three units to the left and a vertical shift two units
downward of y = x°.
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19.

The graph of f(x)=—(x+ 7)3 —2 is a horizontal shift
seven units to the left, a reflection in the x-axis, and a

vertical shift two units downward of y = x°.

20.

T,

- b

+ -
4 -3 =2 I 3\: 4

The graph of f(x)=—(x—1)’ +3 is a horizontal shift
one units to the right, a reflection in the x-axis, and a

vertical shift three units upward of y = x°.

1 1
21. X)=—x=2x+1 g(x)=—x’
S(x) 2 8(x) >

2

,
y\y

The graphs have the same end behavior. Both functions
are of the same degree and have positive leading
coefficients.

22, f(x)=—-x'+2x% g(x)=-x*

1

!
12 Fil 12

The graphs have the same end behavior. Both functions
are of the same degree and have negative leading
coefficients.

23. f(x)=—x*+6x+9
The degree is even and the leading coefficient is
negative. The graph falls to the left and right.

24, f(x)= %;ﬁ +2x

The degree is odd and the leading coefficient is positive.

The graph falls to the left and rises to the right.

3
25. x)==(x*+3x*+2
Fo=2( )
The degree is even and the leading coefficient is

positive. The graph rises to the left and right.

26. h(x)=-x"—-7x*+10x
The degree is odd and the leading coefficient is
negative. The graph rises to the left and falls to the
right.

27. (a) x4—x3—2x2:x2(x2—x—2)
=x2(x—2)(x+l)=0
Zeros: x=-1,0, 0, 2
()

IR
v

(¢) Zeros: x=-1, 0, 0, 2; the same

28. (a) —2x3—x2+x=—x(2x2+x—l)
=—x(2x-1)(x+1)=0
Zeros: x=-1, 0, &

(b)

\

(c) Zeros: x=-1, 0, 0.5; the same

29. (a) l3—3t=l(t2—3)=l(t+\/§)(t—\/§)=0

Zeros: t=0, i\/g
(b)

-4

|
{\}

(c) Zeros: t=0,%1.732; the same

-10+£+4/100-112

2
=—5+./3i.

Zeros: —8, —Si\/gi

—(x+6)’ ~8=x"+18x* +108x+224

30. (a) For the quadratic, x=

=(x+8)(¥" +10x+28)=0
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31.

32.

33.

34.

35.

36.

37.

(b)

14

(c) Real zero: x=-8

(a) x()c+3)2 =0
Zeros: x=0,—-3,-3

N

(c) Zeros: x=-3, —3, 0; the same

(b)

1

i

() =4 =0
tz(tz —4) =0
2 +2)(t-2)=0
Zeros: t=0, 0, £2
(b)

5

|
J

(c) Zeros: t=0, 0, £2; the same

@ =(x+2)(x=1)"(x-5)

=x*" -5 -3x* +17x-10

F)=(x+3)x(x—1)(x-4)

=x"—2x —11x* +12x

f(x)z(x—3)(x—2+\/§)(x—2—\/§)

=x*—7x*+13x-3

f(x)=(x+7)(x—4+\/€)(x—4—\/g)
=x’ —x*—46x+70

(a) The degree of fis even and the leading coefficient
is 1. The graph rises to the left and rises to the right.

(b) fx)=x*-2x"—12x> +18x+27
=(x* = 12x* +27) - (2x°> —18x)
=(x* —9)(x* —3)—2x(x* - 9)
=(x*=9)(x* =3-2x)
=(x+3)(x=3)(x* —2x-3)
=(x+3)x-3)(x-3)(x+1)
Zeros: =3, 3, 3, —1

(c) and (d)

'

38. (a)

(b)

The degree of fis odd and the leading coefficient
is =3 . The graph rises to the left and falls to the right.
) =-3x"=2x" +27x+18 =—(x-3)(x+3)(3x +2)

Zeros: x =23, —%

(c) and (d)

39. f(x)=x+2x"—x-1

(@)

(b)

40. (a)
()

(b)

f(=3)<0, f(-2)>0= zeroin (-3, —-2)
f(=1)>0, f(0)<0= zeroin (-1, 0)
f(0)<0, f1)>0= zeroin (0, 1)

4

1

I
A

A

4

Zeros: —2.247, —0.555, 0.802

f(x)=024x> —2.6x—-1.4
f(-3)<0,f(-2)>0= zeroin (-3, —2)
f=D>0,f(0)<0= zeroin (-1, 0)
f(3)<0,f(4)>0= zeroin (3, 4)

Zeros: —2.979, —0.554, 3.533
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41. f(x)= x'—6x*—4
(@ f(-3)>0,f(-2)<0= zeroin (-3, —2)
f(2)<0,f3)>0= zeroin (2, 3)

- 1 ] 5

(b) Zeros: £2.570

2. f(x)=2x" +%x3 -2

@ f(-2)>0,f(-1)<0= zeroin (-2, —1)
f(0)<0,f1)>0= zeroin (0, 1)

(b) Zeros: —1.897, 0.738

43. 8x +5

3x—2)24x* —x-8

24x* —16x
15x -8
15x-10

2_ —
Thus,M=8x+5+ .
3x-2 3x-2

44, 4.8
379

3x—2)4x* +0x+7

4x° —§x
3

79

g 8
=—x+—+ =—x+—+
9 3x-2 3 9

27x-18

45. x*=2

X-1)x*=3x"+2

xt—x?
2x7+2
2x*+2
0

4 2
Thus, %’Clﬂzﬁ—z, (x+1).
o

46. 3x2+4

-1 }3x4—3x2—1

3x* —3x°
4x* -1
4x* -4

3

4 2_
W=3x2+4+ .
x -1 x -1

Thus,

47. Sx+2

X2 =3x+1)5x° —13x> - x+2

5x°— 15x> +5x

2x7 —6x+2
2x7 —6x+2
0
3_ 2
Thus, 5’“;3"—’”2:5)“.2,
x°=3x+1

(xi%(Si«/g)].

48. X —x+1

X42x )xt+ -t +2x
xt2x?
—x’ =X
—x’=2x"
x> +2x
X +2x
0
x4+ —xr+2x _

Thus, z——xz—x+1, (x#0, =2).
x°+2x
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49. 3x* +5x+8
2x° +0x -1 >6x4 +10x° +13x% = 5x+2

6x'+ 0x® —3x7
10x* +16x* —5x
10x° + 0x* —5x
16x*—0+2
16x>+0-8
10

Thus,

6x* +10x° +13x* —5x+2 10

=3x"+5x+8+——

25 -1 233 -1

50. X =3x+2
X +2 >x4 —3x° +4x*—6x+3

x! +2x°

—3x* +2x* —6x
—3x° —6x
2x* +3
2x° +4
-1
x4—3x3+4x2—6x+3_ -1

X =3x+2+

Thus, 5
x +2 x“+2

51. 2 025 -4 0 0 O

-+ 9 -18 36
+ —% 9 -18 36
4_ 4.3
Thus,0'25x—4x:lx3—2x2+9x—18+ 36 .
x+2 4 x+2
52. 5 101 03 0 —05
05 4 20
0.1 08 4 195
3 2
Thus, 21X 035205 (o0 8x4a412
x-5 x-5

3 4 0 -18 0
6 0 27 00
6x* —4x* —=27x* +18x
- 2/3) B

53, 2 6 4 27 18 0

Thus,

6x°=27x, x# %

2 2 -1 2
1

54. +

o lw

23

)=
a0 |a|—

3 2 _
Thus, Mzzﬁ +3x+l+
x—(1/2) 2

_94
x=(1/2)

55.

56.

57.

58.

59.

60.

4 13 -10 12 22
12 8 80

3 2 20 58

3 _ 2 _
Thus, S5 10X F12X222 50 42040
x—4 x—4
1 12 6 -14 9
2 8 —6
28 -6 3
3 2 _
Thus,M=2xz+8x—6+ 3 .
x—1 x—1

(@ =3 |1 10 24 20 44
-3 21 135 —465
1 7 —45 155 —421=f(-3)
20 44
-2 -16 80 —200
1 8 —40 100 —-156=f(-2)

by -2

—_
—_
o
|
]
=

g(t) =2t —5¢* -8t +20
@ -4 2 5 0 0 -8 20
-8 52 -208 832 -3296
2 —13 52 208 824 -3276 =g(-4)

® 2 2 -5 0 0 -8 20
22 4-502 42-10 8-10y2 —20
2 22-5 4-5J2 42-10 -1042 O

-42)

f(x)=x>+4x>—25x-28
(@ 4 [1 4 -25 -28
4 32 28
1 8 7 0
(x—4) is a factor.
b)) X +8x+7=(x+D(x+7)
Remaining factors: (x+1), (x+7)
© fO=(x-Hx+Dx+7)
(d) Zeros: 4, —1, =7

f(x)=2x"+11x" —21x-90
(@ -6 |2 11 =21 -90
-12 6 90
2 -1 -15 0
(x+06) is a factor.
(b) Remaining factors of
2x* —x—15are 2x +5), (x=3).
© f(x)=(x+6)2x+5)(x-3)

(d) Zeros: -6, —%, 3
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61.

62.

63.

64.

65.

66.

Ff(x)=x"—4x —=7x* +22x+24

-2 12 -10 -24
1 -6 5 12 0
(x+2)is a factor.
311 -6 5 12
3 9 -12
1 -3 4 0
(x —3)1is a factor.
(b) x*-3x—4=(x—-4)(x+1)
Remaining factors: (x —4), (x+1)
© fO=(x+2)(x-3)x-Hx+D
(d) Zeros: -2, 3, 4, —1

@ -2 |1 4 -7 22 24

Ff(x)=x"—11x° + 41x* —61x +30

(@ 2 [1 -11 41 -61 30
2 -18 46 -30

1 -9 23 -15 0

511 -9 23 -15

5 =20 15

1 4 3 0

(x—2) and (x—5) are factors.

(b) Remaining factors of x* —4x+3 are (x—3),(x—1).
© fO)=(x=-2)(x=5)(x=3)(x-1)
(d) Zeros:1, 2, 3,5

Ff(x)=4x =11x* +10x -3

Possible rational zeros: 1, £3, +3, +3, +1 +

Zeros: 1, 1, i
4

F(x)=10x" +21x* —x -6
Possible rational zeros:

tl, £2, #3, £6, 1, L, +1

Zeros: -2, 5, —%

g(x)=5x"—6x+9 has two variation in sign = 0 or 2
positive real zeros.

g(=x)=-5x +6x+9 has one variation in sign

=> 1 negative real zero.

f(x)=2x"=3x" +2x—1 has three variations in sign
=1 or 3 positive real zeros.

f(=x)=-2x"=3x* =2x—1 has no variations in sign
= 0 negative real zeros.

2, k2, k2, 28+
10° —5° —5° —5°

ol

67.

68.

70.

1 |4 3 4 3
4 1 5

4 15 2
All entries positive; x =11is upper bound.

L |4 3 4 -3
-1 1 -2
4 4 5 -1

Alternating signs; x =—+ is lower bound.

3
Real zero: x=—

4
8 2 -5 -14 8
16 88 592

2 11 74 600
All positive = x =8 is upper bound.
-4 12 -5 -4 8

-8 52 -152
2 -13 38 -144
Alternating signs = x = —4 is lower bound.

Real zeros: x=-2, %, 4

f(x)=6x"+31x* =18x-10
Possible rational zeros:
*1, *2, £5, %10, £, £, 1, +2 2 £

Using synthetic division and a graph check x = % .
5 |6 31 -183 -10

6 5 30 10
6 36 12 0

5 .
x == isareal zero.

Rewrite in polynomial form and use the Quadratic
Formula:

6x* +36x+12=0
6(x* +6x+2)=0
X +6x+2=0

L=0% V(6) = 4()(2)

2(1)
-6+ -6+
- 6_2\/%: 6_22\/7 317

Real zeros: x=2, -3+ J7

f(x)=x"=13x"=1.7x+0.6
=5 (x=2)(x +1)(10x - 3)

3

Zeros: x=-1, 2, =
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71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

fx)=6x"—25x> +14x> +27x—18 87. N-9+3++/-36=3i+3+6i
=3+9i

Possible rational zeros: :

T, £2, £3, 46, £9, £18, £, +3, £, 4, £3, 5 g8 781+ 49=7-9i+7i

Use a graphing utility to see that x =—1 and x =3 are =7-2i

probably zeros.

~1 |6 25 14 27 18 g, OFi_6%i —i _6i-i
-6 31 —45 18 i i
6 31 45 —18 0 _TOH g
306 31 45 —18 :
18 -39 18 99, 4 -4 Ti_4i_4,
e 5 6 o 3 3 - 3 3
6x* =255 +14x* +27x 18 = (x + )(x = 3)(6x*> —13x +6) o1 342 5—i 15+10i—=3i+2
_ =(x+D(x=3)Bx-2)2x-3) 54 5-i 25+1
Zeros: x=-1,3, —, —
3 2 =£+ii
26 26
=5x* +126x% +25
f() x2 xz gy, 1=7i 2-3i _2-21-17i
=(x" +D(x" +25) T 243 2-3i 4+9
No real zeros 19 17.
=
6++/-25=6+5i 1313
2 _
J12 +3=-23i+3=3-23i 93. " +16=0
x*=-16
2P +7i=2+7i x=+/-16
P di=1-4 Y=
94, P +48=0
(7 +50) + (=4 + 20) = (7 — 4) + (5i + 2i)
=347 X =48
V) () e
2 2 2 2 x=43i

2 _
5i(13 = 8i) = 65i — 40i° = 40 + 65i 95. X +3x+6=0

(1+6i)(5=2i)=5-2i+30i +12 =17 +28i x=

2(1)
(10— 8i)(2 = 3i) = 20 — 30i — 16 + 24i° _ 3+4-15
= 4 46i T
i(6+i)(3—20)=i(18+3i—12i +2) ee 34315,
= i(20 - 9i) = 9+ 20i 2 2
2 —
G470 +(B=Ti) = (9 +42i —49) + (9 — 42i — 49) 96. " +dx+8=0
- 80 —4 /47 - 4(1)(8)
x=
2(1)
(4—i)2—(4+i)2=(16f8i—1)—(16+8i—1) 44716
=—16i X =
2
(V=16 +3)(v/=25 - 2) = (4i+3)(5i - 2) P L
2
=20-8i+15i—6 et
=-26+7i
(5-=4)(5+=4) =(5-2i)(5+2i)
—25+4
=29
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97. 3x"-5x+6=0

. 2(3)
x:5-_h/—47
6
xzéiii
6~ 6
98. 5x’—2x+4=0
2
C—(2)£y(-2) -4(5)(4)
xX=
2(5)
x_Zi\/—76
10
xzzizdﬁi
10
lei\/ﬁi
575
99, x> +6x+9=0
(x+3) =0
x+3=0
x=-3
100. x> —10x+25=0
(x=5) =0
x—5=0
x=5
101. X’ +16x=0
x(x2+l6)=0
x=0 xX*+16=0
x*=-16
x==4i

102. x* +144x=0
x(x2 +144)=0
x=0 x*+144=0
x> =—144
x=%12i

103. f(x)=3x(x—-2)
Zeros: 0, 2, 2

104. f(x)=(x—4)(x+9)’
Zeros: 4, =9, -9

105.

106.

107.

Quadratic Formula: x =

h(x)=x>—7x*+18x—24
4 |11 -7 18 -24
4 -12 24
1 -3 6 0

x =4 is a zero. Applying the Quadratic Formula on

x> =3x+6,
I il LN
2 27 2 7
Zeros: 4,i+£i, i—Ei
2 2 2 2
h(x):(x_4)(x_3+;/Gi][x_3—;/ﬁ'j

F(x)=2x" = 5x" +9x + 40
=(2x+5)(x* —5x+8)

5425-32  5+47i

2 2
Zeros: —i, ziﬁi
2.2 2
f(x)=(2x+5)(x—§+gij[x—§—gi]

f(x) =2x* =5x" +10x—12
2 2 -5 0 10 -12
4 2 4 12

-3 6 -6
2 4 4 0
3.
x =—— is a zero.
2

(3)=(x-2) 3 2w

=(x-2)(2x+3)(x* —2x+2)

By the Quadratic Formula, applied to x* —2x +2,

21 ima)

2

=1=xi
3 .
Zeros: 2,—5, 1+

f(x)=(x-2)(2x+3)(x—1+i)(x—1-i)
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108. g(x) =3x" —4x’ +7x +10x -4
= (x+ 1)(3x—1)(x2 —2x+4)

2+4-16

Quadratic Formula: x = _T =1+ \/5 i

Zeros: —1, 1+\/_1
g(x)=(x+1)(3x—1)(x—1+\/§i)(x—l—x/gi)

109. f(x)=x"+x"+5x" +5x
—x%x3+x2+5x+5)
2[ (x+1)+5( x+1ﬂ
(x+1)(x+5)
X (x+1 )(x+\/—z)( —\/§i)

Zeros: 0,0,—l,i\/gi

X

Il
=

110. f(x)=x"—5x"+4x
= x(x* =55 +4)
= x(x* —4) (¥ -1)
F(x)=x(x=2)(x+2)(x—1)(x+1)
Zeros: 0, =1, £2
111, f(x)=x"—-4x +6x-4
(@) x —4x’+6x—4=(x-2)(x -2x+2)
By the Quadratic Formula for x* —2x+2,
_2%\)(-2) -4(2)

2
Zeros: 2,1+i,1—i

() f(x)=(x-2)(x—1-i)(x—1+i)
(c) x-intercept: (2,0)

112. (a) f(x)zx3 —5x*—T7x+51
=(x+3)(x* -8x+17)

8+,/(-8)" —4(17) 84
2

=4+
Zeros: —3,4+i,4—1i

() fx)=(x+3)(x—4-i)(x—4+i)
(¢) x-intercept: (-3,0)
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113.(a) f(x)=-3x"—19x" —4x+12

=—(x+1)(3x" +16x-12)

-] -3 -19 -4 12

3 16 -12

-3 —-16 12 0
3x2+16x-12=0
(3x—2)(x+6)=

Zeros: ~1,2,-6
(b) f(x)=—(x+1)(3x-2)(x+6)
(¢) x-intercepts: (-1, 0), (-6, 0), @ oj
114. (a) f(x)=2x"—9x> +22x—30
=(2x-5)(x" —2x+6)
2+.J(-2)" —4(6)

xz—zli\/gi

2
Zeros: %, 1+\/§i,1—\/§i
) f(x)=(2x=5)(x=1-+/5i)(x=1+5i)

(c) x-intercepts: [%, 0]

115. f(x)=x"+34x" +225
(@) x*+34x*+225= (xz +9)(x2 +25)
Zeros: *3i,+5i
() (x+3i)(x=3i)(x+5i)(x—5i)
(¢) No x-intercepts
116. (a), (b)
f(x) =x* +10x> +26x* +10x +25
=(x2 +1)(x2 +10x+25)

:(x2 +1)(x+5)2 :(x+i)(x—i)(x+5)2

Zeros: *i,—5,—-5
(¢) x-intercept: (-5,0)
117. Since 5i is a zero, so is —5i.

f(x) = (x—4)(x+2)(x—5i)(x+5i)
=(x" —2x-8)(x* +25)
=x"-2x" +17x* = 50x — 200

118. Since 2i is a zero, so is —2i.

f(x) = (x—Z)(x+2)(x—2i)(x+2i)

= (x2 —4)(x2 +4)

=x'-16
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119. Since —3+5i is a zero, sois —3 —5i.

120.

121.

122.

123.

124.

125.

f)=x-Dx+4)(x+3-5)(x+3+5i)
=(x" +3x—4)((x+3)* +25)
=(x" +3x—4)(x* +6x+34)
=x*+9x° +48x" +78x—136

Since 1+\/§i is a zero, so is l—\/gi.

f@) = (x+4)(x+4)(x =1 =3i)(x = 1++/30)
= (X +8x+16)(x =1 +3)
=" +8x+16)(x* —=2x+4)
=x*+6x+4x* +64

f(x)=x"-2x+8x*—18x-9

(@ f(x)=("+9x*-2x-1)
(b) For the quadratic

244/(=2)* —4(=1) 1442

X =2x—lx="" = 1+

2
f(x)=(x2 +9)(x—1+\/5)(x—]_\/§)
© f(x)=(X+3i)(x—3i)(x—1+\/§)(x_1_\/§)

f(x)=x"—4x +3x* +8x-16
(@ fx)=x"-x—4)(x>-3x+4)

1+ —4-4) 1 17
b) x=——— — -+
2 27 2
1 17 1 17,
f(x)z[X—E—TJ[ —EJFT](X —3x+4)
© 13BN A 3T
2 27 2

Zeros: —2i, 2i

(x+2i)(x —2i)=x"+4 is a factor.
J(0) = +4)(x+3)

Zeros: ¥2i,—3

Zeros: 2+\/§i, 2—\/§i
(x=2-5i)(x=2-5i) = (x=2) +5=x> —4x+0is
a factor.

fx)= (xz —4x+ 9)(2x +1)

Zeros: x = —%, 2 i—\/gi

fl=2=2
x+3
(a) Domain: all x #-3
(b) Not continuous
(c) Horizontal asymptote: y=—1

Vertical asymptote: x =-3

126.

127.

128.

129.

130.

132.

133.

- f0)=

4x
f=—

(a) Domain: all x #8
(b) Not continuous
(c) Horizontal asymptote: y=4

Vertical asymptote: x =8

2 2
flx= ¥ =3x—18 (x—6)(x+3)
(a) Domain: all x#6, —3

(b) Not continuous
(c) Horizontal asymptote: y =0

Vertical asymptotes: x =6, x =-3

2x2+3
F@x X +x+3
The denominator x° + x +3 has no real zeros.
(a) Domain: all x
(b) Continuous
(c) Horizontal asymptote: y=2
Vertical asymptote: none

T+x
f=2
(a) Domain: all x#7
(b) Not continuous
(c) Horizontal asymptote: y =—1

Vertical asymptote: x =7

6x 6x
=1 (x+Dx=1)
(a) Domain: all x # £1
(b) Not continuous
(c) Horizontal asymptote: y =0

flo)=

Vertical asymptote: x ==1

4x*
2x* -3

(a) Domain: all x # i\/g = ig

(b) Not continuous
(c) Horizontal asymptote: y =2

Vertical asymptote: x = i\/E = i—6
2 2
3x° —11x—4
X)=————
f® X +2
(a) Domain: all x
(b) Continuous
(c) Horizontal asymptote: y=3
No vertical asymptote
2x—1 2(x— 2
fly=—22=10 x=3) _ x#5

K -2x-15 (x=5)(x+3) x+3’
(a) Domain: all x#5, -3
(b) Not continuous
(c) Vertical asymptote: x =-3
(There is a hole at x=5.)
Horizontal asymptote: y =0
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3 4.2 20 2
134, f(x)= ;c 4x _ x“(x—4) 140. f(x)=2x2 Tx+3
X +3x+2  (x+2)(x+1) 2x"—=3x-9
(a) Domain: all x#-1, —2 _ x=-3)2x-1
(b) Not continuous (x=3)2x+3)
(c) Vertical asymptote: x =-2, x=-1 _2x-1 3
No horizontal asymptotes T 2x+3° X
3
_ X2 Vertical asymptote: x=—=
135. f(x) = ymp >
|x|+2 4
(a) Domain: all real numbers Horizontal asymptote: y =1
(b) Continuous No slant asymptotes
(c) No vertical asymptotes Hole at x=3
Horizontal asymptotes: y=1, y=—1 R
136, f(x)= 2x 141. f(x)= w
: [2x—1] o
| _Bx-D(x+2)
(a) Domain: all x #— x+1
. 2 Vertical asymptote: x =—1
(b) Not continuous . )
1 Horizontal asymptote: none
(c) Vertical asymptote: x = 7 Long division gives:
Horizontal asymptotes: y =1 (to the right) 3x+2
y=-1 (to the left) X135 455 -2
3x* +3x
137.c=1(5)38” ,0< p<100 2x-2
-p
2x+2
(a) Whenp=25,C= % =$176 million. -4
Slant tote: y=3x+2
When p =50, c=% —$528 million. antasymprote: y=Jx-+
2x% +5x+3
When p =75, C=2257) _ 61584 million. 142. f)=—""—"—
100-75
(b) SO0 _ (ZX + 3)()6 +1)
x=2
Vertical asymptote: x =2
Horizontal asymptote: none
o e 100 Long division gives:
Answers will vary. 2x+9
x=2 }2 7 +5x+3
(¢) No.As p—100, C approaches infinity. * *
2x* —4x
138. y=1.568X—0.001’x>0 9x+3
6.360x +1 9r—18
The moth will be satiated at the horizontal asymptote, -
_Lses 21
y= 6360 7mg. Slant asymptote: y=2x+9
2 —_—
139. f(x)= ¢
x =1
_(x=Hx-D
(x—=D(x+1)
=X 4 ,x#1
x+1

Vertical asymptote: x =—1
Horizontal asymptote: y =1
No slant asymptotes

Hole at x =1
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2x—1 '
143. X)= ] T '
oy [
Intercepts: [0, 1], (l, OJ _____ | _L_: _____
5 2 . 0 m{_ﬂu : e
Vertical asymptote: x =5 6 -4 Jr N
Horizontal asymptote: y =2 \ | :
i |+
x | —4 -1 0 by 1 6 8
S5x
1 1 1 146. f(x)=
Yy Sl s |02 5 =50
3 Intercept: (0, 0)
g Symmetry: origin
Horizontal asymptote: y =0
No vertical asymptotes
________ x | -3 -2 -1 0 1 2 3
RIS |2l 2|2 o2 22
2 2 2 2
o
144. 4
x-intercept: (3, 0) SEEEY BT
. . 3
y-intercept: | O, 3 2
e
Vertical asymptote: x =2 F
Horizontal asymptote: y =1 )
147. f(x)= >
! 0 1 | 3] 4 5 (x+1)
4 3 1 7 Intercept: (0, 2)
Y 3 ) 2 0 D) 3 Horizontal asymptote: y =0
Vertical asymptote: x =—1
x | —4 -3 -2 10 1 2
N REE
9 2 2 9
1ah
2x° N (0.2
145. f(x)= L4002
J(x) a4 f
Intercept: (0, 0) s —t32 | 1334
y-axis symmetry :
Vertical asymptotes: x =12
Horizontal asymptote: y =2
-6 —4 -1 0 1 4 6
ol s T2, 1282
4 3 3 3 3 4
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148. h(x) ==

y-intercept: (0, 4)
Vertical asymptote: x =1
Horizontal asymptote: y =0

x | =2 -1 0 2 3 4
4 4
y — 1 4 4 1 —
9 9
2x° 2x
149. f(x)= =2x—
f®) x*+1 2 +1
Intercept: (0, 0)
Origin symmetry
Slant asymptote: y =2x
x| =2 -1 0 1 2
16 16
y|-—1 -1 0 1 | —
5 5
4~ ‘
. .
{0, 0y ; j’
4 =3 ] Al 1 2 3 4 '
(i“f‘::% Y= 1‘. i
;: &y
rt =+
x’ 1 2x 1 2x
150. f(x)= =—x+ =—|x+
/09 3x'-6 3 3x'-6 3 -2
Intercepts: (0, 0)
Vertical asymptotes: x = i\/i
1
Slant asymptote: y = Ex
X —4 -2 | -1 0 1 2 4
Yy |-152|-1.33/033| 0 |-033|1.33 |1.52

2
X% =
151. f(x)=———=x+2+
Fx x-3 x-3

Intercept: [0, —%j

Vertical asymptote: x =3
Slant asymptote: y=x+2

x| -4 10 2 4 5

Y| 3 |—=1| -3 13 | 105

2
2x"+7x+3 45— 2

152. f(x)= —

Intercepts: (0, 3), (=3, 0), (—%, ()J

Vertical asymptote: x =—1
Slant asymptote: y =2x+5

X -5 —4 -3 | =2 0 1

Y| -—=1 -= 0 3 3 6

153. (a)
5 years: N(5)= 224130 _ 304 housand fish
1+0.05(5)
10 years: N(10) = M = 453.3 thousand fish
1+0.05(10)
20(4 + 3(25))

25 years: N(25) = =702.2 thousand fish

1+0.05(25)
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Chapter 2 Review Exercises 157

(b) The maximum number of fish is N =1,200,000.
The graph of N has a horizontal asymptote at
N =1200 or 1,200,000 fish.

154. (a) “\ ¥

2in

E 30 in? My

2in,

Al |
———— & ——»]

30
x—4

Area=A=xy=x{4+ 30 }
x—4

{4x—16+30}
=X —

(b) (x—4)(y-4)=30=y=4+

x—4
_ 2x(2x+7)
x—4
(¢) Domain: x>4
(d) .
1
9.48 by 9.48

155. Quadratic model
156. Neither

157. Linear model
158. Quadratic model

159. (a) "X

(b)

o EUa S
SRIN)

(c) S=-3.49¢"+76.3t+5958; R’ = 0.8915
(d) LS

160.

161.

162.

163.

164.

165.

166.

167.

168.

(e) The cubic model is a better fit because it more
closely follows the pattern of the data.
(f) For 2012, let t=12.
S(12) =2.520(12)° =37.51(12)> +192.4(12) + 5895
= 7157 stations

(a)

15,500

L]
[T}
(RRLEY

(b) S=-161.65+2230.9¢ + 7333

()
N

(1} . - < -
(RRLEY

The models fits the data well.
(d) Set S=11, and solve for .

—161.65¢> +2230.9¢ + 7333 =11000

—161.65¢> +2230.9t - 3667 =0
Using the Quadratic Formula,
t=11.9 or 2012.

(e) Answers will vary.

15,500

False. The degree of the numerator is two more than the
degree of the denominator.

False. A fourth degree polynomial with real coefficients
can have at most four zeros. Since —8i and 4i are zeros,
so are 8i and —4i.

False. (1+i)+(1—i)=2, areal number

The domain will still restrict any value that makes the
denominator equal to zero.

Not every rational function has a vertical asymptote. For
example,
X

y= X+l
V=66 % /(=6)(—6)
In fact, \/—6+/=6 =~/6i/6i = —6.

The error is/—4 # 4i. In fact,

—i(N4 —1)==i2i- ) =2+i.

(@ i*=3G"H"=1"=1

(b) ¥ =i@*)=il)=i

© *=rE")=hHi)=-1
d =) ==i)=—i
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Chapter 2 Test

1. y=xX"+4x+3=x"+4x+4-1=(x+2)" -1 9
Vertex: (-2, —1)
x=0=>y=3

y=0=>x"+4x+3=0=(x+3)(x+1)=0=> x=-1,-3
Intercepts: (0, 3), (-1, 0), (-3, 0)

2. Let y=a(x—h)’ +k. The vertex (3, —6)implies
that y = a(x —3)> —=6. For (0, 3) you obtain
3=a(0-3)-6=9%a-6=a=1.

Thus, y=(x—3)—-6=x—6x+3.

3. f()c):4x3 +4x* +x=x(4x" +4x+1) = x2x +1)

Zeros: 0 (multiplicity 1)
—% (multiplicity 2)

4. f(xX)=-x’+T7x+6

4

11.
12.
¥ 13.
14.
5.
X +1 }3x3+0x2 +4x—1 1s.
3x° +3x
x—1 16.
3x+ xz—ll
o 17.
6. 212 0 -5 0 -3
4 8 6 12
2 4 3 6 9
18.
2 +4x* +3x+6+
x—2
7. 2 3 0 -6 5 -1
-6 12 -12 14
3 6 6 -7 13
f-2)=13 19.
8. Possible rational zeros:
124, +12, £8, +6, £4, £3, £2, £1, i%, J_r%

u

18

Rational zeros: -2, %

10.

. . 2
Possible rational zeros: +2, +1, i;, +

W | =

"

Rational zeros: %1, —%

f(x)=x"=7x* +11x+19
=(x+D(x*-8x+19)

For the quadratic,

+ [64 —
x=8_ 64 4(19):41_\/;,.

2
Zeros: —1, 4i\/§i
F) =(x+D(x—4+3i) (x—4-+31)

(-8 =3i)+(=1-15))=-9-18i
(10+\/%)—(4—\/E):6+2\/§i+«/ﬁi:6+(2\/§+\/ﬁ)i
Q+D6-)=12+6i-2i+1=13+4i

A+3) =5+ =(16+24i—9)—(25+10i —1) =—17 +14i

8+5i 6+i _48+30i+8i-5_43 38
6-i 6+i 36+1 37 37

5i 2-i 10i+5

. = =1+2i
241 2-i 4+1

(2i—-1) 2-3i 6-2+4i+3i

(Gi+2) 2-3i  4+9
4 7
=—+—
13 13
¥ +75=0
x> =-75
x=%-75
=+5./3i
x> =2x+8=0
o —(=2)£+/(-2)* —4(1)(8)
2(1)

x_Zi\/—ZS
2

242470

X=—-

2
x=1%/7i
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20. 23. (a) ™

o e S
S0

(b) A=0.861*+0.037 + 60.0

130

©

Vertical asymptote: x =0
Intercepts: (2, 0), (-2, 0) il et =i ?
Symmetry: y-axis The model fits the data well.
Horizontal asymptote: y =—1 (d) For 2010, let r=10.

) A(10) =0.861(10)* +0.03(10) + 60.0

N, g)=F 24— — $146.4 million
x-1 x=1 For 2012, let £ =12.

Vertical asymptote: x =1
Intercept: (0, —2)
Slant asymptote: y =x+1

A(12) =0.861(12)* +0.03(12) + 60.0
~$184.3 billion
(e) Answers will vary.

L

L :

.
1
"

s,

t +
—_———r-i-
rd

2x*+9
5x%+2

22. f(x)=

. 2
Horizontal asymptote: y = 5
y-axis symmetry

Intercept: (0, %)

[}
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