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CHAPTER 1
Functions and Their Graphs

Section 1.1 Rectangular Coordinates

1. Cartesian
2. Origin; quadrants
3. Distance Formula

4. Midpoint Formula

5 ¥
-
o (0,5)
Phs
(-4, 2)
R
* T GG
o (O.f;} T v
24
i+ e
(~=3,-6) a.-4
ol
6. y
3
(2,25 YEE
A ) 3 [.? )
1
| (1.-3)
. S
3 2 e ¢« 5 3
(337" T %0s.-n)
24+
5l
7. (-3,4)
8. (-12,0)

9. x >0 and y < 0 inQuadrant IV.
10. x < 0 and y < 0 in Quadrant I1I.

11. x

—4 and y > 0 in Quadrant Il.
12. y < -5 in Quadrant Il or IV.

13. (x, —y) isin the second Quadrant means that (x, y) is
in Quadrant I11.

14. (x, y), xy > 0 means x and y have the same signs.
This occurs in Quadrant | or Il1.

15.
Year, x | Number of Stores, y
2003 4906
2004 5289
2005 6141
2006 6779
2007 7262
2008 7720
2009 8416
2010 8970
10,000 +
) GO0 + .
4 80001
g 7000 + s "
= G000+ ]
5 ot e ®
£ 4000+
= 3000 +
Z o004
100 4+
21.:!}.‘ 1(::{}4 2{;05 2[;0(‘ EI)IUI-‘ Et)l(ls 30’(1‘) Ei.;l v
Year
Year (t = 3 <> 2003)
16.
Month, x | Temperature, y
1 -39 [
2 -39 F
3 ~29 g
S
4 -5
5 17
6 27
7 35
8 32
9 22
10 8
11 -23
12 -34

401
30+
204
10+

“104
-204
-304
—404

Month (1 <> January)
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20. d = \J(x = %)" + (¥, - n)°

= /61 units

Section 1.1 Rectangular Coordinates 3

22. d = (% - %) + (¥, - i)’

= J(-39 - 95) + (8.2 - (-26))
= /(-13.4)° + (10.8)°

= \/179.56 + 116.64

- 2962

~ 17.21 units

23. () (L 0),(135)

Distance = /(23 - 1° + (5 — 0)’

= V127 + 5% = /169 =13

(13,5), (13, 0)
Distance =|5 - 0| =|5| =5
(1,0),(13,0)
Distance = |1 - 13| =|-12| = 12
(b) 5% +12% = 25 + 144 = 169 = 132
24. (a) The distance between (-1,1) and (9,1) is 10.
The distance between (9,1) and (9, 4) is 3.

The distance between (-1,1) and (9, 4) is
\/(9 — (1)) + (4 - 1)* = /100 + 9 = ~/109.
(b) 10? + 3 =109 = (\/109)2
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4 Chapter 1 Functions and Their Graphs

27. dy = \J@ -3 + (3-2 =4+ 25 = /29
dzz\/(3+2)2+(2—4)2:\/ﬁz\/2_

dy = /(1 +2) +(-3-4) =9+ 49 = /58
d, =d,

SN
[(e]

28. dy = \J(4-2 +(9-3 = /4 +36 = /40
dy = /(-2 -4 + (7-9 =~/36 + 4 = /40
ds =\/(2—(—2))2+(3—7)2 - 16 + 16 = /32

dlzdz

—24

44

(b) d =+/(5-(-3)% +(6-6)*=+/64 =8

(C) (6 + 6Y5+7(_3)] = (6' 1)

2 2
30. (@) v
6
(1,4) (8,4)
44 @ —---—----— Y

2+

—4+

() d =J(A-42+@-1° =~/49 =7

1+8 4+4 9
© ( 2 2 J:[E"‘]

31. (a) ¥

+ + + +
=2 2 4 6 & IO

(b) d = /(9 -1 + (7 -1 = /64+36 =10

9+17+1
(©) ( P ):(5,4)

32. (a) ¥
|2—-.‘t1. 12)
10+ \\
s+ N
6+ \\\
4+ ‘\
"] N (6.0)
-2 > 4 6 8 10
(b) d = /1 -6 + (12 - 0)° =/25+144 = 13

o (5522;2)- 19
2 2 2

33. (a) y

(b) d = /(5 +1) + (4 -2

=36+ 4 = 210
-1+52+4
© (T Tj =239
34. (a) ¥
ol {2,.Iil}
8+ : \\
[ ~
N
2 »
(10, 2)
2 4 (:‘ 8 Ii[J !

(b) d = /(2 10" + (10 - 2

= 64 + 64 = 82
2+10 10 + 2
(c)( PR J:(G,G)
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35. (a) ¥
20+

(—16.8,12.3) 15T
L ]

~~._ 10+
e
(5.6,4.9)

+ u + + $ X
=20 =15 =10 -5 5
_54

(b) d = \/(-16.8 - 56)° + (123 - 49)°
= /501.76 + 54.76 = ~/556.52

© (—16.82-# 5.6, 12.3;L 4.9] - (-56.86)

36. (a) y

| ol 1 bl

b=

1 5Y 4Y
‘b’d‘ﬂfz} (-3

- oyt _82
9o 3

o [—(5/2) +(1/2) (4/3) + 1] _ (_1’ ZJ

[l

2 2

37. d = /1202 + 1502

= /36,900
= 30:/41
~ 192.09
The plane flies about 192 kilometers.

38.

39.

40.

41.

42.

43.

44,

Section 1.1 Rectangular Coordinates

d = /(42 - 18 + (50 - 12)°
- o4 13

/2020

2./505

45
The pass is about 45 yards.

4

S [2002 + 2010 19,564 + 35,123]
midpoint =

2 ‘ 2
= (2008, 27,343.5)

In 2006, the sales for the Coca-Cola Company were
about $27,343.5 million.

midpoint — (T uj

2

. (2008 + 2010 1.89 + 2.83)
2 ‘ 2

= (2009, 2.36)

In 2009, the earnings per share for Big Lots, Inc. were
about $2.36.

(-2+2,-4+5)=(01)

|
a1
+
o
w
|
w
~
Il
—
=
(=)
~

—_~ o~~~
L
+
»
|
SN
+
oo

(7-10,6 - 6) = (-3,0)
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6 Chapter 1 Functions and Their Graphs

45. (a) The minimum wage had the greatest increase from 2000 to 2010.

(b) Minimum wage in 1990: $3.80

Minimum wage in 1995: $4.25

4.25 - 3.80
3.80

Minimum wage in 1995: $4.25

Minimum wage in 2011: $7.25

Percent increase: ( j(lOO) ~ 11.8%

Percent increase: (MJQOO) ~ 70.6%
4.25
So, the minimum wage increased 11.8% from 1990 to 1995 and 70.6% from 1995 to 2011.
(¢) Minimumwage _ Minimum wage Percent \( Minimum wage | _ N
in 2016 ~ in2011 * lincrease Jlin 2011 ~ $7.25 + 0.706(37.25) ~ $12.37

So, the minimum wage will be about $12.37 in the year 2016.

(d) Answer will vary. Sample answer: No, the prediction is too high because it is likely that the percent increase
over a 4-year period (2011-2016) will be less than the percent increase over a 16-year period (1995-2011).

46. "
(a) X y . . 47. Because Xm = u and VYm = u
90+ . 2 2
o B S
TR 2 ot °, 2%y = X + X 2Yn = Y1+ Y,
: w0l o 2 = X = X 2Yn — V1 = Ve
5wt
35 57 g a4
i *E: So, (XZ: yz) = (2Xm - X, 2Ym — Y1)-
40 | 66 1 .
10 20 30 40 50 60 70 80
44 79 Math entrance test score
48 90
53 76
58 93
65 83
76 99

(b) The point (65, 83) represents an entrance exam
score of 65.

(¢) No. There are many variables that will affect the
final exam score.

48. @) (X2 ¥2) = (2% — X0, 2¥m — Y1) = (2-4 = 1,2(-1) - (-2)) = (7.0)

(0) (X2 ¥2) = (2% — %, 2Ym — V1) = (22— (-5),2-4 - 11) = (9,-3)
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49. The midpoint of the given line segment is (

Section 1.1 Rectangular Coordinates 7

X+ % i + Y2
The midpoint between (x;, y;) and [M MJ is (Xl o, nt 2] - (3’(1 X 3y: + Y2}
2 2 ) 4 4
2 2
X+ X Vi + Yo
The midpoint between (M uj and (Xp, y) is 5 X 5 TVl (Xl + 3Xz’ Vi + 3Y2}
2 2 5 ) 5 4 4

3+ X 3t Y,

]X1+X2 Vit Yo
’ 2 2

So, the three points are [ ,
4 4

}an

d[x1+3x2 v + 3y,
4 ' 4

}

. 3-2) -1
50. (a) (3x1 X 3+ Y2j _(3:1+43(2)-1) [zy _zJ
4 4 4 4 4 4
(lerx2 y1+y2] (1 +4 —2—1]_(§ _Ej
2 2 ) 2 ) 22
(x+3x2 y1+3y2 34—2+3( 1) _(E_§j
4 4 4" 4
(b) (3x+x2 3y1+y2 +03 (-3) + 0 _(_%_gj
4 4 2 4
(X1+X2 y1+y2J (2+0 3+Oj (_1_§j
2 2 2 b2
(X1+3X2 y1+3y2)7( -2+0 —3+0]7[_1 _§J
4 ' 4 4 ' 4 2" 4
51. y (a) The point is reflected through the y-axis.
8+ (b) The point is reflected through the x-axis.
(-3.5)e : ®(3.5) (c) The point is reflected through the origin.
. {I--z.ln,:-- “.‘(2]”.
S6-4-2 | 2468
L L]
(=7,=-3) -41 (7,-3)
-6+
52. (a) First Set (b) y
d(A B) =\/(2—2)2 +(3-6) =9 =3
d(B.C) = /(2-6/ +(6-3 =/16+9 =5
d(AC) =+/(2-6/ +(3-3 = /16 = 4

Because 3% + 42 = 52 A, B, and C are the vertices
of a right triangle.
Second Set

d(A B) = /(8- 5 + (3-2)* = V10
C)=+/(5-2"+(2-1)" =10
- \J(8-2"+(3-1" =40

A, B, and C are the vertices of an isosceles triangle

or are collinear: ~/10 + /10 = 2~/10 = ~/40.

-24

First set: Not collinear
Second set: The points are collinear.

(c) IfA, B, and C are collinear, then two of the distances
will add up to the third distance.
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8

53.

54.

55.

56.

57.

Chapter 1 Functions and Their Graphs
No. It depends on the magnitude of the quantities
measured.

The y-coordinate of a point on the x-axis is 0. The
x-coordinates of a point on the y-axis is 0.

False, you would have to use the Midpoint Formula
15 times.

True. Two sides of the triangle have lengths ~/149 and
the third side has a length of ~/18.

False. The polygon could be a rhombus. For example,
consider the points (4, 0), (0, 6), (—4, 0),and (0, —6).

Section 1.2 Graphs of Equations

(@ (0,2): 2

. solution or solution point
. graph

. intercepts

. y-axis

. circle; (h, k); r

. numerical

VO + 4

2=2

Yes, the point is on the graph.
(b) (53:3=~5+4
NE)

3=
3=3
Yes, the point is on the graph.

(@) L2):2=-5-1
2=+/4
2 =2

Yes, the point is on the graph.
?
(b) (50:0=+/5-5
0=0
Yes, the point is on the graph.

58. (a) Because (Xo, Yo) lies in Quadrant I, (xo, —Yo) must

lie in Quadrant I11. Matches (ii).

(b) Because (o, Yo) lies in Quadrant II, (—2xy, )
must lie in Quadrant 1. Matches (iii).

(c) Because (Xo, Yo) lies in Quadrant II, (XO, %yo) must
lie in Quadrant Il. Matches (iv).

(d) Because (Xo, Yo) lies in Quadrant II, (—Xy, —Yo)
must lie in Quadrant IV. Matches (i).

59. Use the Midpoint Formula to prove the diagonals of the

parallelogram bisect each other.

[b+ac+0j_(a+bgj
2 1 2 2 "2

(a+b+0 c+0j7(a+b£J
2 2 2 "2

n

9. (20):(2-32) +2=0

i

4-6+2=0
0=0
Yes, the point is on the graph.

(0) (-2.8) (-2 ~3(-2)+2-

-8
4+46+2=28
12 # 8

No, the point is not on the graph.

10. (@) (L5):5=4-[1-2]

?

5=4-1
5#3
No, the point is not on the graph.
(b) (6,0): 0 =4 -6 - 2|

?

0=4-4
0=0
Yes, the point is on the graph.
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Section 1.2 Graphs of Equations 9

11 (8) (2.3):3 =[2 -1+ 2 15y =-2x+5

P

3=1+2 X -1 0 1 2

[=ERENI3]

3=3 y 7 5 3 1

Yes, the point is on the graph. ) | (-1 7) (0’5) (1‘ 3) | (2.1)

A

ot
o

—

?
(b) (-1,0): 0 = \—1— 1\+ 2
0=2+2
0=4
No, the point is not on the graph.

?

12. () (L2):21)-2-3=0
320 g

No, the point is not on the graph.

®) @1 20 - () -3 -0 16 y = §x -1
2+1-3 ; 0 « ) 5 . % .
0=0
Yes, the point is on the graph. y -3 -1 -1 0 1
|23 e |[t4)]E9) @Y
13 @) (3-2): (3 + (-2 = 20
9+4 ; 20 4

13 # 20 |
No, the point is not on the graph. | / .

4 -3 -2 -1 2 3 4
() (-4,2): (-4 +(2)° = 20 . ”
16 +4 = 20 o]
20 = 20
Yes, the point is on the graph. 17. y = x> - 3x
?
14. (a) (2, —%): 12 - 202 = -1 X -1 0 1 2 3
? y |4 0 -2 -2 0
1.8-2.-4=-1
Y| (-14) | (00) | 1-2) | (2-2)]| (30
8 _g=_16
3 3
8 _24 _ _16
3 3 3
_1 _ _16
3 3

Yes, the point is on the graph.

() (-3.9): (-3 - 2(-3)° = 9 r

H(-271)-2(9) = 9

-9-18=9
=27 # 9
No, the point is not on the graph.
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10 Chapter 1 Functions and Their Graphs

18. y =5-x? 20. x-intercepts: (2, 0)
) ] 0 1 2 y-intercept: (0, 16)
y |1 4 5 4 1 21. x-intercept: (-2, 0)
xy| (29 | (24 | 09 ] 14 | 2 y-intercept: (0, 2)

22. x-intercept: (4, 0)

y-intercepts: (0, +2)

23. x-intercept: (1,0)

x y-intercept: (0, 2)

24. x-intercepts: (0, 0), (0, +2)
19. x-intercept: (3, 0) y-intercept: (0, 0)

y-intercept: (0, 9)

25. x> -y =0
(—x)2 -~ y=0= x? -y =0 = y-axis symmetry
x> = (-y) = 0= x* + y = 0 = No x-axis symmetry

(—x)2 — (—y) =0 = x? +y =0 = No origin symmetry

26. x—y> =0
(-x) = y* =0 = —x — y? = 0 = No y-axis symmetry
X - (- y)2 =0= x-y? =0 = x-axissymmetry

(—x) - (—y)2 =0 = —-x - y? = 0= No origin symmetry

27. y

y
-y = x} = y = —x® = No x-axis symmetry

X3
(—x)3 = y = -x® = No y-axis symmetry

—y = (—x)3 = -y = —x® = y = x> = Origin symmetry

28. y =x* - x2+3
y = (—x)4 - (—x)2 +3 =y =x*-x%+3 = y-axis symmetry
-y =x*=x?*+3 =y =-x*+ x* - 3 = No x-axis symmetry

-y = (—x)4 - (—x)2 +3 =y =-x*+x* -3 = Noorigin symmetry

X
29. Yy = ——
y X2 +1
—X —X .
y=——— =Yy =——— = Noy-axis symmetry
(-x)" +1 X +1
X —X .
-y == >y == = No x-axis symmetry
X-+1 x-+1
-y = _x = -y = X =y = X = Origin symmetry
(_x)2+1 X2 +1 ¥ +1
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30.

31.

32.

33.

34.

35.

y = 1
1+ x?
1 1 .
y=—"—3 = y=—"— = yaxis symmetry
1+ (-x) 1+x
y=——=y-= L Noxeaxis symmetry
1+ x2 1+ x2
1 -1 -
-y = —— = Y = —— = Noorigin symmetry
1+ (-x) 1+x
xy2 +10 = 0

(—x)yz +10 = 0 = —xy? + 10 = 0 = No y-axis symmetry

x(—y)2 +10 = 0 = xy? + 10 = 0 = x-axis symmetry

Section 1.2 Graphs of Equations

(-x)(=y)’ +10 = 0 = —xy? + 10 = 0 = No origin symmetry

Xy =4
(-X)y = 4 = xy = -4 = No y-axis symmetry
X(-y) = 4 = xy = -4 = No x-axis symmetry

(—x)(-y) = 4 = xy = 4 = Origin symmetry

t =

1 3 4

i+ ! Q
_2——

[FF

oW B
t

!
-
(R
b
w
=

Bow
t

36. ¥

oW b

&
wd
b2
L o

v

[
Bowor

37. y = 3x+1
X-intercept: (% 0)

y-intercept: (0,1)

No symmetry

o

Fau s

38. y =2x-3
x-intercept: (g 0)
y-intercept: (0, —3)

No symmetry

11
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12 Chapter 1 Functions and Their Graphs

39. y = x% - 2x 4.y =x3-1
x-intercepts: (0, 0), (2, 0) x-intercept: (1, 0)
y-intercept: (0, 0) y-intercept: (0, —1)
No symmetry No symmetry

¥

x|-110]1 |2]3

y|3 |o|-1|0]3

%)
t

) [II:O? ) illm )
-2 -l ] VAR 43. y =-/x-3
24 x-intercept: (3, 0)

y-intercept: none
40. y = —x% - 2x No symmetry

x-intercepts: (-2, 0), (0, 0)

X[ 3|4]|7]|12

y-intercept: (0, 0)

ylol1[2]3

No symmetry

.‘I
A s 1
L 4+
(0, 0)
+—+ x 11
" 1 2 3 :
—24 T
-3 I (3,0)
—4+ —t—————+— 1
1 2 3 4 5 6
_5— L
Pl
44, y = /1 - X

4. y = x*+3
x-intercept: (\3/—3, 0)

y-intercept: (0, 3)

x-intercept: (1, 0)
y-intercept: (0,1)

No symmetry

No symmetry

x| -2|-1]0|1]|2

y|-5]2 |3]|4]|11 31

0, 1)
(1,0)
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45. y =[x -6

x-intercept: (6, 0)

y-intercept: (0, 6)

48.

No symmetry
X|-2|0]|2|4|6 10
y|8 [6]|4]|2]|0 4
124
49,

46. y =1-|x|

x-intercepts: (1, 0), (-1, 0)

y-intercept: (0,1)

y-axis symmetry

¥

at

(0,1

47. x = y2 -1

2
)
1
(~1, []J‘/\I .0
-1

-3+

t 1 x

x-intercept: (-1, 0)

y-intercepts: (0, -1), (0,1)

X-axis symmetry

X | -1

0

y|O

+1

50.

5L

52.

Section 1.2 Graphs of Equations

X=y2-5
x-intercept: (-5, 0)

y-intercepts: (0, \/E) (0, _\/E)

X-axis symmetry

v

-10
Intercepts: (10, 0), (0, 5)

y=2x-1

10

//

-10

Intercepts: (0, 1), (g 0)

y =x2—4x+3
10

-10 2 / 10
=10

Intercepts: (3, 0), (1, 0), (0, 3)

y=x2+x-2

Intercepts: (-2, 0), (1, 0), (0, -2)

13
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53.

54.

55.

56.

57.

Chapter 1 Functions and Their Graphs

-10

Intercept: (0, 0)

Intercept: (0, 4)

y =3x+2

10

L
-10 — 10

Intercepts: (-8, 0), (0, 2)

y=3/x+1
10
Bl —— 10

Intercepts: (-1, 0), (0,1)

y = XX+ 6

10

Intercepts: (0, 0), (6, 0)

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

59.

60.

61.

62.

63.

64.

Intercepts: (0, 0), (6, 0)

y =[x + 3|

~_ |

-10

Intercepts: (-3, 0), (0, 3)

y =2-|x

Intercepts: (2, 0), (0, 2)

Center: (0, 0); Radius: 4
(=0 +(y - 0f =4
X2 +y? =16
Center: (0, 0); Radius: 5
(x - 0 + (y - 0)" = &
X2 +y? =25
Center: (2, -1); Radius: 4
(x=2f +(y - (1) = #
(x-=2 +(y+1> =16

Center: (-7,-4); Radius: 7

—
>
|
|
~
~
=
[N
+
—
<
|
|
I
~—
[N
I

72

49



65. Center: (-1, 2); Solution point: (0, 0)

(= (0 + (v -2 =

(0+17° +(0

66. Center: (3, -2); Solution point: (-1,1)

67. Endpoints of a diameter: (0, 0), (6, 8)

Center: (OJ’G,MJ = (3, 4)

2 ' 2
(x =3 +(y—4) =r?
(0-3°+(0-4f =r> = 25=r?
(x -3) +(y—4) =25

68. Endpoints of a diameter: (-4, -1), (4,1)

r— %\/(—4 — )+ (-1 1)

1 2 2
= NE8 ()
:%JM+4
- %\/6 = @j(z)\/l_ = V17
Midpoint of diameter (center of circle):
(—4+4 —1+1] - (0.0)
2 2 )V
(x =0 +(y - 0) = (VI7)
X2+ y? =17

69. x? + y? =25
Center: (0, 0), Radius: 5

Section 1.2 Graphs of Equations
70. x2 +y?2 =36
Center: (0, 0), Radius: 6

v

8
44
24
(0, 0)
t +—+ +—t t X
) t;j 8
—4
-84

7L (x-1)"+(y+3° =9

Center: (1, -3), Radius: 3

72. %+ (y-1)° =1

Center: (0, 1), Radius: 1

¥

(0, 1)
L ]

(5]
3

7 (=g s (- -8

Center: (% %) Radius: %
34

( =

l\ _/ e

15
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74.

75.

76.

Chapter 1 Functions and Their Graphs

(x -2 +(y+3)7° =1

Center: (2, -3), Radius:

w|s “"cn

y = 500,000 — 40,000t,0 <t <8

¥
4
SO0,000

400,000 1
300,000 1

200,000 +

Depreciated value

100,000 1+

i
1234567E8

Year

y = 8000 —900t,0 <t <6
3000 4
6000 +

4000 1

Depreciated value

2000 1

I 2 3 4 5 6
Year

78.

77. (@)

(b)

(©

(d)

)

@

(b)

©

(d)

)

2x + 2y = 100
2y=%—2x
y =2 - x

A=xy=x(%—x)

BO0O
1] 180
o
When x = y = 86% yards, the area is a maximum

of 7511% square yards.

A regulation NFL playing field is 120 yards long and
53% yards wide. The actual area is 6400 square

yards.

P = 360 meters so:
2x + 2y = 360

w =1y =180 - x
A = lw = x(180 - x)

8000

1] 180
o]

x =90 and y = 90

A square will give the maximum area of 8100 square
meters.

Answers will vary. Sample answer: The dimensions
of a Major League Soccer field can vary between
110 and 120 yards in length and between 70 and

80 yards in width. A field of length 115 yards and
width 75 yards would have an area of 8625 square
yards.
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79. (a) 100

/'.-"*"_H

1]

1]

Section 1.2 Graphs of Equations

100

Because the line is close to the points, the model fits the data well.

(b) Graphically: The point (90, 75.4) represents a life expectancy of 75.4 years in 1990.

Algebraically: y =

-0.002t? + 0.5t + 46.6

~0.002(90) + 0.5(90) + 46.6
75.4

So, the life expectancy in 1990 was about 75.4 years.

(c) Graphically: The point (94.6, 76.0) represents a life expectancy of 76 years during the year 1994.

Algebraically: vy

= —0.002t?> + 0.5t + 46.6

76.0 = —0.002t? + 0.5t + 46.6
0 = -0.002t2 + 0.5t — 29.4
Use the quadratic formula to solve.
b B da
2a
~ —(05) £ /(05)" — 4(~0.002)(~29.4)
2(-0.002)
_ -05++/00148
—-0.004
=125+ 304

So, t = 94.6 or t = 155.4. Since 155.4 is not in the domain, the solution is t = 94.6 , which is the year 1994.

(d) When t = 115:

y = ~0.002t? + 0.5t + 46.6
= -0.002(115)" + (0.5)(115) + 46.6

77.65

The life expectancy using the model is 77.65 years, which is slightly less than the given projection of 78.9 years.
(e) Answers will vary. Sample answer: No. Because the model is quadratic, the life expectancies begin to decrease

after a certain point.

17
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18 Chapter 1 Functions and Their Graphs

80. (a)
X |5 10 20 30 40 |50 |60 | 70 | 80 | 90 | 100

y | 4148 | 103.7 | 259 | 115 | 65 |41 |29|21|16|13 |10

b .
( ) 450
400
350
300
250
200
150
100

Resistance (in ohms)

ad x

3‘[] -111-! f;] x'n 100
Diameter of wire (in mils)
When x = 85.5, the resistance is about 1.4 ohms.
(c) When x = 85.5,

10370
(85.5)?

(d) As the diameter of the copper wire increases, the resistance decreases.

= 1.4 ohms.

8L y = ax® + bx® 82. x-axis symmetry: X +yr=1
2
@ vy =a(-x)* + b(-x)’ X+ (-y) =1
= ax? — bx® Xt +yt=1
To be symmetric with respect to the y-axis; a can be y-axis symmetry: X +y? =1
any non-zero real number, b must be zero. (—x)2 Fy2 =1
2 3
(b) -y = a(-x)" + b(-x) X2+ y2=1
_ 2 3 ..
-y = ax® - bx Origin symmetry: X2 +y2=1
_ 2 3
Y=o b (3 + () =1
To be symmetric with respect to the origin; a must X2+ y? =1

be zero, b can be any non-zero real number. o o
So, the graph of the equation is symmetric with respect

to the x-axis, the y-axis, and the origin.

Section 1.3 Linear Equations in Two Variables

1. linear 9. () m = 2. Because the slope is positive, the line rises.
2. 5|ope Matches L2.
. (b) mis undefined. The line is vertical. Matches L.
3. point-slope
() m = —2. The line falls. Matches L.
4. parallel

. 10. (@) m = 0. The line is horizontal. Matches L,.
5. perpendicular

(b) m= —%. Because the slope is negative, the line
6. rate or rate of change
g falls. Matches L,.
7. linear extrapolation (c) m = 1. Because the slope is positive, the line rises.
Matches L.

8. general
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Section 1.3 Linear Equations in Two Variables 19

1 17y = —3x + 4

=0
" Slope: m = -1

y-intercept: (0, 4)

12. undefined

18. Slope:m =

3
2
y-intercept: (0, 6)

13. Two points on the line: (0, 0) and (4, 6) .
Slope:L_yl:E:E
Xo — % 4 2

14. The line appears to go through (0, 7) and (7, 0).

Slope = 2= % _0=7 _ 4
Xo =% 7-0
19. y-3=0
15. y =5x + 3 y = 3, horizontal line
Slope: m =5

Slope: m =0

y-intercept: (0, 3) y-intercept: (0, 3)

v

5
_ﬂ.
4
39 (0,3) hm_ 3)
. > x 14
=4 =3 =2 =1 12 3
/i -3 =2 -1 1 2 3 '
a1
16. Slope:m = -1 20 x+5=0
y-intercept: (0, -10) X =-5

Slope: undefined (vertical line)
No y-intercept

oW
"

(0.-10) 76 | 4321
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20 Chapter 1 Functions and Their Graphs

21. 5x -2 =0 24. 2x + 3y =9
x = &, vertical line 3y = —2x + 9
- _2
Slope: undefined y = —5X+ 3

No y-intercept Slope: m = _%

¥

y-intercept: (0, 3)

r

22.3y+5=0
3y = -5

- _5

3

Slope: m =0

y-intercept: (0, —%)

|
3
|

(¥

1o

23. 7x — 6y = 30

-6y = -7x + 30
y=1x-5
Slope:m = £

y-intercept: (0, —5)
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28.

29.

30.

3. m =

Section 1.3 Linear Equations in Two Variables 21
—4 -4 0 - (-10
m = =-4 32.m:7( ) __5
4-2 -4 -0 2
—4,0) |
4+ (2.4 t \( ‘.] t + x
-6 2 4
2 \+ 6
4t (4,-4) ‘[0,—”]}
-7 — (-7 — -
m = (1) _0_, 3 mo 6-381 15 4.
8-5 3 -52-48 -10
f
4 8
24 6
) 3 4 6 & 10 4 (4.8,3.1)
-2 (=5.2, 1.6) :
-4 2=
6+ B5.=T)  (8.-T) R I T
3T 2T
-10+4 -4 4
e N
m=_—>-1 _4 o3 3 1
_4_(_2) 34. m = 3 1 =3
\ 2 2
e e
=24 i1 44
Sl (3:-3)
44
ol
4 — (-1
¥ _> 35. Point: (2,1), Slope: m =0
-6-(-6) 0

m is undefined.

Because m = 0, y does not change. Three points are
(0,1),(3,1), and (-1,12).

5T 36. Point: (3, -2), Slope: m = 0
54 M Because m = 0, y does not change. Three other points
27 are (-4, -2), (0, -2), and (5, -2).
é E—IS,I—I} '2 '

37. Point: (-8, 1), Slope is undefined.

Because m is undefined, x does not change. Three points
are (-8,0), (-8, 2), and (-8, 3).

38. Point: (1,5), Slope is undefined.

Because m is undefined, x does not change. Three other
points are (1, —3), (1, 1), and (1, 7).
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22 Chapter 1 Functions and Their Graphs

39. Point: (-5, 4), Slope: m = 2 45. Point: (-3,6);m = -2
Because m = 2 = % y increases by 2 for every one y—6=-2(x+3)
unit increase in x. Three additional points are (—4, 6), y = —2X
(-3,8), and (-2,10).

(-3.6)% 6T

40. Point: (0, -9), Slope: m = -2 at
Because m = -2, y decreases by 2 for every one unit \ .
increase in x. Three other points are (-2, —5), 6 -4 -2 N IR IR
(1, —11), and (3, -15). aT

41. Point: (-1, —6), Slope: m = —

N

46. Point: (0,0);m = 4
Because m = —%, y decreases by 1 unit for every two

. : . . y —0=4(x-0)
unit increase in x. Three additional points are (l, —7), .
= 4x
(3, -8), and (~13, 0) y
Ho. . _ 1 3
42. Point: (7,-2), Slope: m = 3 )
Because m = % y increases by 1 unit for every two 3
unit increase in x. Three additional points are (9, —1), .
(11,0), and (13,1). N L S
-3 =2 -1 1 2 3
43. Point: (0,-2);m = 3
y+2=3x-0) 47. Point: (4,0);m = —%
y=3x-2 y-0=-1x-4
y _ 1 4
y=-3%+t3

44. Point: (0,10);m = -1

y —10 = -1(x — 0)

48. Point: (8,2);m = % 2

y —10 = —x s+
y = —x + 10 y-2=4(x-8) T
4

y y—2=%x—2 2 (8,2)

| —t—t—t—
y:%x =TT e
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49.

50.

5L

52.

53.

Point: (2, -3);m = —%

1
y—(—3)=—§(X—2)
1
3= -x+1
y + SX

1
=—-——X-2
y 2

Point: (-2, -5);m = %

Section 1.3 Linear Equations in Two Variables 23

54. Point: (-5.1,1.8);m = 5

y - 1.8 = 5(x — (-5.1))

2T y = 5x + 27.3
11 .
:\' —+—+ f——t— )
-5 -N_ 12 3 a3t
(-5.1,1.8) 21
. &_1} e
—++——— x
4T -7 6] -4 =3 =2 -]

_al
y+5=23(x+2) ' -1
4 20 =3 6
yr o 55. (5,-1), (-5.5)
4y = 3x - 14 8
1 i
y=3x-1 y 1—_55+_5(—5) Q
3 41
=—-——(x-5)-1
y 5( ) NG .
Point: (6, —1); m is undefined. y = 3. R | 2(;_“&
Because the slope is undefined, the line is a vertical line. 5 4T
X =6 .
¥ 56. (4, 3), (—4,—4) )
6+ _4 _
_3=
at y -4 -4
. ,_ " e y—S:Z(x—4)
4 -2 2 4 86, -1) 8
24 7
-4+ y — 3 = g)( —
y = Tne
8

Point: (-10, 4); m is undefined.

Because the slope is undefined, the line is a vertical line.

x = -10
.
R -
o4
(=10, 4) 4+
24
2 | -8 -6 -4 2 2
_2—
- 4
—64

Point: (4, %) m=0

=0(x — 4)

57. (-8,1),(-8,7)

Because both points have x = -8, the slope is
undefined, and the line is vertical.
X =-8

®(—58.7)

e (-5 1)
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24  Chapter 1 Functions and Their Graphs

58. (-1, 4), (6, 4) 62. (-8,0.6), (2 —24)
g4 ¥
4-4 -2.4 - 0.6 )
y—4= X +1 y-06=——"—(x+8
6 - (—1)( ) :—l.-*.(a (6. 4) 2-(-8) ( ) i
y —4=0(x+1) .1 y - 06 = —i(x +8) e gl —
y-4=0 , L 10 -10 -8 -6 2,-24)
y=4 -2 > 4 6 s 10y - 6 = -3(x + 8) B
. 10y — 6 = —3x — 24 6t
N 10y = —3x — 18 Rl
S N .
2)\2 4 y=—-—X-—- or y=-03x-18
21 10 5
5 1
1 4 2 27 y
y -5 = ‘1 2(x - 2) N >3 63. (2,-1), (1, —1] /
- _2 4 (2. 1) 3 3
§ 2 1 () '
y= -fx-2)+ 1 IR y+l=— (x-2) |
2 a1 - -2
1 3 3 =1 | 2 3 4 5
y:_EXﬁLE y+1=20 1A-1) @-D
y=-1 N
60. (L 1)( l_gj The line is horizontal.
3
il
e oo (2.9} (2]
3 3 3
y-1= (x-1) 24
6-1 1-(-8) 9
m = = — and is undefined.
y-1=-(x-1) . r_r.o
3 3 3
y—l:—7x+E T o x =1
3
y = _EX + 4 The line is vertical.
3 3 ¥
27 (Z.1)
61. (1, 0.6), (-2, -0.6) R P S
0b - 06 Tl sasers
06 = 7 """y _q 27
y = 04(x —1) + 0.6 -5t
_{‘ -
:.O'4X + 0.2 ::: ’{\%‘_3'}

65. Ly =

A 1
T 1
g > m =3
y/ 12 3

-2,-06)T Ly =4ix+3

Wl

The lines are parallel.

66. Li:y =4x-1

m =4
Lyyy =4x+7
m, =4

The lines are parallel.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



67. Lty = $x -3

_1
m =3

Ly = -1x+1
2+ 2
_ 1
mz——i

The lines are neither parallel nor perpendicular.

68. Liiy = —2x -5

m = +1=2
5-0
L,:(0,3), (4,2)
_1-3_ 1
27 4-0 2

The lines are perpendicular.

70. Ly:(-2,-1),(15)

ml:5—(—1):§:2
1-(-2) 3
L,:(1 3), (5,-5)
mz=_5_3=;8=—2
5-1 4

The lines are neither parallel nor perpendicular.

71 1,:(3,6),(-6,0)
0-6 2

m=——=—
' 6-3 3

L,:(0, 1), [5, g
7
3

+l2

"5-0 3
The lines are parallel.

m;

Section 1.3 _Linear Equations in Two Variables

72. 1,:(4,8),(-4,2)

1 16

CRAS
m, = - - _

1-3 -4 3

The lines are perpendicular.

73. 4x -2y =3

y=2x-2
Slope: m = 2
(@ (21),m=2
y-1=2(x-2)
y =2x -3

(b) (29,m=-1

y=-5X+2
4. x+y =17
y=-Xx+7
Slope: m = -1

(@ m=-1(-32)

y—2=-1x+3)

y-2=-x-3
y=-x-1
(b) m=1(-3, 2)
y—-2=1x+3)
y=Xx+5

75. 3x +4y =7

A
Slope: m = -3
@ (53m--3
v =i (-3)
s

25

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



26 Chapter 1 Functions and Their Graphs

76. 5x + 3y =0
3y = -5x
y = —3x
Slope: m = -3

@ m=-5(3)

y-5=-3x-9
24y — 18 = —4o(x - %)
24y — 18 = —40x + 35

24y = —40x + 53

alw

y=-3+3%
0 m=$(5%)
-3-dx-9)

40y - 30 = 24(x - 3

40y — 30 = 24x - 21

40y = 24x + 9
y=3+2
77. y+3=0
y =-3
Slope: m =0

(@ (-10),m=0
y=20
(b) (=1,0), m is undefined.

x=-1
78. x—-4=0
X =4

Slope: m is undefined.

(@) (3,—2), m is undefined.
X =3

(b) 3-2),m=0
y =-2
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79. x -y =4
y=x-4

Slope: m =1
(@) (25,6.8,m=1

y — 68 =1(x — 25)
y =x+43
(b) (25,6.8),m = -1
y — 6.8 = (-1)(x — 2.5)
y =-x+93

80. 6x + 2y =9

2y = -6x + 9
y = —3x+%
Slope: m = -3

(@ (-39,-14),m = -3

y = (-14) = -3(x - (-3.9))
y +14 = -3x - 117
y = -3x —13.1

(b) (3.9, -14),m = %
y = (-14) = §(x - (-3.9))
y+14 = %x+1.3

y =3x-01

81.

o
<
+

\
<

Il

|
N

12x + 3y + 2

Il
o



i+l:1
2/3 -2
33Xy
2 2

Xx-y-2=0

85. Xy Lc=#0

c cC
X+y=¢
1+2=c
3=c
X+y=3
X+y-3=0
86. (d,0),(0,d), (-3
g-ray:l
X+y=d
-3+4=d
1=d
X+y=1
X+y-1=

90. (a) and (b)

4)

Section 1.3 Linear Equations in Two Variables 27

87. (@) m = 135. The sales are increasing 135 units per

year.
(b) m = 0. There is no change in sales during the year.
(¢) m = —40. The sales are decreasing 40 units per

year.

88. (a) greatest increase = largest slope
(9, 36.54), (10, 65.23)

_ 65.23 - 36.54

- — 2869
10-9

So, the sales increased the greatest between the years
2009 and 2010.

least increase = smallest slope
(8,32.48), (9, 36.54)
36.54 — 32.48
S ra—
So, the sales increased the least between the years
2008 and 2009.
(b) (4,8.28), (10, 65.23)
65.23 — 8.28  56.95
T 10-4 6
The slope of the line is about 9.49.

(c) The sales increased $9.49 billion each year between
the years 2004 and 2010.

2 = 4.06

~ 9.49

89. y = 125X
y = 105(200) = 12 feet

X | 300

600

900

1200

1500

1800

2100

-100

-125

-150

-175

Horizontal measurements
GO0

1
wh
=

=100

—150 1

Vertical measurements

-2001

1200 1300 2400
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91.

92.

93

94

95

96

Chapter 1 Functions and Their Graphs

-50-(-25) -25 1

© m=—"T -2 =
600 -300 300 12

Y - (-50) = - {x - 600)

y+50=—ix+50
12

y = —ix
12
(d) Because m =

measurement decreases by 1 foot.

e) % ~ 0.083 = 8.3% grade

(10, 2540), m = 125
V - 2540 = ~125(t — 10)

V - 2540 = 125t + 1250
V = 125t + 3790,5 < t < 10
(10,156), m = 4.50
V - 156 = 4.50(t - 10)
V - 156 = 450t — 45
V = 45t +111,5 < t < 10

. The C-intercept measures the fixed costs of
manufacturing when zero bags are produced.

The slope measures the cost to produce one laptop bag.

. W = 0.07S + 2500

. Using the points (0, 875) and (5, 0), where the first

coordinate represents the year t and the second
coordinate represents the value V, you have

m:O—875:_175
5-0

—-175t + 875,0 < t < 5.

\Y

. Using the points (0, 24,000) and (10, 2000), where the

first coordinate represents the year t and the second
coordinate represents the value V, you have

m - 2,000 — 24,000 _ —22,000
10-0 10
Since the point (0, 24,000) is the
V -intercept, b = 24,000, the equation is
V = —-2200t + 24,000,0 <t < 10.

= —2200.

97.

98.

1 . . .
1 for every change in the horizontal measurement of 12 feet, the vertical

Using the points (0, 32) and (100, 212), where the first

coordinate represents a temperature in degrees Celsius
and the second coordinate represents a temperature in

degrees Fahrenheit, you have
_212-32 180 _ 9

100-0 100 5
Since the point (0, 32) is the F- intercept, b = 32, the

equationis F = %C + 32.

(a) Using the points (1, 970) and (3, 1270), you have
_ 1270 - 970 _ 300 _ .
3-1 2
Using the point-slope form with m = 150 and the
point (1, 970), you have

y—-% = m(t_tl)
y — 970 = 150(t - 1)
y — 970 = 150t — 150
y = 150t + 820.
(b) The slope is m = 150. The slope tells you the

amount of increase in the weight of average male
child’s brain each year.

(c) Lett = 2:
y = 150(2) + 820
y = 300 + 820
y = 1120

The average brain weight at age 2 is 1120 grams.
(d) Answers will vary.

(e) Answers will vary. Sample Answer: No. The brain
stops growing after reaching a certain age.
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99. (a) Total Cost = cost for cost
fuel and + for

purchase
+ cost
maintainance operator

C = 9.5t + 11.5t + 42,000
C = 21.0t + 42,000

(b) Revenue = Rate per hour - Hours
R = 45t

(0 P=R-C

P = 45t — (21t + 42,000)
P = 24t — 42,000
(d) Let P = 0, and solve for t.
0 = 24t — 42,000
42,000 = 24t
1750 =t

The equipment must be used 1750 hours to yield a
profit of 0 dollars.

100. (a)

I5m —
x

(b) y = 2(15 + 2x) + 2(10 + 2x) = 8x + 50

(C) 150

/

1] 10
[v]

(d) Because m = 8, each 1-meter increase in x will
increase y by 8 meters.

Section 1.3 Linear Equations in Two Variables 29

101. False. The slope with the greatest magnitude corresponds
to the steepest line.

102. False. The lines are not parallel.

R e
(0,-4) and (-7,7):m, = 7_;75_3) - %

103. Find the slope of the line segments between the points
Aand B, and B and C.

5T B(3,7)

oo 7-5 _2_1
31 2
3-7 -4
Mg = oo = — = -2

T 5-3 2

Since the slopes are negative reciprocals, the line
segments are perpendicular and therefore intersect to
form a right angle. So, the triangle is a right triangle.

104. On a vertical line, all the points have the same x-value,

so when you evaluate m = u, you would have
X =%
a zero in the denominator, and division by zero is

undefined.

105. No. The slope cannot be determined without knowing
the scale on the y-axis. The slopes will be the same if

the scale on the y-axis of (a) is 2% and the scale on the

y-axis of (b) is 1. Then the slope of both is %

106. d; = /(x, - xl)

(YZ - Y1)

(2
= -0 + (m - of -
= 4/1+ (ml)

Using the Pythagorean Theorem:

(dl)z + (dZ)2

(yz - Y1)2 d, = \/ Xz - Xl)
N

o)2 (m, - 0)°

= (distance between (1, m;), and (1, mz))2

(e HFJ

2

(my)” +1+ (mz) =(m, - ml)2
(m1)2 +(my)* + 2 = (m,)° - 2mm, +
2 = -2mm,
1
- = m1
m;

(Ja-97 +m

b — ml)z )2

(ml)z
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30 Chapter 1 Functions and Their Graphs

107. No, the slopes of two perpendicular lines have opposite
signs. (Assume that neither line is vertical or horizontal.)

‘é
2
slope of — 4. The slope with the greatest magnitude
corresponds to the steepest line.

108. Because |-4| > |2/, the steeper line is the one with a

109. The line y = 4x rises most quickly.

The line y = —4x falls most quickly.

The greater the magnitude of the slope (the absolute
value of the slope), the faster the line rises or falls.

111.

Joo-af [y - (0] = JDe- (] + (v -3
(x4 +(y+1" = (x+27 +(y -3
X2 —8x+16+y2 +2y +1=x2+4x+4+y> -6y +9
—8X + 2y + 17 = 4x — 6y + 13
0=12x -8y — 4
0 =4(3x -2y -1
0=3x-2y-1

110. (a) Matches graph (ii).
The slope is =20, which represents the decrease in
the amount of the loan each week. The y-intercept is
(0, 200), which represents the original amount of the
loan.
(b) Matches graph (iii).
The slope is 2, which represents the increase in the
hourly wage for each unit produced. The y-intercept
is (0,12.5), which represents the hourly rate if the
employee produces no units.
(c) Matches graph (i).
The slope is 0.32, which represents the increase in
travel cost for each mile driven. The y-intercept is
(0, 32), which represents the fixed cost of $30 per
day for meals. This amount does not depend on the
number of miles driven.
Matches graph (iv).
The slope is =100, which represents the amount by
which the computer depreciates each year. The y-
intercept is (0, 750), which represents the original

«d

~

purchase price.

Set the distance between (4, -1) and (x, y) equal to the distance between (-2, 3) and (X, y).

This line is the perpendicular bisector of the line segment connecting (4, -1) and (-2, 3).

112. Set the distance between (6, 5) and (x, y)equal to the distance between (1, —8) and (X, y).

=67+ (y =5 = Jx =1 + (v - (-9

(x =6 +(y -5 =(x-1° +(y +8)
X2 —12x + 36 + y2 —10y + 25
x2 + y?2 —12x — 10y + 61 =

X2 —2x + 1+ y? + 16y

-12x — 10y + 61 = -2Xx + 16y + 65
-10x — 26y -4 =0
—2(5x +13y +2) = 0

5 +13y +2 =0

8
6
ol
X% + y% — 2x + 16y + 65 \\ a— x

+ 64

le(l.-8)
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Section 1.4 Functions 31

113. Set the distance between (3, %) and (x, y) equal to the distance between (=7,1) and (x, y).

o9+ =3 =\ e o

(x—3)2 +(y —%)2

X —6X+9+y° -5y +2

(x + 7)2 +(y—1)2

X2 +14x + 49 + y?2 — 2y +1

—6x — 5y + &L = 14x — 2y + 50
—24x — 20y + 61 = 56x — 8y + 200
80x +12y +139 =0

This line is the perpendicular bisector of the line segment connecting (3, %) and (-7,1).

_Ex E:

S - - Je- g -3

114. Set the distance between ( L —4) and (x, y)equal to the distance between (7 %) and (x, ).

1) 2 _ 7\ 5)\2
(x+5) +(y+4) —(X—E) +(y—z)
XX+ 5y 8y +16 = —Tx+ Ry -5y 4+ B x
Xty X8y + 8=y - Tx -3y + 2
65 _ 5 221
X+8y+ 0 =-7Tx-3y+&
ex+ 2y + 38 -0 |
128x + 168y + 39 = 0
Section 1.4 Functions
1. domain; range; function 10. (a) The element c in A is matched with two elements,

2 and 3 of B, so it is not a function.

2. independent; dependent (b) Each element of A is matched with exactly one

element of B, so it does represent a function.

(c) Thisis not a function from A to B (it represents a
4. difference quotient function from B to A instead).

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

3. implied domain

5. Yes, the relationship is a function. Each domain value is
matched with exactly one range value.

6. No, the relationship is not a function. The domain value 1L ¥ +y =4=y=2/4-%

of -1 is matched with two output values. No, y is not a function of x.

7. No, it does not represent a function. The input values of 122 +Vedosyed_y
10 and 7 are each matched with two output values. ' y = y =

Yes, y is a function of x.
8. Yes, the table does represent a function. Each input value

is matched with exactly one output value. 13. 2x +3y =4 = y = %(4 — 2x)
9. (a) Each element of A is matched with exactly one Yes, y is a function of x.
element of B, so it does represent a function.
2
(b) The element 1 in A is matched with two elements, 14. (x-2)" +y* =4

-2 and 1 of B, so it does not represent a function. . oY
= T — X —
(c) Each element of A is matched with exactly one Y ( )

element of B, so it does represent a function. No, y is not a function of x.

(d) The element 2 in A is not matched with an element
of B, so the relation does not represent a function.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chapter 1 Functions and Their Graphs

y = /16 — x?
Yes, y is a function of x.
y =~X+5

Yes, y is a function of x.

y=[4-x

Yes, y is a function of x.
ly|=4-x=y=4-x or y=—(4-x)

No, y is not a function of x.

25. f(y)=3-Jy
@ f(4)=3-4=1
(b) f(0.25) = 3-+/0.25 = 25

(© f(4x*) =3 -4 =3-2x|

26. f(x) =~/x+8+2
@ f(-8) =

() f(1) =/ +8+2=5

(8)+8+2=2

y =-75 or

y = —75 + 0x

(c) f(x-8)=

(x -8 +8+2=/x+2

Yes, y is a function of x.

x—-1=0
x =1
No, this is not a function of x.

f(x) =2x-3

@ f()=21-3=-1

(b) f(-3) =2(-3)-3=-9

() f(x-1)=2x-1)-3=2x-5

g(t) =4t* -3t + 5
@ 9(2) =427 -3(2) +5
=15
(b) g(t-2)=4t-27°-3t-2)+5
4% - 19t + 27

42 -3t +5-15
4t — 3t - 10

© 9(t) - 9(2)

h(t) = t* — 2t
(@ h(2) =22 -2(2) =0
(b) h(L5) = (1.5)° - 2(L.5) = -0.75

(c) h(x+2)=(x+2)2—2(x+2):x2+2x
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1
21. q(X) = XZ -9
@ a0) = 5 1 9:_%
(b) a(3) = 2 1_ 5 is undefined.
1 1
3) = =
© oy +3) (y+3°-9 Yy +6y
2t + 3
28. q(t) = 2
22 +3 8+3 11
@ a2 = (()2)2+ Sk
2(0)° +3
m>q®—(é$*
Division by zero is undefined.
2-x) +3 2x2 +3
(C) q(—X) — ((_)X)z _ XX2+
]
29. f(x) = .
@ f(2) = %‘ 1
-2
o -2
- Cx =1 -1 ifx <1
© flx-1) = x-1 |1, ifx>1
30. f(x) =|x|+ 4

@ f(2)=|2|+4=6
(b) f(-2)=|-2/+4=6

© f(x)=[x[+4=x"+4



32.

33.

34.

4 —-5x, x< -2
f(x) = <0, 2 <x<2
x2+1 x>2

(@ f(-3)=4-54-3) =19

X 2|-1(0 |1 |2
f(x) |1 |-2|-3]-2|1

h(t) = 5[t + 3]

h(-5) = 3|-5+3|=1

() = 3|4+ 3= §

h(-3) = 3[-3+3|=0

n(2) = §-2+3= 3

D) = 3-1+3[=

t 5| -4|-3|-=2]-1
ht) |2 | 3] o] 3 |1

36.

37.

38.

39.

40.

Section 1.4 Functions

f(-2) = -3(-2)+4 =5
f(-1) = -3(-1)+4=43 =2
f(0) = -3(0) +4 =14
f)=@1-2° =1

f)=9-(1°=8
f2)=9-(2 =5
f3)=(3-3=0
f(4)=(4)-3=1
f(5) =(5-3=2
X 112|345

15-3x =0
3x =15
X =5
f(x) =5x+1
5 +1=0
_ 1
X=-3
3x—4:0
5
3X-4=0
4
X =—
3
12 — x?
f(x) =
(9 =22
_y2
12 — x -0
5
x? =12
x = +/12 = £2./3

33
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41.

42.

43.

44,

48.

49.

50.

51.

52.

Chapter 1 Functions and Their Graphs

xX*-9=0
x? =9
X = £3

f(x) = x* —8x + 15
x2 -8x+15=0
(x=5)(x-3)=0
Xx-5=0=x=5
X-3=0=x=3

x-x=0

X(x* -1 =0
X(x +1)(x -1 =0

X=0x=-Lorx=1

f(x) = x> = x* —4x + 4
X —-x2-4x+4=0
X*(x —1) —4(x-1) =0
(x-1)(x*-4)=0
X-1=0=>x=1

X2 —4=0= X =142

f(x) = 9(x)
X -4 =2-x
X+~X—-6=0

R -2) -0

45. f(x) = g(x)
X2 =X+2
X —-x-2=0

46. f(x) = g(x)
X2 +2x+1=7x-5
X2 -5x+6=0
(x-=3)(x-2)=0
x-3=0 x-2=0
X =3 X =2
47. f(x) = g9(x)
x4 —2x? = 2x?
x* —4x? =0
X*(x? - 4) = 0
X*(x+2)(x-2)=0

X! =0=>x=0

X+2=0=x=-2

Il
N

X—2=0= X

X +3 =0 = </x = -3, which is a contradiction, since ~/x represents the principal square root.

x-2=0=x=2=x=4

f(x) = 5x* + 2x -1

Because f(x) is a polynomial, the domain is all real

numbers X.
f(x) =1-2x?
Because f(x) is a polynomial, the domain is all real
numbers X.
4
h(t) = —
() -4

The domain is all real numbers t except t = 0.

s(y) = —

y+5%0
y # -5
The domain is all real numbers y except y = =5.
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53. g(y) =Jy - 10

Domain: y —10 > 0
y > 10

The domain is all real numbers y such that y > 10.
54. f(t) =3t +4

Because f(t)is a cube root, the domain is all real

numbers t.
1 3
55. X) == —
g() X X+2

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



10
56. h = —
() X% — 2x
X2 —2x # 0
X(x = 2) =0

The domain is all real numbers x except x = 0, x = 2.
Vs -1

s—4
Domain: s -1>0=s>1and s = 4

57. f(s) =

The domain consists of all real numbers s, such that
s>1ands = 4.

61. (a)
Height, x | Volume, V

1 484

800

972

1024

980

[o2 T @2 I I = B GO I ]

864

Section 1.4 Functions 35

VX + 6

58. f(x) = 5 x

Domain: X +6 >0 = x > —6 and x # -6

The domain is all real numbers x such that x > -6 or
(—6, oo).

X —4
VX
The domain is all real numbers x such that x > 0 or

(O, oo).

59. f(x) =

X+ 2
60. f(X) = ——
() Vv x =10
x—-10 >0
x > 10

The domain is all real numbers x such that x > 10.

The volume is maximum when x = 4 and V = 1024 cubic centimeters.

®
\
1200 +

1000 + e ? o
500 T L]

600 +

Volume

400 +

200+

2 3 4 5 6
Height

V is a function of x.
€ V = x(24 - 2x)°

Domain: 0 < x < 12
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62. (@) The maximum profit is $3375.

63.

64.

65.

(b) P

3400
3350
3300
3250

Profit

3200
3150
3100

1o 130 150 170

Order size

Yes, P is a function of x.

(c) Profit = Revenue — Cost

price number number
= ) | = (cost) )
per unit ) of units of units
= [90 - (x - 100)(0.15)]x — 60x, x > 100
= (90 - 0.15x + 15)x — 60x
= (105 — 0.15x)x — 60x
105x — 0.15x? — 60x
= 45x — 0.15x%, x > 100

A:szandP=4s:;:s
2 2

P L
4 16

A= 7r% C = 2zr

C
r = —
2r

2 2
A= ﬂ(g) = <
27 A

_1ly2
X +3X + 6

y
¥(30) = —1(30)° + 3(30) + 6 = 6 feet

If the child holds a glove at a height of 5 feet, then the
ball will be over the child's head because it will be at a
height of 6 feet.

66.

67.

68.

(@ V =1-w-h=x-y-x=x% where
4x + y =108.So, y = 108 — 4x and
V = x%(108 — 4x) = 108x> — 4x°.
Domain: 0 < x < 27

(b) 12,000

1] 30
o

(c) The dimensions that will maximize the volume of
the package are 18 x 18 x 36. From the graph, the
maximum volume occurs when x = 18. To find the
dimension for y, use the equation y = 108 — 4x.

y =108 — 4x = 108 — 4(18) = 108 — 72 = 36
1 1
A = =bh = =x
2 2y

Because (0, y), (2,1), and (x, 0) all lie on the same
line, the slopes between any pair are equal.

1-y 0-1 .
2-0 x-2 )
1- -1 ‘9
2 x-2 d
2 2
= +1
y X -2 !
yf X i x
X —2
2
So,Azlx Xj: X .
2 x-2 2(x - 2)

The domain of A includes x-values such that
x?/[2(x — 2)] > 0. By solving this inequality, the
domainis x > 2.

A=1-w=(2x)y = 2xy

But y = /36 — x*,50 A = 2x~/36 — x*. The

domainis 0 < x < 6.
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69. For 2004 through 2007, use

70.

71.

p(t) = 457t + 27.3.
2004: p(4) = 4.57(4) + 27.3 = 45.58%
2005: p(5) = 4.57(5) + 27.3 = 50.15%
2006: p(6) = 4.57(6) + 27.3 = 54.72%
2007: p(7) = 4.57(7) + 27.3 = 59.29%
For 2008 through 2010, use

p(t) = 3.35t + 37.6.

2008: p(8) = 3.35(8) + 37.6 = 64.4%

2009: p(9) = 335( ) + 37.6 = 67.75%

2010: p(10) = 3.35(10) + 37.6 = 71.1%
For 2000 through 2006, use

p(t) = 0.438t* + 10.81t + 145.9.

2000: p(0) = 0.438(0)” + 10.81(0) + 145.9 = $145.9 thousand
200L: p(l) = 0.438(1)° + 10.81(1) + 145.9 = $157.148 thousand
2002: p(2) = 0.438(2)* + 10.81(2) + 145.9 = $169.272 thousand
2003: p(3) = 0.438(3)* + 10.81(3) + 145.9 = $182.272 thousand
2004: p(4) = 0.438(4)* + 10.81(4) + 145.9 = $196.148 thousand
2005: p(5) = 0.438(5)° + 10.81(5) + 145.9 = $210.9 thousand
2006: p(6) = 0.438(6)° + 10.81(6) + 145.9 = $226.528 thousand

For 2007 though 2010, use

p(t) = 5,575t — 110.67t + 720.8.
2

Section 1.4 Functions 37

2007: p(7) = 5.575(7)° - 110.67(7) + 720.8 = $219.285 thousand
2008: p(8) = 5.575(8)° — 110.67(8) + 720.8 = $192.24 thousand

2009: p(9) = 5.575(9)° — 110.67(9) + 720.8 = $176.345 thousand
2010: p(10) = 5.575(10) - 110.67(10) + 720.8 = $171.6 thousand

(@ Cost = variable costs + fixed costs 72.
C = 12.30x + 98,000
(b) Revenue = price per unit x number of units
R = 17.98x
(c) Profit = Revenue — Cost
P =17.98x — (12.30x + 98,000)

P = 5.68x — 98,000

© 2014 Cengage Learning. All Rights Reserved. May not be scanned,

(@) Model:
(Total cost) = (Fixed costs) + (Variable costs)
Labels: Total cost = C
Fixed cost = 6000
Variable costs = 0.95x
Equation: C = 6000 + 0.95x
(b) G- c _ 6000 + 0.95x _ 6000 +0.95
X X
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73. (a) (b) (3000)° + h? = d?
h = \/d? - (3000)°

Domain: d > 3000 (because both d > 0 and d? — (3000)2 > 0)

(==
oo

Tt 3000} ft ——1

74. F(y) = 149.76+/10y%?

@ 5 10 20 30 40

F(y) | 26,474.08 | 149,760.00 | 847,170.49 | 2,334,527.36 | 4,792,320

The force, in tons, of the water against the dam increases with the depth of the water.

(b) It appears that approximately 21 feet of water would produce 1,000,000 tons of force.
(c) 1,000,000 = 149.76~/10y%2
1,000,000 g,
149.765/10
211156 ~ y%?
21.37 feet = y

75. (@) R = n(rate) = n[8.00 — 0.05(n — 80)], n > 80

2 a2
R = 12.00n — 0.05n? = 12n — 10— _ 2400 —n°
20 20

() n 90 100 110 120 130 140 | 150

R(n) | $675 | $700 | $715 | $720 | $715 | $700 | $675

The revenue is maximum when 120 people take the trip.

. @ f(2010) — f(2003)  98.7 — 52.9 (€) N =654t +333
2010 - 2003 7 (d) ¢ 3 4 5 6
458
T7 N | 529 | 59.5 | 66.0 | 72.5
~ 6.54
Approximately 6.54 million more tax returns were t 7 8 9 10
o made through e-file each year from 2003 to 2010. N | 791 | 856 | 922 | 987

(e) The algebraic model is a good fit to the actual data.
(f) y = 6.65x + 34.2; The models are similar.

(in millions)

Number of tax returns

34 56 7 8 910
Year (3 «» 2003)
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f(x) = x> —x+1 78. f(x) = 5x — x*
f2+h)=(2+h)’ -(2+h)+1 f(5+h) =5(5+h)—(5+h)
=4+4h+h?-2-h+1 :25+5h—(25+10h+h2)
=h?+3h+3 — 25 + 5h — 25 — 10h — h?
f2)=(2-2+1=3 _ _n2 _sh
f(2+h) - f(2) =h?+3h f(5) = 5(5) - (5)°
f(2+h)—f(2):h2+3h:h+3h¢0 = 25-25=0
h f(5+h)— f(5) —h? —5h
h B h
=#+5):—(h+5),h¢0
f(x) = x* + 3x

f(x + h) = (x + h)’ + 3(x + h)
= x* + 3x%h + 3xh? + h® + 3x + 3h
f(x + h) — f(x) (x3+3x2h+3xh2+h3+3x+3h)—(x3+3x)
h h
h(3x* + 3xh + h? + 3)
h
=3x%+3xh+h>+3h=0

f(x) = 4x* - 2x
f(x + h) = 4(x + h)* = 2(x + h)
= 4(x* + 2xh + h?) — 2x - 2h
= 4x? + 8xh + 4h? — 2x - 2h
f(x +h)— f(x)  4x? + 8xh + 4h? — 2x — 2h — 4x? + 2x

h h
_ 8xh + 4h? - 2h
=——

_ h(8x + 4h - 2)
h

8Xx +4h -2,h %0

g(X) = Xiz 82. f(t) _ ﬁ
1 1 1
99 -90) _x* "9 W= --
X -3 X -3 )
_ 9-x f(t)—f(l)_m—(—)
C9X’(x - 3) t-1 t—1
—(x + 3)(x -3 B 1+(t—2)
Ay 1o
X+ 3 _ (t—)
= _ X2,x¢3 (t—2)(t—1)
:i,til
t -2
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83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

Section 1.5 Analyzing Graphs of Functions

1

2.

Chapter 1 Functions and Their Graphs

f(x) = </5x
f(x) - f(5) _ ~/5x ~5 .45
X =95 X =95
f(x) = x** +1
f(8) =87 +1=5
- 23 - 23 _
f(x) - f(8) _ x**+1-5 x 4 8
x—8 X-8 X—8

By plotting the points, we have a parabola, so
g(x) = cx’. Because (-4, —32) is on the graph, you

2 2

have —32 = ¢(-4)” = ¢ = -2. S0, g(x) = —2x°.

By plotting the data, you can see that they represent a
line, or f(x) = cx. Because (0, 0) and (1, %) are on

the line, the slope is . So, f(x) = £x.

Because the function is undefined at 0, we have
r(x) = ¢/x. Because (4, —8) is on the graph, you

have -8 = ¢/-4 = ¢ = 32. So, r(x) = 32/x.

By plotting the data, you can see that they represent

h(x) = c/|x|. Because \/[-4| = 2 and \/|-1| = 1,

and the corresponding y-values are 6 and 3, ¢ = 3 and
h(x) = 3\/\7\.

False. The equation y? = x? + 4 is a relation between

x andy. However, y = +/x? + 4 does not represent
a function.

True. A function is a relation by definition.

False. The range is [-1, «).

True. The set represents a function. Each x-value is
mapped to exactly one y-value.

. Vertical Line Test

zeros

. decreasing

. maximum

. average rate of change; secant

. odd

93.

94.

95.

96.

97.

98.

f(x) = /x -1 Domain:x > 1
9(x) = \/% Domain: x > 1

The value 1 may be included in the domain of f(x)

as it is possible to find the square root of 0. However,
1 cannot be included in the domain of g(x) as it causes

a zero to occur in the denominator which results in the
function being undefined.

Because f(x) is a function of an even root, the radicand
cannot be negative. g(x) is an odd root, therefore the

radicand can be any real number. So, the domain of g is
all real numbers x and the domain of f is all real numbers
x such that x > 2.

No; x is the independent variable, f is the name of the
function.

(@) The height h is function of t because for each value
of t there is a corresponding value of h for
0<t<26.

(b) Using the graph when t = 0.5, h ~ 20 feet and
when t = 1.25, h ~ 28 feet.

(c) The domain of h is approximately 0 <t < 2.6.

(d) No, the time t is not a function of the height h
because some values of h correspond to more than
one value of t.

(a) Yes. The amount that you pay in sales tax will
increase as the price of the item purchased increases.

(b) No. The length of time that you study the night
before an exam does not necessarily determine your
score on the exam.

(@) No. During the course of a year, for example, your
salary may remain constant while your savings
account balance may vary. That is, there may be two
or more outputs (savings account balances) for one
input (salary).

(b) Yes. The greater the height from which the ball is
dropped, the greater the speed with which the ball
will strike the ground.

. Domain: (-, «); Range: [-4, o)
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8. Domain: (—o, «); Range: (o, «) 16. f(x) = 3x% + 22x — 16
@ f(-1)=4 3x* +22x -16 = 0
®) f(2) -4 (Bx—-2)(x+8) =0
_ _2
© f(0) =2 X-2=0=x=%
X+8=0=x=-8
@d f(1=0
X
9. Domain: (-, %); Range: (-2, ») t Fx) = X2 - 4
X
a) f(2)=0 A
@ f(2) 92 - 4
() f@1)=1 x=0
© f(3) =2 5 () = X2 — 9x + 14
@ f(-1) =3 ' S &
x> —9x +14 0
10. Domain: (—o, «); Range: (=, 1] 4x
-7)x-2)=0
© 12 - 3 (x - 7)x - 2)
X-7T=0=>x=7
(b) f(1) =0 X=2=0= x=2
(c) f(0)=1
© 19. f(x) = $x* - x
d) f(2)=-3
@ 1) ¢ -x=0
10y = 1 x® - 2x = 2(0)
A vertical line intersects the graph at most once, soy is a X(X2 - 2) =0

function of x.
Xx=0 or xX>?-2=0

12 x—y?=1=y=+/x-1 X2 =2
y is not a function of x. Some vertical lines intersect the x = +2
graph twice.
20. f(x) = x* — 4x* — 9x + 36

13. X% + y2 = 25
Yy o — Ax2 — 9x +36 = 0

X*(x —4)-9(x—4) =0
(x—4)(x2—9)=o

A vertical line intersects the graph more than once, soy
is not a function of x.

14, x? = 2xy -1
. L . X—-4=0=x=4
A vertical line intersects the graph at most once, soy is a

function of x. x> -9=0=x=13
15. f(x) = 2x2 — 7x - 30 21. f(x) = 4x® - 24x* - x + 6
2x2 - 7x-30=0 43 —24x2 —x+6 =0
(2x + 5)(x = 6) = 0 4x*(x — 6) —1(x — 6) = 0
2x+5=0 or x-6= (x—6)(4x* 1) =0
X=-3 X = (x - 6)(2x + 1)(2x = 1) = 0
X-6=0 o 2x+1=0 or 2x-1=0
X =6 x=-1 x=1
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22. f(x) = 9x* — 25x2 21. (2) :
9x* — 25x% = 0 //
x*(9x* — 25) = 0 . .

X! =0=>x=0

2 _ _ .5
X -25=0= x =% Zero:x:—%
23. f(x) =/2x -1 (b) f(x) = v2x +11
V2x -1=0 V2x+11 =0
V2x =1 2x+11=0
2x =1 x = -4
-1
X=2 28. (a) 4
24 f(x) = /3x + 2 - // #
N3X+ 2 =
X+ 2 = r
_2 _y
3 Zero: X = 26
25. (a) 2 (b) f(x) = /3x-14 - 8
— J3X—14-8-0
Y . x-14 -8 =
\ V3x—-14 =8
= 3x —14 = 64
X = 26
.. _ 5
Zero: X = —5 29. (a) )
- 5
(b) f(X) =3+ " . 1“"‘\\__‘_ .
3+2=0 \
X
xXx+5=0 2
5
X:_7
3 Zero:x—1
s 3
26. (a) 7
3x -1
-2 13 b fX=
U R -
3x—1:0
X —6
-14
3x-1=0
Zeros: x = 0,x =7 xfl
B f(x) = x(x-7) 3
X(x-7)=0
x=0

X-7T=0=>x=7
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30.

31.

32.

33.

34.

35.

36.

37.

(a) \ m]

Zeros: X = +2.1213
2x2 -9

—~

(=)

~

—_

—
>

N

Il

The function is increasing on (-0, o).

f(x) = x> — 4x

The function is decreasing on (—oo, 2) and increasing on
(2, oo).

f(x) = x*—3x* +2

The function is increasing on (—e, 0) and (2, «) and

decreasing on (0, 2).

f(x) = V/x* -1

The function is decreasing on (-0, —1) and increasing
on (1, ).

f(x) =[x +1|+|x -1
The function is increasing on (1, o).
The function is constant on (-1, 1).

The function is decreasing on (—oo, —1).

The function is decreasing on (-2, —1) and (-1, 0) and

increasing on (-, —2) and (0, ®).

XxX+3 x<0
f(x) =<3, 0<x<2
2Xx+1 x> 2

The function is increasing on (—oo, 0) and (2, ).

The function is constant on (0, 2).

38, f(x) = {

Section 1.5 Analyzing Graphs of Functions 43

2x+1 x<-1

X2 -2, x>-1

The function is decreasing on (-1, 0) and increasing on
(—o0, -1) and (0, ).

39. f(x) =3

(@)

0

Constant on (—oo, oo)

(b) X 2 |-1]0(|1]2
fx) |3 |3 [3[3]3
40. g(x) = x
(a) T

®) ] 2|-1]01]2
g(x) |2 |-1]0]1]|2
2
41. g(s) = s
@) :
-6 6

-1

Decreasing on (—o, 0); Increasing on (0, o)

(b)s 4|1 -2]01|2]|4

gs) |4 |1 [O0|1|4
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42. f(x) = 3x* — 6x? 46. f(x) = x¥*
@ T @ T
L
\J -6 ]
-4 -2
Increasing on (-1, 0), (1, «0); Decreasing on Decreasing on (-0, 0); Increasing on (0, «)
—o0, —1), (0,1
(0. -1).(0,2) ® | 2 |-1]ofl1]2
b
O 2|10 1 |2 f(x) [ 159 |1 | 0| 1] 159

f(x) |24 |-3|0|-3]|24

47. f(x) =3x* - 2x -5

43. f(x) = V1-x 1‘3 ﬂ

B ]

-7

Relative minimum: (% —%) or (0.33,-5.33)

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

®) | 4 3|2 |- 0|1 ,
f(x) |2 | V3 | ~2|1]0 . .
44, f(x) = x/x +3 \
@) :

Relative maximum: (1.5, 0.25)

¢ ! 49. f(x) = -2x* + 9x
-3 12
Increasing on (-2, «); Decreasing on (-3, -2) /\
®) 1 3| 2|1 01 - "

-4

f(x) |0 |-2|-1414 |02

Relative maximum: (2.25,10.125)

45. f(x) = x¥? 50. f(x) = x(x — 2)(x + 3)
(a) 10

LA
[ |

Increasing on (O, oo)

-6

Relative minimum: (1.12, —4.06)

(b)x 0j1(2 |3 |4

f(x) [0]1]28|52]8

Relative maximum: (-1.79, 8.21)
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51 f(x) =x*-3x* —x+1 56. f(x) = 4x + 2
. J f(x) > 0on [—% oo)
-7 8 4
\j 4x +2 >0
4x > -2 '
7 X > —% :
Relative maximum: (-0.15,1.08) [—% 00) o
) . ) 2 ] -
Relative minimum: (2.15, —5.08) 57 f(x) = 9 - x°
52. h(x) = x* - 6x* + 15 f(x) > 0on[-3, 3

20 ¥

LA
Y,

-20

Relative minimum: (4, -17)

——+—
2\45

Relative maximum: (0, 15)

53. h(x) = (x - 1)\/; 58. f(x) = x* — 4x
10
f(x) > 0 on (—oo, 0] and [4, =)
x* —4x 2 0 v
-1 10 X(X - 4) 20 } } } " x
- (o0, 0] [4, ) AT
Relative minimum: (0.33, —0.38)
54. g(x) = x~/4 — x =37
5 st
=5 5
59. f(x) = /x -1 i
e f(x) = 0on[L, ) 4
Relative maximum: (2.67, 3.08) Jx_120 il

55. f(x) = 4 — x x-1=0 i
XZl t - + t + $ X

f(x) > 0on (-, 4] ) 1

60. f(x) = —(1+]|x|)

f(x) is never greater - s
than 0. (f(x) < 0 forall x.)
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61.

62.

63.

64.

65.

66.

Chapter 1 Functions and Their Graphs

f(x) = —2x + 15

f(3) - f(0) 9-15
3-0 3

The average rate of change from x, = 0 to x, = 3 is

2.

-2

f(x) = x> —2x+8

f(5) - f() 23-7 _16 _
5-1 4 4
The average rate of change from ¥ =1to x, = 5 is4.

4

f(x) = x* = 3x* — x

Q) 3-(3

3-1 2
The average rate of change from x, = 1to x, = 3 is0.

f(x) = —x* + 6x* + x
f(6)—f(1):6—6:9:

6 -1 5 5
The average rate of change from x, = 1to x, = 6 is0.

(a) 11,500

ab. . . . . . n
BO00

(b) To find the average rate of change of the amount the
U.S. Department of Energy spent for research and
development from 2005 to 2010, find the average

rate of change from (5, f(5)) to (10, f(lO)).
f(10) - (5) _ 10925 - 8501.25
10 -5 5

The amount the U.S. Department of Energy spent for
research and development increased by about
$484.75 million each year from 2005 to 2010.

S(t2) — s(t)

= 484.75

Average rate of change =
-4
_ 59 - s(9)
9-0
540 -0
S 9-0

= 60 feet per second.

As the time traveled increases, the distance increases
rapidly, causing the average speed to increase with each
time increment. From t = 0 to t = 4, the average
speed is less than from t = 4 to t = 9. Therefore, the
overall average fromt = 0 to t = 9 falls below the
average found in part (b).

67.

68.

Sy = 6,vy = 64

(@) s = —16t2 + 64t + 6
(b) 00

/AN

0

s(3) -s(0) 54-6
3-0 3

(d) The slope of the secant line is positive.

(e) s(0) =6,m =16

© 16

Secant line: y — 6 = 16(t — 0)
y = 16t + 6
(f) 100

(@) s = —-16t2 + 72t + 6.5
(b) 100

]
(c) The average rate of changefromt = 0 to t = 4:

S(4)=5(0) _385-65 _ 32 _ g
4-0 4 ‘

second
(d) The slope of the secant line through (0, s(0)) and
(4, s(4)) is positive.

(e) The equation of the secant line:
m=28y=28+65

(f) 100

/O

; A,
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69.

70.

Vo =120,5, = 0

(@) s = —16t? + 120t
(b) 270

1] 8
o

(c) The average rate of change fromt = 3tot = 5:

S(®) ~s(3) _ 200-216 _ 16 _ o per
5-3 2 2

second

(d) The slope of the secant line through (3, s(3)) and

(5, s(5)) is negative.
(e) The equation of the secant line: m = -8
Using (5, s(5)) = (5, 200) we have
y — 200 = —8(t - 5)
y = —8t + 240.
() 2o

0

(@) s = —16t? + 80
(b) 120

ol_a
1]

(c) The average rate of change fromt =1tot = 2:

s(2)-s(l) _16-64 48 _ —48 feet
2-1 1 1

per second

(d) The slope of the secant line through (1, s(1)) and
(2, 5(2)) is negative.
(e) The equation of the secant line: m = —48
Using (1, s(1)) = (1 64) we have
y - 64 = —48(t — 1)
y = —48t + 112.
")

Section 1.5 Analyzing Graphs of Functions

71 f(x) = x® - 2x* +3

f(=x) = (-x)° = 2(=x)* + 3
=xt—2x2 +3
= f(x)

The function is even. y-axis symmetry.
72. g(x) = x* - 5x
9(—%) = ()" ~5(-x)
—x3 + 5x
=-9(%)
The function is odd. Origin symmetry.

_ x5«
# h(x)
= —h(x)

1l
|
—
—
bad
N

The function is odd. Origin symmetry.

75. f(s) = 4s¥2
_ 4(—8)3/2
= f(s)
= —f(s)

47

The function is neither odd nor even. No symmetry.

76.  g(s) = 4s¥°
o(-5) = 49

— 4528

= 9(s)

The function is even. y-axis symmetry.
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. ' 80. h(x) = x* — 4

2 .

. B

-6 -4 =2 2 i [ 8
- 6
_at ad
-6 24

+——+ F—t—t ¥

-8 -8 -6 -4 1 4 6 8
-0+

The graph of f(x) = -9 is symmetric to the y-axis,

which implies f(X) is even. The graph displays y-axis symmetry, which implies
h(x) is even.
f(-x) = -9
2
= (%) h(=x) = (-x)" =4 = x* — 4 = h(x)

The function is even. The function is even.

78. f(x) =5 - 3x 8l f(x) =/1-x

¥ v

- W &
—t—+—

The graph displays no symmetry, which implies f(x) is The graph displays no symmetry, which implies

neither odd nor even. f(x) is neither odd nor even.

f(—x) = 5 - 3(—x) f(—x) = J1-(-x)

=5+ 3x = J1+ X
= f(x) % f(x)
+ —f(x) *—1(x)
The function is neither even nor odd. The function is neither even nor odd.
79. f(x) = -[x - 5| 82. g(t) = Yt -1

v

N VERRE
.-"'".—“
The graph displays no symmetry, which implies f(x) is The graph displays no symmetry, which implies
neither odd nor even. g(t) is neither odd nor even.
(%) = (%) - 5| o(-t) = 3/(-) -1
= —|-x - 5| Y aranr)
= f(X) + g(t)
* —f(X) ” —g(t)
The function is neither even nor odd. The function is neither even nor odd.
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83.

84.

85.

86.

87.

88.

h = top — bottom
=3- (4x - xz)

=3-4x + X2

h = top — bottom

= (4x = x?) - 2x
=2x — X2
L = right — left
=2-23/2y
L = right — left
_2_ g
y
_2
y

L = -0.294x> + 97.744x — 664.875,20 < x < 90

() som0

20 90
o

(b) L = 2000 when x ~ 29.9645 ~ 30 watts.

8m

& Xy

X X

(8) A = (8)(8) - 4(2)(x)(x) = 64 — 2x?
Domain: 0 < x < 4
(b) e

—_

[v]

Range: 32 < A < 64

Section 1.5 Analyzing Graphs of Functions 49

(c) When x = 4, the resulting figure is a square.

I 8m -
I ] —— e ] |

| e | — e |
= S —— - — g ——
| oo

]

e ] ot ]

By the Pythagorean Theorem,
42 442 = s2 = 5 = /32 = 4-/2 meters.

89. (a) For the average salaries of college professors, a scale

of $10,000 would be appropriate.

(b) For the population of the United States, use a scale
of 10,000,000.

(c) For the percent of the civilian workforce that is
unemployed, use a scale of 1%.

90. (a)

SN

0

(b) The model is an excellent fit.

(c) The temperature is increasing from 6 A.m. until noon
(x = 0tox = 6). Then it decreases until 2 A.m.

(x = 6tox = 20). Then the temperature increases
until 6 Am. (x = 20tox = 24).

(d) The maximum temperature according to the model is
about 63.93°F. According to the data, it is 64°F. The
minimum temperature according to the model is
about 33.98°F. According to the data, it is 34°F.

(e) Answers may vary. Temperatures will depend upon
the weather patterns, which usually change from day
to day.
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91. (@ y = x (O y=x © y=x
. S LN

d y=xt € y=x () y=x°
LA | L

All the graphs pass through the origin. The graphs of the odd powers of x are symmetric with respect to the origin and the
graphs of the even powers are symmetric with respect to the y-axis. As the powers increase, the graphs become flatter in the
interval -1 < x < 1.

92. (a) Domain: [-4,5); Range: [0, 9] 94. False. An odd function is symmetric with respect to the
origin, so its domain must include negative values.
(b) (3,0)
inAas (— . inAe 5
(c) Increasing: (-4, 0) U (3, 5); Decreasing: (0, 3) 95. (_? _7)

(d) Relative minimum: (3, 0) . s
(a) If fiseven, another point is (g, —7).
Relative maximum: (0, 9)

() Neither (b) If fis odd, another point is (% 7).
93. False. The function f(x) = ~/x? + 1 has a domain of 96. (2a, 2c)
all real numbers. (@) (-2a, 2c)
(b) (-2a,-2c)
97. 2 : 3

T T

-4 -2 -3
f(x) = x> — x* is even. g(x) = 2x* + Lis neither. h(x) = x* — 2x* + x is odd.
3 2 3

i ) /

-3 -4 -3

i(x) = 2= x% - x¥iseven. k(x) = x* = 2x* + x — 2 is neither. p(x) = x? +3x* — x* + x is odd.

Equations of odd functions contain only odd powers of x. Equations of even functions contain only even powers of x.
A function that has variables raised to even and odd powers is neither odd nor even.

98. (a) Even. The graph is a reflection in the x-axis.
(b) Even. The graph is a reflection in the y-axis.
(c) Even. The graph is a vertical translation of f.
(d) Neither. The graph is a horizontal translation of f.
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Section 1.6 A Library of Parent Functions

1L f(x) =[x] 12. (a) f(-3) = -8, f(1) = 2
(9) greatest integer function (-3.-8). (1 2)
2. f(x) =x m:2—(—8):@:§
1-(-3) 4 2
(i) identity function
1 f(x)-2=>(x-1)
3 f(x) ==
X 1
) ) f(x) = =x-=
(h) reciprocal function 2 2
(b) y
_ 2
4. f(x) = x S
(a) squaring function ‘3‘
5. f(x) = Vx T
(b) square root function o ’:_1 T I
6. f(x)=c

(e) constant function
13. (@) f(-5) =-1 f(5) =-1

7. f(x) =[x
-5,-1), (5, -1
(f) absolute value function ( ) ( )
. -1-(-1) —2—0
8. f(x) =x° 5-(-5 10
(c) cubic function y — (_1) = O(x _ (_5))
9. f(x) =ax+b y=-1
(d) linear function f(x) = -1
10. linear (b) i
34
11. (@) f(1) = 4, f(0) =6 2+
(1.4).(0.6)
—é —; —; 1 2 3 *
m = H = -2
ot
i

(b)
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14. (a) f(gj - —%, f(-4) = -11 19. f(x) = -1

(2«—%5}(—4,—10

-6 7 i)
oo o (152) (|
T 4 (23 4
72 (7 3) 3 P
7ﬂﬁ‘ﬂﬂ(iﬂ‘1 mfm_q ) +2
10 - (1) = 2 - () /
-7 ,’ B
21, f(x) = 4 - 2J/x
-4 \\ 1
15. f(x) = 2.5x — 4.25 22. h(x) = Vx+2+3
-6 / [ /,—f‘__ﬁ_
16 f(x) = - 5 23, f(x):4+%

2 24. k(x) =

-s i

18. f(x) = 3x* —1.75
4

\ / 25. g(x)=|x|;5
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27.

28.

29.

30.

(b) f(29) =2

5) = [4(5) + 6] = [85] = 8

-6.1) = [4(-6.1) + 6] = [2.95] = 2

—~
(=)}
~
>~
—_~ o~

© k(0.2)

[£(0.9) + 6] = [6.05] = 6
(d) k(15) = [4(15) + 6] = [135] = 13
g(x) = 7[x + 4] + 6

@ off) - 3+ ] o

—7[[%]] +6=-7(4)+6 =22

(b) 9(9) =-7[9 + 4] + 6

= —7[[13]] +6 = —7(13) +6 = -85
() g(-4) = -7[-4+4]+6
= -7[0] + 6 = -7(0) + 6 = 6
@ of3) = 73+ 4] 6

_7[[5%]] +6=-7(5) + 6 = -29

Section 1.6 A Library of Parent Functions

31.

33.

34.

35.

9(x) = ]
¥
*—0 a4+
—0 3t
—02+
*—
B e !
S e I S
=2 *—0
-3 -0
-4 .
9(x) = 4[x]
¥
16 L o
12 —0
8 *~—C
i1 e=0
432 [ 12 3 4 !
m -
*=—0 -2
*—0 ~16
9(x) = [x] -1
o}
1 o=
4+ L]
1 -0
2+ e
- &0
B B B o S

53
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36.

37.

Chapter 1 Functions and Their Graphs

f(x) - VA+x, x<0 :_
V4 -X, x>0 4

ta
t

2x +1, x< -1
40. k(x) = 12x* -1,
1 - x?,

LI

-4

(b) Domain: (—, ); Range: [0, 2)

42. k(x) = 4(%x - [[%x]])z

(@) 2

LTI

-4

(b) Domain: (-, »); Range: [0, 4)

(b) W(h) = [14h, 0<hx<45
21(h — 45) + 630, h > 45

44, (@) =0

N

L] 13
[v]

The domain of f(x) = -1.97x + 26.3 is

6 < x < 12. One way to see this is to notice
that this is the equation of a line with negative
slope, so the function values are decreasing

as x increases, which matches the data for the
corresponding part of the table. The domain of

f(x) = 0.505x* — 1.47x + 6.3 is then
1<x <6

(b) f(5) = 0.505(5)" — 1.47(5) + 6.3
= 0.505(25) - 7.35 + 6.3 = 11.575
f(11) = ~1.97(11) + 26.3 = 4.63

These values represent the revenue in thousands of
dollars for the months of May and November,
respectively.

(c) These values are quite close to the actual data values.
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45. Answers will vary. Sample answer:

Interval Input Drain Pipe 1 | Drain Pipe 2
Pipe

[0, 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

46. (a) Cost = Flat fee + fee per pound
C(x) = 26.10 + 4.39[X]

Section 1.7 Transformations of Functions 55

47. For the first two hours the slope is 1. For the next six
hours, the slope is 2. For the final hour, the slope is %

y

161
141
121

10+

Inches of snow
-

[ -
t

Hours
t, 0<t<
flty =42t -2, 2<t<8
2t +10, 8<t<

Tofind f(t) = 2t — 2, use m = 2 and (2, 2).
t

y-2=2t-2)=>y=2t-2

(b) ; mi N Tofind f(t) = 3t + 10, use m = 1 and (8,14).
J:Eu[: ._O._O.-o“o y-14=2%t-8 =y=1t+10
E u:-;_oo—o._o Total accumulation = 14.5 inches
]
Weight i pounds)
48. f(x) = x? f(x) = x?
(a) Domain: (-0, ) (a) Domain: (—oo, )
Range: [0, =) Range: (—o0, «)
(b) x-intercept: (0, 0) (b) x-intercept: (0, 0)
y-intercept: (0, 0) y-intercept: (0, 0)
(c) Increasing: (0, ) (c) Increasing: (—oo, )
Decreasing: (-, 0) (d) Odd; the graph has origin symmetry.

(d) Even; the graph has y-axis symmetry.

49. False. A piecewise-defined function is a function that
is defined by two or more equations over a specified
domain. That domain may or may not include x- and
y-intercepts.

50. False. The vertical line x = 2 has an x-intercept at
the point (2, 0) but does not have a y-intercept. The

horizontal line y = 3 has a y-intercept at the point
(0, 3) but does not have an x-intercept.

Section 1.7 Transformations of Functions

1. rigid

2. —f(x); f(-x)

3. vertical stretch; vertical shrink

4. (a) iv
(b) i
(©) iii
(d) i
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56 Chapter 1 Functions and Their Graphs

5. (a)

(b)

6. (a)

(b)

7. (a)

(b)

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

f(x) =[x|+¢c

f(x) =x+¢
c=-3 f(x) =/x-3
c=-1 f(x):ﬁ—l

f(x) =x-c
c=-3 f(x) =~/x+3
c=-L f(x) =vx+1

c=3 f(x)=/x-3
f(x) =[x]+c
c=-2 f(x)=[x] -2
c =0 f(x)=[x]

c=2 f(x)=[x]+2

f(x) =[x + ]
c=-2: f(x) =[x-2]
c =0 f(x)=[x]

c=2 f(x) =[x+2]

Vertical shifts
1 unit down
1 unit up

3 units up

Horizontal shifts
1 unit left
1 unit right

3 units right

Vertical shifts
3 units down
1 unit down

1 unitup

3 units up

Horizontal shifts
3 units left

1 unit left

1 unit right

3 units right

Vertical shifts
2 units down
Parent function

2 units up

Horizontal shifts
2 units right
Parent function

2 units left




8. (a) f(x) = {

9. (a)

(d)

©)

x2+¢ x<0
—x?>+¢c x>0
c=1 7
!
o
+—t t A1' +—t x
=4 =3 =2 \ 3 4
\- c=3

N

y = f(-x)

Reflection in the y-axis

y = —f(x-4)

Reflection in the x-axis and
a horizontal shift 4 units to

the right

y = f(2x)

Horizontal shrink

(each x-value is divided by 2)

¥

o1
-2, T (3.2)
2 L
14
—t—+%+ 11
-4_3_2\ I/z 34
(—-1,-2)%%0,-2)
-3+
il

~(x+¢c), x>0

e=-3¥

() y=1f(x)+4

Section 1.7 Transformations of Functions

(x+c)2, X <0

Vertical shift 4 units

upward
.\.
10+
4.6 T (6
[
"
-2,2) (0,2)
10 -8 -6 -4 -2 2 4 6
-4 <
64
() y=f(x)-3
Vertical shift 3 units
downward
."
10+
sd
6+
o
2
(=4, -1) (6,—1)
“10-8 -6 & -2 /-
(-2,-5%-¥0,-5)

() y = 2f(x)

Vertical stretch (each y-value

()

is multiplied by 2)

¥

(-4, 4) 41

—+—t
=10-8 -6 -4

(=2,-4)

64

y=-f(x)-1

=t H+—t
/4 6
=24

Reflection in the x-axis and a
vertical shift 1 unit downward

v

57
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58 Chapter 1 Functions and Their Graphs

10. @) y = f(x-5)
Horizontal shift 5 units
to the right

107
5
61 (5, 5)
.l
2027 \s.o
-4 -2 / a6 wll:
(-1,-4) | (11, -4)
-6+
(d) y=-f(x+1)

Reflection in the x-axis and a
horizontal shift 1 unit to the left

v

7.4 6 (5,4)
ad
(=4, 0) A}:
t 1 t t t x
S10-8 -6 \-2 46

Ti-1.-5)

© y=f(%x

Horizontal stretch

(each x-value is multiplied by 3)

11. Parent function: f(x) = x?

(a) Vertical shift 1 unit downward

g(x) = x> -1

(b) Reflection in the x-axis, horizontal shift 1 unit to the

left, and a vertical shift 1 unit upward

9(x) = —(x + 1)2 +1

12. Parent function: f(x) = x*

x

() y=-f(x)+3

Reflection in the x-axis and a

)

vertical shift 3 units upward

(-6, 7) 8-

(=3,3)

© y=3f(x
Vertical shrink
(each y-value is multiplied by%)

¥

(0, -';]

Z10-8 -6 -4 \‘

—4+

y = f(-x)

Reflection in the y-axis

v

(a) Reflected in the x-axis and shifted upward 1 unit

g(x) = x> +1=1-x°

(b) Shifted to the left 3 units and down 1 unit
g(x) = —-(x +3)° -1

(f) y=1f(x)-10
Vertical shift 10 units downward

13. Parent function: f(x) =|x|

(a) Reflection in the x-axis and a horizontal shift 3 units
to the left

9(x) =[x +3]

(b) Horizontal shift 2 units to the right and a vertical
shift 4 units downward

g(x) =[x —2|-4
14. Parent function: f(x) = ~/x
(a) Shifted downward 7 units and to the left 1 unit

9(x) = x+1-7

(d) Reflected about the x- and y-axis and shifted to the
right 3 units and downward 4 units

g(x) ===x+3 - 4
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15. Parent function: f(x) = x*
Horizontal shift 2 units to the right
y = (x-2)

16. Parent function: y = x
Vertical shrink

-1
y = 5X

17. Parent function: f(x) = x?
Reflection in the x-axis
y = -x?

18. Parent function: y = [x]

Vertical shift
y =[x]+4
19. Parent function: f(x) = ~/x
Reflection in the x-axis and a vertical shift 1 unit upward
y = -x+1
20. Parent function: y =|x|
Horizontal shift
y =|x+ 2|
21. g(x) =12 - x?
(a) Parent function: f(x) = x?

(b) Reflection in the x-axis and a vertical shift 12 units
upward

(©

@ () =12~ f(x)

Section 1.7 Transformations of Functions

22. g(x) = (x - 8)°
(a) Parent function: f(x) =y = x?

(b) Horizontal shift of 8 units to the right
©

164+

+ + =t
4 8 12 16

(d) g(x) = f(x-8)

23. g(x) =x*+7
(a) Parent function: f(x) = x3

(b) Vertical shift 7 units upward
(©

24. g(x) = -x* -1
(a) Parent function: f(x) = x3

(b) Reflection in the x-axis, vertical shift of 1 unit
downward

(© y

(d) g(x) =-f(x) -1

59
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Chapter 1 Functions and Their Graphs

25. g(x) = 2x* + 4

3
(a) Parent function: f(x) = x?

(b) Vertical shrink of two-thirds, and a vertical shift
4 units upward

(©

x

—t—+—
I 2 3 4

@) g(x) = %f(x) +4

26. g(x) = 2(x - 7)°

(a) Parent function: f(x) = x?

(b) Vertical stretch of 2 and a horizontal shift 7 units to
the right of f(x) = x*

(c)

10+

(d) g(x) =2f(x-7)

27. g(x) = 2 - (x + 5

(a) Parent function: f(x) = x?

(b) Reflection in the x-axis, horizontal shift 5 units to the
left, and a vertical shift 2 units upward

(d) g(x) =2- f(x+5)

28. g(x) = ~3(x + 2)" - 2

(a) Parent function: f(x) = x?

(b) Horizontal shift 2 units to the left, vertical shrink,
reflection in the x-axis, vertical shift 2 units
downward

©

@ g(x) = -3
29. g(x) = </3x
(a) Parent function: f(x) = </x

(b) Horizontal shrink by £

(©

L -
t f

PR P S W R X
+— 1+ 4
-2 =1 I 2 3 4 5 6

[
ta

(d) g(x) = f(3x)

30. g(x) = \/3X
(a) Parent function: f(x) = ~/x

(b) Horizontal stretch of 4
(©
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3L g(x) = (x -1° +2
(a) Parent function: f(x) = x3

(b) Horizontal shift 1 unit to the right and a vertical shift
2 units upward

(©

(d g(x) = f(x-1)+2

32. g(x) = (x +3)° - 10
(a) Parent function: f(x) = x3

(b) Horizontal shift of 3 units to the left, vertical shift of
10 units downward

(d) g(x) = f(x+3)-10

33. g(x) = 3(x - 2)°
(a) Parent function: f(x) = x3

(b) Horizontal shift 2 units to the right, vertical stretch
(each y-value is multiplied by 3)

(c)

Section 1.7 Transformations of Functions 61
1 3
34 g(x) = —3(x+1)
(a) Parent function: f(x) = x*

(b) Horizontal shift one unit to the right, vertical shrink
(each y-value is multiplied by %) reflection in the

X-axis.

Al 23 435

) g9(x) = —%f(x +1)

35. g(x) = —|x|-2
(a) Parent function: f(x) =|x|

(b) Reflection in the x-axis, vertical shift 2 units
downward

(©

d) g(x) = —f(x) -2

36. g(x) =6 —|x + 5]
(a) Parent function: f(x) =|x|

(b) Reflection in the x-axis, horizontal shift of 5 units to
the left, vertical shift of 6 units upward

(c)

A i
/—I{J ~8 -6 -4 -2 \
a4

(d) g(x) =6- f(x+5)

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



62 Chapter 1 Functions and Their Graphs

37. g(x) = -|x + 4|+ 8
(a) Parent function: f(x) =|x|

(b) Reflection in the x-axis, horizontal shift 4 units to
the left, and a vertical shift 8 units upward

©

-6 -4 -2 2 4'\

(d) g(x) =-f(x+4)+8

38. g(x) =|-x+3[+9
(a) Parent function: f(x) =|x|

(b) Reflection in the y-axis, horizontal shift of 3 units to
the right, vertical shift of 9 units upward

©

}\/

@ g(x) = f(-(x-3))+9

39. g(x) = -2|x-1]-4
(a) Parent function: f(x) =|x|

(b) Horizontal shift one unit to the right, vertical stretch,
reflection in the x-axis, vertical shift four units
downward

¥

(©

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

40. g(x) = 3[x - 2|-3

(a) Parent function: f(x) =|x|

(b) Horizontal shift 2 units to the right, vertical shrink,
vertical shift 3 units downward

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

41. g(x) = 3 - [x]
(a) Parent function: f(x) = [x]

(b) Reflection in the x-axis and a vertical shift 3 units
upward

42. g(x) = 2[x + 5]
(a) Parent function: f(x) = [x]
(b) Horizontal shift of 5 units to the left, vertical stretch
(each y-value is multiplied by 2)
(©
w -+
*-0 .1::
L o]
=ttt
=10 -8 -6 -4 -2 + 2
() —2+

) —4+

-0 -6

(d) g(x) = 2f(x + 5)
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43. g(x) = Vx -9
(a) Parent function: f(x) = ~/x

(b) Horizontal shift 9 units to the right
©

(d) g(x) = f(x-9)
44. g(x) = ~x+4+8

(a) Parent function: f(x) = ~/x

(b) Horizontal shift of 4 units to the left, vertical shift of
8 units upward

©
_—

(d) g(x) = f(x+4)+8

45. g(x) = /7 —x —2o0rg(x) =

(a) Parent function: f(x) = ~/x

-(x-7)-2

(b) Reflection in the y-axis, horizontal shift 7 units to the
right, and a vertical shift 2 units downward

©

Section 1.7 Transformations of Functions 63

46. g(x) = \/3x +1

47.

48.

49.

50.

5L

52.

53.

54.

55.

(a) Parent function: f(x) = ~/x

(b) Horizontal shrink (each x-value is multiplied by %)

vertical shift of 1 unit upward

(c) ¥

L=

-t e d h O w3
P T B T '

(d) g(x) = f(3x) +1
g(x) = (x -3 -7
9(x) = —(x + 2)2 +9

f(x) = x*moved 13 units to the right
g(x) = (x - 13y
f(x) = x*moved 6 units to the left, 6 units downward,

and reflected in the y-axis (in that order)

g(x) = (-x + 6)3 -6
9(x) = —|x|+12
g(x) =|x + 4|8

f(x) = ~/x moved 6 units to the left and reflected in
both the x- and y-axes

o) = [ F 78

f(x) = ~/x moved 9 units downward and reflected in
both the x-axis and the y-axis

909 = ~(\-x - 9)

f(x) = x

(a) Reflection in the x-axis and a vertical stretch (each
y-value is multiplied by 3)
g(x) = -3x*

(b) Vertical shift 3 units upward and a vertical stretch
(each y-value is multiplied by 4)

g(x) = 4x* + 3
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56.

57.

58.

59.

60.

61.

62.

Chapter 1 Functions and Their Graphs

f(x) = x°
(a) Vertical shrink (each y-value is multiplied by %)

9(x) = 3¢

(b) Reflection in the x-axis and a vertical stretch
(each y-value is multiplied by 2)

g(x) = -2x°

t(x) =|x

(a) Reflection in the x-axis and a vertical shrink
(each y-value is multiplied by %)
9(x) = —3[x|

(b) Vertical stretch (each y-value is multiplied by 3) and
a vertical shift 3 units downward

9(x) = 3[x|-3

f(x) = /x

(a) Vertical stretch (each y-value is multiplied by 8)
g(x) = 8/x

(b) Reflection in the x-axis and a vertical shrink
(each y-value is multiplied by %)

9(x) = —3/x

Parent function: f(x) = x°
Vertical stretch (each y-value is multiplied by 2)
g(x) = 2x*

Parent function: f(x) =|x|

Vertical stretch (each y-value is multiplied by 6)
9(x) = 6]x]

Parent function: f(x) = x

Reflection in the x-axis, vertical shrink
(each y-value is multiplied by %)

9(x) = —3x*

Parent function: y = [x]

Horizontal stretch (each x-value is multiplied by 2)

99 = 3]

63.

64.

65.

66.

67.

68.

69.

Parent function: f(x) = </x

Reflection in the y-axis, vertical shrink
(each y-value is multiplied by %)

9(x) = 3/-x

Parent function: f(x) =|x|

Reflection in the x-axis, vertical shift of 2 units
downward, vertical stretch (each y-value is multiplied

by 2)
g(x) = =2|x|-2

Parent function: f(x) = x*

Reflection in the x-axis, horizontal shift 2 units to the
right and a vertical shift 2 units upward

9(x) = —(x - 2)* + 2
Parent function: f(x) =|x|

Horizontal shift of 4 units to the left and a vertical shift
of 2 units downward

g(x) =|x + 4|-2

Parent function: f(x) = Ix

Reflection in the x-axis and a vertical shift 3 units
downward

9(x) = —/x -3

Parent function: f(x) = x

Horizontal shift of 2 units to the right and a vertical shift
of 4 units upward

9(x) = (x—2)2 +4

( a) 2;‘

10

o
(b)  H(x) = 0.002x + 0.005x — 0.029
X
1

2
H 7) - o.ooz(ij + o.oos(ij ~ 0.029
6 16 16

X2 X
= 0.002] —— | + 0.005] — | — 0.029
2.56 1.6

= 0.00078125x2 + 0.003125x — 0.029
The graph of H (%j is a horizontal stretch of the

graph of H(x).
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70. (a) The graph of N(x) = —0.068(x — 13.68)2 +119is

71.

72.

73.

74.

75.

a reflection in the x-axis, a vertical shrink of a factor
of 0.068, a horizontal shift of 13.68 units to the right
and a vertical shift of 119 units upward of the graph

f(x) = x%

120

b - . . . . .10
110

(b

~

The average rate of change from t = 3to t = 10is
given by the following.

N(10) - N(3) _ 118.079 — 111.244
10-3 7
6.835
7
0.976
Each year, the number of households in the United
States increases by an average of 976,000
households.

(c) Lett =18:

Q

N(18) = —0.068(18 — 13.68)" + 119
117.7

In 2018, the number of households in the United
States will be about 117.7 million households.

Answers will vary. Sample answer: No, because the
number of households has been increasing on
average.

Q

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

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

True. Because | x| =|-x

, the graphs of

f(x) =|x|+ 6 and f(x) =|-x|+ 6 are identical.
False. The point (-2, —61) lies on the transformation.

y="f(x+2)-1

Horizontal shift 2 units to the left and a vertical shift
1 unit downward

(01) > (0-21-1) =(-20)

L2 »>(1-22-1)=(-11

(23) > (2-2,3-1) =(0,2)

Section 1.7 Transformations of Functions 65

76. (&) Answers will vary. Sample Answer: To graph

77.

78.

79.

80.

f(x) = 3x® — 4x + Luse the point-plotting method
since it is not written in a form that is easily
identified by a sequence of translations of the parent
function y = x2.

(b) Answers will vary. Sample Answer: To graph
f(x) = 2(x — 1)* — 6 use the method of translating

the parent function y = x? since it is written in a

form such that a sequence of translations is easily
identified.

(@) 7
! Il
(b) Y -
AW
-7 L 5
©) -
I f

(a) Increasing on the interval (—2, 1) and decreasing on

the intervals (-0, —2)and (1, =)

(b) Increasing on the interval (—1, 2) and decreasing on

the intervals (—oo, —1) and (2, =)

(c) Increasing on the intervals (-0, —1) and (2, «) and

decreasing on the interval (-1, 2)

(d) Increasing on the interval (0, 3) and decreasing on
the intervals (—oo, 0)and (3, =)

(e) Increasing on the intervals (-0, 1) and (4, ) and

decreasing on the interval (1, 4)
(@) The profits were only % as large as expected:
9(t) = $F(1)

(b) The profits were $10,000 greater than predicted:
g(t) = f(t) + 10,000

(c) There was a two-year delay: g(t) = f(t - 2)

No. g(x) = —x* — 2. Yes. h(x) = —(x — 3)4
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Section 1.8 Combinations of Functions: Composite Functions

1. addition; subtraction; multiplication; division 6. f(x) =2x-5,9(x) = 2 - x
2. composition (@ (f+g)(x)=2x-5+2-x=x-3
X 0 [1]2 |3 (b) (f-g)(x) =2x-5-(2~-x)
=2Xx-5-2+x
f 2 311 2 a7
1
g 110130 © (fo)(x) = (2x - 5)(2 - x)
f+g |1 |3 % 2 = 4x — 2x? =10 + 5x
. = -2x? + 9x - 10
f 2x -5
44 d L _
o [gho-3=
34
h Domain: all real numbers x except x = 2
X 7. f(x) = x%9g(x) =4x -5
T @ (f+9)x) = f(x)+9(x)
= x* + (4x - 5)
41 x 20|12 |4 =x* +4x -5
f 2 |of1|2]4 ®) (f —9)(x) = f(x) - 9(x)
_ 32 _ _
g 4 [2]1]0]2 =X~ (4x -9
=x2-4x+5
f+g |6 |2[2]2]6
© (fo)(x) = f(x) - 9(x)
1 = x*(4x - 5)
of = 4x3 - 5x2
f f(x)
o (g2
5 J®) )
XZ
~ 4x -5

. 5
Domain: all real numbers x except x = 2

© (fg)(x) = f(x) - 9(x)
=(x+2)(x-2)
=x*-4

(d) (;](x) _ ) _x+2

g(x) x-2

Domain: all real numbers x except x = 2
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Section 1.8 Combinations of Functions: Composite Functions

67

8. f(x)=3x+1g(x)=5x-14 1. f(x) % o(x) = %
@ (f +9)(x) = f(x)+ 9(x) 1 1 x+1
=3x+1+5x-4 @ (f+9)(x) = f(x)+9(x) = +-7==3
=8x -3
®) (1 - 9)x) = 1) - 9(x) ® (1= 0 = 100 - 809 =5~ 3 = 5
=3x+1-(5x - 4)
s © (0 = 10900 = 3 ] = &
© (fo)(x) = f(x) - 9(x) Pl f00 _ ¥x _x
- 3+ Yfox - 9 @ ()00 g - = % -
=15x* - 7x — 4 Domain: all real numbers x except x = 0
iy _ ) 3x+1 «
o (50 =503 - 55 12 1(x) = 2 g(x) = ¢
Domain: all real numbers x except x = % @ (f +g)(x) = 3 _ X +XxiJlr X
9 f(X:X2+6,g(X): 1-x (b) (f_g)(x)zxil_)@:%:—lxg
@ (f+9g)x)=f(x)+9g(x)=x*+6+~/1-x « , 4
() (f - g)(x) = f(x) - 9g(x) = x* +6 - ~1-x © (fg)(x):x+1-x T X+l

Dy % o X 11
@ (gJ(X)_xwtl‘X x4+l ¢ x(x+1)

Domain: all real numbers x except x = 0 and

g(x)  Vi-x 1-x x=-1
Domain: x <1 For Exercises 13-24, f(x) = x* + 1 and g(x) = x — 4.
10100 = N =4, 0(00) = S5y 13. (f +9)2) = F(2)+9(2) = (22 +1) +(2-4) =3
@ (1 +9)0) = Vx4 + zil 14 (f = g1 = £(-2) - 91
®) (1 - 90 = 4 - ] i_j)l i (1_;)(_1 -
© (fg)(x) - Jx — 4(X2Xi J _ X2 szi; 4 =7
15. (f - g)(0) = £(0) - 9(0)
f 2 X2 2
(d) [g](x):\/ﬁ+xz+l j5o +1)-(0-4)
- (x2 + 1)\/x2 —4 -
- X2 16. (f +9)(1) = f(1) + 9(1)
Domain: x> —4 >0 :(1)2+l+(1)—4
X224 =x2>220rx < -2 =-1
[x|>2 17. (f - g)3) = 1(3t) - g(31)

- [(3t)2 + 1} (3t -4

=0t? -3t+5

© 2014 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

18

19

20.

21.

22.

23.

24.

Chapter 1 Functions and Their Graphs

26. f(x) =4 -x%9(x) = x

(f+0)x)=4-x"+x=4+x-x

(f+g)t-2)=f(t-2)+9g(t-2)
—(t-2f+1+(t-2)-4
=t2 - 4t+4+1+t-2-4
=t2 -3t -1

- (fg)(6) = f(6)g(6)

= (6% +1)(6 - 4)
=74
(fg)(-6) = f(-6) - 9(-6)
- [(_6)2 +1}[(_e)_4]
= (37)(-10)
= -370
e _ fB) 52 +1
o-5g i
f f0) 0+1 1
LR TR
fFlp - D
SIS RECR= BT
- (__11)_+41-(3_4)
=—g+1:g

(f9)(5) + f(4) = F(5)9(5) + f(4)
= (52 +1)(5 - 4) + (4% +1)
=26-1+17
=43

27. f(x) = 3x,9(x) = —g
(f +9)(x) = 3x —%

For 0 < x < 2, f(x) contributes most to the

magnitude.

For x > 6, g(x) contributes most to the magnitude.
28. f(x) = > g(x) = Vx

(f +9)) = 3+ Vx

10

g(x) contributes most to the magnitude of the sum for
0 < x < 2. f(x) contributes most to the magnitude of
the sum for x > 6.

29. f(x) =3x+29(x) = -vx+5
(f+9)x=3x—-~x+5+2

]

i'f f+g

-6

For 0 < x < 2, f(x) contributes most to the
magnitude.
For x > 6, f(x) contributes most to the magnitude.
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30.

31.

32.

33.

Section 1.8 Combinations of Functions: Composite Functions 69

f(x) = x* - % g(x) = -3x* -1

(f+g)(x) =-2¢-3

For 0 < x < 2, g(x) contributes most to the magnitude.

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

f(x) =x%g(x) =x-1

@ (1000 = 1(900) = (x -1 = (x -

() (9o F)(x) = 9g(f(x) = g(x*) = x* -1

© (9°9)(x) = g(g(x) = g(x ~1) = x - 2

f(x) =3x +5,0(x) =5-x

@ (f o g)(x) = f(g(x)
=f6-x)=35-x)+5
=20 - 3x

) (9 F)(x) = g(f(x)
=9g(8x+5 =5-(3x+5)
= =3Xx

(b) (g°f)x) =g

=x +3x% +3¢ + 2

®) (g D)) = 9(F() = 9(¢) = =
© (g ®®=%MW—%3=X

Domain: x > —4

35 f(x) =/x+4
g(x) = x? Domain: all real numbers x
@ (f =) = F(g(x) = 1(x*) =~/
Domain: all real numbers x
() (9 F)(x) = o(F(x)
= g(\/x+4):(\/x+4)2 =x+4
Domain: x > -4
36. f(x)=3Yx-5
g(x) = x* +1
@ (f-g)(x)

Domain: all real numbers x
Domain: all real numbers x
f(g(x))
= f(x* +1)
=3 +1-5
=3x -4

Domain: all real numbers x
() (9o f)(x) = g(f(x)
- o(¥%=%)
- (¥x—5) +1

=Xx-5+41=x-4

Domain: all real numbers x

37. f(x) = x* +1  Domain: all real numbers x

9(x) = Ux Domain: x > 0
@ (fe9)x) = fg(x)
%
- (4
=Xx+1

Domain: x > 0
® (3o )0 = g(f(9) = g(x* +1) = V< + 1

Domain: all real numbers x
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38.

40.

41.

42.

43. (

44,

Chapter 1 Functions and Their Graphs

f(x) = x¥*  Domain: all real numbers x

g(x) = x° Domain: all real numbers x
2/3
@ (fog)x)=f(g(x) = f(xs) = (xe) = x4
Domain: all real numbers x
®) (9 F)(x) = 9(f(x) =
Domain: all real numbers x
f(x)
g(x) =3-x Domain: all real numbers x
@ (feg)(x)=f(g(x) = F(3-x) =
Domain: all real numbers x

®) (9 F)(x) = g(f(x) = g(x - 4| =

Domain: all real numbers x

g(XZ/S) _ (X2/3)5 !

=[x - 4| Domain: all real numbers x

39. f(x) =|x| Domain: all real numbers x

g(x) = x + 6 Domain: all real numbers x
@ (f0)0) = f(o(x) = F(x+6)
Domain: all real numbers x
() (9o f)(x) = g(f(x)) = 9(x)

Domain: all real numbers x

=[x + 6|

=[x|+ 6

=) =4 =|-x -1

~(x—4) = 3-x -4

f(x) = % Domain: all real numbers x except x = 0
g(x) = x+3 Domain: all real numbers x
@ (f=9)x) = f(g(9) = f(x+3) = —

X+ 3

Domain: all real numbers x except x = -3

<mwoww:qwm={3:§+s

Domain: all real numbers x except x = 0

f(x) = 2 3_ 1 Domain: all real numbers x except x = +1
g(x) = x+1 Domain: all real numbers x
3 3 3
(a) (f © g)(x) = f(g(x)) = f(X+1) = (X+1)2 -1 = X2 F2x+1-1 = X2 + 2x
Domain: all real numbers x except x = 0 and x = -2
3 3 3+x2 -1 242
® (@000 = 0(1) = o 52| = g v 1 - S -
Domain: all real numbers x except x = +1
a) (f+9)3)="f(38)+9g(B8)=2+1=3 45. (@) (f = 9)2) = f(g(2) =f(2)=0
(b) [f] _f@ _o_ 0 ) (g°f)2) =9(f(2) = 9(0) = 4
g 2 2
@ (190 = 1) 90) Tk e = o 2
a -9)1y="~11-9(1=2-3=-1
® (g F)3) = 9(1(3) = 9(2) - 2

(b) (fg)(4) =

f(4)-g4)=4-0=0
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47.

48.

49.

50.

5L

57.

58.

h(x) = (2x* + 1)2
One possibility: Let f(x) = x* and g(x) = 2x + 1,
then (f o g)(x) = h(x).

h(x) = (L - x)°
One possibility: Let g(x) =1 — x and f(x) = x°,
then (f o g)(x) = h(x).

52.

53.

Section 1.8 Combinations of Functions: Composite Functions 71
4
h(x) = ——
) (5x + 2)°
One possibility: Let g(x) = 5x + 2 and f(x) = iz
X
then (f o g)(x) = h(x).
-x2+3
h(x) =
(X) 4 — X2
- X+ 3
0 bility: Let f(x) = d —
ne possibility: Let f(x) T and g(x) X

h(x) = xt— 4

One possibility: Let f(x) = 3/x and g(x) = x> - 4,
then (f o g)(x) = h(x).

h(x) =

One possibility: Let g(x) = 9 — x and f(x) =
then (f o g)(x) = h(x).

9 - x

Vx,

1
X+ 2

h(x) =
One possibility: Let f(x) = 1/x and g(x) = x + 2,
then (f o g)(x) = h(x).

(@ p(t) = d(t) + c(t)

(b) p(5) represents the number of dogs and cats in 2005.

h(t) = ::((tt)) =

d(t) + c(t)

© 0

54.

55.

56.

then (f o g)(x) = h(x).

27x3 + 6x
h(x) = 222 7 27
(X) 10 — 27x8
One possibility: Let g(x) = x* and
27x + 6%/x
f = ———— th fo = h(x).
(9 = X5 hen (1 = g)(x) = i)
@ T(x) = R(X) + B(x) = 2x + :=x°
(b)

Distance traveled

10 20
Speed (in miles per hour)

D 40 500 60

(c) B(x); Asxincreases, B(x) increases at a faster
rate.

@ cft) - W < 100

(b) c(5) represents the percent change in the population
due to births and deaths in the year 2005.

h(t) represents the number of dogs and cats at time t compared to the population at time t or the number of dogs

and cats per capita.

(@) T is afunction of t since for each time t there corresponds one and only one temperature T.

(b) T(4) ~ 60° T(15) ~ 72°

(c) H(t) = T(t — 1); All the temperature changes would be one hour later.

(d) H(t) = T(t) — 1; The temperature would be decreased by one degree.
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Chapter 1 Functions and Their Graphs

(e) The points at the endpoints of the individual functions that form each “piece” appear to be
(0, 60), (6, 60), (7, 72), (20, 72), (21, 60), and (24, 60). Note that the value t = 24 is

chosen for the last ordered pair because that is when the day ends and the cycle starts over.

59. (a)
(b)

(©

60. (a)

(b)

(©

From t = Oto t = 6: This is the constant function T(t) = 60.
From t = 6to t = 7:Use the points (6, 60) and (7, 72).
o _T2-60 _ .,

7-6

y—60=12(x - 6) = y =12x —12, or T(t) =12t -12

From t = 7 to t = 20: This is the constant function T(t) = 72.

From t = 20 to t = 21: Use the points (20, 72) and (21, 60).

72-60

= = -12
20 -21

y — 60 = —12(x — 21) = y = —12x + 312, or T(t) = —12t + 312

From t = 21 to t = 24: This is the constant function T (t) = 60.

60,
12t - 12,
A piecewise-defined function is T(t) = 172,
-12t + 312,
60,
X
r(x) = 2
A(r) = xr?
2
X X
Ao = A =A—-|=n7x—
(ne 100 = Alr() = 3] = (3]

(A o r)(x) represents the area of the circular base of
the tank on the square foundation with side length x.

N(T(1)

N(3t + 2)

10(3t + 2)° - 20(3t + 2) + 600
10(9t? + 12t + 4) — 60t — 40 + 600
90t? + 60t + 600

30(3t* + 2t +20), 0<t<6

This represents the number of bacteria in the food as
a function of time.

Uset = 0.5.
N(T(05)) = 30(3(05)° + 2(0.5) + 20) = 6525
After half an hour, there will be about 653 bacteria.
30(3t% + 2t + 20) = 1500

3t2 + 2t + 20 = 50

3t +2t-30=0
By the Quadratic Formula, t ~ —3.513 or 2.846.

Choosing the positive value for t, you have
t ~ 2.846 hours.

0<t
6 <t
7<t

<
<7
<

20

20<t<21
21 <t <24

61. () f(g(x)) = f(0.03x) = 0.03x — 500,000

9
(b) 9(f(x)) = g(x - 500,000) = 0.03(x — 500,000)
f

g( (x)) represents your bonus of 3% of an amount
over $500,000.

62. (a) R(p) = p — 2000 the cost of the car after the

(@ (ReS)p)

factory rebate.

(b) S(p) = 0.9p the cost of the car with the dealership

discount.

() (R°S)(p) = R(0.9p) = 0.9p — 2000

(S > R)(p)

S(p — 2000)
— 0.9(p — 2000) = 0.9p — 1800

(R o S)(p) represents the factory rebate after the
dealership discount.

(S = R)(p) represents the dealership discount after
the factory rebate.

(R » 5)(20,500)

0.9(20,500) — 2000 = $16,450

(S  R)(20,500)

— 0.9(20,500) — 1800 = $16,650

(S > R)(p)

(R = $)(20,500) yields the lower cost because
10% of the price of the car is more than $2000
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63. Let O = oldest sibling, M = middle sibling, Y = youngest sibling.
Then the ages of each sibling can be found using the equations:
0 =2M
_1
M = EY + 6

@ O(M(Y)) = 2(%(Y) + 6) =12 + Y; Answers will vary.
(b) Oldest sibling is 16: O = 16
Middle sibling: O = 2M
16 = 2M
M = 8 years old

Youngest sibling: M = Y + 6

_1
8—5Y+6
_1
2=3Y
Y = 4 yearsold

64. (a) Y(M(0)) = 2(%0) - 12 = O —12; Answers will vary.
(b) Youngestsiblingis 2 > Y = 2

Middle sibling: M = 1Y + 6
M=2(2)+6
M = 7 years old
Oldest sibling: O = 2M
0 = 2(7)
O = 14 years old
65. False. (f o g)(x) = 6x +1and (g o f)(x) = 6x+6 68. (a) f(p):matches L,; For example, an original price of
p = $15.00 corresponds to a sale price of
66. True. The range of g must be a subset of the domain of f S = $7.50.

for (f o g)(x) to be defined. - .
(b) g(p): matches L,; For example an original price of

67. Let f(x) and g(x) be two odd functions and define p = $20.00 corresponds to a sale price of
S = $15.00.
") = Tl Ther () (g o f)(p):matches Ly; This functi t
c) (go p): matches L,; This function represents
h(=x) = f(=x)g(-x) - : o
applying a 50% discount to the original price p,
= [-f(x)][-9(x)] becausef andg are odd then subtracting a $5 discount.
= f(x)g(x) (d) (f o g)(p)matches Ls; This function represents
= h(x). subtracting a $5 discount from the original price p,

then applying a 50% discount.
So, h(x) is even.
69. Let f(x) bean odd function, g(x) be an even function,

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

h(x) = f(x)g(x). Then

h(=x) = f(~x)a(~x)
h(=x) = f(x)g(-x)
_ f(x)g(x) because f and g are even = [~ f(x)]o(x) becausef isodd and g is even
= h(x). =~ f(x)g(x)

= —h(x).
So, h is odd and the product of an odd function and an
even function is odd.

So, h(x) is even.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



74 Chapter 1 Functions and Their Graphs

70. (2 g(x 7[]‘ ] © f(x)=x"-2x+1
F(x) = 9(x) + h(x )
To determine if g(x) is even, show g(—x) = g(x). o(x) [f ]
9(=x) = ;[f(_x) + 1)) [x 2+ L+ (%) = 2(=x) + 1}
%[f(_ ] [xz 2% + 1+ x2 +2x+l]
%[f(x) ] [2x +2]=x*+1
=90 v
» f = E[f (x) = f(=x)]
= E[ (x) - (—X)] _ 1|:X2 oy 41— ((—X)Z 2(x) + 1)}
L . 2
To determine if h(x) is odd show h(-x) = —h(x). _ E[XZ a1 -2 1]
h(-x) = ;[f(—x) ~ 1(-(x)] ) f[_“] L
2
ol ] f(x) = (X* + 1) + (-2x)
= —5[100 - (-] () -
= —h(x) v/ k(x) = g(x) + h(x)
(b) Let f(x) = a function 9(x) = E[k(x) + k(—x)]

f(x) = even function + odd function.

Using the result from part (a) g(x) is an even

function and h(x) is an odd function.
f(x) = g(x) + h(x)
= S0 + 1] + 5109 = 1] el

B 1
= 1+ 2R+ ) - 21 T DE-x)
-1
= () T DY)
n(x) = 5{k(X) = K(-X]]
_ 1 1 }
2lx+1 1-x
:1_1—x—(x+1)}
2| (x + 1)1 - x)
2_(x + 1)1 - x)
T (x+Da-x)
T (x+Dx-1)

=) e
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Section 1.9 Inverse Functions

1. inverse 9. f(x) =3x+1
~1
-1 f_1 — X
2. f (x) ==
3. range; domain f(f*l(x)) = f(x ; 1] = S(X ; 1] +1=x
4.y =
Y= f(f(x)) = f’l(3x+1):(3x+l)_l:x
3
5. one-to-one
6. Horizontal 10. f(x) = X 5_ 1
7. f(x) = 6x f(x) =5x +1
1 5x+1-1 5x
£t X_= fF(F3(x)) = F(5x + 1) = =2
(x) 5 = X ( (x)) (5% +1) : 5 =X

13.

14.

15.

16.

(100 = (69 = % = Ckote1-s
11. f(x) = I/x
f(X) = %X f’l(X) -3
f-l(X) = 3x f(f—l(x)) _ f(Xa) — 33 = x
F(F74(x) = £(3x) = 3(3x) = x . 3
{10 = () = () = x
f’l(f(x)) _ 71(%)() _ 3(%)() - x ( ) ( )
12. f(x) =x°

f2(x) = ¥/x

F(f(x) = f(é/;) = (3/;)5 =X

FAF(x) = £7(x¢) = ¥x° = x
(= 9)(x) = f(g(x) = f(—ZX; 6) - —g[—zx; 6] 3-x+3-3-=x

2l——X—-3|+6

(9o F)x) = 9(f(x) = g[f%x - 3) - - ( - j - _(‘77") - X
(f o g)(x) = F(g(x)) = f(4x + 9) = X +49‘9 . 4% - x
(g f)(x):g(f(x)):g[X;gJ= [X_9J+9=x—9+9:x
(8 = 1(000) = 1(¢55) = (5] 5 x5 5
(9o £)(x) = g(f(x)) = g(x® +5) = x+5-5=3x = x
(f o g)x) = f(g(x) = f(3 2x) = ( zx) = 2—2)( X
(900 = a(1(0) - o 5] - ol %] - 4% -
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17. 22. f(x)=x-509(x)=x+5

{/ (@ f(g(x) = f(x+5) = (x+5)-5=x

g(f(x) = g(x —=5) = (x - 5) +5 = x
el (b)
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27. f(x) =~/x-4,9(x) = x* +4,x>0
@ f(g(x) = f(x* +4),x =0

= X = J(x**+4) -4 =x

» 9(f() = 9(v/x - 4)

. :(\/H)2+4:x
(b)

28. f(x) =1-x%g(x) =/1-x
% - x @ f(g(x) = f(f’/l - x) =1- (\3/1 - x)3
y =1-(1-x) =x
T g(f(x) = gL - ) = g1 - (1)

(0) y

29. f(x) =9 - x4, x>0;g(x) =9 - x,x <9
(a) f(g(x)):f(\/Q—x),x£9=9—( 9—x) =X

[N
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1 1-x
30. f = X >0; = .0 <1
() 1+xX g(x) X <
1-x 1 1 1
6) f(g(x)):f( j: = = =X
X l+(1—xj X, 1-x 1
X X X X
1_( 1) 1+ x 1 X
1 1+x) _1+x 1+x _1+x X x+1
f - - - - - . -
9(f(x) 9(1”] . : R
1+x 1+x 1+ x
b
x -1 bx +1
31 f = , = -
(X) X+5 () x -1
(_5x+1_1j
5x + 1 X —1 x-1 —(5x+1)—-(x-1) -6x
(@ f(g(x) :f(— j: . = =22 _x
(9() x-1 (_5X+1+5j x-1 —(5x+1)+5x-1 -6
x -1
x -1
5 1
x—1 {[x+5]+} X +5 5(x —1) + (x + 5) 6x
g(f(x)):gx+5 T x-1 'x+5:_(X—1)_(X+5):_—76:X
s
X+5
(b)
el
fs—:
1)
1—: f
okt p 4 6 % 10

g

T
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32.

33

34

35.

36.

37

38

39

40

41.

Section' 1.9 'Inverse Functions 79

X+ 3 2x + 3
f(x) = —=, =
() =90 =~ —
2x+3+3 2X +3+3x -3
_ 2X + 3 _ X — 1 _ X — 1 _ % _
@ f(o(x)) = f(x_lj_ x+3 _, T >x+3-2x+2 5 [
x—-1 x -1
2(X+3J+3 2X + 6 + 3 — 6
g(f(x)):gx+3: X —2 _ X —2 :gzx
X — 2 x+3_1 X+3-X+2 5
X—2 X—2
(b)
o : I
NN
o g
2 kX !
f%—l—l—n—n—o—» x
-4 -2 : 4 6 8
_4— i
-6 X
- No, {(-2,-1),(1,0),(2,1), (1, 2), (-2, 3), (-6, 4)} does 42. f(x) = 3(x +2)° -1
not represent a function. —2 and 1 are paired with two 2t
different values.
. Yes, {(10,-3), (6, -2), (4, -1), (1, 0), (-3, 2), (10, 2)}
does represent a function. _24 “
-8
X 210 (2|4|6 |8 f does not pass the Horizontal Line Test, so f does not
) | 2| -1]o]1]2 |3 have an inverse.
43. f(x) = -2x+/16 — x?
X -10 -7 -4 -1 2 5 20
fx) |8 | 2|-1|0 [1 |2 lf\
-12 12
. Yes, because no horizontal line crosses the graph of f at \J{

more than one point, f has an inverse.

-20

. No, because some horizontal lines intersect the graph of f f does not pass the Horizontal Line Test, so f does not
twice, f does not have an inverse. have an inverse.
. No, because some horizontal lines cross the graph of f 44. h(x) =|x + 4| =[x - 4]

twice, f does not have an inverse.

. Yes, because no horizontal lines intersect the graph, of f
at more than one point, f has an inverse. -10 10

a(x) = (x + 5

4

S

[

4

10

-10

h does not pass the Horizontal Line Test, so h does not
have an inverse.

g passes the Horizontal Line Test, so g has an inverse.
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80 Chapter 1 Functions and Their Graphs

4@ f()=2x-3 () ) 29. (@ f(x)=~4-x,0<x<2
gl .
y =2x-3 ol y = [2 - x2
X =2y -3
T X = +J4 - y?
y = X+ 3 24 , ,
- . AP X“=4-y
2 FI Tt i i
f,1()():x+3 —24 yc =4 -Xx
2 i y = %
(c) The graph of f is the reflection of the graph of f f(x) = /4 - x2,0<x<2
inthe line y = x.
(b)
(d) The domains and ranges of fand ! are all real
numbers. 3
46. (@) f(x)=3x+1 (b ) 21
y =3x+1 T1/7 |
Xx=3y+1
x-1 y ! 2 5 -‘
3
f—l(x) _X- 1 (c) The graph of ! isthe same as the graph of f.
3
(d) The domains and ranges of fand ! are all real
(c) The graph of f L is the reflection of f in the line numbers x such that 0 < x < 2.
y = X
50. (a) f(x) =x>-2,x<0
(d) The domains and ranges of fand ! are all real o
numbers. y=x-
. X=y2-2
_ 5 [
47. @ f(x)=x>-2 (b +/X+2 =y
y=x -2 f(x) = —/x+2
K=y o2 (b) :
y = AUx+2 ' 1
f .
f(x) = /x + 2 ' 1
i
BEEEA U B S A
(c) The graph of ! is the reflection of the graph of \
inthe line y = x. ) \
(d) The domains and ranges of fand ! are all real T

numbers. (c) The graph of ! is the reflection of f in the line
48. (a) f(x) = y=x
y = (d) [-2, ) is the range of f and domain of f .
X = (—o0, 0] is the domain of f and the range of f .
X—-1=
x -1 =
f3(x) =Ix-1

(c) The graph of ! is the reflection of f in the line
y = X

(d) The domains and ranges of fand ! are all real
numbers.
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4 X -3
51. (a f(x) = — b o 54. (a f(x) =
@ f0=>  ® @ ¥ =72
y = i 14 y = X -3
X 2T X+ 2
4
X = ﬂ { _Il _; —i x X = y7_3
y e T y+2
xy = 4 o XYy +2Xx -y +3=0
y:ﬂ - y(x -1) = -2x -3
X y - —-2x -3
f(x) = 4 x -1
X F3(x) = -2x -3
(c) The graph of ! is the same as the graph of f. x -1
(d) The domains and ranges of fand ! are all real (®) 1
numbers except for 0. J : (.-1:
£ ovadn
2 : i .
52. (@) f(x) = 5 (b) 1 ' | 1
. . ?é,—jg:—'» X
y = -2 T o
X 1 l
14+ 1 [ 1
2 ! v
X =—-— + X . '
y =3 =2
_ 2 (c) The graph of f* is the reflection of the graph of f
)= X inthe line y = x.
f1(x) = 2 (d) The domain of f and the range of f* isall real
X

numbers except x = —2.
(c) The graphs are the same.
The range of f and the domain of f* is all real

(d) The domains and ranges of fand ! are all real
numbers x except x = 1.

numbers except for 0.

55. (@) f(x)=<Ix-1 (b)
X+1 .
BE@ )= O -‘ y - Yx1
X+1 3
= x=23y-1
y X—2 5
oy +1 =y-1
X = y -2 ! y=x+1
x(y-2)=y+1 fx)=x*+1
Xy-ax=y+l (c) The graph of ! is the reflection of the graph of f
X -y =2x+1 inthe line y = x.
y(x - l) =l (d) The domains and ranges of fand ! are all real
y = 2x +1 numbers.
X -1
2x +1
f(x) =
() =~

(c) The graph of ! is the reflection of graph of f in
the line y = x.

(d) The domain of f and the range of f* is all real
numbers except 2.

The range of f and the domain of f* is all real
numbers ‘except 1.
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56. (@) f(x) = x¥° (b) y
y = x¥
x = y¥#
W53 = (y3/5)5/3
X3 =y
f(x) = x¥°

(c) The graph of f! is the reflection of the graph of
inthe line y = x.

(d) The domains and ranges of fand ! are all real

numbers.
57. f(x) = x*
y =xt
= y4

y = +4/x

This does not represent y as a function of x. f does not
have an inverse.

1
58. f(x) = =
()=

1
Y=
x =L

y2

1

2 _ =

y X

-
X

This does not represent y as a function of x. f does not
have an inverse.

X
59. g(x) = —
9(%) =5
y=X
8
Y
8
y = 8x

This is a function of x, so g has an inverse.

g7(x) = 8x

60. f(x) =3x+5

y=3x+5
X =3y +5
X —5 =3y
X—-5 y
3
This is a function of x, so f has an inverse.
X -5
f(x) =
(0 = %5
61. p(x) = -4
y =4

Because y = —4 for all x, the graph is a horizontal line
and fails the Horizontal Line Test. p does not have an

inverse.
62 f(x):3X+4
5
y_3x+4
5
o yt+4
5
5 =3y + 4
5x — 4 = 3y
5x—4_y
3
This is a function of x, so f has an inverse.
5x — 4
f(x) =
(0 = 2
63. f(x) = (x +3°,x>-3=y20
y=(x+3)2,x2—3,y20
X (y+3)2,y2—3,x20
\/;fy+3,y2—3,x20
y=-x-3x>0y>-3

This is a function of x, so f has an inverse.

f‘l(x)zﬁ—3,x20

64 q(x) = (x = 5)
y:(x—S)2
x:(y—5)2

iﬁ:y—S
Siﬁ:y

This does not represent y as a function of x, so q does not
have an inverse.
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67. h(x) = ——

68.

This graph fails the Horizontal Line Test, so f does not
have an inverse.

The graph fails the Horizontal Line Test, so f does not
have an inverse.

4

XZ

The graph fails the Horizontal Line Test so h does not
have an inverse.

f(x) =|x -2, x<2=y>0
y=|x-2/,x<2y=>0
Xx=ly-2,y<2x=0
X=y-2 or -X=y-2

2+XxX=yY or 2—-x=Y

The portion that satisfies the conditions y < 2 and
X > 0 is 2 — x = y. Thisis a function of x, so f has
an inverse.

fix)=2=-x%x20

Section 1.9 'Inverse Functions

69. f(x):\/2x+3éx2—g,y20
y=\/2x+3,x2—g,y
3
2y + 3,y =2 —— X
N y >

I\
o

x
1]
\
v
o

2
x? -3 3
= X220y > ——
y 2 y 2
This is a function of x, so f has an inverse.
2 _
f(x) = X 5 S,XZO

70. f(x)=~x-2=>x22y20

y=~X—-2,x22y2>20
X=Jy—-2,y22,x>20
X =y-2,x20y=>2

XX +2=y,x>0y>2
This is a function of x, so f has an inverse.

f(x)=x*+2,x20

71 f(x)=6X+4
4x + 5

y_6x+4

4x + 5

X:6y+4

4y + 5

X(4y +5) = 6y + 4
4xy + 5x = 6y + 4
4xy — 6y = -bx + 4
y(4x — 6) = —5x + 4
-5x + 4
4x — 6
5x — 4
6 — 4x

This is a function of x, so f has an inverse.

f(x) =

6 — 4x

83
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72. The graph of f passes the Horizontal Line Test. So, you 75. f(x) = ‘ X + 2‘
know f is one-to-one and has an inverse function.
domain of f:x > -2, rangeof f:y >0
f(x): 5x -3
2x +5 f(x) =|x + 2|
y:5X—3 y =[x+ 2]
2X + 5 X=y+2
X = 5y -3 -
2y +5 X-—e=y
X(2y +5) = 5y - 3 So, f7(x) = x -2
2xy + 5x =5y -3 domainof f:x > 0, rangeof f1y > -2
2xy — 5y = -5x - 3
y(2x - 5) = —(5x + 3) 76. f(x) =[x - 5|
y = 5X + 3 domain of f:x > 5, rangeof f:y > 0
gx_g f(x) =|x - 5]
0 = 5 y=x-5
2x -5
X=y-5
73 f(x) = (x - 2)° X+5=y
domain of f:x > 2, rangeof f:y > 0 So, f(x) = x +5.
f(x) = (x - 2)2 domain f1:x >0, rangeof f 11y > 5
= x—22
y = )2 77, £(x) = (x + 6)
X = -2
(v ) domain of f:x > —6, rangeof f:y >0
Jx = y -2 ,
Jx+2-y f(x) = (x + 6)
= (x + 6)°
So, f(x) = IX + 2. y
_ x = (y +6)°
domainof f:x > 0, rangeof f1:x > 2
X =y+6
74 f(x) =1-x* Jx-6=y
domain of f:x > 0, rangeof f:y <1 So, f(x) = Jx - 6.
f(x) =1-x* domainof f:x >0, rangeof f1:y > -6
y=1-x* ,
X =1-y* 78. f(x) = (x - 4)
X—-1=-—y* domainof f:x > 4, rangeof f:y >0
Vi-x=y f(x) = (x - 4)°
SO, fﬁl(X) = \4/1 — X. y = (X _ 4)2
domainof f*:x <1 rangeof f*:y >0 x=(y- 4)2
Jx = y -4
X +4=y

So, f(x) = /x + 4.

domain of f1:x >0, rangeof f 1y > 4
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79. f(x) =-2x*+5 82. f(x) =—-|x-1]-2
domainof f:x > 0, rangeof f:y <5 domainof f:x > 1, rangeof f:y < -2
(%) = -2 +5 (0 = Jx -1/~ 2
y=-2x>+5 y=-|x-1-2
X=-2y2+5 x=—(y-1)-2
X -5 =-2y? x=-y-1
5-x =2y —x-1l=y
5—x So, f(x) = —x—1.
=Yy
2 domainof f1:x < -2 rangeof f1:y >1
VEox V2,
NFEENG In Exercises 83-88, f(x) = $x — 3, f™(x) = §(x + 3),
S o) = %, 97(x) = Yx.
-2(x -5 83. (f1ogt)1) = fHg(2
so, () - NZ2X=9) (Feg7))) = (™)
2 - )

domain of f*(x):x < 5, range of f*(x):y >0

Il
o
—_—
=
&
+
w
S—
Il
w
N

80. f(x) =1ix* -1

? 84. (g7 o £71)(-3) = g(f (-3
domainof f:x > 0, rangeof f:y > -1
= g7(8(-3 + 3))
f(x) =1ix* -1 - 3
2 =gl0)=3%0=0
y=3x-1
x =1y -1 85. (f o f)6) = f(f7(6))
Xx+1=2y? = f7(8[6 + 3)
2
X +2 = y? = 8[8(6 + 3) + 3] = 600
N2X+2 =y

86. (97 = 97)(~4) = 97(¢7(-4)
o

= 3/3/—4 = 9/—4

So, f(x) = ~/2x + 2.

domainof f:x > -1, rangeof f:y >0

8l f(x) =[x —4|+1

° = = 3) = 143 _
domainof f:x > 4, rangeof f:y >1 87 (f g)(x) f(g(x)) f(x) 8% 3

f(x) =|x—4|+1 y:%x3—3
y=x-3 x =3y -3
X=y-3 X+3:%y3

X+3=y 8(x +3) =y

So, f(x) = x + 3. 38(x+3) =y
domain of f:x > 1, rangeof f1:y > 4 (f o g)’l(x) =23x+3
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86

88.

In Exercises 89-92, f(x) = x + 4, f(x) = x - 4,

Chapter 1 Functions and Their Graphs

971 o fﬁl =

Il
w
[ee)
—~
>
+
w
~

Il
N
w
>
+
w

X +5

g(x) = 2x = 5, g7}(x) = .

89.

90.

9L

92.

2

(g—l o f ’l)(X)

I
«©«
iR
—_—
—h
iR
—_
>
=
~

Il
«
iR
—
>
|
S
~—

(172 9709 = 17(a7()

(f o g)(x)

1]
—
—
«
—
<
=
N

Il I
—
N
<N
| >
ol |
(8]
+ SN—
EAN

=2x -1

fog)'(x) =
(fo9)0) =X
Note: Comparing Exercises 89 and 91,

(fo9)(9=(a"° f7)x)
(9o F)(x) = g(f(x)

g(x + 4)

=2(x+4)-5
=2Xx+8-5
=2X+3

y =2x + 3

2y +3

2y

>
|
Il

Il
<

—
to
o
f—h
—
iR
—
>
N
Il
N

93. (a) y =10 + 0.75x
x =10 + 0.75y
x — 10 = 0.75y
x—-10 y
0.75
So, t1(x) = X =10
0.75
x = hourly wage, y = number of units produced
24.25 - 10
b =— =
®) 0.75

S0, 19 units are produced.

94. (a) y = 0.03x? + 24550, 0 < X < 100
= 24550 < y < 54550

X = 0.03y? + 24550
X — 24550 = 0,03y

X - 24550
0.03

|X= 24550\ 94550 < x < 54550
0.03
(i) = [ 2550
\" 003

x = temperature in degrees Fahrenheit
y = percent load for a diesel engine

() o

[1] 600
o

(c) 0.03x2 + 24550

0.03x?
2

IA

500
254.50
8483.33
x < 92.10
Thus, 0 < x < 92.10.

IN

IA

X

95. False. f(x) = x* is even and does not have an inverse.

96. True. If f(x) has an inverse and it has a y-intercept at
(0, b), then the point (b, 0), must be a point on the
graph of f(x).
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97.

98.

99.

100.

X -4 1 -210]3

fl3 4 0] -1

The graph does not pass the Horizontal Line Test, so

f~1(x) does not exist.

Let (f o g)(x) = y. Then x = (f o g)™(y). Also,

(fe9)x) =y = f(g(x) =y
9(x) = 1

X =

()

= 97(f(y)
x = (g™ f)y).
Because f and g are both one-to-one
functions, (f o g)_1 =gtofl

Let f(x) be a one-to-one odd function. Then f(x)
exists and f(—x) = —f(x). Letting (x, y) be any point
on the graph of f(x) = (-x, —y) isalso on the graph
of f(x) and f*(-y) = —x = —f(y). So, f7(x) is
also an odd function.

101.

102.

103.

Section 1.9 'Inverse Functions 87

If f(x) = k(2 - X - x3) has an inverse and

f*(3) = -2, then f(-2) = 3. So,

f(-2) = k2 - (-2) - (-2)) = 3

k2+2+8 =3

12k =3

k=2 =14
So, k = 4.
X -10 | 0 | 7 | 45
f(f(x) | -0 | 0| 7|45
f(f(x) | -10 {0 | 7|45

f(x) and f'(x) are inverses of each other.

-2
There is an inverse function f(x) = ~/x — 1 because
the domain of f is equal to the range of f* and the
range of f is equal to the domain of 2,

104. (a) C(x)is represented by graph m and

C*(x) is represented by graph n.

(b) C(x) represents the cost of making x units of

personalized T-shirts. C~*(x) represents the number

of personalized T-shirts that can be made for a given
cost.

105. This situation could be represented by a one-to-one

function if the runner does not stop to rest. The inverse
function would represent the time in hours for a given
number of miles completed.

106. This situation could be represented by a one-to-one

function if the population continues to increase. The
inverse function would represent the year for a given
population.
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Section 1.10 Mathematical Modeling and Variation

1. variation; regression 14, v
2. sum of square differences
3. least squares regression

4. correlation coefficient T

5. directly proportional

4 4 4 4 ¢
1 1 t 1 x

I

6. constant of variation )
The line appears to pass through (2, 5.5) and (6, 0.5),

7. directly proportional

s its equation is y = —2x + 8.

8. inverse

15. v
9. combined

10. jointly proportional 4t

11. Y
85,000

80,000

f—t——t———+—>x
75,000 > 3 4 3
70,000

65000 Using the points (2,2) and (4,1), y = —2x + 3.

Number of people
(in thousands)

t
8 10 12 14 16 18 20 16. v

Year (8 <> 1998)

The model fits the data well.

12. The model is not a good fit for the actual data. 3‘/

g I
z
= t t t t t X
8 1 2 3 4 5
£ The line appears to pass through (0, 2) and (3, 3) so its
o
E equationis y = 1x + 2.
£
0 8 16 24 32 40 48 54
Year (0 <> 1950)
13. »

Using the point (0,3) and (4, 4), y = +x + 3.
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17.

18.

19.

20.

@)

240
220
200
180
160
140

Length (in feet)

11—
20 28 36 44 52 60 68 76 84 92 100108
Year (20 <> 1920)

(b) Using the points (32,162.3) and (96, 227.7):

227.7 — 162.3
96 — 32
1.02

y —162.3 = 1.02(t - 32)
y = 1.02t + 129.66
(c) y ~ 1.01t + 130.82
(d) The models are similar.
2012 — use t = 112
Model from part (b):
y = 1.02(112) + 129.66 = 243.9 feet

Model from part (c):
y = 1.01(112) + 130.82 = 243.94 feet

ZZ

(a) and (c) 1200

o) L —— Y
0

The model fits the data well.
(b) S = 40.6t + 204
(d) 2017 > use t = 27

Model from part (b).

S = 40.6(27) + 204 = 1300

Section 1.10

21.

22.

23.

24.

25.

26.

In 2017, the annual gross ticket sales will be about

$1300 million.
(e

~

217.

Each year, the gross ticket sales for Broadway shows

in New York City increase by about $40.6 million.

y = kx
14 = k(2)
7=k

X

<
Il

[N
N
1]
=~
—
(%))
~

<
|
o
>

Mathematical Modeling and Variation

<
I
|
\
>

100

100 + (]

80 1+

60 1+

40+

20+

89
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k=2 3. k=2,n=1
X 214 16 8 |10 X 214 |6 |8 |10
y=ke2 | 8|32 | 72| 128 | 200 y = 2 1 1 171 1
X 2 3 4 5
y
200 + ° "
160 + 1 °
120 + ° 41
80+ N 3k .
4071 ° it .
M 1l °
2 4 6 8 10 3 °
A
k=1
32. k=5n=1
X 214 6 8 10
T X 2 4 6 8 10
y = 35X 4 | 32 | 108 | 256 | 500 , 5 5 5 5 511
¥ 2 4 6 8 2
500+ ° ¥
400 4 5
i+ e
300+
° 2
200+ N
2
100+ [ L4
L
Il I 1 1 X L4
2 4 6 8 10 L ® .
.k:%,n:S 2 4 6 8 10
33. k =10
X 214 6 8 10
y=1x | 2|16 | 54 | 128 | 250 X 2 |46 |8 |10
,_k[s5]s5|5 |51
y x? 2 8 18 32 10
250+ L]
200+ 1t
1504 T ®
° 21
100 +
50+ ° 2]
[ ] 1
> 4 6 s 10 1 °
MR S
2 4 6 8 10
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35.

36.

37.

38.

39.

Section 1.10 Mathematical Modeling and Variation 91

k =20
X 214 6 8 10
gk g8 ]85 ]5 |12
x2 4 9 16 5
5 [}
pul
2
l °
f ® o .
2 4 6 10
The graph appears to represent y = 4/x, soy varies

inversely as Xx.

The graph appears to represent y = %x, SO y varies

directly with x.

k
y = —
X
1= X
5
5=k
5
y=-
X

This equation checks with the other points given in the
table.

= kx
k5
=k

aldy N <
Il

2

EX

This equation checks with the other points given in the
table.

y = kx
-7 = k(10)
_% =k

y = —15x

This equation checks with the other points given in the
table.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

k
yzf
X
on - X
5
120 = k
120
y ="
X

This equation checks with the other points given in the
table.

A = kr?
V = ked
, ok
X2
k
h=_—""
s
kg
F=r
7 = kx?y®
R=k(T-T,)
p-X
Vv
R =kS(S - L)
kmm,
F =5
S = 4nr?

The surface area of a sphere varies directly as the square
of the radius r.

d
r=—
t

Average speed is directly proportional to the distance
and inversely proportional to the time.

_ 1
A = Sbh
The area of a triangle is jointly proportional to its base
and height.

V = zr’h

The volume of a right circular cylinder is jointly
proportional to the height and the square of the radius.
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92 Chapter 1 Functions and Their Graphs

— kr2 2
55. A = kr 6l 7 - kx*
97 = k(3)° y
2
T = k 6 = k(6)
A= ar? o4 4
%
56. y = 5 2
X —=k
3= K 3
25 , o2 2
75 = k y 3y
,_T5
X 62. v = qu
s
k k(4.1)(6.3
57. y =— 15 = )(2 )
X (1.2)
7=k (L5)(L44)
4 =2 =k
28 = k (4.1)(6.3)
28 216
y=— 25.83
X
(o2
58. z = kxy 287
64 = k(4)(8) v = 24pd
28752
2=k
Z =2xy 63. I = kP
113.75 = k(3250)
59. F = krs®
. 0.035 = k
4158 = k(11)(3) | = 0.035P
k =14
, 64. | = kP
F = 14rs
211.25 = k(6500)
60. p_ K 0.0325 = k
2
y I = 0.0325P
28 k(42)
3 = 9 65. y = kx
g'g_k 33 = k(13)
42 33 _
2.2 c
3 y = 13X
18 = When x = 10 inches, y ~ 25.4 centimeters.
P = 18x When x = 20 inches, y ~ 50.8 centimeters.
y2
66. y = kx
53 = k(14)
53 _
ﬂ = k
y = 3x

5gallons: y = 23(5) ~ 18.9 liters

25 gallons: .= 2(5) ~ 94.6 liters
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Section 1.10 Mathematical Modeling and Variation 93

67. d =kF 69. d = kF
0.12 = k(220) 1.9 = k(25) = k = 0.076
?360 =K d = 0.076F
d- 2 F When the distance compressed is 3 inches, we have
~ 5500 3 = 0.076F
0.16 = =-F F ~ 39.47.
% = F No child over 39.47 pounds should use the toy.
The required force is 293% newtons. 70. d = kF
1 = k(15)
68. d =kF (o1
0.15 = k(265) S5
_ 1
3 _ d = F
5300
8 _ 1
d = o35F 2 15
F = 60 Ib per spring

(@ d = :2-(90) ~ 0.05 meter

5300 Combined lifting force = 2F = 120 Ib
__3
(b) 0.1= %F )
50 _ p 7. d = kv
3 2
1
F = 1762 newtons 0.02 = k(Z]
k =032
d = 0.32v?
0.12 = 0.32v2
, 012 3
Ve = —/—— = =
032 8
V= N3 _ e ~ 0.61mi/hr
22 4
72. f = kﬁ where f = frequency, T = tension, and | = length of string
440 = k£
¢ /LesT
S 12l
4401 1.2 fl
— =k and =k
T J1.25T
4401 1.2fl
JT O esT

44015/1.25T = 1.2fINT (I >0)
440/1.25T = 12T

242,000T = 1.44f°%T (T > O)
242,000 = 1.44f?2
168,055.56 = f?2
f =~ 409.95 vibrations per second
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94  Chapter 1 Functions and Their Graphs

73. W = kmh 2
74. Load = W
2116.8 = k(120)(L.8)
2116.8 k(2w)d?  kwd?
=——->- =09 a) load = =
(120)1.8) @ 2 |
W = 9.8mh The safe load is unchanged.
When m = 100 kilogramsand h = 1.5 meters, we

k(2w)(2d)®  Bkwd?
| |
The safe load is eight times as great.
k(2w)(2d)®  4kwd?
2l |
The safe load is four times as great.

(d) load = kW(d/Z)2 _ (Y4)kwd?
: |

The safe load is one-fourth as great.

have W = 9.8(100)(L.5) = 1470 joules. (b) load =

(c) load =

75. (a) ¢

2T °

°
1 °

Temperature (in °C)

P T T
——t——+—+
2000 4000

Depth (in meters)

(b) Yes, the data appears to be modeled (approximately) by the inverse proportion model.

42 = ky 19 = ke 14 = ks 12 = ks 09 = ks
1000 2000 3000 4000 5000
4200 = k, 3800 = k, 4200 = k, 4800 = k, 4500 = kg
(© Mean: k = 4200 + 3800 + 42500 + 4800 + 4500 _ 4300, Model: C — ?
(d ¢
0 6000
0
4300
) 3= ——
(e) 4
d = 4300 = 14331 meters
3 3
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262.76
6.y = 212
(a) 0:2 \\‘\
25 [—t————— | 55
0
262.76
0 y=—5z
(25)2.12

~ 0.2857 microwatts per sg. cm.

77. False. r is a constant, not a variable. So, the area
A varies directly as the square of the radius, r.

Review Exercises for Chapter 1

1. x> —-6x—-27<0 -

-

e D

(x+3)(x-9) <0 4
Key numbers: x = -3, x = 9

Test intervals: (—o0, —3), (=3, 9), (9, =)
Test: Is (x + 3)(x — 9) < 0?

20 2 4 6 8

10

Review Exercises for Chapter 1 95

78. False. The closer the value of |r| is to 1, the better the fit.

79. (a) y will change by a factor of one-fourth.

(b) y will change by a factor of four.

80. (a) The data shown could be represented by a linear

model which would be a good approximation.

(b) The points do not follow a linear pattern. A linear
model would be a poor approximation. A quadratic
model would be better.

(c) The points do not follow a linear pattern. A linear
model would be a poor approximation.

(d) The data shown could be represented by a linear
model which would be a good approximation.

By testing an x-value in each test interval in the inequality, we see that the solution set is (-3, 9).

2. x? — 2x

v

X2 — 2x — 3
(x=3)(x+1) =

v

3

b |
0 > 1
0

Key numbers: x = -1, x = 3
Test intervals: (—oo, 1), (-1, 3), (3, =)
Test: Is (x — 3)(x +1) > 0?

By testing an x-value in each test interval in the inequality, we see that the solution set is (—oo

~ 1o —

3. 6x2 + 5x < 4 _g
6x? +5x — 4 <0 B (_1 -
(Bx +4)(2x-1) <0
Key numbers: x = -4, x = 1
Test intervals: (—oo, _%)‘ (_%7 %) (% OO)

Test: Is (3x + 4)(2x — 1) < 0?

By testing an x-value in each test interval in the inequality, we see that the solution set is (—%

, —1] U [3, oo).

N
—_—
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Chapter 1 Functions and Their Graphs

4. 2x2 + x > 15
2x2 +x-15>0 .
(2x = 5)(x + 3) >

ol

\
o

, X = -3

%) ()

Key numbers: x =

N o

Test intervals: (—oo,

-9).(-2
Test: Is (2x —5)(x + 3) > 0

5
By testing an x-value in each test interval in the inequality, we see that the solution set is (—o, —3] U [2 oo] .

5 XZ 5. 0
3-X
Key numbers: x = 5, x =3
—) A
Test intervals: (—oo, 3), (3, 5), (5, ) MR EE
Test: Is )3( S »

By testing an x-value in each test interval in the inequality, we see that the solution set is (o0, 3) U (5, «).

6. Rational equations, equations involving radicals, and 9. y = x% - 3x
absolute value equations, may have “solutions” that are
extraneous. So checking solutions, in the original xl-110l1 |2 |3 4

equations, is crucial to eliminate these extraneous values.

yl4 |[o|=2|-2]0 |24

7.y =3x-5

X | -2 -11]0 1 2

y|-11]-8|-5|-2|1

L T
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Review Exercises for Chapter 1~ 97

1.y =2x+7 13y = (x -3 -4
x-intercept: Lety = 0. ) ) )
02 x4 7 x-intercepts: 0 = (x - 3)" -4 = (x - 3)" = 4
; = Xx-3=1%2
X = -+
2 = X =3%2
(_%'O) > x=50x=1
y-intercept: Let x = 0. (50),(0)
y =2(0)+7 y-intercept:y = (0 — 3)2 -4
y=1 y=9-4
0.7) y=5
N .5
. X-intercept: Let y = 0.
y=[x+1-3 14, y = x~/4 — x?
0= 1/-3
[x+1 x-intercepts: 0 = x~/4 — x?
For x+1>00=x+1-3, 0r 2 =X 3
Xx=0 4—-x- =0
For x+1<0,0=—x+1) -3 or -4 =x 4_x2 =0
(2,0).(4,0) X = +2
y-intercept: Let x = 0. (0' 0), (_2* O), (2' 0)
y =|x+1|-3 y-intercept:y = 0- /4 -0 =0
y =|0+1/-3ory = -2 (0,0)
©0.-2
15. y = —4x + 1
Intercepts: (% O), (0,7)
y = —4(-x) +1 = y = 4x + 1 = No y-axis symmetry
-y = -4x +1 = y = 4x — 1 = No x-axis symmetry
-y = =4(-x) +1 =y = —4x — 1 = No origin symmetry
Hp I A
-3
e
16. y = 5% — 6
e 1)
Intercepts: (g O), (0,-6) = '| -
y = 5(-x) -6 = y = —5x — 6 = No y-axis symmetry
-y =5 -6 = y = -5x + 6 = No x-axis symmetry ”
-y =5(-x) -6 = y = 5x + 6 = No origin symmetry 5
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17.

18.

19.

20.

21.

Chapter 1 Functions and Their Graphs

y =5— x? y
Intercepts: (i\/g 0), (0,5) ot
y =5- (—x)2 = y =5 - x? = y-axis symmetry

-y =5-x* = y = -5 + x* = No x-axis symmetry

-y =5- (—x)2 = y = -5+ x? = No origin symmetry

y =x2-10 y
Intercepts: (i\/ﬁ O), (0,-10)

y-axis symmetry

y=x3+3 s
Intercepts: (—3/5, 0), (0,3) y
y = (—x)3 +3 =y =—-x®+ 3 = No y-axis symmetry 4T

-y =x2+3 =y =-x> -3 = No x-axis symmetry ]

—y = (-x)’ +3 =y = x* - 3 = No origin symmetry o _’zl’_l BREERE

y = -6 — X3 ¥

Intercepts: (43/—6, O), (0,-6) - \ T _ _
—fl\ —-Il i 2 4 ] !

y =-6- (—x)3 = y = -6 + X = No y-axis symmetry I

-y =-6-x3=y =6+ x> = No x-axis symmetry

—y =-6-(-x)° = y = 6 — x> = No origin symmetry :}

y=~/x+5
Domain: [-5, ) .1
Intercepts: (-5, 0), (0, \/5) :

y = /=X + 5 = No y-axis symmetry :/
—y =/x+5 =y =—/x+5 = Nox-axis symmetry Al

-y = JXx+5 = y = —J-x+5 = No origin symmetry PRS0 S S I R
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22. y =|x|+9

Intercept: (0, 9)

y =|-x|+9 = y =|x|+9 = y-axis symmetry
-y =[x|+9 =y = -|x|- 9 = No x-axis symmetry
-y =|-x|+9 = y = —[x|- 9 = No origin symmetry

23. X2 +y? =9
Center: (0, 0)
Radius: 3

24. x2 +y* =4
Center: (0, 0)
Radius: 2

1+
(0, 0)

)

.

25.

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

Review Exercises for Chapter 1

(x

+2)2+y2:16

42

Center: (-2, 0)

Radius: 4

s

26. x2 + (y - 8)° =81

Center: (0, 8)

Radius: 9

4 6

99
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100 Chapter 1 Functions and Their Graphs

27. Endpoints of a diameter: (0, 0) and (4, —6)

0
Center: (O + 4 + J

Radius: r = \/(2—0)2 +(-3-0% =/4+9 = VI3
Standard form: (x - 2)° + (y - (-3))° = (\/E)z
(x -2 +(y+3)° =13

28. F = 2,0 < x < 20 3L y=6

@) Slope: m = 0 8T

y-intercept: (0, 6)

F|0|5|10]|15 |20 |25 ‘1
(b) F BEE S A A
30T -2-
27 32. x = -3
E 151 s
Zg w04 Slope: m is undefined. NI
= s y-intercept: none 24
:l }:; ]:3 I:l’\ 2:[] 2:-1 ! ' ' |
Length (in inches) -4 -2 _i—l-~ I! 34
(c) When x =10, F = 3 = 12.5 pounds.
-4+
29. y = 3x +13 y
Slope: m = 3 . 33. (6,4),(-3,-4)
y-intercept: (0, 13) m = 4-(4) _4+4_8
6 6-(-3 6+3 9
3
) 7; i e o
-3
-6
30. y=-10x +9 y
Slope: m = -10
y-intercept: (0, 9) 12
9
6
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35. (10,-3),m = -1

y - (-9

2
-ix+5

_1
2x+2

-1(x - 10)

- (-2) = ~(x - 1)

5y +10
5y

6-11

-x+11
-x+1

Review Exercises for Chapter 1

39. Point: (3, -2)

8+ 40.

(-8.5) ol

41.

5x — 4y =8

y=2x-2

(2) Parallel slope: m = >

(b) Perpendicular slope: m = -4

y-(-2)
y+2

y

Point: (-8, 3),
3y =5-2x

y=3"3X

(a) Parallel slope: m = —

y-3-=
3y -9 =
3y =
y:

(b) Perpendicular slope: m =

y-3-=
2y -6 =
2y =
y:

Verbal Model:
Labels:

Equation:

- 5x-9

_5y_15

4 4
_ 5y _ 23
_4X 4

-3
_ _4 12

Y N
- 5X+5

2x +3y =5

[MIIN)

~2(x +8)
-2x — 16
-2x =7

7

_2y
3X 3

%(x +8)
3X + 24

3x + 30

3
EX+15

5

3
2

101

Sale price = (List price) — (Discount)

Sale price = S
List price = L

Discount = 20% of L =0.2L

S=L-02L
S=0.8L
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102 Chapter 1 Functions and Their Graphs

42. Verbal Model: Hourly wage = (Base wage per hour) + (Piecework rate) - (Number of units)
Labels: Hourly wage =W
Base wage =12.25
Piecework rate = 0.75
Number of units = x
Equation: W =12.25 + 0.75x

43. 16x - y* = 0 49. f(x) =25 -

y* = 16x

v

Domain: 25 — x?
_ 4
y = +24x (5+x)(5-x 20

v

No, y is not a function of x. Some x-values correspond

" AV
0 two y-values. Critical numbers: x = +5

Test intervals: (-, —5), (=5, 5), (5, =)
Test: Is 25 — x> > 0?
Solutionset: -5 < x <5

44, 2x -y -3=0
2x -3 =y

Yes, the equation represents y as a function of x. .
Domain: all real numbers x such that

45. y = ~/1- X -5 < x < 5,0r[-5,5]

Yes, the equation represents y as a function of x. Each
x-value, x < 1, corresponds to only one y-value. 10+

46. |y|= x + 2 correspondsto y = x + 2 or
-y =X+2

No, y is not a function of x. Some x-values correspond to
two y-values. t

-6 -4 -2 2 4 6

=)
t

47. f(x) = x* +1

@ f(2)=(2"+1=5 50. h(x) = 7——

b) f(-4) = (-4)° +1 =17 I S

®) f(=4) (2)+ T3

© f(tz) - (tz) +l=t+1 Domain: All real numbers x except x = -2, 3
(d flt+1)=(t+2° +1 ;

]
—
)
+
N
=~
+
N

2x +1 x< -1
48. h(x) =

(c) h(0)=0"+2=2 51. v(t) = —32t + 48
2)=2"+2=6 v(1) = 16 feet per second

52. 0 = -32t + 48

t = ‘3‘—2 = 1.5 seconds
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53. f(x) = 2x* +3x -1

2
fx+h)— f(x) [2(x+h) +3(x+h)—1}—(2x2+3x—1)
h N h
2x% + 4xh + 2h? +3x +3h —1—-2x* = 3x +1
h

h(4x + 2h + 3)
h
=4x+2h+3, h=0

54, f(x) = x* = 5x* + x
f(x + h) = (x + h)> =5(x + h)* + (x + h)
= x® + 3x’h + 3xh? + h® — 5x2 —10xh — 5h? + x + h

f(x+h) - f(x) x*+3x%h + 3xh? + h® — 5x* — 10xh — 5h? + x + h — x* + 5x* — x

h h
_ 3x°h + 3xh? + h® —10xh — 5h* + h
h
h(3x? + 3xh + h? — 10x — 5h + 1)
h
=3x> +3xh + h2 —10x —=5h +1, h # 0
55. y = (x — 3)° 60. f(x) = x* - x?
A vertical line intersects the graph no more than once, so 2 —x2 =0
y is a function of x. X2(x ~1) = 0
56. x = |4 - Y| xX>=0 or x-1=0
A vertical line intersects the graph more than once, soy x=0 x=1

is not a function of x.
61. f(x) =|x|+|x +1]
57. f(x) = 3x* —16x + 21
fis increasing on (0, «).
3x2 —16x+21=0

(Bx-7)(x-3) =0
3Xx-7=0 or x-3=0

X =< or X =3

fis decreasing on (-0, -1).

fis constant on (-1, 0).

3 5
58. f(x) =5x* +4x -1 \
5x2 +4x -1=0 -5 4

(5x = 1)(x + 1)

— _ 1
Bx-1=0=x=3 62. f(x) = (x* - 4)
X+1=0=x=-1
28
8x + 3
59. f =
() 11 - x
8X+3:0 -6 6
11 - x -4
8X+3:03 fis increasing on (-2, 0) and (2, «).
X = =2
8

f is decreasing on (-0, —2) and (0, 2).
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104 Chapter 1 Functions and Their Graphs

63. f(x) = -x>+2x+1 3
(1,2)
Relative maximum: (1, 2) /"‘\
_a X
/ y
-1
64. f(x) = x*—4x* -1 4 ]
- .
Relative minimum: 0, -1)
(2.67, —10.48)
hY

Relative maximum: (0, -1) 12 (2,67, ~10.48)

65. f(x) = —x* +8x — 4
f(4) - £(0) _12- (-4)

=4
4-0 4
The average rate of change of f from x, = 0 tox, = 4
is 4.
66. f(x) =2-~/x+1
(-1 _(2-v8)-2-2
7-3 4
2-22 1-2
42

The average rate of change of f from x, = 3 to x, = 7
is (L-/2) /2
67. f(x) = x* - 20x?
f(-x) = (-x)* = 20(=x)* = x* - 20x% = f(x)
The function is even.
68. f(x) =2xv/x* +3
f(=x) = 2(=x)\/(-x)° + 3
= -2x/x* +3
=10

The function is odd.
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69. (@) f(2) = =6, f(-1) = 3
Points: (2, -6), (-1, 3)

m:3—(—6):i:
-1-2 -3

y - (-6) = -3(x - 2)
y+6=-3x+6

-3

y = -3X
f(x) = —3x
(b)
ol
3 —_;—é—ll_l__ R
]
-4

70. @) f(0) = -5, f(4) = -8

(0,-5), (4,-8)
_-8-(-5 _ 3
S
y- (-5 = —5(x-0)
y = —%x -5
f(x) = —%x -5

©
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72. f(x) =~/x+1 76. (@) f(x) = x3
() h(x) = (x -2)° + 2
T Horizontal shift 2 units to the right; vertical shift
21 2 units upward

/ (C) ¥

7 :
2 -1 R 4
-1 34
73. = "1
900 = ¢ A
¥ _| - /
ol
it (d) h(x) = f(x—2)+2
——+—+—7 o ¢ 77. (a) f(X) = \/;
-10 -8 -4 =2 2
i () h(x) = —/x +4
64 Vertical shift 4 units upward, reflection in the x-axis
©
5x - 3, x> -1 i
74. F(x) = ;
-4x +5 x< -1 8+
v 6

o 136 v s
(d) h(x) = —f(x) + 4

78. (@) f(x) =|x|
75. (@) f(x) = x* (b) h(x) =[x +3|-5
Horizontal shift 3 units to the left; vertical shift

2
(b) h(x) = x* -9 5 units downward

Vertical shift 9 units downward (c) ¥

=10+

(d) h(x) = f(x) -9 (d) h(x) = f(x+3) -5
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106 Chapter 1 Functions and Their Graphs

79. (@)

(b)

©

(d)
80. (a)

(b)

(©

(d)

81. (a)
(b)

©)

© 2014 Cengage Learning. All Rights Reserved

f(x) = x*
h(x) = —(x + 2)° +3

Horizontal shift two units to the left, vertical shift
3 units upward, reflection in the x-axis.

h(x) = 3(x - 1)* - 2

Horizontal shift one unit to the right, vertical shrink,
vertical shift 2 units downward

¥

B .é\\"/i 6"
h(x):%f(x—l)—z

f(x) = [x]
h(x) = -[x] + 6

Reflection in the x-axis and a vertical shift 6 units
upward

¥

-0 9+
-0 -

L o

6

3]
-0
- @=0
L ]
= -0
-0
>0

82. (a)

(b)

©)

(d)

83. ()
(b)

(©

(d)
84. (a)

(b)

©

f(x) = /x
h(x) = —~/x+1+9

Reflection in the x-axis, a horizontal shift 1 unit to
the left, and a vertical shift 9 units upward

e e
-4 -2 2 4 6

h(x) = —f(x+1) + 9

() = [x]

h(x) = 5[x — 9]

Horizontal shift 9 units to the right and a vertical
stretch (each y-value is multiplied by 5)

25 *0
20+ *0
151 *0
*0
*0

Reflection in the x-axis; vertical shrink
(each y-value is multiplied by %)

v
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86.

88.

89.

90.

Review Exercises for Chapter 1 107

Cf(x) = x2+3,g(x) =2x-1 87. f(x):%x—S,g(x)=3x+1
(@ (f +9g)(x)= (x2 + 3) +(2x-1) =x*+2x+2 The domains of f and g are all real numbers.
) (f-9g)(x) = (X +3)—(2x-1) = x* - 2x + 4 @ (feg)(x)= f(g(x)

fg)(x) = (x2 +3)(2x —=1) = 2x* — x? + 6x - 3 = fex+1)
© (fa)x) = (x* +3)(2x 1) = 2 = x* + 6x - a3
f X2 +3 ) 1 1
(d) [g](x) = o1 Domain: x # > =X+ g -3
f(x) = x* - 4, 9(x) = /3 - x Domain: all real numbers
@ (f +9)x) = f(x) + 9g(x) = ¥ -4 +~/3-x () (9= F)(x) = 9(f(x)
() (f —g)x)=f(x)—g(x)=x*-4-+3-x =g(%x—3)
© (fg)(x) = f(x)g(x) = (x2 - 4)(\/3——x) = 3(%X - 3) +1
¢ CH) x4 . =x-9+1
(d) [g](x) = ﬁ = i Domain: x < 3 —x-8

Domain: all real numbers

The domains of f(x) and g(x) are all real numbers.

@ (fog)(x) = f(g(x)
- (¥x+7) -4
=X+7-4
=x+3
Domain: all real numbers

() (9 f)(x) = g(f(x)
=3/ -4)+7

Domain: all real numbers

N(T(t)) = 25(2t + 1)* -~ 50(2t + 1) + 300, 2 < t < 20
= 25(4t2 + 4t + 1) — 100t — 50 + 300

100t? + 100t + 25 — 100t + 250
=100t + 275

The composition N(T (t)) represents the number of bacteria in the food as a function of time.

When N = 750,
750 = 100t? + 275
100t? = 475
t?2 = 4.75
t = 2.18 hours.

After about 2.18 hours, the bacterial count will reach 750.
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108 Chapter 1 Functions and Their Graphs

91. f(x) =3x+8

y =3x+38
X=3y+38
X —8 =3y
_x-8
=3
1
Y:§(X—8)

So, £71(x) = %(x g

f(f(x) = f[%(x - 8))

£(1(x)) = £H3x + 8) = %(3x +8-8) = %(3x) - x

X —4
92. f =
() ="
y=x—4
5
o y-4
5
5=y -4
y =5x+4
So, f*(x) =5x + 4
5x+4 -4 5x
ff? = f(5 4) == "~ == =
( (x)) (5x + 4) 5 5 = X

f(f(x) = f’l(x;;j:S(X;4J+4: X—4+4=x

93. f(x) = (x - 1)°

No, the function does not have an inverse because some
horizontal lines intersect the graph twice.
[

IRV

2
t—-3
Yes, the function has an inverse because no horizontal

lines intersect the graph at more than one point. The
function has an inverse.

94. h(t)

3[%(x—8)}+8=x—8+8:x

%5 @  f(x)=1x-3 () y

y=13x-3

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

fH(x) =2x + 6

(c) The graph of ! is the reflection of the graph of f
inthe line y = x.

(d) The domains and ranges of fand ! are the set of
all real numbers.
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9. () f(x)=~/x+1
y=~x+1
X =4y+1
x> =y+1
X2 -1=y

fix)=x*-1, x>0

Note: The inverse must have a restricted domain.

(b)

(c) The graph of f! is the reflection of the graph of f
inthe line y = x.

(d) The domain of f and the range of f* is [-1, x0).

The range of f and the domain of f* is [0, o).

97. f(x) = 2(x — 4)2 is increasing on (4, ).
Let f(x) = 2(x — 4)°,x > 4 and y > 0.

= 2(x - 4

=2(y -4 x>0y >4

ﬁ’m\x x <
1]

=(y-4
y—4
X
244 =
2" y

98. f(x) =|x — 2| isincreasing on (2, ).
Let f(x) =x-2x>21y>0.
y=x-2
X=y-2,x>0y>2
X+2=y,x>0y>2
fx)=x+2x>0

99.

100.

101.

102.

103.

Review Exercises for Chapter 1 109

Value of shipments
(in billions of dollars)

—t—t— 3>
2 4 6 8 10 12
Year (4 <> 2004)

The model fits the data well.

T-K
r
3= X
65
k = 3(65) = 195
105

r
When r = 80 mph,

T = % = 2.4375 hours
80

2 hours, 26 minutes.

Q

C = khw?
28.80 = k(16)(6)’
k = 0.05

C = (0.05)(14)(8)° = $44.80

False. The graph is reflected in the x-axis, shifted 9 units
to the left, then shifted 13 units downward.

¥

t —t— x

+ +——t
-12 -9 -6 -3 i 6 9

---‘-'-'--.-.

True. If f(x) = x* and g(x) = 3/x, then the domain

of g is all real numbers, which is equal to the range of f
and vice versa.
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110 Chapter 1 Functions and Their Graphs

Problem Solving for Chapter 1

1. (@) W, = 0.07S + 2000
(b) W, = 0.05S + 2300

(©) o

(15,000, 3050)

0 30,000
0

Point of intersection: (15,000, 3050)

Both jobs pay the same, $3050, if you sell $15,000 per month.

(d) No. If you think you can sell $20,000 per month, keep your current job with the higher commission rate.
For sales over $15,000 it pays more than the other job.

2. Mapping numbers onto letters is not a function. Each number between 2 and 9 is mapped to more than one letter.
{(2.A).(2.B).(2.C).(3 D), (3 E). (3 F). (4.G). (4 H). (4.1).(53), (5. K). (5. L),
(6:M),(6,N).(6,0).(7. P).(7.Q). (7. R).(7.5), (8,T). (8, V). (8, V). (9. W), (9, X), (9, Y), (9 2)}

Mapping letters onto numbers is a function. Each letter is only mapped to one number.
{(A2).(B.2).(C. 2),(D.3).(E,3). (F,3), (G, 4), (H. 4), (1, 4).(3,5). (K. 5), (L. 5),
(M. 6),(N,6),(0.6), (P, 7). (Q.7). (R. 7). (S, 7). (T 8). (U, 8), (v, 8), W, 9), (X, 9), (¥, 9). (Z, 9)}

3. (a) Let f(x) and g(x) be two even functions. (b) Let f(x) and g(x) be two odd functions.
Then define h(x) = f(x) £ g(x). Then define h(x) = f(x) £ g(x).
h(=x) = f(=x) £ 9(-x) h(=x) = f(=x) £ g(-x)
= f(x) + g(x) because f and g are even = —f(x) + g(x) because f and g are odd
= h(x) = -h(x)
So, h(x) is also even. So, h(x) is also odd. (If f(x) = g(x))

(c) Let f(x) beoddand g(x) be even. Then define h(x) = f(x) £ g(x).

h(-x) = f(-x) + g(-x)
= —f(x) £ g(x) because f is odd and g is even
# h(x)
# —h(x)

So, h(x) is neither odd nor even.
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4. f(x) = x g(x) = —x

v ¥

3+ 34

2- 2

1+ 14+

B S BN S

~1 =1-
-2+ =24
-3+ —34+

(f o f)(x) =xand(g°g)x)=x
These are the only two linear functions that are their own inverse functions since m has to equal 1/m for this to be true.

General formula: y = —-x + ¢

2n-2

5. f(X) = @aX® + a5 oX*" 7 + -+ aX’ + a

)2n—2 2n-2

f(=X) = @ (—X)"" + agn_o(~x +oo ot a(X)" + By = X" + By pX

So, f(x) iseven.

4o+ axt + gy = f(X)

6. It appears, from the drawing, that the triangles are equal; 7. (&) April 11: 10 hours
thus (x, y) = (6,8). April 12: 24 hours
The line between (2.5, 2) and (6, 8) is y = 2x — 12, April 13 24 hours

2
The line between (9.5, 2) and (6, 8) is y = —12x + 18, April 14: 232 hours

The path of the ball is:

Total: 81% hours
{172x—176, 25<x<6

f(x) = i
) ~12x +18 6 <x<95 (b) Speed = e _ 2100 _ 180 _ 563 mpn
7 7 time 2 7
81—
3
(¥, )
(c) D= —@t + 3400
° ° ! 1190
o8 Domain: 0 <t < 5
2 0 2
@5.2) . 633 . Range: 0 < D < 3400
12 fi
(d) ;
4000
7 3500
= 3000
= 2500
= 2000
2 1500
Z 1000
A 500

x
300 60 90 120 150

Hours
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112 Chapter 1 Functions and Their Graphs

8. @ 1)) _1Q)-f@M) _1-0

= =1
Xo — % 2-1 1
o 102 f00) _ f@8-tm om0 .
Xo — % 15-1 0.5
@ 100 = f() _ f(L25) - f) 043750
Xo — X 125 -1 0.25
@ f(x2) — f(x) _ f(1.125) - f(1) _ 0.234375 - 0
Xo — % 1125 -1 0.125
© f(x2) — f(x) _ f(1.0625) — f(1) _ 0.12109375 - 0
Xo — X 1.0625 — 1 0.625

(f) Yes, the average rate of change appears to be approaching 2.

@a (L0 (21 m=1y=x-1

b. (L 0), (1.5,0.75), m = % =15y =15x - 15

¢. (1,0), (1.25,04375), m = 2437

d. (1,0, (1.125, 0.234375), m = 223437
0.125

012109375
0.0625

() L fL)=@L0m—>2y=2x-1),y=2x-2

e. (L 0), (1.0625, 0.12109375), m

9. (a)—(d) Use f(x) = 4x and g(x) = x + 6.
@ (fog)(x)=f(x+6)=4x+6)=4x+24

0) (fo9)(0 =252 - 2x-
() f(x)==>x

g'(x) =x-6

1o 1) x) = g Y x| = Ix -
@ (% )00 = {3x) - -0

(to0)'00 = 57 = 5 ¥
f(x)=Ux-1
1
-1 _ T
57 = 5x

(970 (0 = g (Ix-1) = % x -1
(f) Answers will vary.

(9) Conjecture: (f o g)fl(X) = (971 ° fﬁl)(x)

= 1.875

= 1.9375

=175y =1.75x - 1.75

= 1875y = 1.875x — 1.875

= 19375,y = 1.9375x — 1.9375

10. (a) The length of the trip in the water is /2% + x?, and

the length of the trip over land is /1 + (3 — x)’.

The total time is

g - VLB

L/avx + L@ Zex+ 0.
2 4

(b) Domainof T(x):0 < x <3

() =

L

[1]
(d) T(x) isaminimumwhen x = 1.

(e) Answers will vary. Sample answer: To reach point Q
in the shortest amount of time, you should row to a point
one mile down the coast, and then walk the rest of the
way.
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1, x2
11. H =
() {0, x <0
1
-3 =2 —I: 1l .I‘, ; =
_| -
-3+
(@ H(x)-2 (b) H(x-2) (c) —H(x)
3 RN - = R R
— | — 14 — | —
2] 24 -2+
-3+ _3d -3+
(d) H(-x) (e) 3H(x) (f) -H(x-2)+2
y ! y
34 I+ 3+
2+ T —0
—_ 1T 1+ -—
RIS G SR R i S S I
14 -1 -1+
—24 -7 -2+
34 -3+ -3+
_y o 1 X —1 1 1
o = (3 i
(a) Domain: all real numbers x except x =1 X X

Range: all real numbers y except y = 0 The graph is not a line. It has holes at (0, 0) and

() (f(x) = f(l E Xj (L.1).
1 1

1_(1) 1-x-1
1-x 1-x — —_——

o 1l-x x-1

(¥
t

—X X

Domain: all real numbers x except x = 0 and
x=1
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114 Chapter 1 Functions and Their Graphs

13 (f (g o)) = F((g = )x) = f(g(h(x)) = ( =g = h)x)
(T = 9) < h)(x) = (F = g)(h(x) = F(g(h(x))) = (F = g = h)(x)

14. (@) f(x +1) (b) f(x)+1
AR AT
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Problem Solving for Chapter 1

f(x) | f(x)

15.

e
Te) — 1l I
Il Il =
— | o Il
|
+ + T ~
< | - +
0 I R N a| o
— | — I I Il I
D N | =| 7|
N |
— — /0\ — ‘_ ‘_
> | | - e 1 Il
= w | w |7 < — I
— Y— - | ~ —_
! + | + = —| | | ==
- + < I Lo | =
—_ + ~ | ~— V‘\ ~—| ~—
2 ¥ elal |TITITITE
Y— SJ N Y— Y— = Y— Y—
Y Y Y— Y— _ ] | —
™ | N < | o™
< | | o | < | | o | <
~~ —~
=) ©
= =
< | O | N o
I ooy,
| | o | <
—_ = =
I Il I I GHECH RN I
S| e TS
SN— S~—"
Y— Y— ~— | ~ Il 1l N |
- ™ Il
Il Il ~
_ Il Il =l 7Y [
— —_| — x (_\ ~— —~
—| = AN | =] = = = < o4
> | | o | = in| i - e
~ | ~| ~| —| ~— Y- Y= ! |
- — — — — N — —~ —
[ [ [ [ [ ™ ~ Y=
— N— Y Y— Y— . | | o \L/
—_— | —| —| —| — — |~ -] ==
o— §— §— §— o— Y— Y— Y— Y—
< | N ™ [~
< | | o | < b | | o | -
— o)
© o
N— N—r
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Practice Test for Chapter 1

1. Given the points (-3, 4) and (5, —6), find (a) the midpoint of the line segment joining the points,
and (b) the distance between the points.

2. Graph y = J7 - x

3. Write the standard equation of the circle with center (—3, 5) and radius 6.

4. Find the equation of the line through (2, 4) and (3, -1).

5. Find the equation of the line with slope m = 4/3 and y-intercept b = -3.

6. Find the equation of the line through (4,1) perpendicular to the line 2x + 3y = 0.

7. If it costs a company $32 to produce 5 units of a product and $44 to produce 9 units,
how much does it cost to produce 20 units? (Assume that the cost function is linear.)

8. Given f(x) = x> — 2x + 1, find f(x — 3).

9. Given f(x) = 4x —11, find L;:(B)
X —

10. Find the domain and range of f(x) = /36 — x°.

11. Which equations determine y as a function of x?
@ 6x-5y+4=0

(b) x2 +y?> =9

© vy =x*+6
12. Sketch the graph of f(x) = x* - 5.
13. Sketch the graph of f(x) =|x + 3|.

2x+1 ifx >0,

14. Sketch the graph of f(x) = { 5 if 0
Xt =X, ImXxX<u

15. Use the graph of f(x) =|x| to graph the following:
(@ f(x+2)
(b) —f(x)+2

16. Given f(x) = 3x + 7 and g(x) = 2x* — 5, find the following:
@ (9 - f)x)
() (fg)()

17. Given f(x) = x* — 2x + 16 and g(x) = 2x + 3, find f(g(x)).

18. Given f(x) = x* + 7, find f(x).
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19. Which of the following functions have inverses?
@ f(x)=|x- 6|
(b) f(x)=ax+ba=0

() f(x)=x*-19

3-X

20. Given f(x) = ,0 < x <3 find f7(x).

Exercises 21-23, true or false?

21, y=3x+7and y = %x — 4 are perpendicular.

22. (fog) =gtef

23. If a function has an inverse, then it must pass both the Vertical Line Test and the
Horizontal Line Test.

24. If z varies directly as the cube of x and inversely as the square root of y, and z = -1
when x = -1 and y = 25, find z in terms of x and y.

25. Use your calculator to find the least square regression line for the data.

x| -2|-1|0f1 (2 |3

y |1 2413|131 |4 4.7
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CHAPTER 2
Polynomial and Rational Functions

Section 2.1 Quadratic Functions and Models

1. polynomial 8. f(x) =(x+ 4)2 opens upward and has vertex (-4, 0).

2. nonnegative integer; real Matches graph (c).

3. quadratic; parabola 9. f(x) = x* — 2 opens upward and has vertex (0, -2).
. Matches graph (b).

4. axis

10. f(x) = (x + 1)2 — 2 opens upward and has vertex

5. positive; minimum
(1, —2). Matches graph (a).

6. negative; maximum ) )
11. f(x) =4 -(x-2)" = —(x - 2)" + 4 opens

2
7. f(x) = (x — 2)° opens upward and has vertex (2, 0). downward and has vertex (2, 4). Matches graph (f).
Matches graph (e).

12. f(x) = —(x - 4)2 opens downward and has vertex
(4, 0). Matches graph (d).

13. () y = 3%° (b) y=-1x?

Vertical shrink Vertical shrink and Vertical stretch Vertical stretch and
reflection in the x-axis reflection in the x-axis
14. () y=x2+1 (b)y y=x*-1 (© y=x*+3 (d y=x*-3

y ¥y y y

Vertical shift one unit Vertical shift one Vertical shift Vertical shift three
upward unit downward three units upward units downward
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120 Chapter 2 Polynomial and Rational Functions

15. (@) y = (x - 1)2

N
7271*1234
.

Horizontal shift one unit Horizontal shrink
to the right and a vertical shift
one unit upward

16. (a) y = -3(x - 2)" +1

y
B ——
-6 -4 -2 2 6 8 10

Horizontal shift two units to the right, vertical shrink
(each y-value is multiplied by %) reflection in the

x-axis, and vertical shift one unit upward

®) y=[ix-1] -3

y

Horizontal shift one unit to the right, horizontal
stretch (each x-value is multiplied by 2), and vertical

shift three units downward

2

et x

-8 -6 -4 -2 2 4
-2

Horizontal shift three
units to the left

Horizontal stretch and
a vertical shift three
units downward

© y=-3x+ 2)° -1

Horizontal shift two units to the left, vertical shrink
(each y-value is multiplied by %) reflection in
x-axis, and vertical shift one unit downward
@ y=[2(x+ 1)]2 +4
y

7

4
3
2
1

I R I S T
T T T X

-4-3-2-141234

Horizontal shift one unit to the left, horizontal shrink
(each x-value is multiplied by %) and vertical shift

four units upward
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17. f(x) =

18.

19.

20.

X% — 6x

(x2—6x+9)—9

= (x-3°-9
Vertex: (3,-9)

Axis of symmetry: x = 3 y
Find x-intercepts: 10

x? —6x =0
X(x —6) =0
x=0 s

X-6=0=>x=6
x-intercepts: (0, 0), (6, 0)

X% — 8x

(x2 - 8x +16) - 16

9(x)

=(x-4) -16
Vertex: (4, -16)

Axis of symmetry: x = 4

Find x-intercepts: . \ —t—r [
x> -8x=0 :i
X(x-8) =0 .
x=0 -10
x-8=0=x=8 i
x-intercepts: (0, 0), (8, 0) 16
y

h(x) = x* - 8x + 16 :(x—4)2

Vertex: (4, 0)
Axis of symmetry: x = 4 20
Find x-intercepts: 16
(x -4 =0 2
Xx-4=0 ’
X =4 ¢

x-intercept: (4, 0) I (D S S

9(x) = x2+2x+1:(x+1)2
Vertex: (-1, 0) y

Axis of symmetry: x = -1
Find x-intercepts:

(x+1° =0
X+1=0
X =-1

-4 -3 -2 -1 1 2

x-intercept: (-1, 0)

Section 2.1 Quadratic Functions and Models

X% + 8x + 13

:(x2+8x+16)—16+13

21. f(x)

= (x+4) -3
Vertex: (-4, -3)
Axis of symmetry: x = —4
Find x-intercepts:
x> +8x+13=0

x? + 8x = -13
x? +8x +16 = 16 — 13
(x+ 4 =3
X+4=1+/3
X = -4 +/3

x-intercepts: (—4 i\/§, O)

22. X% — 12X + 44

f(x) =
= (x* —12x + 36) — 36 + 44
- (x-6) +12

Vertex: (6,12)

Axis of symmetry: x = 6
Find x-intercepts:

X2 —12x + 44 = 0

121

X2 —12x = —44
X2 —12x +36 = 44 + 36 |
(-ef-s
X-6 = J_r\/—78 oT
X =622 4l
Not a real number ENER R R
No x-intercepts
23. f(x) = x* —14x + 54

= (X2 - 14x + 49) - 49 + 54
=(x - 7)2 +5
Vertex: (7, 5)

Axis of symmetry: x = 7
Find x-intercepts:

x2 —14x +54 = 0

X2 —14x = —54 i
X2 —14x + 49 = —54 + 49
(x-7) =5 ol
X—7= J_r\/TS 6t
X=17 i\/gi 34
Not a real number ——

No x-intercepts
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24. h(x) = x? +16x - 17 27. () = X2 — x4 >
= (x* + 16x + 64) — 64 — 17
( ) 1) 1 5
2 =X X+ -=+=
= (x + 8) -81 4 4 4
Vertex: (-8, —81) _ [x _ 1)2 i1 v
2
Axis of symmetry: x = -8
Find x-intercepts: Vertex: (% 1)

X2 +16x -17 =0
(x +17)(x - 1)
X+17 =0 = x = =17

Il
o

Axis of symmetry: x = %

Find x-intercepts: -t i

X-1=0=x=1 5 -2 -1 12 3
. ) XX —x+>=0
x-intercepts: (~17, 0), (1, 0) 4
L1t 1-5
2
Not a real number
No x-intercepts
2 1
28. f(x) = x +3x+Z
(e s+ 23,12
4 4 4
25. f(x) = x* + 34x + 289 3V
2 =|X+—=| -2
= (x +17) 2
Vertex: (~17, 0) Vertex: (_E _ 2)
Hy

Axis of symmetry: x = -17

. 3
Find x-intercepts: s0d- Axis of symmetry: x = >
2 — 1
X7+ 34x+ 289 = 0 o Find x-intercepts:
2
Xx+17)" =0 0T
( ) ol X243+ =0
x+17 =0 4
X = 17 0t L 3% o1
x-intercept: (17, 0) 55 20 15 10 - ! 2
N
26. f(x) = x — 30X + 225 2
= (x -15)° x-intercepts: [—g -2, 0], (—g + /2, Oj
Vertex: (15, 0) )
Axis of symmetry: x = 15 y
Find x-intercepts: 25t
x? —30x +225 =0 20+
(x -15)* = 0 157
x—-15=0 ot
x =15 T
x-intercept: (15, 0) A
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4x? — 4x + 21
gx2—x+1 —4[1 +21
4 4
2
4(x—1j + 20
2

Axis of symmetry: x =1 1
(E, 20)

29. f(x) = —x*+2x+5 31. h(x)
= (X -2x+1) - (-1) +5

= (x-1"+6

Vertex: (1, 6)

Find x-intercepts: Vertex:

X2 +2x+5=0
Axis of symmetry: x = 1
x> -2x-5=0 2
. 2+ /4 1+ 20 Find x-intercepts:
2 4x? —4x +21=0
=1++/6 ,_ 4%/16-33%
x-intercepts: (1 - \/B O), (l + \/B O) 2(4)
s Not a real number

No x-intercepts
y

|
[\
VY
>
N
|
N |-
>
N—
+
=

Vertex: (-2, 5)

Axis of symmetry: x = —2 1)2 1
=2[x-=| -2 —
Find x-intercepts: —x? — 4x +1 = 0 4 16
X2 +4x-1=0 =2(x—1j2+7
41644 4 8
2
Vertex: (E ZJ
= 2+./5 48
x-intercepts: (~2 — ~/5, 0, (-2 + /5, 0) Axis of symmetry: x =
4
\ Find x-intercepts: K I
2x2 = x+1=0
1+/1-8

2(2)
Not a real number
No x-intercepts
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35. f(x) =

36. f(x) =

124 Chapter 2 Polynomial and Rational Functions

33 f(x) = $* —2x-12

= 4(x* — 8x + 16) — 1(16) - 12
= 1(x - 4)" 16

Vertex: (4, -16)
Axis of symmetry: x = 4
Find x-intercepts:

X2 -2x-12 =0

X2 —8x —48 =0

(x+4)(x-12) = 0
X=-4orx =12
x-intercepts: (-4, 0), (12, 0)

34. f(x) = -2x* +3x -6
= —1(x* - 9x) - 6
= —%(x2 Ox + %) + %(%) -6

2
- 1y _ 9 3
= S(X 2)+4

Vertex: (% %)

Axis of symmetry: x =

N

Find x-intercepts:
_1 _
3X x2 6=0
x2 -9x +18 = 0

(x-=3)(x-6)=0

x-intercepts: (3, 0), (6, 0)

+ 3X —

(¥ +2x-3) = -(x+1)" + 4

Vertex: (-1, 4)

Axis of symmetry: x = -1 -8 //\j\l 7

x-intercepts: (-3, 0), (1, 0)

(x2+x—30)

(x2+x)+30

= (x2+x+ )+i+30
-

X + 7) " 121

(1121
Vertex: (—5, T) B s .
Axis of symmetry: x = —% / \
x-intercepts: (6, 0), (5, 0) —

37.

38.

39.

40.

41.

42.

g(x)=x2+8x+11=(x+4)2—5

Vertex: (-4, -5) 14
Axis of symmetry: x = -4 \
x-intercepts: (—4 + \/§ 0) 18 I\,-"I 12

X% +10x + 14
(x2 +10x + 25) - 25+ 14

f(x)

= (x+5° - 11 s
Vertex: (-5, —11) -20 L 10

Axis of symmetry: x = -5 U

x-intercepts: (—5 + /11, 0) 15
f(x) = 2x* — 16x + 32

= 2(x2 - 8X + 16)

2(x - 4)° 7
Vertex: (4, 0)

Axis of symmetry: x = 4 5 10

x-intercepts: (4, 0) -1

f(x) = —4x* + 24x - 41
= —4(x* - 6x) — 41
:—4(x2—6x+9)+36—41

2 0
= —4(x-3) -5 0 6
Vertex: (3, -5)

Axis of symmetry: x = 3

No x-intercepts 0

g9(x) = %(x2 +4x — 2) = (x+ 2)2 -3

Vertex: (-2, - 3) \ /

Axis of symmetry: x = -2
x-intercepts: (—2 + \/E 0)

f(x) = $(x* + 6x - 5)
=3(x* +6x+9)- & -
:g(x+3)2—%

Vertex: (—3, —45—2)

NS

Axis of symmetry: x = -3
x-intercepts: (—3 + V14, 0)
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43. (-1, 4) is the vertex.
y = a(x + 1)2 +4
Because the graph passes through (1, 0),

0=al+1) +4
-4 = 4a
“1=a

So, y = —](x+1)2 +4:—(x+1)2 + 4,
44. (-2, - 1)is the vertex.
f(x) = a(x + 2)2 -1

Because the graph passes through (0, 3),

3=a(0+2°-1
3=4a-1

4 = 4a

1l=a
So,y:(x+2)2—1.

45. (=2, 2)is the vertex.
y =a(x + 2)2 + 2
Because the graph passes through (-1, 0),
0=a(-1+27+2
-2 = a.

So, y = —2(x + 2" + 2.

46. (2,0)is the vertex.
f(x) = a(x — 2)2 +0=a(x - 2)2
Because the graph passes through (3, 2),

2=a(3-2)
2 =a
So,y = 2(x - 2)2.
47. (-2, 5) is the vertex.
f(x) = a(x + 2)2 +5
Because the graph passes through (0, 9),

9-a0+2°+5
4 = 4a
1=a

So, f(x) =1x +2)° +5=(x+2)7+5.

Section 2.1 Quadratic Functions and Models

48.

49.

50.

51.

(4, -1) is the vertex.
f(x) = a(x - 4)° -1
Because the graph passes through (2, 3),

3=a(2-4y"-1

3=4a-1
4 = 4a
1=a

So, f(x) = (x - 4% - L.

(1, —2) is the vertex.

f(x) = a(x - 1)° - 2

Because the graph passes through (-1, 14),

14 = a(-1-1)7° -2

14 = 4a - 2
16 = 4a
4 = a.

So, f(x) = 4(x —1)° - 2.
(2,3) is the vertex.
f(x) = a(x - 2)° +3

Because the graph passes through (0, 2),

2=2a0-27+3
2=14a+3

-1 =4a

1 _

_Z—a.

So, f(x) = ~1(x - 2)" + 3.

(5,12) is the vertex.
f(x) = a(x - 5)° +12

Because the graph passes through (7, 15),

15 = a(7 - 5)° + 12
3=4a=a=3

So, f(x) = 3(x - 5)° +12.

125
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52. (-2, —2)is the vertex. 56. (6, 6) is the vertex.
f(x) = a(x + 2)* - 2 f(x) = a(x - 6)° + 6
Because the graph passes through (-1, 0), Because the graph passes through (% %)
2
0=a(-1+2)7° -2 3-af-6) +6
o4 3 _
0=a-2 3= ﬁa +6
2 =a _9 _ ia
) 2 = 100
So, f(x) = 2(x +2)" - 2. 450 &

_ _ 2
53. (—%, %) is the vertex. So, f(x) = —450(x - 6)° + 6.
f(x):a(x+l)2+§ 57. y = x? —4x -5

4 2
Because the graph passes through (-2, 0), x-intercepts: (5, 0), (-1, 0)

2 0=x2-4x-5
0=al-2+1) +2
a( +4)’“2 0=(x-5)(x+1)

3 _ 49 _ 24

-5 =a=>a=-5 x=5 o x=-1
2y L 1V, 3

So, f(x) = 49(X+4) ty 58. y = 2x® + 5x — 3

-i - (L _
54, (% —%) is the vertex. x-intercepts: (3, 0), (~3,0)
5 3 0=2x*+5x-3
1 =alx-3 -3 0 = (2x - 1)(x + 3)

Because the graph passes through (-2, 4), ox —120 o x %

4:a(—2—%)2—% X+3=0=x=-3
_8ly_3

4 A 59. f(X) = x? - 4x 4

19 _ 8l

12 4 x-intercepts: (0, 0), (4, 0) /

51 = a. -4 8

19 5\ 3 0= - dx \/

So, f(x) = E(X - E) vy 0 = x(x — 4) "

x=0 or x=4
55. (—% 0) is the vertex.

, The x-intercepts and the solutions of f(x) = Oare the
f(x) = a(x + 3) same.

Because the graph passes through (—% —E),

3 60. f(x) = —2x* + 10x
_% = a(—% + %)2 x-intercepts: (0, 0), (5, 0) 14
“3=2 0 = -2x* + 10x /\
So, f(x) = —%(x + %)2 0 = —2x(x — 5) 1 \ 6
2x=0=>x=0 -6

X-5=0=x=5
The x-intercepts and the solutions of f(x) = 0 are the
same.
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61. f(x) = x* - 9x +18 » 65. f(x) = [x - (-1)](x - 3) opens upward
x-intercepts: (3, 0), (6, 0) \ / = (x +1)(x - 3)
— 2 _ oy _
0=x2—-9x+18 . - . =X - 2x-3
0= (x - 3)(x —6) i 9(x) = {x = (-1)](x - 3) opens downward
X=3 or x=26 = —(x+1)(x -3
The x-intercepts and the solutions of f(x) = 0 are the = —( - 2x - 3)
same. =—x2+2x+3
62. () = x2 - 8x - 20 Note: f(x) = a(x + 1)(x — 3) has x-intercepts (-1, 0)
) © and (3, 0) for all real numbers a = 0.
x-intercepts: (-2, 0), (10, 0) T 7
—4 12
0=x2-8x-20 66. f(x) =[x - (-5)](x - 5)
0 = (x + 2)(x - 10) = (x + 5)(x = 5)
X+2=0=x=-2 -40 = x% — 25, opens upward
x-10=0=x=10 g(x) = —f(x), opens downward

The x-intercepts and the solutions of f(x) = 0 are the o(x) = Xt + 25

same.
Note: f(x) = a(x* — 25) has x-intercepts (-5, 0)

Zooy? _ 7y _
63. f(x) = 2x* - 7x - 30 and (5, 0) for all real numbers a # 0.
10

x-intercepts: (-2, 0), (6, 0
( 2 ) (6. B o 67. f(x) = (x —0)(x —10)  opens upward

0:2X2—7X—30 \_/ =X2—1OX
0 = (2x + 5)(x — 6)

g(x) = —=(x —= 0)(x —10)  opens downward

—40

X=-3 orx=6 = —x? + 10x

The x-intercepts and the solutions of f(x) = 0 are the Note: f(x) = a(x — 0)(x —10) = ax(x — 10) has
same. x-intercepts (0, 0) and (10, 0) for all real

64. f(x) = l(xz L 12x — 45) numbers a = 0.

10
x-intercepts: (-15, 0), (3, 0) A i 7 68. f(x) = (x - 4)(x - 8)
_— - ) = x2 - 12x + 32, opens upward
0 = 5(x* + 12x — 45)
0 — (x+15)x - 3) g(x) = —f(x), opens downward
X+15 =0 = x = 15 0 9(x) = X+ 12x - 32
X-3-=0= x =3 Note: f(x) = a(x — 4)(x — 8) has x-intercepts (4, 0)
The x-intercepts and the solutions of f(x) = 0 are the and (8,0) for all real numbers a # .
same.

69. f(x) =[x - (—3)][x - (—%)J(Z) opens upward

= (x + 3)(x +1)(2)
= (x +3)(2x +1)
=2x* +7x +3

9(x) = —(2x* + 7x + 3) opens downward
=-2x> -7x -3

Note: f(x) = a(x + 3)(2x + 1) has x-intercepts
(-3,0)-and (—% O) forall real numbers a = 0.
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70. f(x)
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Z[X
-2

_2(x + x75)

( }x—z

)x—2

= 2x% + x — 10, opens upward

«
—
>
=

|

= —f(x), opens downward

= -2x* —x + 10

«Q
—
>
=

|

Note: f(x) = a(x + %)(x — 2) has x-intercepts

(—%, O) and (2, 0) for all real numbers a = 0.

71. Letx = the first number and y = the second number.

Then the sum is
X+y=110 = y =110 - x.

The product is P(x) = xy = x(110 — x) = 110x — Xx*.
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.

72. Letx =the first number and y =the second number.

Then the sum is
X+y=S=>y=S-x

The productis P(x) = xy = X(S — x) = Sx — x*.

P(x) = Sx — x?

The maximum value of the product occurs at the vertex
of P(x) and is S2/4. This happens when

X =y =S5/2

73.

74.

75.

Let x =the first number and y = the second number.

Then the sum is
24 — X

X+2y =24 =y = >

The product is P(x) = xy = x(242_ X].
1 2
P(x) = E(—x + 24x)
= %(xz — 24x + 144 — 144)
- —%[(x ~12) - 144} -

The maximum value of the product occurs at the vertex
of P(x) and is 72. This happens when x = 12 and

y = (24 —12)/2 = 6. So, the numbers are 12 and 6.

—%(x ~12)* + 72

Let x = the first number and y =the second number.
42 — x

Thenthesumis x + 3y = 42 = y = 3

The product is P(x) = xy = x[423_ XJ.

P(x) = %(—x2 + 42x)

= —%(x2 — 42X + 441 — 441)

1

1 2 _ 2
- —g[(x 21y - 441} = —S(x - 21)° + 147

The maximum value of the product occurs at the vertex
of P(x) and is 147. This happens when x = 21

andy = 42-21 = 7. So, the numbers are 21 and 7.
y = —4x + ﬁx +12
9 9
The vertex occurs at —i = —24/9 = 3. The
2a 2(—4/9)

maximum height is

Y) = —5) + 2H(3) +12 = 16 feet.
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76. y = ——x* + =x + 15
2025 5
(a) The ball height when it is punted is the y-intercept.
=25 07 + 20) + 1.5 = 15 feet
2025 5

(b) The vertex occurs atx = —E = 9/5

Section 2.1 Quadratic Functions and Models 129

3645

2a  2(-16/2025) 32

The maximum height is f 3645 = -
32 2025\ 32

16 ( 3645)2

6561 6561 . . _

+ g(%j +15

32

_ 6561 + 13122 + 96 _ 6657 feet = 104.02 feet.

64 64 64 64

64 32
(c) The length of the punt is the positive x-intercept.
0=-0 42,9 115
2025 5
L (95 £ /(95 - (4)L5)(16/2025) 18+ 181312
—32/2025 —0.01580247
x ~ —0.83031orx ~ 228.64

The punt is about 228.64 feet.

77. C = 800 — 10x + 0.25x*> = 0.25x? — 10x + 800

The vertex occurs at X = b _ -0 20
2a 2(0.25)

The cost is minimum when x = 20 fixtures.

78. P = 230 + 20x — 0.5x?

The vertex occursat x = —£ = - 20
2(-05)

= = 20.
2a

Because x is in hundreds of dollars,
20 x 100 = 2000 dollars is the amount spent
on advertising that gives maximum profit.

79. R(p) = —25p* +1200p

(a) R(20) = $14,000 thousand = $14,000,000
R(25) = $14,375 thousand = $14,375,000
R(30) = $13,500 thousand = $13,500,000

(b) The revenue is a maximum at the vertex.
b  -1200

“2a 2(-25)
R(24) = 14,400

The unit price that will yield a maximum revenue of
$14,400 thousand is $24.

80. R(p) = —12p® + 150p
(@) R($4) = —12($4)" + 150($4) = $408
R($6) = ~12($6)" + 150($6) = $468
R($8) = —12($8)° + 150($8) = $432

(b) The vertex occurs at

b 150
=—-—=—-—"=$6.25.
P " o) °

Revenue is maximum when price = $6.25 per pet.
The maximum revenue is

R($6.25) = ~12($6.25) + 150($6.25) = $468.75.
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81. (a)
¥
|—— X —> | —— X —>]
1 4
4 +3y =200 = y = §(200 - 4x) = 5(50 - X)
8x(50 —
A= 2Xy = 2X|:g(50 - X):| = %X(SO — X) = X(fx)
O [, ]a
This area is maximum when x = 25 feet
5 600 and y = 100 = 331 feet.
5 3 3
10 1066g
15 1400
20 1600
25 1666%
30 1600
@ A= gx(SO ~x)
8/ 2
= X — 50x
- )
= §(x2 — 50x + 625 — 625)
3
8
- 5[x—zs —625}
8 5000
= 3(x - 25)

(©

2000

0

This area is maximum when x = 25 feet

and y = % = SS%feet.

The maximum area occurs at the vertex and is 5000/3 square feet. This happens when x = 25 feet and

y = (200 — 4(25))/3 = 100/3 feet. The dimensions are 2x = 50 feet by 33% feet.

(e) They are all identical.

x = 25feetand y = 33% feet

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Section 2.1 Quadratic Functions and Models 131

82. (a) e————— X ————>|

(b) Radius of semicircular ends of track: r = %y
Distance around two semicircular parts of track: d = 2zr = 27[(%){} =y

(c) Distance traveled around track in one lap: d = 7y + 2x = 200
zy = 200 — 2x
200 — 2x
y=—"—"
T
(d) Area of rectangular region:

A=y = X(M]
T
= l(200x - 2x?)
T
- _E(XZ ~ 100x)
T
— —2(x2 — 100 + 2500 - 2500)
T
= —E(x - 50)2 + 5000
V4 T

The area is maximum when x = 50 and y = LZ(SO) = @
T T

83. (a) Revenue = (number of tickets sold)(price per ticket)
Let y = attendance, or the number of tickets sold.

m = -100,(20, 1500)

y — 1500 = —100(x — 20)
y — 1500 = -100x + 2000
y = =100x + 3500

R(X) = (v)(¥)
R(x) = (—100x + 3500)(x)
R(x) = —100x* + 3500x
(b) The revenue is at a maximum at the vertex.
b -3500
2a  2(-100)

=175

R(17.5) = —100(17.5)° + 3500(17.5) = $30,625
A ticket price of $17.50 will yield a maximum revenue of $30,625.
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2 2
84. (a) Areaof window = Area of rectangle + Area of semicircle = xy + %;r(radius)2 =Xy + %ﬂ'(;} =Xy + %X

To eliminate the y in the equation for area, introduce a secondary equation.
Perimeter = perimeter of rectangle + perimeter of semicircle

16

2y + X + % (circumference)

16

2y + X + % (27 - radius)

16=2y+x+7r(5]
2
1 X
=8-Xx-—
y 2 4

Substitute the secondary equation into the area equation.
2 2 2 2 2
Area = xy + 25 = gLy +ﬂ:SX—EXZ—ﬂwtﬂ:SX—EXZ—ﬁ:E(64x—4x2—7zx2)
8 2 4 8 2 4 8 2 8

(b) The area is maximum at the vertex.

2
Area=8x—1x2—ﬁ=(—1—§jx2+8x
8 2 8
x—-L 8 i
2a [1 ;zj
) Pl
2 8
4.48
y =8 1(4.48) - ”(4 ) < 20

The area will be at a maximum when the width is about 4.48 feet and the length is about 2.24 feet.

85. (a) 4200

B

0

(b) The maximum annual consumption occurs at the point (16.9, 4074.813).
4075 cigarettes
1966 >t =16

The maximum consumption occurred in 1966. After that year, the consumption decreases.
It is likely that the warning was responsible for the decrease in consumption.

. ion i . i 1487.9(296,329,000
() Annual consumption per smoker — Annual consumption in 2005 - total population _ ( ) _ 73658

total number of smokers in 2005 59,858,458

About 7366 cigarettes per smoker annually

Daily consumption per smoker = Number of cigarettes per year _ 7366 N

20.2
Number of days per year 365

About 20 cigarettes per day
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86. (a) and (c)

P

o) L ——— Py
0

The model fits the data well.
(b) y = —0.0666x> + 0.875x + 2.69
(d) 2006
(e) Answers will vary.
(f) Lett =13, y = —0.0666(13)2 + 0.875(13) + 2.69
~ 281

In the year 2013, the sales will be about $2.81
billion.

87. True. The equation —12x> — 1 = 0 has no real solution,
so the graph has no x-intercepts.

88. True. The vertex of f(x) is (—% 5743) and the vertex of

89. f(x) = —x* + bx — 75, maximum value: 25

The maximum value, 25, is the y-coordinate of the

vertex.

Find the x-coordinate of the vertex:
b b b

X = = —— = —

2a 2(-1) 2

f(x) = —x* + bx - 75

-4 )

2 2
25:-5+97—m
2
2
100 = b
4
400 = b?
420 =

Section 2.1 Quadratic Functions and Models 133

90. f(x) = —x* + bx — 16, maximum value: 48

The maximum value, 48, is the y-coordinate of the
vertex.

Find the x-coordinate of the vertex:

b b b

2a 2(-1) 2

f(x) = —=x* + bx — 16

2 2
P L T

4 2
2
64 = 2
4
256 = b?
+16 = b

91. f(x) = x* + bx + 26, minimum value: 10

The minimum value, 10, is the y-coordinate of the

vertex.

Find the x-coordinate of the vertex:
b b b

X = = - = —=

2a 1) 2
f(X) = x* + bx + 26
(8-

2 2
10:b——b—+26
4 2

2
16 = -2
4
64 = b?
+8 =b

92. f(x) = x* + bx — 25, minimum value: -50

The minimum value, -50, is the y-coordinate of the

vertex.
Find the x-coordinate:

b b b
X = = —— =

2a 1) 2

2 2
0= D
4 2
k2
5= D
4
100 = b?
+10 = b
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134 Chapter 2 Polynomial and Rational Functions

93. f(x) = ax’ + bx + ¢

a(x2 + Exj +c
a

, b b? b?
=ax +—X+———>|+C
a 4a 4a
b b2
=ax+—| ——+c¢
( 2aj 4a
( sz 4ac — b?
=a/ X +—
2a da

_h
|
N
m‘d
N—
I
QO
S
8=
N
N
+
o
|
N
m‘o'
N—
+
(@]

b?  b?
“4a 2
_ b® - 2b* + 4ac _ 4ac - b?
4a 4a

So, the vertex occurs at

=)

94. (a) Since the graph of P opens upward, the value of
a is positive.
(b) Since the graph of P opens upward, the vertex of the

. . - -b
parabola is a relative minimum at t = P
a

(c) Because of the symmetrical property of the graph of
a parabola, and since the company made the same
yearly profit in 2004 and 2012, the midpoint of the
interval 4 <t <12 or t = 8 corresponds to the
year 2008,when the company made the least profit.

(d) Since the year 2008 is when the company made the

least profit, profit has been increasing since 2008,
and is also currently increasing.

95. If f(x) = ax? + bx + ¢ has two real zeros, then by the Quadratic Formula they are

X =

—b + ~/b? - 4dac
2a '
The average of the zeros of f is

—b — </b? - 4dac . —b + ~/b? — 4ac -2b

2a 2a _Z__E

2 2 2a’
This is the x-coordinate of the vertex of the graph.

Section 2.2 Polynomial Functions of Higher Degree

1. continuous

2. Leading Coefficient Test

3nn-1

4. (a) solution; (b) (x — a); (c) x-intercept
5. touches; crosses

6. multiplicity

7. standard

8. Intermediate Value

9. f(x) = —2x* — 5x is a parabola with x-intercepts

(0,0) and (-%,0) and opens downward. Matches
graph (h).

10. f(x) = 2x* = 3x + 1 has intercepts
(0,2, (1,0), (% - /3,0) and (-4 + 4/3,0).
Matches graph (f).

11, f(x) = —3x* + 3x* has intercepts (0, 0) and
(12\/5, 0). Matches graph (a).

12. f(x) = =5x* + x* — % has y-intercept (0, —%).

Matches graph (e).

13. f(x) = x* + 2x* has intercepts (0, 0) and (-2, 0).
Matches graph (d).

14, f(x) = 2x° =2 + %x has intercepts

(0,0), (1,0), (-1, 0), (3,0), (-3, 0). Matches graph (b).

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Horizontal shift four units to the right
(b) f(x)=x*-4

-4 -3 2

Vertical shift four units downward

) f(x)= —%xa

Reflection in the x-axis and a vertical shrink
(each y-value is multiplied by %)

d f(x)=(x-4)° -4

=

-2 1 2 3 4 5/]6

Horizontal shift four units to the right and vertical

shift four units downward

Section 2.2 Polynomial Functions of Higher Degree

16. y = x°

1 2 3 4

Horizontal shift one unit to the left
(b) f(x)=x>+1

X
| 1 2 3 4

Vertical shift one unit upward
€ f(x)=1-3x°

-4 -3 -2

Reflection in the x-axis, vertical shrink
(each y-value is multiplied by %) and
vertical shift one unit upward

@ f(x) = -L(x+1°

y

Reflection in the x-axis, vertical shrink
(each y-value is multiplied by %), and
horizontal shift one unit to the left

135
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136 Chapter 2 Polynomial and Rational Functions

17. y = x*
@ f(x)=(x+3) () f(x)=x*-3 © f(x)=4-x*
y y y
61
st
4t
3t
2L
N
At x
-5 -4 -3 -2 -1 1 1 2 3
ot
Horizontal shift three Vertical shift three units Reflection in the x-axis and then
units to the left downward a vertical shift four units upward
@ f(x)=x-1' © f(x)=(2x)" +1 M f(x)= (k) -2
Y v ¥y
T
—1+
-2 Y
Horizontal shift one unit to Vertical shift one unit upward Vertical shift two units downward
the right and a vertical shrink and a horizontal shrink (each and a horizontal stretch (each y-value
(each y-value is multiplied by %) y-value is multiplied by 16) is multipied by %)
18. y = x®
@ f(x)=-5° (b) -4 () f(x)=x*-5

— x 4> x

2 3 4 2 3
Vertical shrink (each y-value Horizontal shift two units
is multiplied by %) and to the left and a vertical

L . shift four units downward
reflection in the x-axis

Vertical shift five units downward
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Section 2.2 Polynomial Functions of Higher Degree 137

Reflection in the x-axis,
vertical shrink (each y-value

is multiplied by %) and
vertical shift one unit upward
_ 1,3
19. f(x) = X0+ 4x
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.

20. f(x)=2x* -3x+1

Degree: 2
Leading coefficient: 2

The degree is even and the leading coefficient is positive.

The graph rises to the left and rises to the right.
_ 7 2
21. g(x) =5 - 4x - 3x

Degree: 2
Leading coefficient: —3
The degree is even and the leading coefficient is

negative. The graph falls to the left and falls to the right.
22. 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 falls to the right.

23. g(x) = -x* + 3x°

Degree: 3
Leading coefficient: —1

The degree is odd and the leading coefficient is negative.

The graph rises to the left and falls to the right.

Horizontal stretch (each x-value
is multiplied by 4), and vertical
shift two units downward

24.

25.

26.

27.

28.

Horizontal shrink (each x-value
is multiplied by %) and vertical
shift one unit downward

g(x) = —x* + 4x - 6
Degree: 4
Leading coefficient: —1

The degree is even and the leading coefficient is
negative. The graph falls to the left and falls to the right.

f(x) = 21 + 43 - 2

Degree: 5

Leading coefficient: —2.1

The degree is odd and the leading coefficient is negative.
The graph rises to the left and falls to the right.

f(x) = 4x° = 7x + 65

Degree: 5
Leading coefficient: 4

The degree is odd and the leading coefficient is positive.
The graph falls to the left and rises to the right.

f(x) = 6 — 2x + 4x* — 5x°

Degree: 3

Leading coefficient: -5

The degree is odd and the leading coefficient is negative.
The graph rises to the left and falls to the right.

3 - 2x+5

f
() ;
Degree: 4

Leading coefficient: %

The degree is even and the leading coefficient is positive.
The graph rises to the left and rises to the right.
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29.

30.

31.

32.

33.

Chapter 2 Polynomial and Rational Functions
3,2

h(x) = —>(t* - 3t + 6)

Degree: 2

Leading coefficient: —%

The degree is even and the leading coefficient is
negative. The graph falls to the left and falls to the right.

_ _7(3 2
f(s) = —Z(s® + 5s* - 7s + 1)
Degree: 3
Leading coefficient: —Z

The degree is odd and the leading coefficient is negative.
The graph rises to the left and falls to the right.

f(x) = 3x* — 9x + 1, g(x) = 3%°

8

v
J

35. f(x) = x* - 36

(@ 0=x*-236
0=(x+6)x-6)

X+6=0 X-6=0
X = -6 X =6
Zeros: +6
(b) Each zero has a multiplicity of one (odd
multiplicity).

(c) Turning points: 1 (the vertex of the parabola)

(d) d

-12 4 ! 12

\/

—42

36. f(x) =81-x

(@ 0=81-x2
0=(9-x)(9+x)
9-x=0 9+x=0

9 =X X =-9
Zeros: +9

(b) Each zero has a multiplicity of one (odd
multiplicity).

(c) Turning points: 1 (the vertex of the parabola)

Q) 50

-9
37. h(t) =t* -6t +9

@ 0=t>—6t+9=(t-23)
Zero: t =3
(b) t = 3 hasamultiplicity of 2 (even multiplicity).
(c) Turning points: 1 (the vertex of the parabola)
(d) 10
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Section 2.2 Polynomial Functions of Higher Degree 139

38. f(x) = x* +10x + 25

@ 0= x®+10x + 25 = (x + 5)°

Zero: X = -5

(b) x = -5 has a multiplicity of 2 (even multiplicity).

(¢) Turning points: 1 (the vertex of the parabola)
(d) 25

-25 15

39. f(x) =4x? +1x-2

@ 0=3x+1x-2

3 3
=1x*+x-2

= %(x +2)(x - 1)

Zeros: X = -2, x =1

(b) Each zero has a multiplicity of 1 (odd multiplicity).

(c) Turning points: 1 (the vertex of the parabola)

(d) 4

IRV

40 f(x):lx2+§x—§
2 2
(@) Forlxz+—x—§:0,a:1,b:§,c:—§.
2 2 2 2 2
2
2ls) -G
2 2 2 2
X =
1
_ 5, ¥
2 4
-5+ /
Zeros:x:%

(b) Each zero has a multiplicity of 1 (odd multiplicity).

(c) Turning points: 1 (the vertex of the parabola)
(d) 3

JA

\

41.

42.

43.

f(x) = 3x* — 12x* + 3x
(@ 0 =3x" —12x* + 3x = 3x(x* - 4x + 1)

Zeros: X = 0, x = 2 + ~/3 (by the Quadratic
Formula)
(b) Each zero has a multiplicity of 1 (odd multiplicity).
(¢) Turning points: 2
(d) 2

9(x) = 5x(x* - 2x - 1)
(@ 0= 5x(x2 - 2x - 1)
0

x(x2 — 2% — 1)

For x> —2x -1=0,a=1b=-2c¢ = -1.

Lo D (-2)° - 40D
2(1)
_2+./8
2
=1+/2

Zeros:x:O,x:liﬁ

(b) Each zero has a multiplicity of 1 (odd multiplicity).
(¢) Turning points: 2
(d) 16 I

g

-16

f(t) = t> — 8t° + 16t
(@ 0 =t>—8t? + 16t

0= t(t2 -8t +16)

0 = t(t - 4)(t - 4)
t=0 t-4=0 t-4=0
t=0 t=4 t=4

Zeros:t = 0,t =4
(b) The multiplicity of t = 0 is 1 (odd multiplicity).
4 is 2 (even multiplicity).

The multiplicity of t

(c) Turning points: 2
(d) 10

-2
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44. f(x) = x* — x* — 30%* 47. f(x) =3x* + 9x* + 6
(@ 0=x*—-x®—30x? (@ 0=3x*+9x*+6
0 = x*(x* - x - 30) 0 =3(x* +3x* +2)
0 = x*(x - 6)(x + 5) 0 =3 +1)(x* +2)
=0 x-6=0 X+5=0 (b) No real zeros
x=0 X =6 X = -5 (¢) Turning points: 1
Zeros: X = 0,X = 6, X = -5 (d) 21

(b) The multiplicity of x = 0 is 2 (even multiplicity).
The multiplicity of x = 6 is 1 (odd multiplicity).
The multiplicity of x = -5 is 1 (odd multiplicity). =

(¢) Turning points: 3
(d) 60
By - Llo @ 0=2x" —2x2 — 40

0= 2(x4 - x% - 20)

48. f(x) = 2x* — 2x* - 40

0 = 2(x? + 4)(x* - 5)

300
Zeros: X = +~/5

(b) Each zero has a multiplicity of 1 (odd multiplicity).

(c) Turning points: 3

tt + \/§)z(t - \/5)2 (d) \ 2 #

Zeros: t = 0,t = /3 ij

45. g(t) = t> — 6t° + 9t

() 0=1°—6°+0t = t{t' — 6t +9) = t(t> - 3)°

(b) t = 0 has a multiplicity of 1 (odd multiplicity).
t = +-/3 each have a multiplicity of 2 (even -0
multiplicity). 49. g(x) = x* + 3x* — 4x - 12
EZ; Turning points: 4 (@) 0=x3+3x2—4x —12 = x*(x + 3) — 4(x + 3)
6
ﬂ‘l = (x* = 4)(x +3) = (x - 2)(x + 2)(x + 3)
-9 9 Zeros: X = +2, X = -3
/U (b) Each zero has a multiplicity of 1 (odd multiplicity).
-6 - .
(c) Turning points: 2
46. (@) f(x) = x> + x* — 6X (d) 4
|
0= x(x* +x* - 6) - !
0 = x(x* + 3)(x* - 2)
Zeros: X = 0, = /2 16

(b) Each zero has a multiplicity of 1 (odd multiplicity).
(c) Turning points: 2
(d) 6

-
1l

-6
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50. f(x) = x* — 4x* — 25x + 100

5L

52.

@ 0
0

X*(x — 4) - 25(x - 4)
(x* - 25)(x -
= (x+5)(x - )(X -4)

Zeros: X = +5,4

(b) Each zero has a multiplicity of 1 (odd multiplicity).

(c) Turning points: 2

(d)

y = 4x% —

@)

140

-20

20x% + 25x

12

N

—4

(b) x-intercepts: (0, 0), (% 0)

© 0
0

0

X =

4x3 — 20%x? + 25x
X(4x? — 20x + 25)
x(2x - 5)2

5
0,2

(d) The solutions are the same as the x-coordinates of
the x-intercepts.

y =4x® +4x2 - 8x -8

(@)

O (-

(©

2

|

[N

-1

0, (2.0} (2.9

4 + 4x* —8x - 8
4x%(x +1) - 8(x + 1)

(4x - 8)(x +1)
4(x? - 2)(x +1)
+/2,-1

(d) The solutions are the same as the x-coordinates of
the x-intercepts.

53.

54.

55.

56.

57.

58.

y = x> = 5x° + 4x

NN
Kl

(b) x-intercepts: (0, 0), (+1, 0), (+2, 0)

—4

() 0=x5-5x3+4x
0 = x(x* —1)(x* - 4)
0 = x(x + 1)(x = 1)(x + 2)(x — 2)
x =01 +2

(d) The solutions are the same as the x-coordinates of
the x-intercepts.

y = b -9
(a) 12

(b) x-intercepts: (0, 0), (3,0), (-3, 0)
© 0="5x*-9)
x =0,%3

(d) The solutions are the same as the x-coordinates of
the x-intercepts.

f(x) = (x = 0)(x — 8)

= x? - 8x

Note: f(x) = ax(x —8) has zeros 0 and 8 for all real
numbers a = 0.

f(x) = (x = 0)(x + 7)
= x% + 7x

Note: f(x) = ax(x + 7) has zeros 0 and —7 for all real

numbers a # 0.

f(x) = (x = 2)(x + 6)

= x% + 4x - 12
Note: f(x) = a(x — 2)(x + 6) has zeros 2 and —6 for
all real numbers a = 0.

f(x) = (x + 4)(x - 5)

=x2-x-20
Note: f(x) = a(x + 4)(x — 5) has zeros —4 and 5 for
all real numbers a = 0.
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59.

60.

61.

62.

63.

71.

Chapter 2 Polynomial and Rational Functions

f(x)

(x = 0)(x + 4)(x + 5)

f(x) = (x - 2)[x - (4 + ﬁ)}[x - (4 - \/3)}
= (x= 2 (x - 4) - /B[ (x - 4) + /5]
= (x = 2)[(x - 4 - 5]

|
o

X(x — 4)* = 5x - 2(x — 4)° + 10
= x® — 8x% +16x — 5x — 2x* + 16x — 32 + 10
= x® —10x% + 27x - 22
Note: f(x) = a(x® — 10x* + 27x — 22) has zeros
2,4 + \/E and 4 — \/§ for all real numbers a = 0.

f(x) = (x+3)(x+3) = x> +6x+9

Note: f(x) = a(x* + 6x +9),a # 0, has degree 2 and
zero x = -3.

f(x) = (x +12)(x + 6) = x* + 18x + 72

Note: f(x) = a(x* + 18x + 72), @ # 0, has degree 2

and zeros x = —12 and —6.

f(x) = (x = 0)(x + 5)(x — 1)

x(x2 +4x — 5)

= x3 + 4x® - 5x
Note: f(x) = ax(x? + 4x — 5),a = 0, has degree 3

and zeros x = 0, -5, and 1.
f(x) = (x + 2)(x — 4)(x = 7)
= (x+2)(x* —11x + 28) = x* — 9x* + 6 + 56

Note: f(x) = a(x3 —9x2 + BX + 56), a # 0, has

degree 3 and zeros x = -2, 4, and 7.

f(x) = (x - 0)(x - \/§)(x - (—\/5))

x(x - ﬁ)(x + \/5) = x* - 3x

Note: f(x) = a(x® - 3x),a # 0, has degree 3 and

zeros x = 0, \/§ and —\/§.

f(x) = (x - 9)° =
Note:

f(x) = a(x* — 27x + 243x — 729), a # 0, has

X3 — 27x% + 243x — 729

degree 3 and zero x = 9.

= 64.
= X(x* + 9x + 20}
= x® + 9x® + 20x
Note: f(x) = ax(x + 4)(x + 5) has zeros 0, —4, and
-5 for all real numbers a = 0.
f(x) = (x = 0)(x — 1)(x — 10)
= X(x* - 11x + 10)
= x® - 11x% + 10x
Note: f(x) = ax(x — 1)(x — 10) has zeros 0,1, and
10 for all real numbers a = 0. 65.
f(x) = (x — 4)(x + 3)(x — 3)(x - 0)
= (x - 4)(x* - 9)x
= x* — 4x® - 9x* + 36x 66.
Note: f(x) = a(x* — 4x* — 9x* + 36Xx) has zeros
4, -3, 3,and O for all real numbers a = 0.
() = (x = (:2))(x = (-)(x = 0)(x = Y(x - 2) 67.
= X(x + 2)(x + P(x = 1)(x - 2)
= x(x2 - 4)(x* - 1)
= X(x* - 5x* + 4)
= x° - 5x° + 4x
Note: f(x) = ax(x + 2)(x + 1)(x — 1)(x — 2) has 8.
zeros —2,-1,0,1, and 2 for all real numbers a = 0.
f(x) = [x \/5)}[ (1 - \/5)}
[x—l 3J[x—1)+\/§J
= (x-2" - (V3 ) 69.
=x2-2x+1-3
=x2-2x -2
Note: f(x) = a(x* — 2x — 2) has zeros
1+ +/3and1 - ~/3 forall real numbers
70.
f(x) = (x - (- 5))2(x 1)(x ~2) = x* + 7x® - 3x? - 55X + 50
or f(x) = (x = (-5))(x = 1*(x — 2) = x* + x* — 15x* + 23x - 10
or f(x) = (x ( ))(x—l)(x—z) = x* —17x% + 36x — 20

Note: Any nonzero scalar multiple of these functions would also have degree 4 and zeros x = —5,1,and 2.
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73.

74.

75.

76.

Section 2.2 Polynomial Functions of Higher Degree

f(x) = (x + 4)(x + I)(x = 3)(x — 6) = x* — 4x*> — 23x® + 54x + 72
Note: f(x) = a(x4 — 4x3 — 23x2 + 54X + 72), a = 0, has degree 4 and zeros x = —4, -1, 3, and 6.

f(x) = x*(x + 4) = x° + 4x*
or f(x)
or f(x) = x*(x + 4)3 = x> + 12x* + 48x° + 64x?

x(x + 4)2 = x° + 8x* +16x°

or f(x) = x(x + 4)4 = x> 4+ 16x* + 96x° + 256x° + 256X

Note: Any nonzero scalar multiple of these functions would also have degree 5 and zeros x = 0 and —4.

f(x) = (x + ) (x = 4)(x = 7)(x = 8) = x* —=17x* + 79x* — 11x* — 332x — 224

or f(x) = (x

or f(x) = (x + 1)(x — 4)(x — 7)*(x - 8) = x* — 25x* + 223x® — 787x? + 532 + 1568
or f(x) = (x + 1)(x — 4)(x — 7)(x — 8)° = x* — 26x* + 241x° — 884x> + 640X + 1792

1)(x - 4)2(x - 7)(x = 8) = x*> — 22x* + 169x® — 496x* + 208x + 896

Note: Any nonzero scalar multiple of these functions would also have degree 5 and zeros x = -1, 4,7, and 8.

— 3 _ 2
f(x) = x* — 25x = x(x + 5)(x - 5) 77 f(t) = HP -2t +15) =Lt -1 + ]
(a) Falls to the left; rises to the right (a) Rises to the left; rises to the right
(b) Zeros: 0,-5,5 (b) No real zeros (no x-intercepts)

c
© [ 2|-1lof1 |2 © a1lo |1 |2 |3
24 | 42 f(t) | 45| 375 | 35| 3.75 | 45
(d) (d) The graph is a parabola with vertex (l, %)
21

g(x) = x* — 9x* = x*(x + 3)(x - 3) I s

(a) Rises to the left; rises to the right
(b) Zeros: -3,0,3

(©

78. g(x) = —x* +10x — 16 = —(x — 2)(x — 8)
(a) Falls to the left; falls to the right

X =2 |01 ]2 (b) Zeros: 2,8
f(x 24 | -8 | 0| -8 -24
) © [y 1 [3|5]7]9
(d)
gx) | -7 |5|9|5]|-7

@

143
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144 Chapter 2 Polynomial and Rational Functions

79.

80.

81.

f(x) = x> —2x* = x*(x - 2)
(a) Falls to the left; rises to the right
(b) Zeros: 0, 2

82. f(x)

—4x3 + 4%% + 15x
—x(4x2 —4x - 15)
—X(2x - 5)(2x + 3)

© Iy 1ot [1[2]s (a) Rises to the left; falls to the right
fx) [-3|0o| -2 |-1|0]9 (b) Zeros: —3,0, 3
(d) © I Ts]2[a 1 |2 |3
f(x) [99 |18 |7 15 |14 |-27
(d)
f(x) =8 - = (2= x)(4+ 2x + x?)
(a) Rises to the left; falls to the right
(b) Zero: 2 83. f(x) = -5x* — x* = —=x*(5 + X)
(c)
X 2 |-1]0]1)2 (a) Rises to the left; falls to the right
f(x) |16|9 |8|7|0 (b) Zeros: 0, -5
@ i © X 5|4 |3 |2 |-1]0 |1
14+
ol f(x) [0 |-16|-18|-12|-4 |0 |-6
10+
(d) X

he
-4 -3 -2 -1

f(x) = 3x* — 15x* + 18x = 3x(x — 2)(x — 3)

(a) Falls to the left; rises to the right
(b) Zeros: 0, 2,3

(=5.0)
-15 -10

© [y ol1]2]25

f(x) [0|6]0]|-1875

0 7.875

(d) y
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84.

85.

86.

Section 2.2 Polynomial Functions of Higher Degree 145
f(x) = —48x* + 3x*
= 3x*(x* - 16)
(a) Rises to the left; rises to the right
(b) Zeros; 0, £4
© | x -5 |-4|-3 |-2 |-1 |01 |2 |3 |4]|5
—45 | 0 | 45| -144 | -189 | 0 | 675
(d)
—-300
F(x) = x*(x - 4) 87. g(t) = —(t - 2)(t + 2)°
(a) Falls to the left; rises to the right (@) Falls to the left; falls to the right
(b) Zeros: 0, 4 (b) Zeros: 2, — 2
© 1y ~1]of1 |2 |3 |a]|s ©)
t -3 -21-1 |0 |1 213
f(x) |-5]0|-3|-8|-9|0]25 a(t) % 0 _% 4 _% 0 _%
(d) s
(4,0) :
6 8 *
2
h(x) = 2x(x - 4) , ,
_ _ 88. g(x) = s5(x +1)°(x - 3)
(a) Falls to the left; rises to the right
(b) Zeros: 0, 4 (a) Falls to the left; rises to the right
(b) Zeros: -1,3
© Ix |1 |ol1|2 |3]4]s ©
X -2 -110 1 2 4
h(x) | -2 (0|32 |9]0| 2
g(x) | -125 |0 |-27|-32|-09 |25
(d)
(d)
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146 Chapter 2 Polynomial and Rational Functions

89. f(x) = x* —16x = x(x — 4)(x + 4) 94. f(x) = 0.11x* — 2.07x* + 9.81x — 6.88
32 The function has three zeros. They are in the intervals
/\ / [0,1],[6, 7], and [11,12]. They are approximately 0.845,
6 6.385, and 11.588.

. m
i

Zeros: 0 of multiplicity 1, 4 of multiplicity 1; and —4 of I
multiplicity 1
-10
_ 1
90. f(x) = #x* - 2x*
X y X y
6
\ } 0 | -6388 7 | 101
- ° 1 | 097 8 | —4.56
! 2 | 534 9 | -6.07
Zeros: —2.828 and 2.828 of multiplicity 1; 0 of 8 6.89 10 | 578
multiplicity 2 4 | 628 11 | 3.3
91. g(x) = ¥(x + 1)°(x - 3)(2x - 9) 5 | 4l 12 | 284
14 6 112
“12 18 95. g(x) =3 +4x° -3
y o X y
-6
\ / 4 | 509
L o Lo i
Zeros: -1 of multiplicity 2; 3 of multiplicity 1; > of 5 — 5 3 | 132
multiplicity 1
plicity = -2 13
92. h(x) = &(x + 2)’(3x - 5)° 1| 4
( ) 5( ) ( ) The function has two zeros.
= They are in the intervals 0 -3
[-2,-1] and [0,1]. They 1 4
are X ~ —1.585, 0.779.
2 7
-12 12
-8 3 348
Zeros; -2, % both with multiplicity 2
96. h(x) = x* —10x* + 3 X |y
93. f(x)=x3-3x>+3
(%) i X y The function has four zeros. 4| 99
10 3| .5 They are in the intervals 3| -6
/ [-4,-3],[1 0], [0,1], and [3, 4] 1
-5 < 5 -2 | -1 They are approximately +3.113 1 5
/ -1 -1 and +0.556.
10 0] 3
-10
. 0 | 3 H f 1] 6
The function has three zeros. - 4
. . 1 1 2 | -21
They are in the intervals
[-1,0], 1, 2], and [2, 3]. They 2 | 1 3|5
are x ~ —0.879,1.347, 2.532, 3 3 o 4| 99
4 19

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



97. (a)

(b)

(©

(d)

98. (a)

(b)

(©

Section 2.2 Polynomial Functions of Higher Degree 147

Volume =1 -w-h
height = x
length = width = 36 — 2x

S0, V(x) = (36 — 2x)(36 — 2x)(x) = x(36 — 2x)".

Domain: 0 < x < 18
The length and width must be positive.
Box Box Box
Height Width Volume, V
1 36 - 2(1) | 136 - 2(1)]" = 1156
2 | 36-202) | 2[36-2(2)] = 2048
3| 36-23) | 336- 23] = 2700
4 | 36-24) | 436 - 2(4)]° = 3136
5 | 36-205) | 536-2(5)] = 3380
6 | 36-2(6) | 6[36 - 2(6)]" = 3456
7| 36-27) | 736 - 2(7)]" = 3388

The volume is a maximum of 3456 cubic inches
when the height is 6 inches and the length and width
are each 24 inches. So the dimensions are

6 x 24 x 24 inches.

3600

0 18
0

The maximum point on the graph occurs at x = 6.
This agrees with the maximum found in part (c).

Volume = | - w - h = (24 — 2x)(24 — 4x)x
= 2(12 - x) - 4(6 — x)x
= 8x(12 - x)(6 — x)

x>0 12 -x >0, 6-x>0

X <12 X <6

Domain: 0 < x < 6
\%4

720
600
480
360
240
120

~ 2.5 corresponds to a maximum of 665 cubic
inches.

99. @) A=1-w= (12 - 2x)(x) = —2x* + 12x

100.

(b) 16 feet = 192 inches
V=1l -w-h

(12 - 2x)(x)(192)

—384x2 + 2304x

(c) Because x and 12 — 2x cannot be negative, we have
0 < x < 6 inches for the domain.

@ T v

0|0

1| 1920
2 | 3072
3 | 3456
4 | 3072
5 | 1920
6|0

When x = 3, the volume is a maximum with

V = 3456 in.2. The dimensions of the gutter cross-
section are 3 inches x 6 inches x 3 inches.

(e) 4000

0

Maximum: (3, 3456)
The maximum value is the same.

(f) No. The volume is a product of the constant length
and the cross-sectional area. The value of x would
remain the same; only the value of V would change
if the length was changed.

(@ V = gar® + ar?(4r)

V = %ﬂl’a + 4xrd

_16_.3
= 2ar

() r=>0
(C) 150

0

(d) V =120 ft° = Lzr’
~ 193 ft

length = 4r = 7.72 ft

4
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148 Chapter 2 Polynomial and Rational Functions

101. (a) 1000

102. () “

103. R

3 ._._._._._._._. 10
-50

Relative maximum: (5.01, 655.75)
Relative minimum: (9.25, 417.42)

(b) The revenue is increasing over (3, 5.01) and
decreasing over (5.01, 9.25), and then increasing
over (9.25, 10).

(c) The revenue for this company is increasing from
2003 to 2005, when it reached a (relative) maximum
of $655.75 million. From 2005 to 2009, revenue was
decreasing when it dropped to $417.42 million.
From 2009 to 2010, revenue began to increase again.

20
Relative maxima: (4.11, 21.87), (9.02, 29.25)
Relative minimum: (6.01, 18.81)

(b) The revenue was increasing over (3, 4.11) and
(6.01, 9.02) and was decreasing over (4.11, 6.01)
and (9.02, 10).

(c) The revenue for this company was increasing from
2003 to 2004 when it reached a (relative) maximum
of $21.87 million. From 2004 to 2006 when revenue
dropped to a (relative) minimum of $18.81 million.
From 2006 to 2009, revenue again was increasing to
a (relative) maxima of $29.25 million. From 2009 to
2010, revenue again began to decrease.

N 1

~ 100,000
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.

(—x3 + 600x2)

104. G = -0.003t® + 0.137t* + 0.458t — 0.839,2 < t < 34

105.

106.

107.

108.

100.

110.

111.

112.

(a) 60

-10 \" 45

-5

(b) The tree is growing most rapidly at t ~ 15.

(c) y = —0.009t? + 0.274t + 0.458

_3 — ﬂ ~ 15.222
2a 2(—0.009)

y(15.222) ~ 2.543

Vertex ~ (15.22, 2.54)

(d) The x-value of the vertex in part (c) is approximately
equal to the value found in part (b).

False. A fifth-degree polynomial can have at most four
turning points.

False. f has at least one real zero between x = 2 and
X = 6.

False. The function f(x) = (x — 2)2 has one turning
point and two real (repeated) zeros.

True. A polynomial function only falls to the right when
the leading coefficient is negative.

False. f(x) = —x®rises to the left.

False. The graph rises to the left and to the right.

True. A polynomial of degree 7 with a negative leading
coefficient rises to the left and falls to the right.

(a) Degree: 3

Leading coefficient: Positive
(b) Degree: 2

Leading coefficient: Positive
(c) Degree: 4

Leading coefficient: Positive
(d) Degree: 5
Leading coefficient: Positive
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113. Answers will vary. Sample answers:

114.

115.

116.

a, <0

a, >

y

Answers will vary. Sample answers:

as <0

]
-6 -4 4 6

a5 >

f(x) = x*; f(x) iseven.

(@)

(b)

(d)

()

(h)

(@)

g(x) = f(x) +2
Vertical shift two units upward
g(-x) = f(-x) + 2

= f(x)+2

9(x)

Even

g(x) = f(x +2)

Horizontal shift two units to the left
Neither odd nor even

) = ~1(1) = '

Reflection in the x-axis
Even

9(x) = $f(x) = 3x*

Vertical shrink
Even

90 = (1 = 1)) = {(1(x) =

Even

f(x) =x*-2x* —x +1 (b)

3, odd; 1, positive

3

Ll
/\J

-3

0

0

5, odd; 2, positive

Section 2.2 Polynomial Functions of Higher Degree

7

f(x) = 2x° + 2x?

© 9(x) = f(-x) = (—x)4 = x*

149

Reflection in the y-axis. The graph looks the same.

Even
_ el _ 14
() 9(x) = f(ix) = 16X
Horizontal stretch
Even

@ 9(x) = f(x**) = (x**) = x20

Neither odd nor even

-5x+1 (c)

5, odd; -2, negative

7

f(x) = -2x*> - x* + 5x + 3

L

4

-3

-3
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150 Chapter 2 Polynomial and Rational Functions

(d) f(x)=-x>+5x-2 (&) f(x)=2x* +3x-4 (F) f(x)=x"-3x*+2x-1
3, 0dd; -1, negative 2, even; 2, positive 4, even; 1, positive
3 3 3
] ! hk e mmnias
—~ -7 -7

(@ f(x)=x>+3x+2

2, even; 1, positive
5

-1
When the degree of the function is odd and the leading coefficient is positive, the graph falls to the left and
rises to the right, but if the leading coefficient is negative, the graph falls to the right and rises to the left.
When the degree of the function is even and the leading coefficient is positive, the graph rises to the left
and right, but if the leading coefficient is negative, the graph falls to the left and right.

117. (a) y (c)

Zeros: 3 Zeros: 3

Relative minimum: 1 Relative minimum: 1

Relative maximum: 1 Relative maximum: 1

The number of zeros is the same as the degree and The number of zeros and the number of extrema
the number of extrema is one less than the degree. are both less than the degree.

(b) :

Zeros: 4
Relative minima: 2
Relative maximum: 1

The number of zeros is the same as the degree and
the number of extrema is one less than the degree.
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118. (@) vy, = —%(x - 2)5 + 1 is decreasing.

y2 = $(x + 2)° - 3is increasing.

¥ ] y

-8

(b) The graph is either always increasing or always
decreasing. The behavior is determined by a. If
a > 0, g(x) will always be increasing. If

a < 0, g(x) will always be decreasing.

Section 2.3 _Polynomial and Synthetic Division 151

(€ H(X) =x* -3 +2x+1
Because H(x) is not always increasing or always
decreasing, H(x) cannot be written in the form

a(x - h)5 + k.

6

!

Section 2.3 Polynomial and Synthetic Division

1. f(x) isthe dividend; d(x) is the divisor: q(x) is the

quotient: r(x) is the remainder
2. proper
3. improper

4. synthetic division

5. Factor
6. Remainder
x? 4
7. = and =X-2+
h X+ 2 Yz X+ 2
X—2
X+ 2)x>+0x+0
X2 + 2X
-2Xx + 0
—2X — 4
4
2
4
So, X =X-2+ and y; = Y,.
X+ 2 X+ 2
x* —3x2 -1 39
8 yy=—————andy, = x* -8+
i x> +5 v2 x> +5
x> — 8
X2 +5)x* —3x% -1
x* + 5x2
-8x% -1
—8x? — 40
39
x* —3x2 -1 39
So, — "  ~“=x>-8+4———and y, = Y,
x> +5 x> +5 o= e

(@) and (b) 3

Pl

-9

x -1

(€ x+3)x> +2x-1
X* + 3x

-x -1

-x -3

2

2 _
So,X + 2X 1:x—1+ 2
X+ 3 X +

and =Y,
3 Y1 Y2

x*+x2 -1 5 1

10- % = X2 +1

(a) and (b) 6

JRVA

() x2+0x+1)x“+0x3+x2+0x—1
X+ 0x3 + X2

-1

Xt +x2 -1 1
So, —— =~ =x*-—= _and y, = V,.
x2 +1 X2 +1 Yo=Y
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152 Chapter 2 Polynomial and Rational Functions

2x + 4 X2 + 7x +18
11 x + 3)2x% + 10x + 12 16. x—3)x3+4xz ~ 3x-12
2x% + 6X x* - 3x2
4x + 12 7x? — 3x
4% + 12 7x> — 21x
0 18x — 12
18x — 54

2x% +10x + 12

=2X+4,x %3 42
X+ 3

X3 + 4x? —3x - 12 42

5x + 3 =x2+7x+18 +
12. x - 4)5x2 — 17x — 12 x-3 x-3
5x% — 20X
3X — 12 X2+3X+9
3x — 12 17. x — 3)x% + 0x? + Ox — 27
0 X3 — 3x?
2 a7y 3x% + 0x
5x 17x 12=5x+3,x¢4 3x2 _ 9x
x -4 9x — 27
9x — 27
X2 - 3x+1 0
13. 4x + 5)4x® — 7x2 —11x + 5 & — 27
4%° + 5x? =x>+3x+9,x #3
T12x — 11x x -3
—12x* — 15x ,
T 4x+5 X 5x + 25
4X + 5 18.x+5) X2 + 0x? + Ox + 125
0 x® + 5x?
4 —7x2 —11x + 5 5 S+ Ox
Ko 22X o gy 4l x 2 -2 —5x* — 25x
4x + 5 4 25x + 125
25x + 125
2x> — 4x + 3 0
14. 3x - 2)6x° — 16x* + 17x - 6 R0 o
6x3 — 4x? X+5
—12x% + 17x 7
_12x% + 8x 19. x +2)7x + 3
_— X + 14
9x — 6 -11
9x — 6 7x+3_7_ 11
0 X+ 2 X+ 2
3 2 _
6x° — 16x° + 17x 6=2x2—4x+3,x¢g 4
X -2 3 20. 2x +1)8x — 5
8X + 4
x® + 3x? -1 )
15. x + 2)x* +5x3 + 6x> — x — 2
)4 . 8x-5 . 9
%HM 2x + 1 2x +1
3x% + 6x° X
:))((:5 21 x2 + 0x +1)x® + 0x? + 0x — 9
E— X2+ 0x? + X
-Xx -9
x* +5x3 +6x2 —x—2
3 =x2 +3x% -1 x = -2 -9 X+ 9
X2 +1 X2 +1
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X2

22. X3+ 0x%2 + 0x —1)x° + Ox* + Ox® + Ox®> + Ox + 7
x>+ 0x* +0x - x?
x? +7
X5+ 7 , X +7
=X
X -1 X3 -1
2x — 8
23. x2 + 0x +1)2x® = 8x> +3x -9
2x3 + 0x? + 2x
8x2+ x -9
—8x> —0x — 8
x -1
3 _ qy2 _ _
2X 8); + 3X 9:2x—8+X2 1
X+ 1 X+ 1

x> + 6x+ 9

24. x? — x — 3)x* + 5x% + 0x?> — 20x — 16
x* — x® - 3x?
6x% + 3x% — 20x
6x° — 6x> — 18x
9x? — 2x — 16
9x? — 9x — 27
7x + 11
x* + 5x% — 20x — 16 ) 7x + 11
> =X +6X+9+ —r
X*—x-3 X —x -3
X+ 3

X2 =32 +3x —1)x* +0x® +0x> + 0x + O
x* —3x% +3x2 - x

3 -3+ x+0

33 —9x%® + 9x — 3

6x> —8x + 3

25.

x* 6x> —8x + 3
7= X+3+ —m—
(x-1) (x-1)

2X

26. x> —2x +1)2x® —4x> —15x + 5
2x3 — 4x? + 2x
-17x + 5
2x* —4x* -15x+5 ,  17x -5
(x - 1° X2 —2x +1
2. 5|3 -17 15 -25
15 -10 25

3x* —17x% +15x — 25

3> - 2x +5,x #5
Xx-5

Section 2.3 _Polynomial and Synthetic Division

28. 3|5 18 7 -6
-15 -9
5 3 =2 0

3 2 _
5x® + 18x° + 7x 6:5x2+3x—2,x¢—3

X+ 3
2. 3|/6 7 -1 26
18 75 222
6 25 74 248

3 2
O+ X X+ 26 _ e\ o5y 4 74 4
X -3 X —

30.

199

2x3 +14x% — 20X + 7
X+ 6

2x% 4+ 2x — 32 +

31.

4%° + 8x? — 9x — 18

=4x2 -9, x = -2
X+ 2

32. 2|9 -18
18 0

9 0

9x% — 18x%® — 16x + 32

=9x%> —16,x # 2
X—2

-10 | -1 0
10

10

75 =250
-100 250
=25 0

33.

-1

—x% + 75x — 250

= —x% +10x — 25, x = —-10
x + 10

4. 6|3 -16 0 -72
18 12 72
3 2 12 0

3x® —16x% - 72

=32 +2x+12,x # 6
X—6

3. 4|5 -6 0 8
20 56 224
5 14 56 232

5x3 — 6x* + 8
X =4

232
x—4

= 5x? + 14X + 56 +

153

248

3

199
X+ 6
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154 Chapter 2 Polynomial and Rational Functions

36. 2| 5 0 6 8
-10 20 -52
5 —10 26 -44
3
5X° + 6x + 8 ~ 5x2 _ 10X + 26 — 44
X+ 2 X+ 2
37. 6|10 -50 0 0 -800
60 60 360 2160
10 10 60 360 1360
4 3 _
10x7 = 50x” = 800 _ 052 1 10x2 + 60x + 360 + 00
X —6 X —6
38. 3| 1 -13 0 0 -120 80

-3 48 144 432 -936
1 -16 48 -144 312 -856

5 _ 4 _
XT3 Z 120K+ 80 _ e g6y 4 agx? — 144x + 312 — o0
X+ 3 X+ 3
39. g1 0 0 512 4. 1112 2 -3
-8 64 512 1 3 6
1 -8 6 0 13 61
. _ 2 _ (3
X512 o gy 64 x ~ -8 S+ 2 =X e ygxop4 it
X+ 8 X +1 x+1
40. 9|1 0o 0 =729 4. 1 6
-~ |4 16 -23 -15
81 729 2
1 9 81 0 2 or B
N 4 14 30 0
X_ig:x2+9x+81,x¢9 s 2
— _ o3y
MO +16x° 23 =15 4o aa a0 x 4 _%
4. 21 -3 o0 0 0 0 )
-6 -12 -—24 48
4. 3
-3 -6 -12 -24 48 ~ |3 -4 0 S
2
_ay4
3 _ g _ex? —12x 24— 9 3 9
X — 2 X -2 2 4 8
1 3 49
4. 5| _ -
2| -3 0 0 0 2 4 8
-12 24 -48 , ,
> > 24 a8 3x° — 4x +5:3x2+1x+§+ 49
4 ] 2" 4 8x-12
-3 _ —3x% + 6x% —12x + 24 — 48 2
X + 2 X+2
43. 6]-1 0o 0 180 0
-6 -36 -216 -216
-1 -6 -36 -36 -216
_y4
180X = X _ _xo _gx2 - 36x — 36 — 228
X —6 X ~6
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Cf(x) = x} - x* —14x + 1L,k = 4 50. f(x)=10x3—22x2—3x+4,k=%
411 -1 -14 11
: |10 2 3 4
12 -8 .
2 -4 -3
1 3 -2 3
10 20 -7 2
f(x):(x—4)(x2+3x—2)+3
f(4) = 4° — 42 —14(4) + 11 = 3 f(0) = (x - g)Lox* — 20x - 7) +
1) _ 10(L) _ 29(1)? _ 3(L _1
L f(x) = X - 5x2 — 11x + 8,k = -2 f(8) = 10(3) - 22(3) -3(3) + 4= %
211 -5 -11 8 51. f(x):x3+3x2—2x—14,k:\/§
2 14 -6
T P— V21 3 2 -14
V2 2432 6
f(x):(x+2)(x2—7x+3)+2 1 3+2 3/2 -8
3 2
1(-2) = (-2 -5(2) ~11-2) + 8 = 2 f(x):(x—\/i)[x2+(3+\/§)x+3\/ﬂ—8
. f(x) = 15x* +10x° - 6x% + 14,k = -2 f(ﬁ):(ﬁ)3+3(\/§)2_2\/§_14:_8

-2 115 10 -6 0 14

-10 0 4 _s8
3

34
5 0 -6 4 ¥

f(x) = (x + %)(15x3 - 6x +4)+ ¥

)
((5) = 154 - 20-4) - o) v 24 - %

} f(x)=x3+2x2—5x—4,k:—\/§

N

1 2 5 -4
-5 -25+5 10
1 2-+5 25 6

f(x) = (x + \/g)[xz + (2 - \/g)x - 2\/5} +6
f(-v/5) = (-v/5) + 2(~/5) —5(-v/B) -4 =56

Cf(X) = 43 +6x2 +12x + 4k =1- /3

1-/3

-4 6 12 4
4 +4J/3 -10+2/3 4
-4 2+43 2+ 2.3 0

F() = (x =1+ /3~ + (2 + 43+ (2 + 23)
f(l—\/g) —4(1—\/§)3 + 6(1—\/5)2 +12(1—\/§)+ 4=0
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54. f(x) = —3x° + 8x2 + 10x — 8,k = 2 + /2

2++2 | -3 8
-6 - 3J/2
3 2-3/2

f(x) = (x -2 —ﬁ)[—sz + (2 —3\/§)x +8-— 4\/5}
f(2+\/§):—3(2+\/§)3+8(2+\/§)2+10(2+\/§)—8= 0

55. f(x) =2x* - 7x+3
(a) Using the Remainder Theorem:
f(1) = 200)° - 7(1) + 3= -2
Using synthetic division:
112 0 -7 3

(b) Using the Remainder Theorem:
f(-2) = 2(-2)° = 7(-2) + 3 =1
Using synthetic division:
-2 |2 0o -7 3

2 2 -5 -4 8 -2
2 2 -5 =2 2 -4 1 1
Verify using long division: Verify using long division:
2x2 + 2x =5 2x%2 —4x +1
x—1)2x3+0x2—7x+3 X +2)2x3 + 0x2 - 7x + 3
2x3 — 2x? 2x% + 4x°
2x% — 7x —4x% — 7x
2x% — 2x —4x2 — 8x
-5x + 3 X + 3
-5x + 5 X + 2
-2 1
(c) Using the Remainder Theorem: (d) Using the Remainder Theorem:
3 f(2) = 2(2° -7(2) +3=5
(30
2 2 2 4 Using synthetic division:
Using synthetic division: 212 0o -7 3
1
1o o _7 3 4 8 2
2 2 4 1 5
, L B
2 4 Verify using long division:
, 1 B 1 2x% + 4x + 1
2 4 x—2>2x3+0x2—7x+3
Verify using long division: 2¢ = 4
4x% — 7x
20+ x- 23 4x® - 8x
1 2 X+ 3
x——)2x3+0x2—7x+3 X—2
2%3 — x2 5
X2 — 7x
X2 — ix
2
—Ex + 3
2
13 13
2 4
1
4
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56. g(x) = 2x° + 3x* — x* + 3
(@) Using the Remainder Theorem:
9(2) = 2(2)° +3(2)" - (2 +3 =175

Using synthetic division:

212 0 3 0 -1 0 3
4 8 22 44 86 172
2 4 11 22 43 86 175

Verify using long division:

2x5 + 4x* + 11%°

Section 2.3 _Polynomial and Synthetic Division

+ 22%% + 43X + 86

X — 2)2x6 +0x° +3x* + 0x° —

x>+ Ox+ 3

2x5 — 4x°
4x5 + 3x*
4x5 — 8x*
11x* + 0x®
11x* — 22x3
22x% — X2
22x% — 44x°
43x% + 0x
43x% — 86X
86x + 3
86x — 172

(c) Using the Remainder Theorem:
9(3) = 23)° +3(3)" - (3)" + 3 = 1695

Using synthetic division:

3112 0 3 0 -1 0 3
6 18 63 189 564 1692
2 6 21 63 188 564 1695

Verify using long division:

2x° + 6x* + 21x® + 63x% +188x + 564

175

X — 3)2x6 +0x°+ 3+ 0x- X2+
2x% — 6x°
6x°> + 3x*
6x* — 18x*
21x* + 0x®
21x* — 63x°
63x° —  x°
63x° — 189x?
188x2 +

188x% —

0x + 3
0x
564x
564x + 3
564x — 1692

1695

157

(b) Using the Remainder Theorem:
91) = 20° + 30" - (1) +3=7
Using synthetic division:
112 0 3 O

2 2 5 5
2 2 5 5 4

-1

0 3
4 4
4 7

Verify using long division:

2x° + 2x* +5x3 + 5x% + 4x + 4
x—1)2x6+0x5+3x4+0x3— x? +0x + 3

2x5 — 2x°
2x5 + 3x*
2x5 — 2x4
5x* + 0x®
5x* — 5x°
5x3 — X2
5x% — 5x°
4%? + 0x
4% — 4x
ax + 3
4x — 4

7

(d) Using the Remainder Theorem:
9(-) = 2(-1)° +3(-1)* - (-1)" +3=7

Using synthetic division:

-1 |2 0 3 0 -1 0 3
-2 2 -5 5 -4 4
2 -2 5 -5 4 -4 7
Verify using long division:
2x5 — 2x* + 5x3 — 5x® + 4x — 4
X +1)2x8 +0x® +3x* + 0 — x® +0x + 3
2x% + 2x°
—2x°5 + 3x*
—2x5 — 2x4
5x* + 0x®
5x* + 5x°
—5x% — x?
—5x3 — 5x?
4%2 + 0x
452 + 4x
—4x + 3
—4x — 4

7
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57. h(x) = x> = 5x* = 7x + 4
(@) Using the Remainder Theorem:

(b)

h@3) = (3" - 5(3)° - 7(3) + 4 = -35
Using synthetic division:
3|1 -5 -7 4
3 -6 -39
1 -2 -13 -35
Verify using long division:
x> —2x =13
x—3)x3—5x2 —7x+ 4
x3 — 3x?
—2x% — 7x
—2x% + 6x
-13x + 4
-13x + 39
-35

(d)

(¢) Using the Remainder Theorem:

h(-2) = (-2)° - 5(-2)" - 7(-2) + 4 = 10
Using synthetic division:
2|1 -5 -7 4
2 14 -14
1 -7 7 -10

Verify using long division:
X2 — Tx+ 7

X+2)x2 —=5x> — Ix+ 4
x3 + 2x?
—7x? — 7Tx
—7x% — 14X
x + 4
x + 14

-10

58. f(x) = 4x* —16x% + 7x* + 20
(@) Using the Remainder Theorem:
f(1) = 41)° - 16(1) + 7(1) + 20 = 15

Using synthetic division:

114 -16 7 0 20
4 -12 -5 -5
4 -12 -5 -5 15

Verify using long division:
4x% —12x> - 5x - 5
x —1)4x* —16x3 + 7x® + 0x + 20
4x* — 4x3
—12x% + 7x?
—12x% + 12x?
-5x2 + 0x
-5x2 + 5x
-5x + 20
-5x + 5
15
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Using the Remainder Theorem:

h(2) = (2)° - 5(2)° - 7(2) + 4 = 22
Using synthetic division:
211 -5 -7 4
2 -6 26
1 -3 -13 -22
Verify using long division:
x> —3x —13
X —2)x3 —5x% —7x + 4
X2 — 2x?
—3x% — 7x
—3x% + 6X
-13x + 4
-13x + 26
=22

Using the Remainder Theorem:
h(-5) = (-5)" ~5(-5)" ~ 7(-5) +
Using synthetic division:

4=-211

511 -5 -7 4
-5 50 -215
1 -10 43 -211
Verify using long division:
x> —10x + 43
X+5)x3—5x2 - 7x+ 4
x* + 5%
—10x? — 7x
—10x?® — 50x
43x + 4
43x + 215
211

(b) Using the Remainder Theorem:

2

f(-2) = 4(—2)4 - 16(—2)3 +7(-2)" + 20 = 240

Using synthetic division:

214 -16 7 0 20
-8 48 -110 220
4 -24 55 —110 240

Verify using long division:
4x% — 24x* + 55x — 110

X+ 2)4x* =163 + 7x> + Ox + 20
4x% + 8x°
—24x3 + TX?
—24x3 — 48x?
55x% + Ox
55x? + 110x
-110x + 20
-110x — 220
240



(c) Using the Remainder Theorem:
f(5) = 4(5)" - 16(5)° + 7(5)° + 20 = 695

Using synthetic division:

Section 2.3 _Polynomial and Synthetic Division

(d) Using the Remainder Theorem:

f(-10) = 4(-10)" — 16(~10)° + 7(~10)° + 20 = 56,720

Using synthetic division:

514 -16 7 0 20 -10 | 4 -16 7 0 20
20 20 135 675 -40 560 -5670 56,700
4 4 27 135 695 4 56 567 -5670 56,720

Verify using long division:

Verify using long division:

4% +  4x% + 27x +135 4x° — 56x% + 567x — 5670
X —5)4x* —16x% + 7x>+ Ox+ 20 X +10)4x* —16x° + 7x*+  Ox + 20
4x* — 20x%° 4x* + 40x°
4%3 + 7x? -56x° +  7x?
4x® — 20x? —56x° — 560x>
27x% +  0x 567x% +  0x
27x? — 135x 567x> + 5670x
135x + 20 —-5670x + 20
135x — 675 -5670x — 56,700
695 56,720
59. 62.
21 0 -7 6 214 80 4 -6
4 -6 32 32 6
12 3 0 48 48 9 0

x3—7x+6:(x—2)(x2+2x—3)
=(x=2)(x+3)(x -1

X —

-3
(-3
(

Zeros: 2,-3,1 = (3x — 2)(4x - 3)(4x - 1)
60. 4|1 0 -28 -48 Zeros: %, %,%
-4 16 48 63
1 4 -12 0 V3|1 2 S50
3_28 48 4)(x? - 4 12 \/5 3 2\/5 ;
X - 28x ~ 48 = (x + 4)(x* — 4x - 12) 1 243 2J3 0
= (x+4)(x - 6)(x + 2)
31 2+/3 23
Zeros: —4,-2,6
-3  -2/3
Lo 117 45 27 10 ! 2 0

1 7 10
2 -14 20 0

2x3 — 15x% + 27x — 10 = (x - %)(2x2 — 14x + 20)

x3+2x2—3x—6:(x—\/§)(x+\/§)(x+2)

Zeros: —/3,~/3, -2

(48x2 — 48X + 9)

(4x — 3)(12x — 3)

= (2x — 1)(x - 2)(x - 5) 4 V2 |1 2 2 4
Zeros: 1 2.5 V2 2/2+2 4
2" 1 2+2 22 0

V2 |1 2++2 232

~2 22

1 2 0

x3+2x2—2x—4:(x—\/§)(x+2)(x+\/§)
Zeros: =2, — \/5, \/E
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65. 1+4/3 |1 -3 0 2 68. f(x) = 3x° + 2x* —19x + 6;
1+3 1-3 =2 Factors: (x + 3), (x — 2)
L2243 1-43 0 @ 3|3 2 -19 &
1-V3 |1 2+3 1-./3 9 2 -6
1-J3 -1+-/3 3 -7 2 0
! -1 0 203 -1 2
x3—3x2+2=[x—(1+ ﬁ)}[x—(l—\@ﬂ(x—l) 6 -2
3 -1 0

=(x—1)(x—l—\/§)(x—l+\/§)
Zeros: 1,1—\/5,1+ \/§

Both are factors of f(x) because the remainders

are zero.

66. 2_./5 |1 -1 13 -3 (b) The remaining factor is (3x — 1).
2-5  7-3/5 © f(x) =3 +2x2 —19x + 6
1 1-v6 6-3/6 = (3 —1)(x + 3)(x - 2)
2 + \/g 1 1- \/g -6 — 3\/§ (d) Zeros: %’ _3l 2
2+5 6+3/5 © 5
1 3 0

x3—x2—l3x—3:(x—2+\/§)(x—2—\/§)(x+3)
Zeros: 2 —\/5,2 + \/5 -3

67. f(x) = 2x* + x> — 5x + 2; Factors: (x + 2), (x — 1)

@ 2|2 1 -5 2
-4 -2
2 -3 0

112 =3 1

2 -1

2 -1 0

Both are factors of f(x) because the remainders
are zero.

(b) The remaining factor of f(x) is (2x —1).

(€) f(x) =(2x-1(x + 2)(x - 1)

(d) Zeros: £,-2,1

(e)

7

L

! S

-10

69. f(x) = x* — 4x® — 15x% + 58x — 40;
Factors: (x — 5), (x + 4)

@ 5|1 -4 -15 58 -40
5 5 50 40
1 1 -10 8 0

4|11 1 -10 8

Both are factors of f(x) because the remainders
are zero.
(b) x> =3x+2=(x-1)(x-2)
The remaining factors are (x — 1) and (x — 2).
(© f(x) = (x =1)(x - 2)(x = 5)(x + 4)
(d) Zeros: 1,2,5, -4

@) ) : 20 :

) N

o

-180
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70. f(x) = 8x* — 14x® — 71x* — 10x + 24;
Factors: (x + 2), (x — 4)

@ 2|8 -14 -71 -10 o4
-16 60 22 24
8 -30 -11 12 0

418 30 -11 12

Both are factors of f(x) because the remainders
are zero.

(b) 8x* + 2x — 3 = (4x + 3)(2x — 1)

The remaining factors are (4x + 3) and (2x — 1).

() f(x) = (4x +3)(2x —1)(x + 2)(x — 4)
(d) Zeros: -3, 1,-2,4

40
(e) = 1

-380

72. f(x) = 10x* — 11x* — 72X + 45;

Factors: (2x + 5), (5x — 3)

@ 51010 1 72 45
25 90 45
10 -3 18 0
3110 -3 18
6 18
10 -30 0

Both are factors of f(x) because the
remainders are zero.

() f(x) =(x—3)2x + 5)(5x - 3) (d)

(e) 100

LA
A,

-80

Zeros. 3, —

Section 2.3 Polynomial and Synthetic Division

71. f(x) = 6x® + 41x* — 9x — 14;
Factors: (2x + 1), (3x — 2)

@ 116 a1 9 14
3 19 14
6 38 28 0

216 38 -28

4 28

6 42 0

161

Both are factors of f(x) because the remainders

are zero.
(b) 6x + 42 = 6(x + 7)

This shows that LX)

om=x+7.

The remaining factor is (x + 7).
() f(x) =(x+7)2x +1)(3x - 2)

(d) Zeros: -7, —13
23

320

()

~40

(b) 10x — 30 = 10(x — 3)

This shows that ) 10(x - 3),

e 3 -)

The remaining factor is (x — 3).

N ol
o] w
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73. f(x) = 2x* — x> —10x + 5; 75. f(x) = x> — 2x* — 5x + 10

Factors: (2x — 1), (x + \/5) (a) Thezerosof fare x = 2 and x ~ +2.236.
(@) % 5 1 _10 5 (b) Anexactzerois x = 2.

1 0 -5 © 2|1 -2 -5 10

2 0 -10 0 2 0 -0

1 -5 0

/5 |2 0 -10 ,
25 10 f(x) = (x - 2)(x - 5)
2 25 0 = (x = 2)(x = ~/B)(x + \/5)

Both are factors of f(x) because the remainders
76. g(x) = x* —4x* - 2x + 8

are zero.
() 2x — 2/5 = 2(x _ \/g) (@) Thezerosofgare x = 4, x ~ —1.414, x ~ 1.414.
(x) (b) x = 4 isan exact zero.
This shows that ———~—— = 2(x - \/E)
1 © 4|1 -4 2 8
X —-= (x + \/5)
2 4 0 -8

f(x) oy 1 0 2 0
O(2x—1)(x+\/§) Ve

The remaining factor is (x - \/g) .
() f(x) = (x + \/g)(x - \/g)(ZX -1
(d) Zeros: —/5, \/—%

(x - 4)(x - \/E)(x + \/5)

77. h(t) =¥ - 2t° — Tt + 2
1 (@) Thezerosofhare t = -2, t ~ 3.732,t ~ 0.268.
@)
(b) Anexact zeroist = —2.
) © 2|1 2 -7 2
-6 6
I U -2 8 =2

- 1 -4 1 0

74. f(x) = x* + 3x* — 48x — 144; h(t) = (t + 2)(t2 _ 4t + 1)

Factors: (X * 4\/5)’ (X * 3) By the Quadratic Formula, the zeros of

@ 3|1 3 48 144 t2 — 4t + lare 2 + /3. Thus,
8 0 144 h(t) = (t + 2)[t - (2 + ~/3) [t - (2 - /3|
(R )
43 |1 0 -48
-4/3 48
1 43 0

Both are factors of f(x) because the remainders
are zero.
(b) The remaining factor is (x - 4\/5) .

() f(x) = (x - 4\/§)(x + 4\/5)(x +3)
(d) Zeros: +4/3, - 3

© S {

-8 ff kxth/ff/ 8

—-240
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78.

79.

80.

84.

Section 2.3 Polynomial and Synthetic Division

f(s) = s* —12s* + 40s — 24

(@) Thezerosoffare s = 6,5 ~ 0.764,s ~ 5.236

(b) s = 6 isan exact zero.

© 6|1 -12 40 -24
6 -36 24

1 —6 4 0

f(s) = (s - 6)(32 — 65 + 4)
=(s- 6)[5 - (3 + \/5)}[5 - (3 - \/E)}

h(x) = x* = 7x* + 10x> + 14x* — 24x
(@) The zerosofhare x = 0,x = 3, x = 4,
X ~ 1414, x =~ -1.414.
(b) Anexactzerois x = 4.
© 4|1 7 10 14 -24
4 -12 -8 24
1 -3 -2 6 0

h(x)

(x - 4)(x4 —3x3 - 2x2 + GX)

X(x — 4)(x - 3)(x + \/E)(x - \/E)

g(x) = 6x* —11x* — 51x* + 99x — 27

(@) The zerosofaare x = 3, x = =3, x = 1.5,
x ~ 0.333.
(b) Anexactzerois x = -3.

© 3|6 -11 -51 99 -27
-18 87 -108 27
6 -29 36 -9 0

a(x) = (x + 3)(6x* — 29x* + 36x — 9)
(x + 3)(x — 3)(2x — 3)(3x — 1)

x* +9x3 - 5x2 —36x+4  x*+9x® - 5x* —36x + 4

x* -4 (x+2)(x - 2)
211 9 -5 -36 4
2 22 34 4
1 11 17 -2 0
2|1 1 17 -2
-2 18
1 9 -1

x* + 9x% — 5x? — 36x + 4
X2 — 4

=x24+9x -1 x = 2
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43 —8x? + x + 3

81.
2x — 3
3
- |4 -8 1 3
2
6 -3 -3
4 -2 =2 0

43 —8x® + x + 3

:4x2—2x—2:2(2x2—x—1)

3
X_f
2
3 _ qy?
So,4x 8x +X+3:2x2—x—1,x;t§.
2x — 3 2
3 2 _
82.X+X 64x — 64
X+ 8
-8 |1 1 -64 -64
-8 56 64
1 -7 -8 0

X% + x? — 64x — 64
X+ 8

X'+ 6x° +11x% + 6x

x2 —7x —8,x # -8

83.
X2 +3x + 2 (x +1)(x + 2)
-1] 1 6 11 6
-1 -5 -6
1 5 6 0

x* + 6x° + 11x% + 6X

(x +1)(x + 2)

=x2 +3xx % -2,-1

x* + 6x3 + 11x?% + 6X
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85. (a) 3,200,000

0 45

—400,000

(b) Using the trace and zoom features, when x = 25, an advertising expense of about $250,000 would produce
the same profit of $2,174,375.
(c) x=25
25 -152 7545 0 -169,625
—3800 93,625 2,340,625
-152 3745 93,625 2,171,000

So, an advertising expense of $250,000 yields a profit of $2,171,000, which is close to $2,174,375.

86. (a) and (b) 1000

0 15
0

N = —3.1705t* + 71.205t°> — 551.75t? + 1821.2t — 1985

©
t {3 |4 |5 |6 |7 |8 |9 |10

N | 179 | 217 | 246 | 351 | 539 | 743 | 821 | 552

The estimated values are close to the original data values.
(d 10 | -3.1705 71205 -551.75  1821.2  -1985

—31.705 395 -1567.5 2537
395 -156.75 253.7 552

Because the remainder is r = 552, you can conclude that N(10) = 552. This confirms the estimated value.

87. False. If (7x + 4) isafactor of f, then —é is a zero X"+ 6x" + 9
of f. 91. x" + 3)x3n +9x2" 4 27X + 27
X3 4+ 3x3"
88. True. 6x2" + 27x"
6x" + 18x"
116 -92 45 184 4 48 ox" + 27
3 2 45 0 92 48 ox" + 27
6 4 —-90 0 184 96 0 0
F(x) = (2x = (¢ + D(x = 2)(x - 3)(3x + 2)(x + 4) K I 2X 2Ty gy g x0 -3
X" + 3
89. True. The degree of the numerator is greater than the o .
degree of the denominator. X - x"+3
92. x" — 2)x3 — 3x?" + 5x" — 6
3 _ 2 3n _ 2n
90. False. The equation X o3 A o gy aitis Xizxz,] .
X +1 X" + 5x
not true for x = —1since this value would result in X2 4 2x"
n
division by zero in the original equation. So, the equation gi” - g
3 ay2 X —0
should be written as X=X *4 _ 2 _ax 4 4, 0
X +1 , ,
no_ n n o_
X % -1 X 3x" + 5x 6:x2”—x”+3,x”¢2

X'
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Section 2.4 Complex Numbers

1.

2.

3.

10.

11.

12.

217.

28.

29.

30.

real
imaginary

pure imaginary

\/fl -1

. principal square

. complex conjugates

ca+bi=-12+7i
a=-12
b=7

a4+ bi =13+ 4i
a=13
b=4

.(@a=1)+(b+3)i=5+8i

a-1=5=a=6
b+3=8=b=5

(a+6)+ 2bi = 6 — 5i
a+6=6=>a=0
2b=-5=b=-2

8 +./-25 =8+ 5i

5+ ./-36 =5+ 6i

(-2 + \/-8) + (5 - </-50) = —2 + 2/2i + 5 ~ 5/2i
=3-3/2i

(8 +/-18) — (4 + 3V2i) = 8 + 3J/2i - 4 - 3/2i
=4

13i — (14 - 7i) = 13i — 14 + 7i

-14 + 20i

25 + (<10 + 11i) + 15i = 15 + 26i

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

31.

32.

Section 2.4 Complex Numbers

2 - J=21 = 2 - J27i
2 - 3J3i

1+ -8 =1+ 2/2i
J-80 = 4/5i
=4 = 2i

14 =14 + 0i = 14

75 =75+ 0i = 75
-10i + i = -10i -1 = -1 - 10i

—4i% + 2i = —4(-1) + 2i

=4+ 2i
J-0.09 = /0.00i
= 03i
/—0.0049 = +/0.0049i
= 0.07i

(7+i)+(3-4i)=10-3i

(13 - 2i) + (-5 + 6i) = 8 + 4i

@-i)-(@B-i)=1
3+ 2i)—(6+13i) =3+ 2i — 6 —13i
(3+2) - ( )
=-3-1%
—(g+%l)+(g+l3ll)— 3-S5+ 2+
_ _9 _15: . 10 . 22;
=% 6!t Tl
_ 1., T
—€+g|

(1.6 + 3.2i) + (-5.8 + 4.3i) = —4.2 + 7.5i

165
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166 Chapter 2 Polynomial and Rational Functions

33 (L+i)(8—2i) =3-2i+3i -2 45. The complex conjugate of —1 — ~/5i is —1 + ~/5i.
S3Hir2=54 (-1~ VEi)-1+ /Bi) = 1 52

34. (7 - 2i)(3 - 5i) = 21 — 35i — 6i + 10i? =1+5=6
=21-41 -10

46. The complex conjugate of —3 + V2i is -3 - /i,
(-3 + Vai)(-3 - /2i) = 9 - 2

=9+2
=11

11 - 41

35. 12i(L - 9i) = 12i — 108i2
= 12i + 108
= 108 + 12i

47. The complex conjugate of \/—20 = 2\/§i is —2\/§i .
36. —8i(9 + 4i) = —72i — 32i? P o

_ 30 _ 79i (2+/5i)(~2+/5i) = —20i% = 20
37. (\/14 + \/loi)(\/l - \/10i) = 14 - 10i* 48. The complex conjugate of /-15 = ~/15i is —~/15i.
=14 +10 = 24 (~/15i)(~~/15i) = -15i% = 15
38. (/3 + /15i)(~/3 — +/15i) = 3 — 15i?
( )( ) 49. The complex conjugate of 6 is /6.
=3+15=18
(Ve)(Ve6) = 6
39. (6 + 7i)° = 36 + 84i + 49§
— 36 + 84i — 49 50. The complex conjugate of 1 + /8 is 1 + /8.
= -13 + 84i (1+\/§)(1+\/§)=1+2\/§+8
40. (5 — 4i)° = 25 — 40i + 162 =9+ 42
= 25— 40i — 16 i 3
_ TP e R
= 9 — 40i i - —i?
41 (2 +3i)° + (2 - 3i)° = 4 +12i + 9 + 4 — 12i + i 5 14 -2 28 28
— 4412 -9+ 4-12 -9 2 -2 -4ir 4
=10 2 2 4+5i
By TE 5"4+5!
42. (L= 20) - (L+20)° =1 4i + 4% — (1+ 4i + 4i%) IR
_2(4+5i) 8+10i 8 10
=1-4i + 4i®> -1 - 4i — 4i? _16+25_ 41 _HJFHI
= —8i
g, 13 (1+i) 13413 13413 13 13,
43. The complex conjugate of 9 + 2i is 9 — 2i. 11— Q40 1-i2 2 2 2
(9 + 2i)(9 - 2i) = 81 - 4i2 .
g1 55 5+i (5+10) _ 25+10i +i°
e "5-i (5+i)  25-1
-85
_ 244100 12 5.
44. The complex conjugate of 8 — 10i is 8 + 10i. 26 13 13
(8 - 10)(8 + 10) = 64 — 100i° e 671 142 _6+12i - 7i - 147
= 64 + 100 1-2i 1+2i 1 - 4i?
=164 20 + 5i

= =4+
5
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T "
57 9 _4|.7!: 9|J_r24| —_4_o9
i —i —i
i o _16i _ 29i2
58, 8+.16| .72!: 16i .32| _8_ 4
2i ~2i —4i?
59 3i B 3i 3 3i -9 + 40i
' (4 - 5i)2 16 — 40i + 25> -9 — 40i -9 + 40i
=271 +120i7 120 — 27i
81 + 1600 1681
_ 120 27 i
1681 1681
60. 5i - 5_| _
(2+3i) 4 +12i + 9i
B 5i —5-12i
-5 +12i -5-12i
_ —25i — 60i°
25 — 144i?
_ 60 - 25i —ﬂ—éi
169 169 169
61 2 - 3 _: 2(1- i)_— 3(1_+ i)
1+i 1-i @+ia-i
_2-2i-3-3i
1+1
_ -1-5i
2
1
=—-= -
2
62. 2i L, 5 _ 2i(2 - i).+ 5(2.+ i)
2+1 2-i (2+i)2-1)
_ 4i -2 +10 + 5i
4 -2
12 + 9
5
12 9.
==+ i
5 5

69. (3 + /-5)(7 - /-10)
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(3 + /5i)(7 - /10i)

21 - 3J10i + 7-/5i — </50i2
(21 + \/50) + (7/5 - 3v/10)
= (21 +5V2) + (1</5 - 3J10)i

Section 2.4 Complex Numbers 167
63 | ., 2i _ i(3+8i)_+2i(3—_2i)
3-2i 3+8i (3 - 2i)(3 + 8i)
_3i +8i% + 6i — 4i?
9 + 24i — 6i — 16i2
o 4i% 40
9 +18i + 16
_ —4+9i 2518
25 +18i 25 - 18i
_ —100 + 72i + 225i 162i?
625 + 324
_ 624207 _ 62 297,
949 949 949
64 1-f-i .3 (1+i_)(4—_i)—3i
i 4 —i i(4-1)
4447 -3
4i - i?
_ 5 1-di
1+4i 1-4i
5 20i
1 - 16i2
5 2
17 17
65. /-6 - /-2 = (/6i)(/2i) = V12i2 = (2:/3)(-)
=23

0. 75 7T - (VAG)
= /50i% = 5v/2(-1) = -5v/2

67. (\/E)2 - (\/Ei)2 = 1512 = -15

68. (JTS)Z - (\/ﬁi)2 - 75i2 = 75



168

70. (2—\/—_6)2 = (2 - 6i)(2 - V/6i)
= 4 — 23/6i — 2</6i + 6i2
= 4 — 2:/6i — 2+/6i + 6(-1)
= 4 -6 - 4J6i
= -2 - 46
71 X2 —=2x+2=0a=1bh=-2c=2
(2= - 40
2(1)
2+ ./-4
2
2+ 2

2
1+i

72. x> +6x+10=0a=1b=6c¢ =10

—6 + /6% — 4(1)(10)

2(1)
_ —6+./-4
B 2
-6+ 2
2
= -3+

73. 4x*> +16x +17 = 0;a = 4,b = 16, ¢c = 17

16 + /(16)" - 4(4)(17)
(4

X =

2(4)
16+ /-16
B 8
16 4 4i

8
-2+l
2

74, 9x> —6x +37 =0;a=9,b =-6,¢c =37
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Chapter 2 Polynomial and Rational Functions

75.

76.

77.

78.

4x%> +16x +15 =0;a = 4,b = 16,¢c = 15

~16 + \/(16)° — 4(4)(15)

X =
2(4)
_ -16+-/16  -16+ 4
8 8
12 3 20 5
X=-"=-=0rX=-—"—"=—-=
8 2 8 2

16t> — 4t +3=0;a=16,b = -4,c = 3

~(-4) £ J(-4)" - 416)3)

1, /11
==+ =i

8 8

3., . .

Ex — 6x + 9 = 0 Multiply both sides by 2.
3x2 —12x +18 =0;a =3, b = -12,¢c =18

—(-12) £ {/(-12)* - 4(3)(18)

X =
23)
12+ /-T2
B 6
:12i6\/§|:2i\/§i
6
7 3

5 . .
—x? — Zx + —— = 0 Multiply both sides by 16.
8 4 16 4 y

14x?> —12x +5=0;a =14,b = -12,c = 5

—(-12) £ {/(-12)° - 4(14)(5)
2(14)
12+ /136
B 28
_ 12+ 2</34i

28

& 3

14

X =

~ | w



Section 2.4

79. 1.4x% — 2x — 10 = 0 Multiply both sides by 5. 82. 4i% — 2i° = 4i% - 2i% = 4(-1) - 2(-1)i = 4 + 2i
7x2 —10x —50 = 0;a = 7,b = -10,¢c = -50
83. —14i% = ~14i%% = —14(-1)(-1)(i) = —14i
2
UL J(10)° - 4(7)(-50)
2(7) 84. (-i) = (<)) = (-Di% = (-)(-D)i =i
10 + /1500 ; ;
- 14 8. (V-72) = (6v/2)
10 + 10-/15 3
i _ Rr3 +3
14 = (V2]
_5,5V1s = 216(2/2)’i
777
= 432/2(-)i
80. 45x2 —3x +12 = 0;a = 45,b = -3, ¢ = 12 — 4322
_—(-3) £ /(-3)" - 4(45)12) 6 6
X = 25) 86. («/—2) = (ﬁ.)
3+ /-207 = 8i° = 8i%%°
- 9 = 8(-1)(-1)(-1)
34323 = -8
- 9
1 /23, 87,i:i:i:i_l:L:i
*giT' [ 1 TR R S T £
81. —6i® +i? = —6i% + i? 88. 13:%:72:7:7.84: 8i_2:,i
= —6(-1)i + (-1) (2i) 8i 8ii  -8i -8 8 64 8
=6i -1 4 24 i2:2
e 89. (3i)' = 81i* = 81i%2 = 81(~1)(-1) = 81
90. (-i)° = i® = i%%? = (-1)(-1)(-1) = -1
91. @) 7 = 9 +16i,2, = 20 — 10i
W iot, ot 1 _ 20 -10i + 9 +16i _ 29 + 6i
z oz oz, 9+16i 20-10i (9 +16i)(20 —10i) 340 + 230i
L (340 + 230i)(29 - 6i] _ 11,240 + 4630i _ 11240 4630,
29 + 6i )\ 29 — 6i 877 877 877

92. (a) (—1 + \/§i)3

0) (-1-Va)

1+ 33 +9 - 33

8

-1 - 33 + 9+ 3/3i

=8

(1) + 3(-1(V3) + 3(-D(V3E) + (Va)
-1+ 3/3i - 9i2 + 3./3i°
—1+ 3/3i - 9i2 + 3/3i%

(-2 + 3(-1°(~V/3) + 3(-D(~/3) +(~/3)
-1 - 3/3i - 9i2 - 3/3i°
—1 - 3/3i - 9i2 — 3/3i%

Complex Numbers 169
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93.

95.

96.

97.

101.

Chapter 2 Polynomial and Rational Functions

False. 94. True.

If b =0then a + bi = a - bi = a. * - x2+14 = 56
That is, if the complex number is real, the number equals ) 4 ) 2 ?

its conjugate. (—I\/g) - (—I\/g) +14 = 56

36+6+14 = 56

56 = 56
False.
i44 + ilSO _ i74 _ i109 + i61 _ (i2)22 + (i2)75 _ (i2)37 _ (i2)54i + (i2)30i
22 75 37 54. 30.
= (D)7 + ()7 - () - (YT (YT
=1-1+1-i+i=1

False. 98. (i) D
Sample answer: 4i + (3 + 2i) = 3 + 6i, whichisnota (i) F
real number. (iii)B

. (iv) E

e v) A

=t (vi)C

i’ =i

i =1 99. \/-6./-6 = /6i/6i = 6i2 = -6

5 g

Pl 100. (a, + bi)(a, + byi) = a2, + abyi + abi + bibyi?
i* = i%? 1 )
-7 423 = (3.13.2 - b_|_b2) + (a.lbz + a.zbl)l
i’ =0% = i

8 _ 4t _q The complex conjugate of this product is

Ig - !4!4_ (a3, — biby) — (ayb, + aghy)i.

;O - |4|4|2— ! The product of the complex conjugates is
it = i%%ie = -1 ) ) ] ) )
G e _ (a — bi)(a, — byi) = aa, — abyi — abji — biby,i?
i12 _ i4i4i4 _ 1 = (alaz - b_le) - (albz + azbl)l

So, the complex conjugate of the product of two complex

The pattern i, =1, —i, 1 repeats. Divide the exponent . . .
P P P numbers is the product of their complex conjugates.

by 4.

If the remainder is 1, the result is i.

If the remainder is 2, the result is —1.
If the remainder is 3, the result is —i.
If the remainder is 0, the result is 1.

(a + bii) + (2 + byi) = (& + &) + (b + by)i
The complex conjugate of this sum is (a, + a,) — (b + by)i.

The sum of the complex conjugates is (a, — byi) + (82 — i) = (& + &) — (b + by)i.

So, the complex conjugate of the sum of two complex numbers is the sum of their complex conjugates.
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Section 2.5 Zeros of Polynomial Functions

[y

10.

11.

12.

13.

14.

15.

16.

17.

. Fundamental Theorem of Algebra
. Linear Factorization Theorem

. Rational Zero

. conjugate

. linear; quadratic; quadratic

. irreducible; reals

. Descartes’s Rule of Signs

. lower; upper

. Since f is a 1st degree polynomial function, there is one
zero.

Since f is a2nd degree polynomial function, there are
two zeros.

Since f is a 3rd degree polynomial function, there are
three zeros.

Since f isa 7th degree polynomial function, there are
Seven zeros.

Since f is a 2nd degree polynomial function, there are
two zeros.
2 2

h(t) = (t-1)" - (t+1)

= (P -2t+1) - (2 + 2t +1)

= -4t
Since h is a 1st degree polynomial function, there is one
real zero.
f(x) =x*+2x* —x -2
Possible rational zeros: +1, +2

Zeros shown on graph: -2, -1,1, 2

f(x) = x> — 4x* — 4x + 16
Possible rational zeros: +1, +2, +4, +8, +16

Zeros shown on graph: -2, 2, 4

f(x) = 2x* —17x* + 35x* + 9x — 45
Possible rational zeros: +1, +3, £5, +9, 15, +45,

+3 45 49 415 145
255

1 5
2’ 2T 2 T2 2

I+

Zeros shown on graph: -1, % 3,5

Section 2.5 Zeros of Polynomial Functions

18. f(x) = 4x> — 8x* —5x* +10x* + x — 2

Possible rational zeros; +1, +2, i%, J_r%
Zeros shown on graph: —1, —%, % 1,2

19. f(x) =x*-7x-6
Possible rational zeros: +1, +2, +£3, +6
3/1 0 -7 -6
3 9 6
1 3 2 0

f(x) = (x - 3)(x2 +3X + 2)
= (x=3)(x +2)(x +1)

So, the rational zeros are —2, -1, and 3.

20. f(x) = x® —13x + 12

Possible rational zeros: +1, +2, +3, +4, +6, +12

3|1 0 -13 -12
3 9 -12
3 -4 0

f(x) = (x - 3)(x2 +3x — 4)
= (x-3)(x+4)(x -1

So, the rational zeros are 3, —4, and 1.

21. g(x) = x* —4x* - x + 4
= X3(x — 4) = I(x — 4)
= (x - 4)(x* -1

= (x—4)(x -1(x +1)

So, the rational zeros are 4,1, and —1.

22. h(x) = x* - 9x® + 20x — 12
Possible rational zeros: +1, +2, +3, +4, £6, +12
111 -9 20 -12

1 -8 12
1 8 12 0

h(x) = (x = 1)(x? - 8x + 12)

= (x = 1)(x - 2)(x - 6)

So, the rational zeros are 1, 2, and 6.

171
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172 Chapter 2 Polynomial and Rational Functions

23. h(t) =t° +8t> +13t + 6 27. f(x) = 9x* — 9x® — 58x* + 4x + 24
Possible rational zeros: +1, +2, +£3, +6 Possible rational zeros:

1, £2, £3, £4, £6, £8, £12, £24,
6|1 8 13 6

-6 -12 -6 545, 45,25, 45, £5,

1 2 1 0 )
£+ 87 + 13t + 6 = (t + 6)(t* + 2t + 1)
=(t+6)(t+1(t+1

So, the rational zeros are —1 and —6. 3

24. p(x) = x* - 9x* + 27x — 27

©
o
|
AN
o

Possible rational zeros: +1, +3, +9, +27 f(x) _ (x + 2)()( _ 3)(9x2 _ 4)

o R = (x + 2)(x - 3)(3x — 2)(3x + 2)
3 -18 27
1 6 9 0 So, the rational zeros are -2, 3, %, and —Z.
p(x) = (x - 3)(x* — 6x + 9) 28. f(x) = 2x* - 15x® + 23x? + 15x — 25
= (x=3)(x - 3)x-3) Possible rational zeros: +1, +5, +25, +1, +3, +2

So, the rational zero is 3.
512 -15 23 15 -25

25. C(x) = 2x® +3x* -1 10 -25 -10 25

Possible rational zeros: +1, J_r%

-1l2 3 o0 -1 1l2 5 -2 5
2 1 1 2 3 -5
2 1 -1 0 2 -3 -5 0
2%+ 3x2 — 1= (x + 1)(2x* + x — 1) 1]2 -3 -5
= (x+1)(x+1)(2x - 1) -2 5
= (x +1°(2x - 1) 2 -
So, the rational zeros are —1and 3. f(x) = (x = 5)(x = 1)(x + 1)(2x - 5)

H 5
2. f(x) — 3% _19x2 4 33% — 9 So, the rational zeros are 5,1, -1 and 3

Possible rational zeros: +1, +3, +9, i% 29, 24+ 34+7224+32-6=0

3|3 -19 33 -9 Possible rational zeros: +1, +2, £3, £6

9 -30 9 1 1 1 1 3 -6

3 -10 3 0 1 2 3 6

f(x) = (x - 3)(3x* — 10x + 3) 1 2 3 6 0
= (x = 3)(3x = )(x - 3) (z-1)(z° +222 +32+6) =0
So, the rational zeros are 3 and % (z - 1)(22 + 3)(2 +2)=0

So, the real zeros are —2 and 1.
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30. x* —13x% —12x
x(x3 —13x — 12)

0
0

Possible rational zeros of x® — 13x — 12:
+1,+2,+3,£4, £6, £12
-111 0 -13 -12
-1 1 12
1 -1 -12 0

X(x +1)(x* = x-12) = 0
X(x +)(x —4)(x +3) =0
The real zeros are 0, -1, 4, and —3.
31, 2y* +3y° —16y?2 +15y -4 =0
Possible rational zeros: i%, 11, £2,+4
112 3 -16 15 -4

2 5 -11 4
2 5 -11 4 0

12 5 11 4
2 7 -4

2 7 -4 0

(v -1y -1)(2y* + 7y - 4) = 0

(y-1D(y-1Ry-1(y+4) =0

So, the real zeros are —4,% and 1.

32, XX —x* =3 +5x2-2x=0
x(x4—x3—3x2+5x—2):0

Possible rational zeros of x* — x* — 3x? + 5x — 2:
+1,+2

171 -1 -3 5 2
1 0 -3 2
1 0 -3 2 0

-2 |1 0 -3 2

x(x = 1)(x + 2)(x2 —2X + 1) =

0
X(x =1)(x +2)(x -1)(x -1) =0

The real zeros are -2, 0, and 1.

Section 2.5 Zeros of Polynomial Functions 173

3. f(x) =x}+ x> —4x -4
(a) Possible rational zeros: 1, £2, +4

(b)

(c) Real zeros: -2, -1, 2

34. f(x) = -3x* + 20x* — 36x + 16
(@) Possible rational zeros: +1, +2, +4, +8, 16, i%,

I+
wr

I+
Wl

+8 416
3’ 3

f ———+
42 | 6 8 10 12

(c) Real zeros: % 2,4

35. f(x) = —-4x® +15x* — 8x — 3
(a) Possible rational zeros: +1, +3, i%, i% i%, +

(b)

EN[V)

¢) Real zeros: —1,1,3
(© .

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



174 Chapter 2 Polynomial and Rational Functions

36. f(x) =4x*-12x* - x +15 40. f(x) = 4x* + 7x* —11x — 18

(a) Possible rational zeros: +1, £3, £5, £15 (a) Possible rational zeros: +1,+2, +3, £6, +9, £18,

+143,9.1,3,
2 2 2 4 4
(b) (b) ;
-8 = 'I 8
-24
(c) Real zeros: —2,1 + 145
8 8

(c) Real zeros:-1,3, 2 41 f(x) = x* - 3x2 + 2

-+ +
37. F(x) = —2x* +13x° — 21x% + 2x + 8 (@ x = £1 about +1.414

(b) Anexact zerois x = 1.
(2) Possible rational zeros: +1, +2, +4, +8, +

111 0 -3 0 2
16
() 1 1 -2 -2
1 1 -2 =2 0
T T
L © -1l1 1 2 =2
-1 0 2
-1
(c) Real zeros: —+,1,2,4 1 0 -2 0
38. f(x) = 4x* —17x% + 4 f(x) = (x = D(x + H(x* - 2)
() Possible rational zeros: +1,+2, +4, +1, +4 = (x - 1)(x + 1)(x - \/E)(x + \/5)

(b) l T J 42. P(t) = t* - 7t? + 12

U U (@) t = +2, about +1.732

(b) Anexactzeroist = 2.

2|11 0 -7 0 12
(c) Real zeros: -2, -3, 1,2 > 4 6 -12
39, f(x) = 32x® — 52x + 17x + 3 12 3 6 0
(2) Possible rational zeros: +1,+3, +%, +3, +1 +3, Anexactzerois t = -2.
+1 43 41 43 41 43 2|1 2 =3 -6
T8 e 16 716 T 32 T 32
(b) 6 -2 0 6
1 0 -3 0
/\ (© P(t) = (t - 2)(t + 2)(t* - 3)
. s
i ~ -2t s VA + )

(c) Real zeros: —%, % 1
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43. h(x) = x* = 7x* +10x* + 14x* — 24x

@ h(x) = x(x* = 7x® + 10x* + 14x — 24)
x = 0,3, 4, about £1.414

(b) Anexactzerois x = 3.
311 -7 10 14 -24

3 -12 -6 24

© 4|1 -4 -2 8

4 0 -8
1 0 -2 0
h(x) = x(x = 3)(x — 4)(x* - 2)

X(x = 3)(x — 4)(x - \/E)(x + \/5)
44. g(x) = 6x* — 11x* — 51x* + 99x — 27
(@) x = £3,1.5, about 0.333
(b) Anexactzerois x = 3.
316 -11 -51 99 27
18 21 90 27
6 7 =30 9 0

An exact zero is x = —3.

3|6 7 -30 9

-18 33 -9

6 -11 3 0
© 9(x) = (x = 3)(x + 3)(6x* - 11x + 3)
= (x = 3)(x + 3)(3x — 1)(2x - 3)

49. If 3 + ~/2i isazero, so is its conjugate, 3 — \/— 2i.
F(x) = (3 - 2)(x + ) x - (3+ V/2i) [ x -
= (3x - 2)(x + Y (x - 3 - Va2 (x -
3x? +x—2)[x—3 - (V2 ﬂ

(
(
(3% + x = 2)(x* — 6x + 9 + 2)
= (

32 + X — 2)(x2 — 6X + 11)
= 3x* —17x% + 25x% + 23x — 22
Note: f(x) =

Section 2.5 Zeros of Polynomial Functions 175

45.

46.

47.

48.

J

f(x) = (x = 1)(x = 5i)(x + 5i)

(x = 1)(x* + 25)

=x —x% +25x — 25
Note: f(x) = a(x3 -

nonzero real number, has the zeros 1 and +5i.

f(x) = (x — 4)(x — 3i)(x + 3i)
(x - 4)(x* +9)

X3 — 4x% + 9x - 36
Note: f(x) = a(x®

real number, has the zeros 4, 3i, and —3i.

X% + 25x — 25), where a is any

— 4x* + 9x — 36), where a is any

If 5+ i isazero, sois its conjugate, 5 — i.

() = (x - 2)x ~ (5 + )x - (5 1)

(x = 2)(x* - 10x + 26)

x® — 12x* + 46x — 52
Note: f(x) = a(x® —12x* + 46x — 52), where a is

any nonzero real number, has the zeros 2 and 5 + i.

If 3 — 2i isazero, so is its conjugate, 3 + 2i.

f(x) = (x = 5)(x — (3 - 2i))(x - (3 + 2i))

(x = B)(x* — 6x + 13)

= x% —11x% + 43x — 65
Note: f(x) = a(x3 —11x2 + 43x — 65), where a is

any nonzero real number, has the zeros 5 and 3 + 2i.

a(3x4 —17x% + 25x% + 23x — 22), where a is any nonzero real number, has the zeros 2, —1,and 3 + /2i.
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50. If 1 + ~/3i isazero, so is its conjugate, 1 — ~/3i. 51. f(x) = x* + 6x* — 27
f(x) = (x + 5)2(x -1- \/§i)(x -1+ \/§i) @ f(x) = (Xz n 9)(x2 _ 3)
= (x* +10x + 25)(x* — 2x + 4) ®) £(x) = (¢ + 9)(x + V3)(x - V3)

x* + 8x% + 9x? — 10x + 100

Note: f(x) = a(x* + 8x* + 9x* — 10x + 100), where

() f(x) = (x+3i)(x - Si)(x + ﬁ)(x - \/5)
a is any real number, has the zeros -5, -5, and 1 + J3i.

52. f(x) = x* —2x® - 3x* +12x — 18

x2 - 2x + 3
X2 —6)x4 —2x% — 3x% + 12x — 18

x* - 6X°
-2x + 3x? + 12x
-2x3 + 12x
3x? -18
3x? -18

0
@ f(x) = (x* - 6)(x* —2x +3)
(b) (%) = (x+/6)(x - /6)x* - 2x +3)
© f(x) = (x+/6)(x - V6)(x -1 - /2i)(x - 1+ ~/2i)
Note: Use the Quadratic Formula for (c).

53. f(x) = x* —4x® +5x* = 2x — 6

x> —2x + 3
x2—2x—2>x4—4x3+5x2—2x—6
x* — 2x3 — 2x?
—2x3 + 7x% — 2x
—2x° + 4x% + 4x

3x> - 6x — 6
3x> - 6x — 6
0

@ f(x) = (x* - 2x - 2)(x* - 2x + 3)
(b) f(x)=(x—1+\/§)(x—1—\/§)(x2—2x+3)
(c) f(x):(x—1+ﬁ)(x—l—\/§)(x—1+\/§i)(x—1—\/§i)

Note: Use the Quadratic Formula for (b) and (c).
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54. f(x) = x* - 3x* — x* —12x — 20

x> - 3 -5
X% + 4)x4 -3x% - x2-12x - 20
x4 + 4x?
-3x® — 5x% —12x
—3x° — 12x
—5x2 - 20
—5x? - 20
0

@ f(x) = (x* +4)(x* - 3x -5)

© f(x)=<x+2i><x—2i>(x—3+ﬂ[“33@]

Note: Use the Quadratic Formula for (b).

55. f(x) = x> —x* + 4x — 4 Alternate Solution:
Because 2i is a zero, so is —2i. Because x = +2i are zeros of f(x),
2i |1 -1 4 -4 (x + 2i)(x — 2i) = x* + 4isafactor of f(x).
2 4-21 4 By long division, you have:
1 2i-1 —2i 0 X —1
X2+ 0x+4)x3 - x2+4x -4
2i |1 2i-1 -2i X2 + 0x% + 4x
. . —x2 + 0x — 4
— 2 -x2 + 0x — 4
1 -1 0 0
— (y2 _
F(x) = (x = 2i)(x + 2i)(x - 1) F() = (x* + 4)(x - 1)

) =1 +2i
The zeros of f(x)are x = 1, 2i The zeros of f(x) are x =1, £2i.

56. f(x) = 2x> + 3x® + 18x + 27

Because 3i is a zero, so is —3i. Alternate Solution:
3| 2 3 18 27 Because x = +3i are zeros of f(x),
6i  9i-18 27 (x = 3i)(x + 3i) = x* + 9 isafactor of f(x).
2 3+ 6i 9i 0 By long division, you have:
) ) ) 2x + 3
Sspzo3+en o X2 + 0X + 9)2x° + 3x? + 18X + 27
-6 -9 2x3 + 0x2 + 18x
2 3 0 3x? + Ox + 27
3% + 0x + 27
f(x) = (x = 3i)(x + 3i)(2x + 3) 0

The zeros of f(x) are x = +3i, -3, f(x) = (x2 + 9)(2x +3)

The zeros of f(x) are x = £3i, —%
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57. f(x) = 2x* — x* + 49x* — 25x — 25

Because 5i is a zero, so is —5i.

5i | 2 -1 49 ~25 25
10i -5 —50 -5i+25 25
2 —1+10i -1-5i 5 0
-5i |2 -1+ -1-5i -5i
~10i 5i 5
2 -1 -1 0

f(x) = (x = 5i)(x + 5i)(2x* - x — 1)
= (x = 5i)(x + 5i)(2x + 1)(x — 1)
The zeros of f(x) are x = 15i, —%,1.

Alternate Solution:
Because x = +5i are zeros of f(x), (x — 5i)(x + 5i) = x* + 25 is a factor of f(x).

By long division, you have:
2x2 - x- 1
X2 + 0x + 25)2x* — x3 + 49x? — 25x — 25
2x* + 0x® + 50x?

—x¥ - x? - 25x
—x% + 0x% — 25x
-x% + 0x - 25
-x2 + 0x - 25
0
f(x) = (x2 + 25)(2x2 - X - l)
The zeros of f(x) are x = +5i, —%,1.
58. g(x) = x* — 7x* — x + 87
Because 5 + 2i isazero,sois 5 — 2i.
5+ 2i 1 -7 -1 87
5+ 2i -14 + 6i 87
1 -2+2i -15 + 6i 0

5-2i |1 -=2+2i -15 + 6i
5-2i 15 - 6i

1 3 0

The zero of x + 3 is x = —3. The zeros of f(x) are x = -3,5 + 2i.
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59. g(x) = 4x° + 23x° + 34x - 10 Alternate Solution
Because —3 + i isa zero, sois -3 — i. Because -3 + i are zeros of g(x),
3+i |4 23 34 10 [x = (3+0)][x=(83-i)] =[(x+3)—if(x+3)+i]
12 +4i -37-i 10 3
=(x+3) —i
4 11 + 4i -3 - 0 2
= X° + 6x + 10
3_ila 11+ 4i -3—i is a factor of g(x). By long division, you have:
=12 - 4i 3+ 4x — 1
4 1 0 X% + 6x + 10)4x% + 23x? + 34x — 10
4x% + 24x% + 40X
The zero of 4x — 1 is x = %.The zeros of -x* - 6x - 10
-x% - 6x —10
g(x)are x = -3+ i, +. 0

g(x) = (x* + 6x + 10)(4x - 1)

The zeros of g(x) are x = -3 £ i,

I

60. h(x) = 3x* — 4x* + 8x + 8

Because 1 — ~/3i isazero, sois 1 + ~/3i.

1-3i |3 —4 8 8
3-3/3 -10-23 -8
3 -1-3J3i 2-2/3 0

1++/31 |3 -1-3/3 -2-2J3i

3+ 3J3i 2 + 23/3i

3 2 0

The zero of 3x + 2 is x = —2. The zeros of f(x) are x = —%,l + /3.

W]
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61 f(x) = x* + 3x% — 5x2 — 21x + 22

Because —3 + /2i isazero, sois -3 — ~/2i, and

[x ~(-3+ \/Eiﬂ[x ~(-3- ﬁu)} = [(x +3) - Vai](x + 3) + V2]
(x + 3 - (Vai)

=x> +6x+11

is a factor of f(x). By long division, you have:
X2 - 3x+ 2
X2+ 6X + 11)x* + 3¢ — Bx* — 21x + 22
x4+ 6x3 + 11x2
-3x3 - 16x% - 21x
-3x® — 18x® — 33x
2x2 + 12X + 22
2x2 +12x + 22

0
f(x) = (x2 + BX + 11)(x2 —3x + 2)
= (x2 + BX + 11)(x - 1)(x - 2)
The zeros of f(x) are x = -3 £ /2i,1, 2.
62. f(x) = x* + 4x® + 14x + 20 65. h(x) = x* — 2x + 17
Because —1 — 3i is zero, sois —1 + 3i. By the Quadratic Formula, the zeros of f(x) are
-1-a (1 4 1420 2+/4-68 2+./-64 _
-1-3i -12 - 6i —20 X = 5 = > =1+ 4i.
1 3-3i 2-6 0 F(x) = (x = (L+ 4i))(x — (1 - 40))
143 |1 3-3  2—6i = (x-1-4i)(x -1+ 4i)
-1+ 3i -2 + 6i
1 5 5 66. g(x) = x* +10x + 17
. By the Quadratic Formula, the zeros of f(x) are:
The zeroof x + 2 is x = -2,
The zeros of f(x) arex = -2, -1+ 3i. w - ~10+~100-68 -10+ V32 - 5122
2 2
63. f(x) = x* + 36 f(x) = (x = (-5 + 2/2))(x - (-5 - 2v/2))
= (X + 6i)(x — 6i
( X ) :(x+5—2\/§)(x+5+2\/§)
The zeros of f(x) are x = +6i.
67. f(x) = x* -16
64. f(x) = x* — x + 56
= (x2 - 4)(x2 + 4)
By the Quadratic Formula, the zeros of f(x) are _ (x - 2)(x + 2)(x - 20)(x + 2i)

X

2 2

f(x) = [X _1- 2223i][x 1+ 2223iJ
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68. f(y) = y* - 256 72. f(x) = x* = x* + x +39
= (y? - 16)(y* + 16) Possible rational zeros: +1, +3, +13, +39

= (y = 4)(y +4)(y - 4i)(y + 4i) 31 -1 1 39

Zeros: +4, +4i -3 12 -39

1 -4 13 0
69. f(z) =22-2z+2
By the Quadratic Formula, the zeros of x? — 4x + 13

By the Quadratic Formula, the zeros of f(z) are —
are: sz:2i3i
7= 2EN4=8 44y
2 Zeros: 3,2 + 3i
fe)=[z-@+i)fz-@-7] F(x) = (x + 3)(x — 2 — 3i)(x — 2 + 3i)
=(z-1-i)z-1+1)

73. h(x) = x* = x + 6
_ 3 2
70. h(x) = x* = 3x* + 4x - 2 Possible rational zeros: +1, +2, +3, +6

Possible rational zeros: +1, +£2

By the Quadratic Formula, the zeros of x? — 2x + 3 are

By the Quadratic Formula, the zeros of x? — 2x + 2 (o 2t V4 -12 1+ J2i
+/4 - 2 o
are x = 2EV4-8 1+i
2 Zeros: —2,1 + ~/2i
Zeros: 1,1+ i

h(x) = (x + 2)[x - (1 + \/Ei)}[x - (1 - \/EI):|

h(x) = (x = 1)(x - 1= i)(x =1+ i) (x + 2)(x -1 - ~/2i)(x - 1+ V/2i)

71 g(x) = x* -3* + x+5

_ 3 2
Possible rational zeros: +1, +5 74. h(x) =X +9x" + 27x + 35

i i 41 45 +7. +
111 -3 1 5 Possible rational zeros: +1, +5, +7, £35

-1 4 -5 -5
1 4 5 0

1 9 27 35
-5 -20 -35
1 4 7 0

By the Quadratic Formula, the zeros of x> — 4x + 5

4+ /16 - 20 . By the Quadratic Formula, the zeros of x? + 4x + 7
are:x=f:2i| 4+ 578
are x = —— Y27 24 /30
Zeros: —1,2 +i 2
g(x) = (x + 1) (x = 2 — i)(x — 2 + i) Zeros: -5, -2 + /3

h(x) = (x + 5)(x +2+ \/§i)(x +2- \/§|)

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



182 Chapter 2 Polynomial and Rational Functions

75.

76.

77.

f(x) = 5x* — 9x* + 28x + 6
Possible rational zeros:

41,42, +3,£6, 42, +2
575

5 -10 30 0

By the Quadratic Formula, the zeros of
5X? — 10X + 30 = 5(x* — 2x + 6) are

Zii ‘24_24:1i\/§i.

X =

Zeros: —%,1 + </5i

f(x) = {x - (—;H(s)[x -+ \/Eiﬂ[x - \/g,)}
= (5x + 1)(x -1 - V/Bi)(x - 1+ +/5i)

g(x) = 2x* — x> + 8x + 21

Possible rational roots:

il, +1, iE, +3, iz, +7, ig, +21
2 2 2

2

2 -4 14 0

By the Quadratic Formula, the zeros of 2x? — 4x + 14

4 + /16 - 112 :4i\/ 96 — 1+ Jai.

are X = —
4 4

Zeros: —%, 1+ \/gi
f(x) = [x + gj(x -1- \/gi)(x -1+ \/gl)

g(x) = x* — 4x® + 8x* — 16x + 16
Possible rational zeros: +1, +2, +4, +8, £16

211 4 8 -16 16

[N

0 4 0

g(x) = (x = 2)(x - 2)(x2 + 4)
= (x = 2)*(x + 2i)(x - 2i)
Zeros: 2, +2i

78. h(x) = x* + 6x> + 10x* + 6X + 9
Possible rational zeros: +1, +3, £9

3|1 6 10 6 9

The zeros of x*> + 1 are x = +i.

Zeros: -3, +i

n(x) = (x+ 3 (x + )(x - )
79. f(x) = x* +10x* + 9
(x* +1)(x* +9)

= (x + i)(x —i)(x + 3i)(x - 3i)

Zeros: *i, +3i

x* +29x% + 100
(x? + 25)(x* + 4)
= (X + 2i)(x = 2i)(x + 5i)(x — 5i)

Zeros: +2i, £5i

80. f(x)

8L f(x) = x* + 24x* + 214x + 740

Possible rational zeros: +1, +2, +4, +5, +10, +20, +37,
+74, £148, £185, +£370, £740

2000

-20 __/ 10

—

Based on the graph, try x = -10.

-1000

-10 | 1 24 214 740
-10 140 -740

1 14 74 0

By the Quadratic Formula, the zeros of x? + 14x + 74
— + </ —

are X = 14+ ;96 296 _ —7 + 5i.

The zeros of f(x) are x = =10 and x = -7 + 5i.
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82. f(s) = 2s® —5s* +12s - 5 84. f(x) = 9x* —15x* +11x — 5
Possible rational zeros: +1, +5, ii, 4_r§ Possible rational zeros: +1, +5, iE, J_ri J_rl, 4_r§
2 2 3 3 9 9
10 5
-10 10 -5 // 5
-10 -5
Based on the graph, try s = 1 Based on the graph, try x = 1.
2 1]9 -15 11 -5
1l2 5 12 5 9 6 5
1 -2 5 9 6 5
2 -4 10 0 By the Quadratic Formula, the zeros of 9x% — 6x + 5
By the Quadratic Formula, the zeros of 2(s? — 2s + 5) are x - 0 X V36-180 1 2
18 373"
+ /4 -
ares:uzlim. 1 2
2 The zeros of f(x) are x =1 and x = 3 + 5i.

The zeros of f(s) are s = Lands=1+2i
2 85. f(x) = 2x* + 5x° + 4x* + 5X + 2

_ 3 2
83. f(x) = 16x° - 20x* — 4x + 15 Possible rational zeros: +1, +2, +

N~

Possible rational zeros: »

41 3,45, 415+ £3 42 .10 .13
I N R S
2.5 ,1,3,5,5,1,3,5,0 . ’
27T 8 T8 6 16 16 16 o
20 -5

/\j Based on the graph, try x = -2 and x = _%.
]

2|2 5 4 5 2
4 2 -4 -2

Based on the graph, try x = —= 2 1 2 1 0
1
—% 16 -20 -4 15 2t 2!
12 24 -15 -1 0 -1
2 0 2 0

2 _ 2 _ H
By the Quadratic Formula, the zeros of The zeros of 2x* + 2 = 2(x* + 1) are x = i

16x* — 32x + 20 = 4(4x* — 8x + 5) are . _
The zeros of f(x) are x = -2, x = —=, and x = i.
8 £ /64 - 80 1. 2

The zeros of f(x) are x = —% and x =1+ %i.
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86. g(x) = x* — 8x* + 28x® — 56x? + 64x — 32 91. g(x) = 5x° - 10x = 5x(x* - 2)
Possible rational zeros: +1, £2, +4, +8, +16, +32 Let g(x) = x* — 2.
7 Sign variations: 1, positive zeros: 1
o } 10 g(-x) = x* - 2
f Sign variations: 1, negative zeros: 1

92. f(x) =4x* - 3x* +2x -1

Based on the graph, try x = 2.
2|11 -8 28 56 64 -32
2 12 32 48 32
1 -6 16 -24 16 0

Sign variations: 3, positive zeros: 3 or 1
f(-x) = —4x* = 3x* —2x - 1

Sign variations: 0, negative zeros: 0

_ _Ey3 4 y2 _
211 -6 16 -24 16 93. f(x) = -5x*+x* —x+5

2 _g 16 -16 Sign variations: 3, positive zeros: 3 or 1

1 -4 8 -8 0 f(-x) =5x*+ x* + X + 5

Sign variations: 0, negative zeros: 0

2 4 8 9. f(x) =3x*+2x* + x+3
1 -2 4 Sign variations: 0, positive zeros: 0
By the Quadratic Formula, the zeros of x? — 2x + 4 f(-x) = -3x* + 2x* - x + 3
are x = 2+~4-16 V24_16 =1+ /3. Sign variations: 3, negative zeros: 3 or 1

_ 3 2
The zeros of g(x) are x = 2 and x = 1 + </3i. 95. f(x) = x* +3x* —2x+1

87. g(x) = 2x* - 3x* - 3 1 4 2
Sign variations: 1, positive zeros: 1 1 4 2 3
g(-x) = -2x* - 3x* - 3 1 is an upper bound.

Sign variations: 0, negative zeros: 0 b 4|1 3 2 1
4 4 -8

88. h(x) = 4x* - 8x + 3
1 -1 2

Sign variations: 2, positive zeros: 2 or 0
h(-x) = 4x* + 8x + 3

—4 is a lower bound.

_ y3 _ 2
Sign variations: 0, negative zeros: 0 9. f(x) =x*-4x* +1

@ 4/1 4 0 1

89. h(x) = 2x* + 3x* +1 4 0 o

Sign variations: 0, positive zeros: 0 1 0o 0 1

— 3 2
h(=x) = =2x* +3x* + 1 4 is an upper bound.

Sign variations: 1, negative zeros: 1 b 111 -4 o 1
90. h(x) = 2x* — 3x + 2 L 5 -5
1 -5 5 -4

Sign variations: 2, positive zeros: 2 or 0
h(—x) = 2x* + 3x + 2

-1 is a lower bound.

Sign variations: 0, negative zeros: 0
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97. f(x) = x* — 4x* + 16x — 16

@ 5|1 -4 0 16 -16
5 5 25 205

1 1 5 41 189

5 is an upper bound.
(b) -3 -4 0 16 -16
-3 21 -63 141
1 -7 21 -47 125

-3 is a lower bound.

98. f(x) =2x*-8x +3

@ 3|2 o o -8 3
6 18 54 138
2 6 18 46 141

3 is an upper bound.
k) —4a|l2 o o -8 3
-8 32 -128 544
2 -8 32 -136 547

-3 is a lower bound.

99. f(x) =4x* -3x -1

Possible rational zeros; +1, % %
114 0 -3 -1
4 4 1
4 4 1 0

x3—3x—1:(x—1)(4x2+4x+1)

= (x = 1)(2x + 1)°

So, the zeros are 1 and ——.

100. f(z) = 12z° - 4z —

Possible rational zeros; +1, +3, 9, i%, J_r%, J_r%

112 4 271 9
18 21 -9
12 14 -6 0

f(2)

2z -3)(62% + 72 - 3)
(2z - 3)(3z - 1)(2z + 3)

So, the real zeros are —%, and %

1
3
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101. f(y) = 4y® + 3y> +8y + 6

Possible rational zeros: +1, +2, +3, +6, i%, i%,
-2 14 3 6
-3 6
4 0 0
4y® +3y? +8y + 6 = (y + 3)(4y* + 8)
(e 02
= (4y +3)(y* + 2)

So, the only real zero is —3.

102. g(x) = 3x* — 2x* + 15x — 10
Possible rational zeros:
+1, 42, +5, +10, ié,_g

213 2 15 -10
2 0 10
3 0 15 0

g9(x) = (x —%)(3x2 + 15)

= (3x — 2)(x* + 5)

2

So, the only real zero is £

103. P(x) = x* — 2x* + 9

%(4x4 25x% + 36)
= o -9 - 4
%(2x +3)(2x = 3)(x + 2)(x — 2)

The rational zeros are i% and +2.

104. f(x) = 3(2x® - 3x* - 23x + 12)

Possible rational zeros: +1, +2, £3, £4, +6, £12,

412 -3 -23 12
20 -12
2 5 -3 0

f(x) = 3(x - 4)(2x2 + 55X — 3)
= 3(x - 4)(2x - 1(x + 3)

The rational zeros are —3, & 5 and 4.

+

185

+

nlw

1
2

+

Njw

1
>

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



186 Chapter 2 Polynomial and Rational Functions

105. f(x)

Il
>
|
ENES
>

4C - x* - 4x +1)
X?(4x = 1) - 4x - 1)]

pl gy

Il
Al Bl Bl B

—
N
>
|
=
—_~
>
N
|
=

—_— =

4x = 1)(x + 1)(x - 1)
The rational zeros are % and +1.
106. f(z) = 4(62° +112% - 3z - 2)

Possible rational zeros: +1, +2, J_r%, J_r%, i%, J_r%

-12 2 2
6 -1 -1
f(x) = 3(x + 2)(6x* — x - 1)
= %(x +2)(3x + 1)(2x - 1)
The rational zeros are —2, —%, and %

e
] S o 5T

2

Volume of box

X

12 3 4 5
Length of sides of
squares removed

The volume is maximum when x = 1.82.
The dimensions are: length
width
height = x ~ 1.82

11

4

1.82cm x 5.36 cm x 11.36 cm
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15 - 2(1.82) = 11.36
9 - 2(1.82) = 536

107. f(x) = x* -1 = (x —1)(x2 + X +1)
Rational zeros: 1(x = 1)

Irrational zeros: 0
Matches (d).

108. f(x) = x* - 2

(x - 3/5)(x2 + 3/2x + 3/2)
Rational zeros: 0

Irrational zeros: 1(x = \3/5)

Matches (a).

109. f(x) = x* = x = x(x + 1)(x = 1)
Rational zeros: 3(x = 0, +1)

Irrational zeros: 0

Matches (b).
110. f(x) = x® — 2x
= x(x2 - 2)

= x(x+ 2)(x - V2)
Rational zeros: 1(x = 0)
Irrational zeros: 2(x = J_r\/E)
Matches (c).
(b) V =1-w-h=(15-2x)(9 - 2x)x
= x(9 - 2x)(15 - 2x)

Because length, width, and height must be positive,
you have 0 < x < $ for the domain.

(d) 56 = x(9 — 2x)(15 — 2x)
56 = 135x — 48x? + 4x°
0 = 4x% — 48x® + 135x — 56

The zeros of this polynomial are % % and 8.

x cannot equal 8 because it is not in the domain of V.
[The length cannot equal —1 and the width cannot
equal —7. The product of (8)(-1)(-7) = 56 so it
showed up as an extraneous solution.]

So, the volume is 56 cubic centimeters when x = %

centimeter or x = % centimeters.



112. (a) Combined length and width:
4x +y =120 = y = 120 — 4x

Volume = | - w-h = x%y
= x*(120 - 4x)
= 4x*(30 - x)
(b) 18000
0 30

0

Dimensions with maximum volume:
20in. x 20in. x 40in.

(c) 13,500 = 4x*(30 - x)
4x3 —120x* + 13,500 = 0
x3 - 30x* + 3375 = 0

15|11 -30 0 3375
15 -225 3375
1 -15 -225 0

(x - 15)(x* — 15x — 225) = 0

+
Using the Quadratic Formula, x = 15, %
The value of % is not possible because it is
negative.

113. (a) Currentbin: V = 2 x 3 x 4 = 24 cubic feet
New bin: V= 5(24) = 120 cubic feet
V(x) = (2+ x)(3+ x)(4 + x) =120
(b) x® + 9x® + 26x + 24 =120
X3 +9x% + 26x — 96 = 0
The only real zero of this polynomial is x = 2. All
the dimensions should be increased by 2 feet, so the

new bin will have dimensions of 4 feet by 5 feet by
6 feet.

114. ¢ = 100290 , X ],le
x2 X + 30

C is minimum when
3x® — 40x? — 2400x — 36000 = 0.

The only real zero is x ~ 40 or 4000 units.

115. False. The most complex zeros it can have is two, and
the Linear Factorization Theorem guarantees that there
are three linear factors, so one zero must be real.

116. False. f does not have real coefficients.

Section 2.5 Zeros of Polynomial Functions 187

117. g(x) = —f(x). This function would have the same

zerosas f(x), so , I, and r; are also zeros of g(x).

118. g(x) = 3f(x). This function has the same zeros as f
because it is a vertical stretch of f. The zeros of g are
r, L, and r.

119. g(x) = f(x — 5). The graph of g(x) is a horizontal
shift of the graph of f(x) five units of the right, so the

zeros of g(x) are 5+ 1,5+ 1, and 5 + 1.

120. g(x) = f(2x). Note that x is a zero of g if and only if

. nor r
2x is a zero of f. The zeros of g are =, -2, and 53

121. g(x) = 3 + f(x). Because g(x) is a vertical shift of

the graph of f(x), the zeros of g(x) cannot be
determined.

122. g(x) = f(-x). Note that x is a zero of g if and only if
—x isazeroof f. The zeros of gare —r, — r,, and —r;.

123. Zeros: -2, % 3

f(x) = —(x + 2)(2x = 1)(x - 3)
=-2x3 +3x* +11x — 6
y
"[1650
|
(-2,0) 3,0)
BEa §R Raa

Any nonzero scalar multiple of f would have the same
three zeros. Let g(x) = af (x),a > 0. There are

infinitely many possible functions for f.

124. y
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Section 2.6 Rational Functions

1. rational functions

2. vertical asymptote

3. horizontal asymptote

4. slant asymptote

5. Because the denominator is zero when x —1 = 0, the
domain of f is all real numbers except x = 1.

X 0 [05]09 |09 | 1
f(x) | 1| -2 | <10 | -100 | — —oo
X le |101|11]15]2
f(x) | 0« [1200 |20 |2 |1

As x approaches 1 from the left, f(x) decreases without

bound. As x approaches 1 from the right, f(x) increases

without bound.

6. Because the denominator is zero when x + 2 = 0, the

domain of f is all real numbers except x = —2.
X -3 | =25 | =21 | -201 | » -2
f(x) [ 15 |25 105 1005 - ©
X -2« | <199 | -19 | -15 | -1
f(x) | —0 « | -955 | -95 | -15 -5

As x approaches —2 from the left, f(x) increases

without bound. As x approaches —2 from the right,

f(x) increases without bound.

7. Because the denominator is zero when x? —1 = 0,
the domain of f is all real numbers except x = —1and

x =1

X -2 | -15 -11 | =101 | » -1
f(x) 4 5.4 17.3 | 152.3 —0

X -1 « -0.99 -0.9 -05 |0
f(x) -0 « | -147.8 -128 | -1 0

As x approaches —1 from the left, f(x) increases

without bound. As x approaches —1 from the right,

f(x) decreases without bound.

X 0/05[09 |[099 -1
f(x) |0] -1 | -128 | -147.8 | - —oo
X le |101 |11 [15]2
f(x) | o« | 1523 | 17.3 | 54 | 4

As x approaches 1 from the left, f (x) increases without

bound. As x approaches 1 from the right, f(x)

decreases without bound.

8. Because the denominator is zero when x> — 4 = 0, the

domain of f is all real numbers except x = —2and x = 2.
X -3 -25 | =21 -2.01
f(x) | -1.2 | —22 | -10.2 | -100.2
X -2 -199 | <19 | -15 | -1
f(x) | Undef. | 99.7 9.7 1.7 0.7

As x approaches —2 from the left, f(x) decreases

without bound. As x approaches —2 from the right,

f(x) increases without bound.

X 1 15 |19 | 199
f(x) | =07 | 1.7 | -9.7 | -99.7
X 2 201 |21 |25]3
f(x) | Undef. | 100.2 | 102 | 2.2 | 1.2

As x approaches 2 from the left, f (x) decreases without

bound. As x approaches 2 from the right, f(x) increases

without bound.
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4 3x2 +1
9. f(x) = — 15. f(X) = ———
() x? () X2 +xX+9
Domain: all real numbers except x = 0 Domain: All real numbers. The denominator has no real
Vertical asymptote: x = 0 zeros. [Try the Quadratic Formula on the denominator.]

Horizontal asymptote: y = 0 Vertical asymptote: None

Horizontal asymptote: y = 3
[ Degree of N(x) < degree of D(x)]

[ Degree of N(x) = degree of D(x)]
B 1
° f()_(X—Z)3 16. f(x) =

Domain: all real numbers except x = 2

3x*+x-5

x2 +1
Domain: All real numbers. The denominator has no real
zeros. [Try the Quadratic Formula on the denominator.]

Horizontal asymptote: y = 0 Vertical asymptote: None
[ Degree of N(x) < degree of D(x)] Horizontal asymptote: y = 3
[ Degree of N(x) = degree of D(x)]

Vertical asymptote: x = 2

5+ x X+ 5

:5—x_—x+5 1
17. f(x) =

11. f(x)

Domain: all real numbers except x = 5

Vertical asymptote: x = 5 (a) Domain: all real numbers x except x = =2
Horizontal asymptote: y = -1

X+ 2

. 1
b) y-intercept: | 0, =
[ Degree of N(x) = degree of D(x) ] ®) ¥ P ( 2]

(c) Vertical asymptote: x = -2
_3-7x _ —1x+3

12. f(x) = = : o
(x) 3+ 2x 2% + 3 Horizontal asymptote: y = 0
() _ | -
Domain: all real numbers except x = —g X 4 3 1 0 1
3 f) | -2 a1 |12
Vertical asymptote: x = - 2 2 | 3

Horizontal asymptote: y = —g

[ Degree of N(x) = degree of D(x) ]

x3 -
X2 -1

Domain: all real numbers except x = 1

13. f(x) =

=

Vertical asymptotes: x = +1
Horizontal asymptote: None
[ Degree of N(x) > degree of D(x)]

4?2

14. f(x) = 2

Vertical asymptote: x = -2
Horizontal asymptote: None
[ Degree of N(x) = degree of D(x)]
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1 1 1
18. f(x) = 20. X) = - _
() X -3 g() 6 - X X —6
(a) Domain: all real numbers x except x = 3 (a) Domain: all real numbers x except x = 6
. 1 . 1
(b) y-intercept: | 0, 3 (b) y-intercept: | 0, 5
(c) Vertical asymptote: x = 3 (c) Vertical asymptote: x = 6
Horizontal asymptote: y = 0 Horizontal asymptote: y = 0
@ X 0 1 2 |45 |6 O X -2 10 2 4 8
1 1 1] 1 1 1 1 1 1
f(x — | -=]1-111|=]= X = — =2 =] ==
() 3 2 2 | 3 9(x) 8 6 4 2 2
3 |
2 1
1 |
AR A
19. h(x) = —* 21 ¢(x) = L=
X + 4 2 + X
(a) Domain: all real numbers x except x = —4 (@) Domain: all real numbers x except x = -2
) 1 ; (T
(b) y-intercept: (O, _Zj (b) x-intercept: —50
(c) Vertical asymptote: x = —4 y-intercept: (0‘ 9
Horizontal asymptote: y = 0
() (c) Vertical asymptote: x = -2
X -6 | -5|-3|-2] -1 0 .
Horizontal asymptote: y = 2
1 1 1 1
L N e -l @ x 4] 31|01
) cy | L] a5 |13
| 2 2
1 4t
| 3+
| 27
! '
R Y 2 (T
| 2T
1 -3+
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1-3x 3x-1 4s
22. P(x) = = 24. g(s) =
() 1-x x -1 9(s) s? + 4
(@) Domain: all real numbers x except x = 1 (a) Domain: all real numbers s

(b) Intercept: (0, 0)

(b) x-intercept: (E Oj
3 (c) Horizontal asymptote: y = 0

-intercept: (0,1
’ e (0 @1 s -2 | -1 |0|1]2
(c) Vertical asymptote: x =1
1 4 4 1
Horizontal asymptote: y = 3 a(s) | - - 0 <

(d)x -1 10|23

Px) | 2 |1|5]4

25. f(t) — ]'_tizt _ _$

(@) Domain: all real numbers texcept t = 0

23. f(x) = 219 (b) t-intercept: 6 0)

(@) Domain: all real numbers x
(b) Intercept: (0, 0)

(c) Vertical asymptote: t = 0
Horizontal asymptote: y = -2

(c) Horizontal asymptote: y =1 )

1
t 2 i1 o2
@[ +1 | +2 | +3 2
g | L] 41 i | -2 | -8 |o0| 1|2
0|13 ] 2 2 2
,
t
3
L
-2 -1 (0’0)1 2 * 1
N
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1 X2 —2x -8 (x—4)(x +2)
26. f(x) = ——— 28. = =
0= p W)= e T a3
(a) Domain: all real numbers x except x = 2 (a) Domain: all real numbers x except x = +3

(b) y-intercept: (0 _Ej (b) x-intercepts: (4, 0), (=2, 0)
0.
. (.8
(c) Vertical asymptote: x = 2 y-intercept: (0' §j

Horizontal asymptote: y = 0 (c) Vertical asymptotes: x = +3

(d) Horizontal asymptote: y = 1
1 3 5 7 (d)
X Sl 22 L4 5 | -4 |-
013 > 12133 X 5| -4|-2|0]2]4]|5
1 4 4 1 27 16 8 | 8 7
Sl A B [ _ I X b B A t
f(x) A I A A R 9(x) sl 71 °%1351351°
s
X2 —-5x+4  (x-1)(x-4) o x—-4 X -4 1
27. h(x) = = 29. f(x) = = = X % 4
() 2 _ 4 (x+ 2)(x - 2) () X2 -16  (x - 4)(x+4) x+4

; in: =+
(a) Domain: all real numbers x except x = +2 Domain: all real numbers x except x = +4

(b) x-intercepts: (L 0), (4, 0) Vertical asymptote: x = -4 (Becausex — 4 isa
) common factor of N(x) and D(x), x = 4 isnota
y-intercept: (0, —1)

vertical asymptote of f(x).)
(c) Vertical asymptotes: x = -2, x = 2 .

Horizontal asymptote: y = 0

Horizontal asymptote: y =1 [Degree ofN(x) < degree of D(x)]

Dy T-a]3] 2o 1] 3 [a - - .
30. f(x) = = = X = =1
h(x) % % _% 1o _% 0 () X -1 (x+1)(x-1) x-1

Domain: all real numbers x except x = +1

Vertical asymptote: x = 1 (Because x + 1isacommon
factor of N(x) and D(x), x = —1 is not a vertical
asymptote of f(x).)

Horizontal asymptote: y = 0

[ Degree of N(x) < degree of D(x)]
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t2—1:(t+1)(t— )

3L f(t):t 1 — =t+1 t=1

(@) Domain: all real numbers t except t = 1
(b) t-intercept: (1, 0)
y-intercept: (0, 1)

(c) No asymptotes

@1 3] 2lafol 1 |2
f(t) | 2 | -1 | 0 | 1| Undef. |3

x* —36 _ (x+6)(x - 6)

82 1(x) = X+ 6 X+ 6

=X-6, X# -6

(a) Domain: all real numbers x except x = —6 y
(b) x-intercept: (6, 0)

y-intercept: (0, —6)
(c) No asymptotes

@ 6 | 4| -2 0| 2] 4]|6|8
f(x) | Undef. | =10 | -8 | —6 | —4 | —2 [0 |2

2 _ 2 _
B 1) =B S8 x5 U ()= 4
X —4x-5 (x-5)(x+1) x+1 X2 = 3X + 2
Domain: all real numbers x except x = 5 and x = -1 _ (X - 2)(X + 2) X+ 2 X 2

(x-2)J(x-1) x-1

Domain: all real numbers x except x =1 and x = 2
Vertical asymptote: x = 1(Because x — 2 isacommon
factor of N(x) and D(x), x = 2 is not a vertical

Vertical asymptote: x = -1 (Becausex -5isa
common factor of N(x) and D(x), x = 5 isnota
vertical asymptote of f(x).)

Horizontal asymptote: y = 1

asymptote of f(x).)
[ Degree of N(x) = degree of D(x) ]

Horizontal asymptote: y = 1
[ Degree of N(x) = degree of D(x)]
X% + 3x X(x + 3) X

= = , -3
X +x-6 (x+3)(x-2) x-2 X7

35. f(x) =

(@) Domain: all real numbers x except x = —3andx = 2
(b) Intercept: (0, 0)

(c) Vertical asymptote: x = 2
Horizontal asymptote: y =1

@[ 2ol 1 ]3]a

f(x)

10—132
3
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36. 1(x) - 25(x + 4) _ 5(x + 4) _ 5 =4
x> +x-12 (x+4)(x-3 x-3
(a) Domain: all real numbers x except x = —4orx = 3
. 5 y
(b) y-intercept: (0, —f] ’
3 g
(c) Vertical asymptote: x = 3 4 I
Horizontal asymptote: y = 0 2 |
@] 20| 2|57 R
5 5 |5 :
f(x -1 | =1 -5 =1~ !
( ) 3 2 4 |
2 _ _ 2 _ _
37. f(x) = W 39. f(x) = 32x 25x 3 _ (2x +1)(x - 3)
2x* + x -1 -2 - x+2  (x=2)(x+1)(x -1
_(x+D(x-4)  x-4 % -1 (a) Domain: all real numbers x except x = 2, x = +1

C(2x-1)(x+1  2x -1

. (1
Domain: all real numbers x except x = % and x = -1 (b) x-intercepts: (_E' O)‘ (3‘ 0)

. , 3
Vertical asymptote: x = % (Because x + 1 isa y-intercept: (0' _Ej
common factor of N(x) and D(x), x = -1 isnota (c) Vertical asymptotes: x = 2,x = -1, and x =1
vertical asymptote of f(x).) Horizontal asymptote: y = 0
(d)
Horizontal asymptote: y = % X -3 -2 0 g 3| 4
[ Degree of N(x) = degree of D(x) ] £(x) 35|38 2
4 4 2 5 10
2 —
38, f(x) _ 6x2 11x + 3
6x° — 7x — 3

_(2x-3)(3x-1) 3x-1
C(2x-3)(3x+1)  3x+1

3
X # —
2

Domain: all real numbers x except

Vertical asymptote: x = —% (Because 2x — 3 isa

common factor of N(x) and D(x), x = g is not a

vertical asymptote of f(x).)
Horizontal asymptote: y = 1

[ Degree of N(x) = degree of D(x) ]
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40.

41.

42.

43.

44,

45.

X2 - x -2 (x +1)(x -2

A e P ()

(a) Domain: all real numbers x except
X=1x=-2andx =3

(b) x-intercepts: (-1, 0), (2, 0)
y-intercept: (0, —%]

(c) Vertical asymptotes: x = =2, x =1, x =3

Horizontal asymptote: y = 0

@] x 4| 3| a2 o |24
f(x) _3 _i 0 _1 0 §
35 | 12 3 9

f

(a) Domain of f: all real numbers x except x = -1

Domain of g: all real numbers x

(b) !

-3

(c) Because there are only finitely many pixels, the
graphing utility may not attempt to evaluate the
function where it does not exist.

46.

47.

48.

Section 2.6 Rational Functions 195

f(x) = % g(x) = x

(@) Domain of f: All real numbers x except x = 0 and
X =2
Domain of g: All real numbers x

(b) .

-2

(c) Because there are only a finite number of pixels, the
utility may not attempt to evaluate the function
where it does not exist.

(a) Domain of f: all real numbers x except x = 0, 2

Domain of g: all real numbers x = 0

(b) 2 k
\

-2

(c) Because there are only finitely many pixels, the
graphing utility may not attempt to evaluate the
function where it does not exist.

2X — 6 2
f(x) = —2—° -
() X2 = 7x + 12 9(x) X — 4

(a) Domain of f: All real numbers x except x = 3and
X =4

Domain of g: All real numbers x except x = 4

(b) : k
\

-3

(c) Because there are only a finite number of pixels, the
utility may not attempt to evaluate the function
where it does not exist.
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x2 -9 9
= X — —

49. h(x) = . ”

(a) Domain: all real numbers x except x = 0
(b) x-intercepts: (-3, 0), (3,0)
(c) Vertical asymptote: x = 0

Slant asymptote: y = x

(@) X -6 | -4 | -3 | -2 2 314 |6
h(x) 9|7 0 5.3 0 e
2 4 2 2 4 | 2
x> +5 5
50. g(x) = =X+ -
X X
(@) Domain: all real numbers x except x = 0 y

(b) No intercepts 6L V ‘

(c) Vertical asymptote: x =

|
o
[CRENN
+—t
N
N
N
Pl
ot

Slant asymptote: y = x L
@y 3| -2|-1|1|2]3 oLl
14| 9 9 | 14 NI
X) | -— | -2 |-6|6|>|= b I
909 3 2 2 3 e
2 2
51. f(x):zx +1=2x+£ 52. f(x):1 X =—x+E
X X X X
(@) Domain: all real numbers x except x = 0 (@) Domain: all real numbers x except x = 0
(b) No intercepts (b) x-intercepts: (-1, 0), (1, 0)

(c) Vertical asymptote: x = 0 (c) Vertical asymptote: x = 0

Slant asymptote: y = 2x Slant asymptote: y = —x

(d) X 4 | =21 21| 4 (d) X 6| -4 | 2| 2 4 6
f(x) —% —% % 37? ? f(x) B3| 3 5] 3%
6 | 4 | 2 2| a4 6
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53. g(x) = =X+

(a) Domain: all real numbers x except x = 0

x? +1 1

X

(b) No intercepts

(©

(d)

54. h(x) =

(b)
(©

(d)

Vertical asymptote: x = 0
Slant asymptote: y = x

X -4 -2

Njla| N

17 5
X — _=
g( ) 4 2

2
X =x+1+ !
x-1

Intercept: (0, 0)

Vertical asymptote: x = 1
Slant asymptote: y = x + 1

x -1
(@) Domain: all real numbers x except x =1

X -4 | -2 |2]| 4
h(x) 161 41,1636
5| 3 3|5

Section 2.6 Rational Functions 197
2
55 ft)= 1o pi5- 20
t+5 t+5
(a) Domain: all real numbers t except t = -5
1
(b) Intercept: (0, —gj
(c) Vertical asymptote: t = -5
Slant asymptote: y = -t + 5
@ t -7|-6| -4 ] -3] 0
ft) | 25 | 37 | 17 | -5 | L
5
2
TSRO VI SO
3x+1 3 9 9(3x +1)
(a) Domain: all real numbers x except x = —%
(b) Intercept: (0, 0)
. 1
(c) Vertical asymptote: x = 3
1 1
Slant asymptote: y = =x — =
ymp y 3 9
d
I P
2
£(x) I O I I 4
8 5 2 2 2 7
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198 Chapter 2 Polynomial and Rational Functions

x3 4x X2 —x+1 1
57. f(X) = —— =X+ ——— 59. f(x) = ——— = x +
(%) X2 — 4 X2 -4 () x -1 x-1
(@) Domain: all real numbers x except x = +2 (@) Domain: all real numbers x except x =1
(b) Intercept: (0, 0) (b) y-intercept: (0, -1)
(c) Vertical asymptotes: x = +2 (c) Vertical asymptote: x = 1
Slant asymptote: y = x Slant asymptote: y = x
@) X -6 -4 | -11]0]| 1 4 6 () X -4 | -2 | 0 |2]| 4
TG LA I e P I 14 t) | 2| L] as| B
4 3 3 3] 3 4 5 3 3

-

/ -4
58 (x)—xig—éx+i 2x2 = 5x + 5 3
T e T T2 T 2 s 60. f(x)= """ =2x-1+
. X—2 X—2
(a) Domain: all real numbers x except x = +2 (a) Domain: all real numbers x except x = 2

(b) Intercept: (0, 0) 5
b) y-intercept: | 0, ——

(c) Vertical asymptotes: x = +2 ®)y P ( 2]

(c) Vertical asymptote: x = 2

o 1
Slant asymptote: 'y = 2 Slant asymptote: y = 2x — 1
@7 x 6 | -4|-1| 1 |4] s @] x 6 | 3|1 |3
107 38 47 68
g(x) O - B I O I fx) | -—— | -= | -2|8] — | =
8 3 6 6 3 8 8 5 4 5

-
~
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¢ —x* —2x+1 _ (2x-(x+(x -1  (2x-1(x -1

61. f(x) = = , X # -1
() X2 +3x + 2 (x +1)(x + 2) X+ 2
2 _
:2x 3X+1=2x—7+ 151 « = -1
X+ 2 X+ 2
(@) Domain: all real numbers x except x = —landx = -2

(b) y-intercept: (0, %]
. 1
x-intercepts: [E' 0), (1,0

(c) Vertical asymptote: x = —2
Slant asymptote: y = 2x — 7

@1 4| 3|20
2
f(x) | -2 | 28] 20| Lo
2 2
3 2 _ _ _
62. 1(x) = 2x : X' —8x—4 (x=2)(x+2)(2x+1)
X —3x+2 (x=2)(x -1)

2X + 7 + 9 , X %2

(@) Domain: all real numbers x except x =landx = 2

(b) y-intercept: (0, —2)

x-intercepts: (-2, 0), [_% oj

(c) Vertical asymptote: x =1

Slant asymptote: y = 2x + 7

d
Ol [Tsla[alol 2 ]3]3]a
2 2
f) | -2 o |1 ]-2]-10]28|2 |18
4 2 2
2
63. f(x):wzx+2+ 2
X+ 3 X+ 3
Domain: all real numbers x except x = —3 Domain: all real numbers x except x = -1
. 8 Vertical asymptote: x = -1
y-intercept: | 0, =
3 Slant asymptote: y = 2x — 1
Vertical asymptote: x = —3 Line: y = 2x — 1
Slant asymptote: y = x + 2 6
Line: y = x + 2
-12 12
8
_14 L 10 -1

)

-8
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200 Chapter 2 Polynomial and Rational Functions

1+3x2 -x3 1 1 2
== T i3 x=- = 70 y = x -3+ %
65. g(x) v N 3-x X+ 3+ v y »
Domain: all real numbers x except x = 0 (a) x-intercepts: (1, 0), (2, 0)
Vertical asymptote: x = 0 2
12 () 0=x-3+2%
Slant asymptote: y = —x + 3 \J X
Line: y = -x + 3 k 0=x"-3x+2
-12 \ 12 0= (X - )(X - 2)
” XxX=1x=2
_ _ 2
66. h(x) = 2 =X _ 1,4, 71 ¢ = 200 5 o - 100
2(4 + x) 2 4+ X 100 -
Domain: all real numbers x except x = —4 (a) 300000
Vertical asymptote: x = —4
o1
Slant asymptote: y = _EX +1 . . o0
0
Line: y = i \K 25.000(15
2 . . © © = 200005 11176
b } 100 - 15
25,000(50
s C = 7() = $25,000
100 — 50
X +1 25,000(90
67. y = ~——lew%mo
x -3 100 - 90
(a) x-intercept: (-1, 0) ()
(b)y 0= X +:1J> model is undefined for p = 100.
X p—
0=x+1
1 N o 26+
-1=x 1+ 0.04t
. ) ox (a) 1400
YT
(a) x-intercept: (0, 0)
2 0 200
(b) 0 = x3 0
X -
0 = 2% (b) N(5) ~ 333 deer
0= x N(10) = 500 deer
N(25) = 800 deer
1
69. y = PR (c) The herd is limited by the horizontal asymptote:

(a) x-intercepts: (-1, 0), (1, 0)

b 0=21_x
X
1
X ==
X
x? =1
X =41
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= ﬂ = 1500 deer

"~ 0.04

C — o as x — 100. No, it would not be possible
to supply bins to 100% of the residents because the
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73. (&) A=xy and
(x—4)(y-2) =30

30
—2 =
y X—4
30 2X + 22
y:2+7:
X—4 X—4
2X(x + 11
Thus,A:xy:x(2X+22j= (+ )
X—4 X—4

(b) Domain: Since the margins on the left and right are each 2 inches, x > 4. In interval notation, the domain is (4, «).

© 7

4l: 40
0

The area is minimum when x ~ 11.75inches and y ~ 5.87 inches.

x | 5|6 |[7]|8]9l10] 11 |12 13 |14| 15
y, (Area) | 160 | 102 | 84 | 76 | 72 | 70 | 69.143 | 69 | 69.333 | 70 | 70.909

The area is minimum when x is approximately 12.

74. A = xy and

200

(x-=3)(y —2) =64 ;
y N

_2 =
y X -3 A
y =2+ 64 :2x+58 30_._._._._._._.__._._._39
X -3 X -3
2 29
ThUS, A = Xy = X[2X+58J = X(X+ ),X > 3.
X -3 X —3

By graphing the area function, we see that A is minimum when x ~ 12.8 inchesand y ~ 8.5inches.

75. (a) Let t; =time from Akron to Columbus (b) Vertical asymptote: x = 25
and t, = time from Columbus back Horizontal asymptote: y = 25
to Akron. © =™
xtl=100:>t1=@ :
X
yt, =100 => t, = 100 -
y 25 [ | 65
0
50(t1 + tz) = 200 d
oty =4 @ x| 30 | 35 | 40 | 45 |50 55 | 60

100 A 100 _ , y | 150 | 87.5 | 66.7 | 56.3 | 50 | 45.8 | 42.9

X y
100y + 100x = 4xy (e) Sample answer: No. You might expect the average

25y + 25X = xy speed for the round trip to be the average of the

25% = xy — 25y average speeds for the two parts of the trip.
25x — v(x — 25 (f) No. At 20 miles per hour you would use more time in
=¥ ) one direction than is required for the round trip at an
25X average speed of 50 miles per hour.
Thus, y = =
X —
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202 Chapter 2 Polynomial and Rational Functions

76. Yes; No; Every rational function is the ratio of two 80. (@) True. When x = 1 the graph of f has a vertical
. . N -
polynomial functions of the form f(x) = Dgxi : asymptote, therefore D(1) = D.
X
(b) True. Since the graph of f has a horizontal
77. False. Polynomial functions do not have vertical asymptote at y = 2, the degrees of N(x)and
asymptotes. D(x) are equal.
X (c) False. Since the horizontal asymtptote is at
78. False. The graph of f(x) = X2 + 1 crosses y = 2, which shows that the ratio of the leading
y = 0, which is a horizontal asymptote. coefficients of N(x)and D(x) is 2, not 1.
79. False. A graph can have a vertical asymptote and a 81. b
horizontal asymptote or a vertical asymptote and a slant
asymptote, but a graph cannot have both a horizontal 82. ¢

asymptote and a slant asymptote.

A horizontal asymptote occurs when the degree of N(x)
is equal to the degree of D(x) or when the degree of
N(x) is less than the degree of D(x). A slant asymptote
occurs when the degree of N(x) is greater than the

degree of D(x) by one. Because the degree of a

polynomial is constant, it is impossible to have both
relationships at the same time.

Section 2.7 Nonlinear Inequalities

1. positive; negative 3. zeros; undefined values

2. key; test intervals 4 P=R-C

5 x> -3<0

(@ x=3 (b) x=0 © x=3 (d x=-5
2 ? 2 ? 3\? ’ 2 ?
(3 -3<0 (0 -3<0 (3) -3<o0 (-5°-3<0
6«0 -3<0 -3<0 22 £ 0

No, x = 3 is not Yes, Xx = 0 is Yes, X = % is No, x = -5 is not
a solution. a solution. a solution. a solution.

6. x> —x-12>0

@ x=5 (b) x=0 (c) x=-4 (d x=-3

2 ? 2 ? 2 ?
(5) — (5) -12 > (0) -0-12 > (_4)2 _ (_4) _12>0 (_3)2 _ (_3) _12 >
8 > -12 20 ? 2
Yes, X = 5is No, x = 0 is not 16+4-12 2 9+3-12>
a solution. a solution. 82 02

Yes, x = —41is Yes, x = —3is

a solution. a solution.
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7 X+ 2 > 3
X —4
(@ x=5 by x=4
5+ 2 S 3 4+ 2 -
5-4 4 -4
>
r=3 6 is undefined.
Yes,x = 5is 0
a solution. No, x = 4 is not
a solution.
2
. EL <1
X+ 4
@ x=-2 (b) x=-1
-2 3(-1° 2
% < 1 (27) < 1
(-2)" + 4 (-1 +
12
— ¢« 1 —<1
8
No, x = —2 is not Yes, x = -1is
a solution. a solution.

9. 3x* —x -2 =(3x+2)(x -1

X+2=0=x=-

wr

X-1=0=>x=1

The key numbers are —% and 1.

10. 9x* - 25x2 = 0
x?(9x — 25) = 0
x> =0=x=0

9x—25:0:>xf%

The key numbers are 0 and 2.

1 1 +1:1+l(x—5)
X -5 X -5
o x-4
Xx-5

X-4=0=>x=4
X-5=0=x=5
The key numbers are 4 and 5.

(©

Section 2.7 Nonlinear Inequalities

9 9
= —— d -2
X == @ x=7
_%+2 %+2 )
>3 >3
—9—4 9_4
2 2
543 13>3
17 9.
9 Yes, X = — s
No, x = —= is not 2
2 a solution.
a solution.
X:0 (d) X =3
2 ) 2 )
320) <1 353) <1
(0) +4 (3 +4
0<1 5{1
Yes, x = 0is 13
a solution. No, x = 3is not
a solution.
B X 2 _xx-1)-2x+2)
“x+2 x-1 (x+2)(x-1
_ X ox-2x-4
T k201
_(x=4x+y
T (xr2)x-1)
(x—4)(x+1) =0
X—-4=0=>x=4
X+1=0=x=-1
(x+2)(x -1 =0
X+2=0=>x=-2
X—1:03X:1

The key numbers are -2, -1, 1, and 4.

203
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204 Chapter 2 Polynomial and Rational Functions

13.

14.

x2 <9
X2 -9<0
(x+3)(x-3) <0
Key numbers: x = +3
Test intervals: (—o0, -3), (=3, 3), (3, )

Test: Is (x + 3)(x — 3) < 0?

Interval ~ x-Value Valueof x* — 9
(—o0, -3) -4 7
(-3.3) 0 -9
(3, ) 4 7

Solution set: (-3, 3)
L L L

— .

-4 -3-2-1 0 1 2 3 4

£ =)

x? <16
x2 -16 <0
(x+4)(x-4)<0
Key numbers: x = +4
Test intervals: (—oo, —4), (—4, 4), (4, »)

Test: Is (x + 4)(x — 4) < 0?

Interval x-Value Value of x> — 16
(—oo, —4) -5 9
(—4, 4) 0 -16
(4, oo) 5 9
Solution set: [-4, 4]
L - I
L o4 X
] 4 =2 0 2 4 3]

Conclusion

Positive
Negative

Positive

Conclusion

Positive
Negative

Positive

15, (x +2)° <25
X2+ 4x +4 <25
X2 +4x -21<0
(x+7)(x-3) <0
Key numbers: x = -7, x = 3
Test intervals: (—o0, =7), (=7, 3), (3, )

Test: Is (x + 7)(x — 3) < 0?

Interval x-Value Value of Conclusion
(x+7)(x -3

(—o0, =7) -8 (-1)(-11) =11 Positive
(-7.3) 0 (7)(-3) = -21 Negative
(3, ) 4 )y =11 Positive
Solution set: [-7, 3]

-7 3

F 1 .

- -

16. (x-37=>1
X2 -6x+82>0
(x-2)(x-4)=0
Key numbers: x = 2, x = 4
Testintervals: (-0, 2) = (x — 2)(x — 4) > 0
(24)=> (x-2)(x-4)<0
(4,0) = (x —2)(x —4) >0

Solution set: (—oo, 2] U [4, )

|
4 L
1 2 3 4 5

17. x®+4x+42>9
X2 +4x-5>0
(x+5)(x-1) >0
Key numbers: x = -5, x =1
Test intervals: (-, —5), (=5, 1), (1, )

Test: Is (x + 5)(x — 1) > 0?

Interval x-Value Value of Conclusion
(x +5)(x -1

(—o0, -5) -6 (-)(-7)=7 Positive

(-5.1) 0 (5)(-1) = -5 Negative

(1, ) 2 My =7 Positive

Solution set: (—o0, =5] U [1, =)

[T P S S S O T
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18.

19.

20.

x> —6x +9 < 16
X2 —6x-7<0
(x+1)(x-7)<0
Key numbers: x = =1, x = 7
Testintervals: (-0, —1) = (x +1)(x = 7) > 0
(-L7)=(x+1)(x-7)<0
(7,0) = (x +1)(x -7) >0

Solution set: (-1, 7)

-1 7
¢ —} ¢
- 0 4 [} 8
2
X+ X<6
X +Xx-6<0

(x+3)(x-2)<0
Key numbers: x = -3, x = 2
Test intervals: (—oo, =3), (=3, 2), (2, »)

Test: Is (x + 3)(x — 2) < 0?

Interval x-Value Value of Conclusion
(x +3)(x - 2)

(—o0, -3) -4 (-1)(-6) = 6 Positive
(-3.2) 0 (3)(-2) = -6 Negative
(2, ) 3 (6)(1) = 6 Positive
Solution set: (-3, 2)

[ M N

R

x> +2x > 3

X2 +2x-3>0
(x+3)(x-1) >0
Key numbers: x = -3, x =1
Test intervals: (-, —=3) = (x + 3)(x —1) > 0
(-31) = (x+3)(x-1) <0
(L) = (x+3)(x-1) >0

Solution set: (—o0, —3) U (1, »)

=
-

21.

22.

Section 2.7 Nonlinear Inequalities 205

X2 +2x-3<0
(x+3)(x-1) <0
Key numbers: x = -3, x =1
Test intervals: (-0, —3), (=3, 1), (1, =)

Test: Is (x + 3)(x — 1) < 0?

Interval x-Value Value of Conclusion
(x +3)(x - 1)

(—o0, -3) -4 (-1)(-5) =5 Positive
(-31) 0 (3)(-1) = -3 Negative
(1, ) 2 (5)1) =5 Positive
Solution set: (-3,1)

L 3 .

A3 ! -

-3 =2 =1 1] 1

x> 2x +8

x> —2x-8>0
(x—4)(x+2)>0
Key numbers: x = -2, x = 4
Testintervals: (—oo, —2), (=2, 4), (4, »)
Test: Is (x — 4)(x + 2) > 0?
Interval x-Value Value of Conclusion

(x —4)(x +2)

(o0, -2) -3 (-7)(-1) =7 Positive
(-2,4) 0 (-4)(2) = -8 Negative
(4, ) 5 o) =7 Positive

Solution set: (o0, —2) U (4, =)

X

-3-2-1 01 2 3 4 35
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23.

24.

3x% —11x > 20
3x2 —11x - 20> 0
(3x + 4)(x -5) >0

Key numbers: x = 5, x = —

W

Test intervals: (—oo, —%), (—% 5), (5, )

Test: Is (3x + 4)(x — 5) > 0?

Interval x-Value Value of Conclusion
(3x + 4)(x - 5)
(—oo, —%) -3 (-5)(-8) = 40 Positive
(-4.5) 0 (4)(-5)=-20 Negative
(5, ») 6 (22)(1) = 22 Positive
Solution set: (—oo, —%) U (5, )
_4
=2=-1 01 2 3 4 5 6
—2x> +6x+15<0
2x> —6x —15> 0
2
98— 4o 1s)
2(2)
6+ /156
- 4
6+ 2./39
B 4
_3, V3
2 2
Key numbers: x = E - —'39, X = E + /39
2 2 2 2
Test intervals:
—oo,3—'39] = -2x* +6x+15< 0
2 2
3—39,3+39]s—2x2+6x+15>0
2 2 2 2
§+'239,oo} = -2x> + 6x+15< 0

2 2 2
Vi)

.

Solution set: [—oo,:; _39} U {3 N @ OOJ

b
k=l

3
- +

(=10

t X
-2=-1 0 1 2 3 4 5

25.

26.

x2 -3x-18 >0
(x +3)(x—6) >0
Key numbers: x = -3, x = 6
Test intervals: (—oo, —3), (-3, 6), (6, =)

Test: Is (x + 3)(x — 6) > 0?

Interval x-Value Value of Conclusion
(x + 3)(x — 6)

(-0, -3) -4 (-1)(-10) =10  Positive

(-3,6) 0 (3)(-6) = =18 Negative

(6, ) 7 (10)1) =10 Positive

Solution set: (—o0, —3) U (6, )

x3 +2x2 —4x -8 <
X2(X +2) — 4(x + 2)
(x+2)(x2—4)s0

INIA
o O

(x +2°(x-2)<0
Key numbers: x = -2, x = 2

Test intervals: (-0, —2) = x* + 2x* — 4x -8 < 0
(-22) > xX*+2x* —4x -8<0
(20) = x*+2x* —4x-8>0

Solution set: (-, 2]
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217.

28.

X3 - 3x% - x > -3

X -3x2-x+3>0
X*(x-3)-(x-3)>0
(x=3)(x* -1 >0
(x=3)(x+1)(x-1)>0

Key numbers: x = =1, x =1, x = 3

Test intervals: (—oo, 1), (-1,1), (1, 3), (3, =)

Test: Is (x — 3)(x + 1)(x — 1) > 0?

Interval x-Value
(—o0, -1) -2
(-11) 0
(1.3) 2
(3, ) 4

Solution set: (—1,1) U (3, =)
L " i L L .
X L L)

=2 =1 [V | 2 3 4 5

X

2x% + 13x? — 8x — 46
2x® +13x? - 8x - 52
x*(2x + 13) — 4(2x + 13)
(2x +13)(x* - 4) 2 0

(2x +13)(x + 2)(x = 2) = 0

>6
>0
>0

13

Key numbers: x = >

Test intervals:

Value of (x — 3)(x + 1)(x — 1)

29.

X=-2,X=2

(-0, -%) = 2 + 13 - 8x - 52 < 0

(_E —
2

):>2x3+13x2—8x—52>0

(-2,2) = 2x* +13x* - 8x =52 < 0
(2,00) = 2x® +13x2 — 8x — 52 > 0

Solution set: [—%,— J [2, )

—
Bl ul
3

30.

Section 2.7 Nonlinear Inequalities 207

Conclusion
Negative
Positive
Negative

Positive

43 - 6x2 < 0

2x*(2x -3) < 0

Key numbers: x = 0, x =

N|w

Test intervals: (o0, 0) = 2x*(2x — 3) < 0
(0.3) = 2= 2x3(2x-3) <0
(g, oo) = 2x%(2x - 3) > 0

Solution set: (—o, 0) U (0, %)

s oL

4x® —12x%2 > 0

4x*(x =3) > 0

Key numbers: x = 0, x = 3

Test intervals: (-0, 0) = 4x*(x — 3) < 0
(0,3) = 4x*(x -3) < 0
(3,0) = 4x*(x —3) > 0

Solution set: (3, oo)
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31 X3 — 4x
X(x + 2)(x - 2)

\%

0 3. (x -1’ (x+2° >0

I\

0 Key numbers: x =1, x = -2

Key numbers: x = 0,x = +2 Test intervals: (-, —2) = (X — 1)2(x + 2)3 <0

Test intervals: (-0, —=2) = Xx(x + 2)(x —=2) < 0
(-2,0) = x(x +2)(x —2) > 0
(0,2) = x(x+2)(x-2) <0
(2,0) = x(x+2)(x —2) >0

(-2,1) = (x —1°(x + 2)° > 0
L) = (x -1 (x+2)° >0

Solution set: [-2, o)

Solution set: [-2, 0] U [2, ») 4 3 7‘1 o
t F - 3 + F = = x
35100 1 2 3 4 34. X4(X - 3) <0

32 2%% — x4 <0 Key numbers: x = 0, x = 3

X*(2-x) <0 Test intervals: (-, 0) = x*(x = 3) < 0
(0,3) = x*(x-3) <0
(3w = x*(x-3)>0

Key numbers: x = 0, x = 2

Test intervals: (-, 0) = x*(2 - x) < 0
(0,2) = x3(2 - x) >0 Solution set: (—oo, 3]

3 3 + X
(200) = X2 -x) <0 S
Solution set: (—o0, 0] L [2, =)
b I S X
4 ' L :
-2 -1 o 1 2 3 4
35. 4x2 —4x +1<0
2x-12<0
Key number: x = %
Test Interval x-Value Polynomial Value Conclusion
[—oo, ﬂ X =0 [2(0) -1 = 1 Positive
1 ) L
> ) x=1 [20) -1 =1 Positive
The solution set consists of the single real number % .
36. x> +3x+8>0
Using the Quadratic Formula you can determine the key numbers are x = —g + —223|
Test Interval x-Value Polynomial Value Conclusion
(—o0, 0) x=0 (0> +30) +8 =38 Positive

The solution set is the set of all real numbers.
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37.

38.

39.

X2 —6x+12<0

Section 2.7 Nonlinear Inequalities 209

Using the Quadratic Formula, you can determine that the key numbersarex = 3 + J3i.

x-Value
x=0

Test Interval

(—OO, OO)

The solution set is empty, that is there are no real solutions.

x? —8x +16 > 0
(x-4)?% >0

Key number: x = 4

Test Interval x-Value
(~0, 4) x=0
(4, ) X =5

Polynomial Value

(0)2 — 6(0) +12 =12

Polynomial Value
(0-4)2? =16
G-42%=1

Conclusion

Positive

Conclusion

Positive

Positive

The solution set consists of all real numbers except x = 4, or (-, 4) U (4, ).

4x — 1
X

>0

Key numbers: x = 0, x =

Test intervals: (—o, 0), (O, %) (l oo)

o
Test: 1s X =1 5 0
Interval  x-Value Value of 2X 2
X
(—oo, 0) -1 _—5 =5
-1
1
1 1 5
0, = 2 _ 4
I
8
(SR
4

| —

Solution set: (-, 0) U (

, 0
v

_—— | —

e

Conclusion

Positive

Negative

Positive

40.

X2 -1
X

(x =1)(x +1) -0

<0

Key numbers: x = -1, x = 0,x =1

Test intervals: (—oo, -1), (-1, 0), (0,1), (1, )

2 G

o 4 Bl
2

GRS U(J

Conclusion

Negative

Positive

Negative

Positive
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210 Chapter 2 Polynomial and Rational Functions

n =55 43, X*8 _5<o
X-5 X +1
X+6-2(x+1
Key numbers: x = E, x =5 # <0
3 Xx+1
4 - X
Test intervals: (—oo, g] G 5), (5, ) X+ 1 <0
Key numbers: x = -1, x = 4
Test:ls3x_520? 4—x
-9 Test intervals: (-, -1) = <0
3 - 5 . X+1
Interval ~ x-Value Value of Conclusion 4 x
X -5 (-1 4) = >0
s 5 X +1
[—00, 7j 0 —~ =1 Positive 4 — X
3 -5 (4, oo) = 71 <
5S¢ 2 6-5_ 1 Negative Solution set: (—o0, —1) U (4, »)
3 2-5 3 X ,
18 -5 11:=1|iz:sx
(5, ) 6 =——— =13  Positive ” '
6-5
- . 5 44. x+12 3>0
Solution set: [—oo, 5} U (5, ») N >
5 X+12 - 3(x + 2
—J X+ 2
01 2 3 4 5 6 6 — 2X
>
5.7 X+ 2
+ 7X
42. <4 X = — =
11 2x Key numbers: x 2,x=3
5+ 7x—4l+2x) Test intervals: (~o0, —2) = 6-2x
1+ 2x X+ 2
1-X _g (23 = 2" g
1+2x A X +22
1 (3 0) => — X <o
Key numbers: x = _E' Xx=1 X+ 2
N Solution interval: (-2, 3]
Testintervals: [ —oo, —= |, | ==, 1/, (1, ) , .
2 2 ¢ }>
-2 =1 0 1 2 3
Test: Is —— X < 07
1+ 2x
1-x .
Interval x-Value Value of Conclusion
1+ 2x
(—oo, —1] -1 3 =-2 Negative
2 -1
[—1, 1] 0 } =1 Positive
2 1
(1, ) 2 L1 Negative
5 5

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



2 1
>
X+5 X —3
2 1
X+5 x-3
2(x—3)—](x+5)>0
(x +5)(x - 3)
x —11
(x + 5)(x — 3)

45.

>0

>0

Key numbers: x = =5, x = 3, x = 11
Test intervals: (—o, —5) = x 11
(xfﬁf;a>°
(xf§323>0
Solution set: (-5, 3) U (11, )

(-53) =
(3.11) =

(11, ) =

46.

X —6 X+ 2
5(x + 2) — 3(x — 6)

0
(x - 6)(x + 2) g
2X + 28
(x = 6)(x + 2)

Key numbers: x = -14,x = -2, x = 6

. 2X + 28
Test intervals: (-, —14 —_—
est intervals: (—o0, —14) = x= Ok 2)

(_14’_2) - 2X + 28

(_2 6): 2X + 28

2X + 28 N
(x = 6)(x +2)

(6,0) =

Solution intervals: (-14, —2) U (6, )

—14 =]
Vi

[N P

L
t

et - ¥
=15 =10 =5 ] 5 10

x5(x—3 °

x-6(x+2) "

x—ox+2 " °

Section 2.7 Nonlinear Inequalities

47. L < 9
Xx—-3 4x+3
1 B 9 <0
x—3 4x+3
x+3-9x-3)
(x = 3)(4x +3)
30 — 5x
(x = 3)(4x +3)
Key numbers: x = 3, x = —% X =6
Test intervals: (—oo, —Ej = 0 -5x >
4 (x = 3)(4x + 3)
3 30 — 5x
-—3 — <0
(4J3Q—WM+$<
30 — 5x
3,6 — >0
GO = oy
30 — 5x
6, T or
6.7 = 3+ 3
. 3
Solution set: [_Z’ j U [6, )
< 3
ey B—
-4 =2 0 2 4 6 8
48. 1 > L
X X+3
1x + 3) — 1(x) S0
X(x + 3)
3
— 20
x(x + 3)

Key numbers: x = -3, x = 0

. 3
Test int Is: (—o0, =3 — >0
estintervals: (—o0, —3) = x(x+3) >

(-30)=> ——— <0

-
= o

211
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212 Chapter 2 Polynomial and Rational Functions

X2 + 2x
X2 -9
X(x + 2)
(x + 3)(x - 3)
Key numbers: x = 0, x = =2, x = +3
X(x + 2) .
(x +3)(x - 3)
X(x + 2) y
(x +3)(x - 3)
X(x + 2)
(x + 3)(x - 3)
X(x + 2) B
(x +3)(x - 3)
X(x + 2)
(x +3)(x - 3)

Solution set: (-3, -2] U [0, 3)

<0

49.

<0

Test intervals: (-0, —3) =
(-3,-2) =

(-2,0) = >0

0,3) =

(3,00) = >0

2 _
5o, X tXx-6_
X

(x +3)(x - 2)

>0

Key numbers: x = -3, x = 0,x = 2

):(x+3))fx—2)<0
(x+3)(x-2)

Test intervals: (—oo, -3

(=30 = >0

02) = (x+3))£x—2)
(x+3)(x - 2)

X

<0
(2,0) = >0

Solution set: [-3,0) U [2, =)
| N LY
-3 =2 =1 :] 1

X

,.
Bl

3

51.

52.

3 2X

+ > -1
x-1 x+1
3(x+1)+2x(x—1)+](x+1)(x—1)>0
(x = 1)(x + 1)
X2+ X+ 2

- Dx+1)
Key numbers: x = -1, x =1

X2+ X+ 2 N
(x =1)(x +1)
X2+ X+ 2 -
(x =1)(x +1)
X2+ X+ 2 .
(x —1)(x +1)

Test intervals: (—oo, —1) =
(-11) =

1, 0) =

Solution set: (—o0, —1) U (1, »)

-t —_— b
+ —t—+— -
-4-3-2-1 0 1 2 3 4

3x X
X1 x+4
3x(x+4)—x(x—l)—3(x+4)(x—1)SO
(x —1)(x + 4)
—x2 + 4x + 12
(x=1)(x +4)
—(x - 6)(x + 2) -
(x=1(x +4)

Key numbers: x = -4, x = -2,Xx =1,x =6

Test intervals: (—oo, —4) = “(x-6)(x+2) _ 0

(= x4
19> Ly

Solution set: (=0, —4) U [-2,1) U [6, )
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54.

55.

56.

57.

-2

@ y <0when x<-1orx >3

(b) y =3 when 0 <

A
>

IN
N

y =3x - 2x+1

12

\/

-10 e 14

-4

@) y£0When2—\/§sx§2+\/5.

(b) y =7 when x < -2o0rx > 6.

1

@ y=0when -2 <x<00r2<x< o0

-8

(b) y <6 when x < 4.

y = x® — x2 —16x + 16

48

Lall

@ y <0when -0 < x<-4orl<x<4,

(b) y =36 when x = —20r5 < X < oo,

-4

IA

@ y <0whenO<x< 2

(b) y > 6 when 2 < x < 4.

vV

58.

59.

60.

61.

62.

Section 2.7 Nonlinear Inequalities 213

_2Ax-2)
)= X +1
14

-15 | 1

-6
@ y <0when-1< x < 2.

(b) y >8 when -2 < x < —1.

2x?
X2 + 4
[

y:

2
@ y >=1when x < -2 or x > 2.
This can also be expressed as | x| > 2.

(b) y < 2 forall real numbers x.

This can also be expressed as —oo < X < 0.

y = 5X
X% + 4
- @ y>=1whenl< x <4,
. . (b) y <0 when - < x < 0.
-4
4-x2>0

vV

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

Key numbers: x = +2

Test intervals: (-, -2) = 4 - x* < 0
(-22) > 4-x">0
(20) =>4-x*<0

Domain: [-2, 2]

x2-4>0
(x+2)(x-2)=0
Key numbers: x = -2, x = 2
Testintervals: (-0, -2) = (X + 2)(x = 2) > 0
(-2,2) = (x+2)(x-2) <0
(2,0) = (x+2)(x-2) >0

Domain: (-, —2] U [2, «)
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214 Chapter 2 Polynomial and Rational Functions

63. x* —9x + 20
(x — 4)(x - 5)

Key numbers: x = 4,x =5

\

vV

Test intervals: (-, 4), (4,5), (5, )

Interval x-Value Value of Conclusion
(x —4)(x - 5)

(—o, 4) 0 (-4)(-5) = 20  Positive

49§ - e

(5, ) 6 2@ =2 Positive

Domain: (—o, 4] U [5, )

64. 81-4x2>0
(9-2x)9+2x) =0

9

Key numbers: x = iE

Test intervals: (—oo, —gj, (_g, g) (9 OOJ
2 22)\2

Interval x-Value Value of Conclusion
(9 - 2x)(9 + 2x)

[—oo, —gj -5 (19)(-1) = -19  Negative

[}%%} 0 (9)(9) =81 Positive

(-1)(19) = -19  Negative

Domain: —g, 2
2 2

65. 57— >0
x> —2x — 35
;20
(x +5)(x = 7)
Key numbers: x = 0,x = -5, x =7
Test intervals: (—oo, —5) = m <0
X
-50 — >0
( )3(x+5)(x—7)>
X
0,7 ——— <0
( ):(x+5)(x—7)<
X
7, — >0
(=) = g

Domain: (-5, 0] U (7, »)

66. >0
x2 -9
X s
(x + 3)(x - 3)
Key numbers: x = =3, x = 0, x = 3
Test intervals: (—o0, —3) = m <0
X
-3,0 —— >0
( )j(x+3)(x—3)>
X
0,3 — <0
(0.3) = (x+3)(x—-3)
X
3, 0
(3.) = (x +3)(x - 3) g

Domain: (-3, 0] U (3, )

67. 0.4x% + 526 < 10.2
0.4x%> —4.94 <0
0.4(x* — 12.35) <0
Key numbers: x ~ +3.51

Test intervals: (—oo, —3.51), (—3.51, 3.51), (3.51, o)

Solution set: (-3.51, 3.51)

68. —1.3x%> + 3.78 > 2.12
-1.3x*> +1.66 > 0

Key numbers: x ~ +1.13
Test intervals: (—oo, —1.13), (-1.13,1.13), (1.13, )

Solution set: (-1.13,1.13)

69. —0.5x% +125x +1.6 > 0
Key numbers: x =~ —0.13, x =~ 25.13
Test intervals: (—oo, —0.13), (=0.13, 25.13), (25.13, «0)

Solution set: (-0.13, 25.13)

70. 1.2x* + 48x + 3.1 < 5.3
1.2x* + 48x - 22 < 0
Key numbers: x ~ —4.42, x ~ 0.42

Test intervals: (—oo, —4.42), (—4.42, 0.42), (0.42, =)

Solution set: (—4.42, 0.42)
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1
23x —52
1
2.3x - 5.2
1-34(23x - 5.2)
2.3x - 5.2
~7.82 + 18.68
2.3x - 5.2

Key numbers: x =~ 2.39, x ~ 2.26
Test intervals: (—oo, 2.26), (2.26, 2.39), (2.39, =)

71. 3.4
-34>0

>0

>0

Solution set: (2.26, 2.39)

72. 2 s
3.1x - 3.7
2 - 5.8(3.1x - 3.
58(31x ~37)
3.1x - 3.7
23.46 — 17.98x
————-— >0
3.1x - 3.7
Key numbers: x ~ 1.19, x ~ 1.30
Test intervals: (—o0,1.19) = 2346 —17.98x
3.1x - 3.7
(119,1.30) = 2346 Z171.98x
3.1x - 3.7
(130, o0) = 240 21798 _
3.1x - 3.7

Solution set: (1.19,1.30)

73. s = —16t? + Vgt + s, = —16t? + 160t

(a) -16t> + 160t = 0

-16t(t — 10) =
t=01t =10
It will be back on the ground in 10 seconds.
(b) —16t2 + 160t > 384

—16t? + 160t — 384 > 0

~16(t* — 10t + 24) > 0
t2 -10t + 24 < 0
(t-4)t-6)<0

Key numbers: t = 4,t = 6

Test intervals: (—oo, 4), (4, 6), (6, )

Solution set: 4 seconds < t < 6 seconds

Section 2.7 Nonlinear Inequalities 215

74. s = —16t% + Vot + s, = —16t2 + 128t
(a) —16t%2 +128t =0
~16t(t — 8) = 0
-6t =0=1t=0
t-8=0=>1t=28
It will be back on the ground in 8 seconds.
(b) -16t? + 128t < 128
—16t2 + 128t — 128 < 0
~16(t* — 8t + 8) < 0
t?2-8t+8>0
Key numbers: t = 4 — N2t =4+ 242

Test intervals:

(-4 - 2v2), (4 - 2v/2,4 + 22),
(4 + 272, )

Solution set: 0 seconds < t < 4 — 2-/2 seconds
and
4 + 2</2 seconds < t < 8 seconds

75. 2L+ 2W =100 = W =50 - L
LW > 500
L(50 - L) > 500
—12 +50L — 500 > 0
By the Quadratic Formula you have:
Key numbers: L = 25 + 5./5
Test: Is L2 + 50L — 500 > 0?

Solution set: 25 — 5/5 < L < 25 + 5/5
13.8 meters < L < 36.2 meters
76. 2L + 2W = 440 => W =220 - L

LW > 8000
L(220 - L) > 8000
—L? + 220L - 8000 > 0
By the Quadratic Formula we have:
Key numbers: L = 110 + 10~/41
Test: Is —L2 + 220L — 8000 > 0?

Solution set: 110 — 10~/41 < L <110 + 10~/41
45,97 feet < L < 174.03 feet
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216 Chapter 2 Polynomial and Rational Functions

7.

79.

R = x(75 — 0.0005x) and C = 30x + 250,000

P=R-C

= (75x — 0.0005x?) — (30x + 250,000)
-0.0005x% + 45x — 250,000
P > 750,000
—0.0005x% + 45x — 250,000 > 750,000
—0.0005x% + 45x — 1,000,000 > 0
Key numbers: x = 40,000, x = 50,000
(These were obtained by using the Quadratic Formula.)

Test intervals:
(O, 40,000), (40,000, 50,000), (50,000, oo)

The solution set is [40,000, 50,000] or
40,000 < x < 50,000. The price per unit is

p= R_ 75 — 0.0005x.
X

For x = 40,000, p = $55.For x = 50,000,
p = $50. So, for 40,000 < x < 50,000,
$50.00 < p < $55.00.

@ e

(b) N = 0.00406t* — 0.0564t* + 0.147t*> + 0.86t + 72.2

(C) 80

oft . .. ... ... .l
70

The model fits the data well.

78. R

x(50 — 0.0002x) and C = 12x + 150,000

P=R-C
(50x — 0.0002x?) — (12x + 150,000)
~0.0002x* + 38x — 150,000
P > 1,650,000
~0.0002x? + 38x — 150,000 > 1,650,000
~0.0002x? + 38x — 1,800,000 > 0
Key numbers: x = 90,000 and x = 100,000

Test intervals:
(O, 90,000), (90,000, 100,000), (100,000, oo)

The solution set is [90,000, 100,000] or
90,000 < x < 100,000. The price per unit is
p = E = 50 — 0.0002x.

X

For x = 90,000, p = $32. For x = 100,000,
p = $30. So, for 90,000 < x < 100,000,
$30 < p < $32.

(d) Using the zoom and trace features, the number of students enrolled in schools exceeded 74 million

in the year 2001.

(e) No. The model can be used to predict enrollments for years close to those in its domain but when
you project too far into the future, the numbers predicted by the model increase too rapidly to be

considered reasonable.
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80.

82.

83.

Section 2.7 Nonlinear Inequalities 217

@ Tg |4 6 8 10 |12 g, —-1.,1
R R 2
Load | 2223.9 | 5593.9 | 10,312 | 16,378 | 23,792 2R, = 2R + RR,
y 2R, = R(2+ R)
B 25000 2R1 - R
Z‘_‘» 20,000 2 + Rl
g
§ 15,0000
E 100 Because R > 1,
E 5,000
) 2R, -
4 6 8 10 12 2+ R,
Depth of the beam
2R 150
(b) 2000 < 168.5d2 — 472.1 2+ R
R -2
2472.1 < 168.5d? L > 0.
2+ R
14.67 < d?
383 <d Because R, > 0, the only key numberis R, = 2.

i ity is satisfi >
The minimum depth is 3.83 inches. The inequality is satisfied when R, > 2 ohms.

(a) 60

oft. .. ... a2
40

(b) The model fits the data well.

© - 42.16 — 0.236t
1 - 0.026t
60 < 42.16 — 0.236t
1 - 0.026t
< 42.16 — 0.236t B
~1-0.026t
0 < -17.84 + 1.324t
1 - 0.026t
Key numbers: t ~ 38,5 and t ~ 13.5
Test Intervals t-Value Expression Value Conclusion
(0,13.5) t=1 -17.0 Negative
(13.5,38.5) t =20 18.0 Positive
(38.5, ) t = 40 —-878.0 Negative

So, the mean salary for classroom teachers will exceed $60,000 during the year 2013.

(d) No. The model yields negative values for values oft > 38.5. The graph also has a vertical asymptote at

t = 500 ~ 38.5.
13

After testing the intervals, you can see that the inequality is satisfied on the open interval (13.5, 38.5).
True. 84. True.
3 2 —
x* = 2x® - 11x +12 = (x + 3)(x — 1)(x — 4) The y-values are greater than zero for all values of x.
The test intervals are (-, —3), (-3, 1), (1, 4), and

(4, oo).
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218 Chapter 2 Polynomial and Rational Functions

85. x* +bx+4=0
(a) To have at least one real solution, b? — 4ac > 0.
b* — 4(1)(4) = 0
b? —16 > 0

Key numbers: b = -4,b = 4

Test intervals: (o, —-4) = b? =16 > 0
(-4,4) > b* -16 < 0
(4,0) = b>-16 > 0

Solution set: (—o0, —4] U [4, ]

(b) b? —4ac >0
Key numbers: b = —2</ac, b = 2</ac
Similar to part (a),if a > 0 and ¢ > 0,
b < —2/ac or b > 2ac.

86. x> +bx -4 =0
(a) To have at least one real solution, b?> — 4ac > 0.
b? — 4(1)(—4) >0
b? +16 > 0
Key numbers: none

Test intervals: (—o0,%0) = b? +16 > 0
Solution set: (-0, )
(b) b%? —4ac >0

Similar to part (a), if a > 0 and ¢ < 0, b canbe
any real number.

87. 3x> + bx +10 = 0
(a) To have at least one real solution, b? — 4ac > 0.
b? — 4(3)(10) > 0
b? —120 > 0
Key numbers: b = —2-/30,b = 2-/30
V/30) = b? —120 > 0

(2\/—2\/_):>b2—120<0

( ):>b2—120>o

Solution set: (—oo, —2\/%} U [2\/%, oo:|

(b) b%? —4ac >0
Similar to part (a), if a > 0 and ¢ > 0,
b < -2+/ac or b > 2ac.

v

[\

Test intervals: (

88. 2x2 + bx +5=0
(a) To have at least one real solution, b? — 4ac > 0.
b* — 4(2)(5) = 0
b? — 40 > 0
Key numbers: b = —2-/10,b = 2-/10
V10) = b? - 40 > 0

(2\/—2\/—):b2—40<0

( ):>b2—40>0

Solution set: (—oo, —2\@} U [2\@, oo)

(b) b%? —4ac >0
Similar to part (a), if a > 0 and ¢ > 0,
b < -2+</ac or b > 2ac.

Test intervals: (

10

89. \ /, For part (b), the y-values

that are less than or equal
10 to 0 occur only at x = —1.

‘\/ For part (c), there are no
y-values that are less

than 0.

For part (d), the y-values
, that are greater than O occur

for all values of x except 2

90. (@) x =a,x=Db

(b) - *

oe

L 2 X
b

(c) The real zeros of the polynomial
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Review Exercises for Chapter 2

1. () y=2x?

Vertical stretch

() y=x2+2

Vertical shift two units upward

y

2. y=(x- 3)2

Horizontal shift three units to the right

y

e ——
B3-2-1 112345

®) y =3¢ -1

Vertical shrink (each y-value is multiplied by %)

and a vertical shift one unit downward

y

3. g(x)

Review Exercises for Chapter 2

= x% - 2x
=x2-2x+1-1
=(x-1°-1

Vertex: (1, -1)

Axis of symmetry: x =1

0=x*-2x=x(x-2)

x-intercepts: (0, 0), (2, 0)

4. f(x)

=x>+8x+10
=x? +8x +16 —16 + 10
= (x+4°-6

Vertex: (—4,—6)

Axis of symmetry: x = —4

219

0=(x+4)-6
(x+4)2:6
X+ 4=

x-intercepts

X =
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220 Chapter 2 Polynomial and Rational Functions

5. h(x) = 3+ 4x — x? 7. h(x) = 4x* + 4x + 13
= —(x* - 4x-3) = 4(x® + x) + 13
= -4x+4-4-3) :4(x2+x+%—%)+13
- J(x-2 - 7] ) =4+ x+4)-1+13
- (x-2P+7 —a(x+ 1) v 12

Vertex: (2,7) Vertex: (—% 12)

Axis of symmetry: x = 2 _ 1
Axis of symmetry: x = -3 Ll
0 =3+ 4x — x?

0=x—4x-3 0=a(x+ 1) +12 0
2 2
R N ) (s 3 -2 ‘
29 No real zeros 32 -l 12 3
_ 4+ ~/28 24+ U7 x-intercepts: none
2
1
x-intercepts: (2 + /7, 0) 8. f(x) = 5(XZ + 5% — 4)
1 25 25
6. f(t)=-2t>+4t+1 =§[X2+5x+7_j_4j
=2 —2t+1-1)+1 _1{()”5)2_41}
- (-9 -1 +1 I 2/ 4
2
= 2t-17+3 ZE[HEJ 4
3 2 12
Vertex: (1, 3) Voo 5 4
Axis of symmetry: t = 1 L2 12

2
0=-2(t -1 +3 Axis of symmetry: x = —g

2t -1 =3
3 0=x>+5x-4
t-1==/= -
2 o554 -5+ A
B 2(1 B 2
ST g
G x-intercepts: (_Siz\/ﬁ OJ
t-intercepts: [1 + 76 OJ
4+
24
-8 -6\ -4 75 / 2 !
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9. (8 x+x+y+y=P 13. f(x) = —2x* - 5x + 12
2x + 2y = 1000 The degree is even and the leading coefficient is
y =500 - x negative. The graph falls to the left and falls to the right.
A =X
Y 14. f(x) = 2% + 2x
= x(500 - x) 2
— 500X — X2 The degree is odd and the leading coefficient is positive.

The graph falls to the left and rises to the right.
(b) A = 500x — x?

_ 3[4 2
= —(x* ~ 500x + 62,500) + 62,500 15. g(x) = 3{x* + 3¢ +2)
2 The degree is even and the leading coefficient is positive.
= —(x — 250 62,500 . . .
(X ) o The graph rises to the left and rises to the right.
The maximum area occurs at the vertex when
X = 250 and y = 500 — 250 = 250. 16. f(x) = —x" + 8x* — 8x
The dimensions with the maximum area are The degree is odd and the leading coefficient is negative.
X = 250 metersand y = 250 meters. The graph rises to the left and falls to the right.
10. C = 70,000 — 120x + 0.055x2 17. g(x) = 2x® + 4x*
The minimum cost occurs at the vertex of the parabola. (a) The degree is odd and the leading coefficient, 2, is
b ~120 . positive. The graph falls to the left and rises to the
Vertex: — = — ~ 1091 units right
2a  2(0.055) gnt.
_ 9y3 2
About 1091 units should be produced each day to yield a (B) g(x) = 2¢° + 4x
minimum cost. 0 = 2x + 4x2
_ 2
11y = x4, f(x) = 6 - x 0 =2¢(x+2)
_ y2
, 0= x*(x+2)
74 Zeros: x = -2,0
© Iy 3 |2|1lol1
g(x) | -18 | 0 2 0|6
. (d)

Transformation: Reflection in the x-axis and a vertical
shift six units upward

12. y = x°, f(x) = %xf’ +3

Transformation: Vertical shrink and a vertical shift three
units upward
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222 Chapter 2 Polynomial and Rational Functions

18. h(x) = 3x* — x* 20. f(x) = x(x* + x* = 5x + 3)

(@) The degree is even and the leading coefficient, —1, () The degree is even and the leading coefficient is
is negative. The graph falls to the left and falls to the positive. The graph rises to the left and rises to the
right. right.

(b) g(x) — 32 _ ¥ (b) Zeros: x = 0,1, -3

0=3x-x' © 1 x —4|-3| 2|-1]0|1] 2| 3
2 2
0 = x*(3-x%) f(x) | 100 | 0|-18|-8|0|0]|10]|72

Zeros: X = 0, /3
(d)

© | x 2| -1]o|1]2

()

21. (@) f(x)=3x>-x*+3

X -3 -2 -110|1 2 3

f(x) | -87 | -25|-1|3|5 23 | 75

19. f(x) = -x*+x* -2
. . . The zero is in the interval [-1, 0].
(a) The degree is odd and the leading coefficient is

negative. The graph rises to the left and falls to (b) Zero: x = —0.900
the right.
(b) Zero: x = -1 22. (@) f(x)=x*-5x-1
© X -31-2|-11]0 1 2 X -3|-2]-11]0 1 213
f(x) |34 |10|0 |-2|-2 |-6 f(x) |95 |25 |5 |-1|-5|5]65
(d) y There are zeros in the intervals [-1, 0] and [1, 2].

(b) Zeros: x ~ —0.200, x ~ 1.772

6X + 3

BEERS 23. 5x - 3)30x2 — 3x + 8

30* — 18X
b ’\ 15% + 8

15x — 9
17
2_
30x 3X+8:6x+3+ 17
bx - 3 5x -3
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5Xx + 4
24, X% — Bx — 1)5x3 _21x2 — 25x — 4

5x% — 25x? — b5x

4% — 20x — 4
4% — 20x — 4
0

5x3 — 21x? — 25x — 4

=5x +4, X #
x? —5x -1

25. f(x) = 20x* + 9x® — 14x® — 3x

@ _1 20 9 -14 -3 0
20 11
20 -1 -3 0 0

Yes, x = -1 isazero of f.

® 3120 9 14 -3 0
15 18 3 0
20 24 4 0 O

Yes, x = 3 isazero of f.

|

© o0|l20 9 -14 -3
0 0
20 14 -3 0

Yes, x = 0 isazero of f.

0
9

@ 1]120 9 -14 -3 o0
20 29 15 12
20 29 15 12 12

No, x = 1 is not a zero of f.

N | o1

+

/29

2

26.

27.

Review Exercises for Chapter 2

f(x) = 3x* — 8x* — 20x + 16
@ 43 -8 -20 16
12 16 -16

3 4 -4 0

Yes, x = 4 isazero off.
(b) -4]3 -8 -20 16
=12 80 -240
3 =20 60 -224

No, x = —4 isnota zero of f.

© 213 5 2 16

2 -4 -16
3 6 -24 0

Yes, X = £ isazeroof f.

d -1

w]|

3 -8 -20 16
-3 11 9
3 -11 -9 25

No, x = -1 is not a zero of f.

223

f(x) = 2x* + 11x* — 21x — 90; Factor: (x + 6)

@ 6|2 11 -21 -9
-12 6 90

2 -1 -15 0

Yes, (x + 6) isa factor of f(x).

(b) 2x* — x —15 = (2x + 5)(x — 3)

The remaining factors are (2x + 5) and (x — 3).

() f(x) = (2x + 5)(x — 3)(x + 6)
(d) Zeros: x = —3,3,-6

(e) 50

VAN
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224 Chapter 2 Polynomial and Rational Functions

28. f(x) = x* —4x3 - Tx* + 22x + 24 29. 8 + ~/-100 = 8 + 10i
Factors: (x + 2), (x - 3) 30. —5i +i% = -1 - 5i
@ -2|1 -4 -7 22 24

2 12 10 -24 3L (7 +5i)+ (-4 +2)=(7-4)+ (5l +2i) =3+7i

1 -6 5 12 0

1 -6 5 12
3 -9 -12
1 3 -4 0

Yes, (x + 2)and (x — 3) are both factors of f(x).
(b) X* —3x—4 = (x+1)(x -4

The remaining factors are (x + 1) and (x — 4).
(€ f(x) = (x+1)(x —4)(x +2)(x - 3)
(d) Zeros: -2,-1,3,4

©) 4
S /\u °
-10
32. (V2 - Vai) - (V2 + V2i) = (V2 - V2) + (V2 - V2i)
=0+ (-2n2i
= -22i
33. 7i(11 - 9i) = 77i - 63i* = 63 + 77i % 4 .2 4 2+3 2 1-i
2-3 140 2-3 2+3i 1+i 1-i
34. (1 + 6i)(5 - 2i) = 5 - 2i + 30i — 12i? _8+12i 2-2i
— 5428 +12 4+9 1+1
= 17 + 28i S8 L
= 13 13
35.6+i:6+i.4+i :[g+1j+(gi_ij
4—i A-i 4+i 13 13
24 +10i + i2 21
16 +1 13 13
23 + 10i
=1 37. X2 —2x+10 = 0
_ 2z 10 _ —b £ ~/b? - 4dac
1717 X = a
~(-2) £ /(-2)° - 4(1)(10)
) 2(1)
2+./-36
- 2
2+ 6
2
=1+ 3i
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38. 4> +4x+7=0

—b £+ ~/b? - 4ac

2a

-4 @7 - @)

- 2(4)

-4 + (/-96

8

—4 + 4/6i
8

. Y6,
2

N |-

39. Since g(x) = x* — 2x — 8 is a 2nd degree polynomial
function, it has two zeros.

40. Since h(t) = t* — t°is a 5th degree polynomial
function, it has five zeros.

41. f(x) = x* + 3x* — 28x — 60
Possible rational zeros:
+1, +2, 3, £4, £5, +6, +10, £12, +15, +20, +30, +£60
2|1 3 -28 -60
-2 -2 60
1 1 -30 0

X* +3x? — 28x - 60 = (x + 2)(x* + x — 30}
= (x + 2)(x + 6)(x — 5)

The zeros of f(x) are x = =2, x = —6, and x = 5.

42. f(x) = 4x* - 11x° + 14x* — 6x

x(4x3 — 11x% + 14x — 6)

Onezerois x = 0. Because 1 — i isazero,sois 1+ i.

1-i |4 ~11 14 -6
4 — 4i -11 + 3i 6
4  —7-4i 3+3 O
1+i |4 -7-4i 3+3i
4+ 40 -3-3i
4 -3 0
f(x):x[x—(l—i)][x—(1+i)](4x—3)

X(x =1+ i)(x —1—i)4x -3

Zeros: 0, %,1 +i,1-1i

43.

44,

45.

46.

Review Exercises for Chapter 2 225

g(x) = x* - 7x* + 36

211 -7 0 36
-2 18 -36
1 -9 18 0

The zeros of x* — 9x + 18 = (x — 3)(x — 6) are
x = 3, 6. The zeros of g(x) are x = -2, 3, 6.

9(x) = (x +2)(x = 3)(x - 6)

f(x) = x* +8x> + 8x* — 72x — 153

311 8§ 8 -72 -158
33 123 153
1 11 41 51 0
3|1 11 41 51
-3 -24 -51
1 8 17

By the Quadratic Formula, the zeros of
X% + 8x + 17 are

N NG P S
) 21 T2 T
The zeros of f(x) are -3,3,-4 —i, -4 +i.

f(x) = (x+3)(x =3)(x +4 —i)(x +4+1i)

h(x) = —2x° + 4x® - 2x* + 5

h(x) has three variations in sign, so h has either three or

one positive real zeros.

h(-x) = -2(-x)° + 4(~x)° = 2(-x)* + 5
=2x" —4x® - 2x2 + 5

h(—x) has two variations in sign, so h has either two or

no negative real zeros.

f(x) =4x® - 3x* + 4x - 3

@ 114 -3 4 -3
4 1 5
4 1 5 2

Because the last row has all positive entries, x = 1
is an upper bound.
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226 Chapter 2 Polynomial and Rational Functions

47. Because the denominator is zero when x + 10 = 0, the domain of f is all real numbers except x = -10.

X ~11 | -105 | -10.1 | -10.01 | -10.001 | — -10
f(x) | 33 |63 303 | 3003 30003 | >
X ~10 < | -9.999 | -9.99 | -99 | -95 | -9
f(x) | —w 29,997 | -2997 | 297 | -57 | -27

As x approaches —10 from the left, f(x) increases without bound.
As x approaches —10 from the right, f(x) decreases without bound.

48. Because the denominator is zero when x* — 10x + 24 = (x — 4)(x — 6) = 0, the domain of f is all real numbers except
X = 4and x = 6.

X 3 35| 3.9 3.99 3.999 - 4

f(x) | 2667 | 6.4 | 38.095 | 398.010 | 3998.001 | —

X 4 « 4.001 4.01 4.1 4.5 5

f(x) | —o « | —4002.001 | -402.010 | —42.105 | -10.67 | -8

As x approaches 4 from the left, f(x) increases without bound.

As x approaches 4 from the right, f(x) decreases without bound.

X 5 5.5 59 5.99 5.999 —> 6

f(x) | -8 | -10.67 | —42.015 | —-402.010 | —4002.001 | — —

X 6 « | 6.001 6.01 6.1 65 |7

f(x) | o <« | 3998.001 | 398.010 | 38.095 | 6.4 | 2.667

As x approaches 6 from the left, f(x) decreases without bound.

As x approaches 6 from the right, f(x) increases without bound.

49. f(x) = S

(a) Domain: all real numbers x except x = 0
(b) No intercepts
(c) Vertical asymptote: x = 0

Horizontal asymptote: y = 0

@ 3| -2|-1]1|2 4

f(x) | = | -2 | -4 |4]2

S
w|lh| w
—_ N W

-3-2-1 | 1 2 3 4
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X —4
50. h(x) = ~— @ [2lalols|2]3]4] 5]56]s
(a) Domain: all real numbers x except X = 7 h(x) 2 51411121 0 1 o la
(b) x-intercept: (4, 0) 3 8 |7]2]5]4 2
y-intercept: (O, i) A
7
(c) Vertical asymptote: x = 7
Horizontal asymptote: y =1
6x2 - 11x + 3
51. f(x) = Cf -2 AT
( ) XZ +1 53 ( ) 3X2 — X
(@) Domain: all real numbers x (Bx-1)(2x-3) 2x-3 N
(b) Intercept: (0, 0) X(3x - 1) x 3
(c) Horizontal asymptote: y = 0 (a) Domain: all real numbers x except x = 0 and
1
@] 5 2| -1 lo|1]2 x=3
2 1 1 2 . 3
f(x — | -=1]10| =] = b) x-intercept: | —, 0
() 5 2 2 5 ) P (2 j
| (c) Vertical asymptote: x = 0
V Horizontal asymptote: y = 2
2
1+ @ X -2 | -1 1 2 |3 4
0,0
S W | 2 s || d]a|2
2 2 4
it
2+ y
2x2
52 y = —
y X2 _ 4 +

(@) Domain: all real numbers x except x = +2
(b) Intercept: (0, 0)

(c) Vertical asymptotes: x = 2, x = -2

Horizontal asymptote: y = 2

@ [y +5|+a 23] +1 |0

50 8 | 18 2
vyl 2> 2| 2|5 |o
21 3 5 3
y
Lol
Rl
SN T
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228 Chapter 2 Polynomial and Rational Functions

2 _ 2

54. f(x):w 56. f(x):X+1:x—1+
ax% —1 X +1 X +1

(2x =1)(3x - 2)  3x -2 (@) Domain: all real numbers x except x = -1

(2x -1)(2x +1)  2x +1’

1
73
(b) y-intercept: (0,1)

. 1 .
(2) Domain: all real numbers x except x = ii (c) Vertical asymptote: x = -1
(b) y-intercept: (0, -2) Slant asymptote: y = x — 1
(d) 3 1
x-intercept: (g Oj X -6 -2 5|3 0| 4
37 13 5 17
(c) Vertical asymptote: x = —% () 5 - o 2 =
. 3
Horizontal asymptote: y = 5
d
O Tal2a]ol2]1]2
3
f(x) 118 5 | -2 0 114
5 3 315
l 57. ¢ = >8P < h <100
2 100 - p
X (a) 4000
2X3 2X 0 S 100
55. f(x) = —— = 2x -
() X2 +1 X2 +1
. 528(25
(a) Domain: all real numbers x (b) When p = 25,C = (25) = $176million.
(b) Intercept: (0, 0) 100 - 25
528(50) -
(c) Slantasymptote: y = 2x When p = 50,C = ——— = $528million.
100 — 50
(d)
X -2 -1 10|1 2 528(75
When p = 75,C = ﬁ = $1584 million.
fx) | -2 2 fof1] __ _
5 5 (c) As p - 100,C — oo. No, it is not possible.
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58.

59.

60.

(a) tz in.

t2in.

(b) The area of printis (x — 4)(y — 4), which is 30
square inches.

(x - 4)(y -4) =30
30
_4 =
y -
30
= 4
y x—4+
_30+4(x-4)
y = 2
_4x +14
y = —
_2(2x + 7)
y = —
Totalarea:xyzx{z(zx+7)}:2X(2x+7)
X — 4 X — 4

(c) Because the horizontal margins total 4 inches, x must
be greater than 4 inches. The domain is x > 4.

12x% + 5x < 2
12x? +5x -2 < 0
(4x -1)(Bx +2) < 0

Key numbers: x = —%, X =

Test intervals: (—oo, —Ej, (_ ) 1), [1, ooj
3 34)\4

Test: Is (4x — 1)(3x + 2) < 0?

N N

By testing an x-value in each test interval in the

inequality, you see that the solution set is (—% %j

x3 —16x > 0
X(x +4)(x-4)=0

\Y

Key numbers: x = 0, x = +4
Test intervals: (—oo, —4), (4, 0), (0, 4), (4, =)
Test: Is x(x + 4)(x — 4) > 0?

By testing an x-value in each test interval in the inequality,
you see that the solution set is [4, 0] U [4, o).

61.

62.

63.

64.

65.

66.

Review Exercises for Chapter 2 229

2 < 3
X+1 x-1
2(x—1)—3(x+1)<0
(x +1)(x - 1)
2x —2-3x -3 0
(x+1)(x-1)
—~(x +5) <
(x +1)(x - 1)

Key numbers: x = -5, x = 1

Test intervals: (-, —5), (-5, -1), (-1,1), (1, =)
ﬂ < 0?

(x+1)(x -1

By testing an x-value in each test interval in the inequality,
you see that the solution set is [-5, —1) U (1, »).

Test: Is

x> —9x + 20
—_— <

< 0
(x—4)(x—5)<O

Key numbers: x = 0,x = 4, x =5
Test intervals: (oo, 0), (0, 4), (4, 5), (5, =)
Test: Is W < 0?

X

By testing an x-value in each test interval in the inequality,
you see that the solution set is (—o, 0) U (4, 5).

P 1000(1 + 3t)
5+t
1000(1 + 3t)
5+t

2000(5 + t) < 1000(1 + 3t)
10,000 + 2000t < 1000 + 3000t
—-1000t < -9000

t > 9days

2000

INIAN A

\%

An asymptote of a graph is a line to which the graph
becomes arbitrarily close as x increases or decreases
without bound.

False. A fourth-degree polynomial can have at most four
zeros, and complex zeros occur in conjugate pairs.

False.
The domain of
1
f(x) = ——
() X2 +1

is the set of all real numbers x.
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Problem Solving for Chapter 2

1. f(x) = a® + bx* + cx + d
ax? + (ak + b)x + (ak2 + bk + c)
x—k)ax3 + bx? + X +d

3 2

ax® — akx

(ak + b)x* + cx

(ak + b)x* — (ak? + bk )x

(ak2 + bk + c)x +d
(ak2 + bk + c)x - (ak3 + bk? + ck)

(ak® + bk? + ck + d)
So, f(x) =ax® +bx? +cx+d = (x - k)[ax2 + (ak + b)x + (ak? + bx + c)} + ak® + bk? + ck + d and

f(x) = ak® + bk® + ck + d. Because the remainder is r = ak® + bk?® + ck + d, f(k) = r.

2. (a 2
(@ y | yi+y? (iv)2x3+5x2:2500;a:2,b:522—3:%
1 2
2 (2x¢) + 2 (5x¢) = —(2500)
2 12 125 125 125
3 2
3 36 (§)+(§]:80:>§:4:>x:10
5 5 5
4 80
o (v) 7x% + 6x2 = 1728;
5 15
a-7b-6=2 -4
6 252 B P YT
7 392 ﬂ(?ﬁ) - ﬂ(exz) = 29 (1729
216 216 216
8 576 7\’ 7xY X
9 810 (€j+(zj:392:>€:73X:6
10 1100 (vi) 10x® + 3x? = 297,
a? 100
(b) () x®+x2=252=x=6 a=10b=3= 5="1—
. a2 1
(i) X*+2x* =288a=1b=2= ===
b*> 8 110x) + 03e2) = 1297

27 27 27

Lo 1(2x2) = E(288) , ,
8 8 8 (10x] N [10xj 1100 — 10X
3 2 _ = -
@j+[§j=36:>§=3:x=6 3 3 3
=10=>x=3
2 .
(i) 33 +x2 = 90;a=3b=1= % -9 (c) Answers will vary.

9(3x°) + 9x* = 9(90)
(3x)° +(3x)° =810 = 3x =9 = x =3
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_ _ 2 —
3V =1I1-w-h=xx+3) 6.(a)SIope=§ ;1:5
x2(x +3) = 20 B
Slope of tangent line is less than 5.
XX +3x2 -20 =0
R 4-1
Possible rational zeros: +1, +2, +4, +5, +10, +20 (b) Slope = 51 3
211 3 0 -2 — Slope of tangent line is greater than 3.
2 10 20 ! _
| (c) Slope = adl-4 _ 4.1
1 5 10 o L - 21-2

Slope of tangent line is less than 4.1.

|— = —>|

(x = 2)(x* +5x +10) = 0 L A
5 1 i a— (@ Slope = f(2+h) - (2)
x = 20rx = == (2+h)-2
: 2+h) -4
Choosing the real positive value for x we have: = (Jr#
Xx=2and x +3=5.
The dimensions of the mold are _ 4h + h?
2 inches x 2 inches x 5 inches. h
=4+hh=0
4. False. Since f(x) = d(x)g(x) + r(x), we have © Slope=4+h h=0
f(x) _q(x) + r(x). 4+(-1)=3
d(x) d(x) 4+1=5
The statement should be corrected to read f(-1) = 2 4+01=41
f(x) f(_l) The results are the same as in (a)—(c).
since —— = q(x) + ——. )
X +1 X +1 (f) Letting h get closer and closer to 0, the slope

approaches 4. So, the slope at (2, 4) is 4.
5 (@ y=ax’?+bx+c

(0,—4): —4 = a(0)’ + b(0) + ¢ 7 1(x) = (x = K)a(x) + ¥
_4-c (a) Cubic, passes through (2, 5), rises to the right

(4Y 0): 0= a(4)2 + b(4) -4 One possibility:

0 =16a+4b— 4 = 4(4a + b — 1) f(x) = (x=2)x* +5

0=4a+b-1 or b=1-4a =x*-2x* +5
(1,0): 0 = a(l)z T b(1) - 4 (b) Cubic, passes through (-3, 1), falls to the right

4=a+hb One possibility:

4 = a+(1-4a) f(x) = -(x+3)x* +1

4=1-3a =-x-3x%+1

3= -3a

a=-1

b=1-4-1)=5
y =-—x*+5x-4
(b) Enter the data points (0, -4), (1,0), (2, 2), (4,0),
(6,-10) and use the regression feature to obtain

y = —x% + 5x — 4,
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232 Chapter 2 Polynomial and Rational Functions

1 1
8. @ z, =~ ©) z, ==
z z
1 11— 1
1+i 1+i 1-i -2+8i
_1-i 11 -2 -8
2 2 248 —2-8i
®) zn = _-2-8 1 2
68 34 17
11 3+
C3-i 3-i 3+i 9. (a + bi)(a - bi) = a? - abi + abi — b%? = a? + b?
3+i 3 1. . 2 2
=——=—+— Since a and b are real numbers, a + b“ is also a real
10 10 10
number.
10. f(x):ax+b
cx +d

Vertical asymptote: x = _d
c

Horizontal asymptote: y = a
c

i) a>0b<0c>0d<0

Both the vertical asymptote and the horizontal asymptote are positive. Matches graph (d).
(i) a>0b>0,c<0,d<0

Both the vertical asymptote and the horizontal asymptote are negative. Matches graph (b).
(iii)a <0,b>0,c>0d <0

The vertical asymptote is positive and the horizontal asymptote is negative. Matches graph (a).
(ivya>0b<0c>0d>0

The vertical asymptote is negative and the horizontal asymptote is positive. Matches graph (c).

(x - b’

(@ b # 0 = x = bisavertical asymptote.

11. f(x) =

a causes a vertical stretch if |a| > 1and a vertical shrink if 0 <|a| < 1. For |a|> 1, the graph becomes wider as |a|
increases. When a is negative, the graph is reflected about the x-axis.

(b) a = 0.Varying the value of b varies the vertical asymptote of the graph of f. For b > 0, the graph is translated to the
right. For b < 0, the graph is reflected in the x-axis and is translated to the left.
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12. (@) Age, X Near point, y
16 3.0
32 4.7 ,
0
44 9.8
50 19.7
60 39.4
y =~ 0.031x? — 1.59x + 21.0
) L ~ —0.007x + 0.44
y
yoo L
—0.007x + 0.44

50
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© Age, x | Near point, y | Quadratic Model | Rational Model
16 3.0 3.66 3.05
32 4.7 2.32 4.63
44 9.8 11.83 7.58
50 19.7 19.97 11.11
60 39.4 38.54 50.00

The models are fairly good fits to the data. The quadratic
model seems to be a better fit for older ages and the rational
model a better fit for younger ages.

(d) For x = 25, the quadratic model yields y ~ 0.625 inch
and the rational model yields y ~ 3.774 inches.

(e) The reciprocal model cannot be used to predict the near
point for a person who is 70 years old because it results
in a negative value (y ~ —20). The quadratic model yields

y ~ 63.37 inches.

13. Because complex zeros always occur in conjugate pairs, and a cubic equation has three zeros and not four,
a cubic equation with real coefficients can not have two real zeros and one complex zero.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




234

Chapter 2 Polynomial and Rational Functions

Practice Test for Chapter 2

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sketch the graph of f(x) = x* — 6x + 5 and identify the vertex and the intercepts.

Find the number of units x that produce a minimum cost C if
C = 0.01x*> - 90x + 15,000.

. Find the quadratic function that has a maximum at (1, 7) and passes through the point (2, 5).
. Find two quadratic functions that have x-intercepts (2, 0) and (g 0).

. Use the leading coefficient test to determine the right and left end behavior of the graph of the polynomial function

f(x) = -3x° + 2x* —17.

. Find all the real zeros of f(x) = x° — 5x® + 4x.
. Find a polynomial function with 0, 3, and -2 as zeros.

. Sketch f(x) = x* —12x.

. Divide 3x* — 7x% + 2x — 10 by x — 3 using long division.

Divide x® —11by x? + 2x — 1.
Use synthetic division to divide 3x® + 13x* + 12x — 1 by x + 5.

Use synthetic division to find f(-6) given f(x) = 7x* + 40x®> — 12x + 15.
Find the real zeros of f(x) = x* —19x — 30.

Find the real zeros of f(x) = x* + x* — 8x* — 9x — 9.

List all possible rational zeros of the function f(x) = 6x3 - 5x2 + 4x — 15,
Find the rational zeros of the polynomial f(x) = x* — 2x* + 9x — %,

Write f(x) = x* + x* + 5x — 10 as a product of linear factors.

Find a polynomial with real coefficients that has 2, 3 + i, and 3 — 2i as zeros.
Use synthetic division to show that 3i isazero of f(x) = x* + 4x* + 9x + 36.

x -1

Sketch the graph of f(x) = and label all intercepts and asymptotes.

. 8x2 - 9
Find all the asymptotes of f(x) = — .
X°+1
2 p—
Find all the asymptotes of f(x) = 4)(72)(1”
X -
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23. Given z; = 4 - 3i and z, = -2 + i, find the following:
@ z-12
(b) 7z,
© u/z

24. Solve the inequality: x> — 49 < 0

25. Solve the inequality: X +:75 >0
X j—
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