787 PART I11: Solutions to Even-Numbered Exercises
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Domain: all x Domain: all x
Range:y = /6 Range:y < 0

Review Exercises for Chapter 2

Solutions to Even-Numbered Exercises

2. y=x>—-4 (b) y=4—x?
Vertical shift 4 units downward Reflection in the x-axis and a vertica shift 4 units
upward
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© y=©x-23?2
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Horizontal shift 3 units to the right @y=5x"-1

Vertical shrink and a vertical shift 1 unit downward
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4. fX)=(x— 42— 4 y
Vertex: (4, —4) 14
y-intercept: (0, 12) E

x-intercepts. (2, 0), (6, 0)
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6. f(x) =3x2 — 12x + 11 v
11
=3<x2—4x+4—4+) “
3 12
1 10
— _ 22 _ = 8
3[(x 2) 3} :
4
=3x—-22-1 ,
Vertex: (2, —1) ﬁu_‘zp‘liééfox
y-intercept: (0, 11)
12 + /12 1
x-intercepts: X = +6\/7 =2+ 5\/5
1 1
2+..3,0)(2-2/30
3 3
8. Vertex: (2,3) 1 f(x) = alx—2)2+ 3 10. f(x) = X2 + 8x + 10
Point: (~1,6) 0 6=a(~1— 2)2+ 3 =+ 8x+ 16 — 16 + 10
6=9a+3 =(x+42-6
3=0a The minimum occurs at the vertex (—4, —6).
i-a
f(x) =3(x— 22+ 3
12. h(X) = 3 + 4x — X2 14. h(x) = 42 + 4x + 13
= -(¢-4-3 =4 +x+1-1+5)
— —(¥2 — _ —
= (X 4x + 4 4 3) — 4{()( + %)2 + 3]
= —[(x—-2?-7] =4(x +3)* + 12
=-(x-2?2+7 The minimum occurs at the vertex (—% 12).
The maximum occurs at the vertex (2, 7).
16. f(X) = 4x2+ 4x + 5
=42 +x+3-7+3)
- dx+ 3+
—ax+1)2+a
The minimum occurs at the vertex (—% 4).
18. (a) sw (c) Vertex at x = =b - B 15
I 2a 2(_;)
2
P(15) = 4325

Vertex: (15, 432.5)

0 50

(b) Vertex: (15, 432.5) (d) The vertex represents the amount ($1500) of adver-
tising that yields a maximum profit $43,250.
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20. y = x5

© y (d) y

Y Now Ao
L
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2.y =X’

©) y (b) y
8-+ 1
7T 1
6+ 1
5 1

J

3T R Pt
2+ -5 -4 -3 412345
1

—“+——— x

-5-4-3-2

24. f(x) = 3x® + 2x

The degree is odd and the leading coefficient is pos-
itive. The graph falls to the left and rises to the right.

28. 4

7 ) (T T R | e P}

R b
-5-4-3-2 +1234

26. h(x) = —x5 — 7x2 + 10x

The degree is odd and the leading coefficient is neg-
ative. The graph risesto the left and falls to the
right.

30. () Zerosof h(x) = =2 — x2 + x = X(—2x2 — x + 1) = x(x + 1)(2x — 1) are 0, — 1, 3.

(b) y
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32.(d fx)=—-(x+6°-8
(x+6)°= -8
X+6=-2
X=—38

34 () t*—4t2=0

2 — 4) = 0
2t —2)(t+2 =0
t=002 -2

36. (a) Combined length and girth:
27r + h=2160 h = 216 — 2#r

Volume = #r2h = 71r2(216 — 27r)

38. (@) f(—3) < 0,f(—2) > 07 zeroin[—3, —2]
f(-1) > 0,f(0) < 0T zeroin[—1, 0]
f(3) < 0,f(4) > 00 zeroin[3, 4]
(b) zeros: —2.979, —0.554, 3.533

x*+1
42.y1=X2+2
=X -2t
X +2) 2+ 2 5
T +2 @ +2 X2+ 2
X+ 22 -2%2—-4+5
B X2 + 2
oxAq 41

T2 N

(b) y

(b)

(b) 120000

0 (A N T B B Y (V')

The volume is maximum whenr = 72 =~ 22.9,
h= 216 — 27(229) = 72.1

40. (@) f(—=2) > 0,f(—1) < 0 [J zeroin[—2, —1]
f(0) < 0,f(1) > 0T zeroin[0, 1]
(b) zeros: —1.897,0.738

Y T T | 12
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Wi

32 + 3
44, 3x — D 4x + 7 46. X2 — 1) 3x* + 03 + 0x2 + Ox + O
4x — 8 3x* - 3%
2 32 +0
3x2 -3
4x+7 4 29
g 3
-2 3 33x-2
3x
=3 +3+
X -1 E+3 X2 -1
3>+ 5x + 8
48. 2@ + Ox — 1) 6x4 + 10x® + 132 — 5x + 2
6x*+ 0 — 3%
10x® + 16x% — 5x
10x® + 0x* — 5x
16> — 0+ 2
16x* + 0—8
10
6x4 + 106 + 13x2 — 5X + 2 10
=3 +5x+ 8+
e — 1 3x¢+ 5x + 8 e — 1
50. 5/ 01 03 0 —-05 52_% 2 2 _1 2
05 4 20 1 3 1
2 4
01 08 4 195 s
2 3 32 4
0.1 + 0.3 — 05 , 195
=0Ix+08&+4+ —— X34+ 22 —x+ 2 1 9/4
x—=5 Xx=5 =22+ X+ S
x — (1/2) 2 x—(1/2
54. (@ -1 | 20 9 -14 -3 O (b)% 20 9 —-14 -3 0
-20 11 3 0 f(-1)=0 15 18 3 0 fd=0
20 -1 -3 0 0 20 24 4 0 0
(0)0‘20 9 -14 -3 0 @1]20 9 -14 -3 0
0 0 0 0 f(0= 20 29 15 12 f(1) =12
20 9 -4 -3 0 20 29 15 12 12
56. -2 (3 2 -15 -10
-2 o 10 f(-3)=0 58. f(x) = 100 + 212 — X — 6
3 0 -_15 0 -2 |10 21 -1 -6
-20 -2 6
3@ + 2¢ — 15x — 10 = (x + 2)(3x2 — 15) 0 1 -3 o
= 3+ 2)(¢ - 5) Zeros: —2,—3%,3

= (3 + 2(x + V/5)(x — /5)

2

3t

V5

Zeros. —

60. 10 — 13x2 — 17x + 6 = (x — 2)(x + 1)(10x — 3) [0 Zeros 2, —1, 75

3



62.

606.

70.

72.

74.

76.

78.

80.
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f(x) = 5x* + 126x2 + 25 64. 8 ‘ 2 -5-14 8
f(x) = (5% + 1)(x2 + 25) 16 88
52+ 1=0 2 11 74 592
) 1 All positive [ x = 8 is upper bound
2= —=
5 -4 2 -5 -14 8
X = +§i , -8 52 —152
-5 2 —13 38 —144
X +25=0 Alternating signs [J x = —4 islower bound.
X2 = —25
X = x5
~J/-124+3=-2/3i+3=3-2/3i 68. —i2—4i=1-4i
/2 ﬂ.> (ﬂ ﬂ.) .
<2 5| 5t )= J2i
1+6)(5—2)=5—-2 +30i +12=17 + 28i
i(6+i)3—2)=i18+3 —12i + 2) =i(20 — 9) = 9 + 20i
4-i)2—-—4+i2=016—-8—-1)—(16+8 —1) = —16i
3+2 5-i_15+10-8i+2 17 7.
5+i 5—i 25+ 1 26 26
1 1 _ .
@+ @+4-D@A+4-1 82 e Lrd
_ 1 ol
(3 + 4i)(3 + 4i) 3T
1 111111”11111'%.6‘
= 5-4-3-2-1 112345 ™S
9+ 24i — 16 Sl
=l
_ 1 . —7 — 24i :‘5‘:
-7+ 24 —7— 24
_—7= 24i
49 + 576
-7 24

625 625
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84. Imaginary 7i 86.

axis

NWbUooO~N®

1

88. f(x) =x>+23—-3x— 20
@ 10 (b)

90. f(x) = x3 — 5x2 — 7x + 51

gx) =x3— 3%+ 3+ 2

@

T o

U

-2

(b) Onereal zero because the graph has only one
x-intercept.
(c) Thezeroisx = —0.44.

One red zero because the graph has only one
x-intercept.

j (¢c) Thezeroisx = 1.72.

= (2x — 5)(x2 — 2x + 6)

X =

2+ V2240 _, . i
> =1+ /5

zeros 3,1 + /5i, 1 — /5i
fx) = (2x — 5)(x — 1 — /Gi)(x — 1 + /5i)

=(X+3)(X2—8X+ 17) 92. f(X)=2X3—9X2+22X—30
+ J(—872 — 4(17) + /= _
X:8+ (—9) 4(17):8+\/ 4=4i|
2 2
zeros. —3,4 + 0,4 — i
fX) =x+3Ix—4—i)x—4+i)
94. f(x) = x* + 10x3 + 26x2 + 10x + 25 96.

= (X2 + 1)(x2 + 10x + 25)
=X+ 1)x+52= X+ i)(x—i)(x+ 572
zeros. +i, —5, —5

98. f(X) = (x + H(X + 4)(x — 1 — V3i)(x — 1 + J/3i)
= (x2 + 8x + 16)((x — 1)2 + 3)
= X2+ 8x+ 16)(x2 — 2x + 4)
=x*+ 63+ 4x* + 64

100. f(x) = x* — 4x3 + 3x2 + 8x — 16
@ f¥) =0 —x—4)x—3x+4

B %= 2 2* 72
f(x)=( —;—\/2177><x—;+217)(x2—3x+4)
(c)x—3i\/(_23)27_4w=gi 27i
f(x)=(x—%— 217><x—;+217><x—§+\f|

f(x) = (x— DX+ 4(x + 3 —5)x+ 3+ 5i)
= (% + 3x — 4((x+ 3)? + 25)
= (X2 + 3x — 4) (X2 + 6x + 34)
= x4+ 93 + 48x® + 78x — 136
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102. Domain: al x # —12 104. The denominator x? + x + 3 has no zeros.
Horizontal asymptote: y = 5 Domain: al x
Vertical asymptote: x = —12 Horizontal asymptote: y = 2

Vertical asymptotes: none

106. y =0 108. No horizontal asymptote 110. y = =1
(degree p(x) > degree q(x))

_ _ 528(25) - B _ 528(50) -
112. (Q)Whenp = 25,C = 100 — 25 $176 million. (b) Whenp = 50,C = 100 —50 $528 million.
_ _ 528(75) - <000
()Whenp = 75,C = 00— 75 $1584 million. (d) :

() Asp [0 100, C tendsto infinity.
No, it is not possible.

_x—=3
-2
x-intercept: (3, 0)
3
y-intercept: (0, 2)
Vertical asymptote: x = 2
Horizontal asymptote; y = 1

114. f(x)

Xx|=10|1|3|4]|5
y[$l¢l2[0[5]3
2X2
116. y =
6.y X2 —4
Intercept: (0, 0)
y-axis symmetry

Vertical asymptotes: x = 2, x = —2
Horizontal asymptote; y = 2

X| 5[ +4| 3| 1|0

0 [ 8 [ 18] _2
y213530

4
118. h(x) = ——

8. h(x) (x — 1) y

7]

y-intercept: (0, 4) 6.

Vertical asymptote: x = 1 51

Horizontal asymptote: y = 0

Xx|—-2|-1/0|2]|3
y 1 (4]4|1

O | N

—t——
2 3 4 5

(1
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-1 -1
120. f(X)_x2+5x+4_(x+4)(x+1) . 1
Intercepts: (O, —211), (% 0) U
Vertical asymptotes: x = —4,x = —1 P \Ja 59
b2t el

Horizontal asymptotes: y = 0

x3 1 2X 1 2X
122. f(X):73)(2_6:§X+3X2_6=§|:X+X2_2:|

Intercepts: (0, O)
Vertical asymptotes: x = + /2

1
Slant asymptote: y = §X

5x 22+ T7x+3 2
124 y= 5 126, f(0) = =— T — =&+ 5-
Intercept: (0, 0) Intercepts: (0, 3), (—3,0), (—3,0)

Vertical asymptotes: x = 2,x = —2 : Cy
Horizontal asymptote: y = 0 Vertical asymptote: x = —1

Slant asymptote: y = 2x + 5

y

IS
! I

|
)
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128. False. The degree of the numerator is two more than the degree of the denominator.



