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PART II11: Solutions to Even-Numbered Exercises

76. (a) 25

0 L L L 100

-5

(b) The parabolaintersectsy = 10 at s = 69.6.
Thus, the maximum speed is 69.6 mph.

78. (@) .

(b) y = —0.352t2 + 11.830t — 21.245

Analytically,
0.002s? + 0.005s — 0.029 = 10
2¢? + 5s — 29 = 10,000
28 + 5s — 10,029 = 0
a=2b=5c= -10,029

o -5 + /5% — 4(2)(—10,029)
2(2)
o -5 + /80,257
4
s= —72.1,69.6

The maximum speed if power is not to exceed
10 horsepower is 69.6 miles per hour.

40

(d) No. The model begins to decrease at arapid rate.

-b —-10 10 5
80. True. Forf(x), — = ——F—= —— = —= — —g_ _2
2a 2(—4) 8 4 82.xn_Ly28EI y 8_ X. Then, —5x +
~b_ -30 _-30_-5 AN o (82_DX) e g s_w
Y- —aX = — X =zadl y: —_ - = =
Fora). 5 =22 ~ 24 ~ 4 ° ° 0
5 (1.2,6.8)
In both cases, x = — isthe axis of symmetry.
84. y=x+3=9-x? 86. 3x — 4y = 12 88. y=Vx+3
X>+x—-6=0 —4y =12 — 3x Yes, y isafunction of x.
(x+3)(x—-2 =0 y = —3(12 - 3x)

X=-3,Xx=2

Thus, (—3,0) and (2, 5) are
the points of intersection.

Section 2.2

Solutions to Even-Numbered Exercises

2. f(x) = x> — 4xis a parabola with intercepts (0, 0)
and (4, 0) and opens upward. Matches graph (h).

y = %x -3
Yes, y isafunction of x.

Polynomial Functions of Higher Degree

4. f(x) = 23 — 3x + 1 hasintercepts (0, 1), (1, 0),
(=3 — 3V3,0)and (=35 + 33, 0). Matches

graph (a).
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6. f(x) = —3x3 + x2 — 5 has y-intercept (0, —3).
Matches graph (d).

10. y=Xx°
@ fx = x+3?°

> X
11234

Horizontal shift three units to the left
© f0) =1-3¢

—+— ——
432 [ | 2 3 4

3+
4+

Reflection in the x-axis, vertical shrink and verti-

cal shift one unit upward

12.y=x8
@ f0 = —5x°

y

BN W A
PR T
—t—+—t

43=2f | 2 3 4

Vertica shrink and reflection in the x-axis
© f() = —5x6+1

Vertica shrink, vertical shift upward one unit,
and reflection in the x-axis

8. f(x) = £x® — 2 + 2x has intercepts (0, 0), (1, 0),

(=1,0),(3,0), (—3,0). Matches (b).

(b) f(x) =5 + 3

Vertical shift three units upward
() f0) = —3(x+ 13

Reflection in the x-axis, vertical shrink and hori-
zontal shift one unit to the left

(b) f(x) =x5—4

y

BN W A
P
—t—+—t

4 32

Vertical shift 4 units downward
d) f(x)=(x+2°¢—-4

4+

Horizontal shift two units to the left and vertica
shift 4 units downward
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14.

18.

22.

26.

30.

36.

38.

fx) = —308 — 3x + 2), g(x) = —3x°

) [ T T e EPl

-8

f(x) = %x3 + bx

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.

f(x) =2x°—5x+ 75
Degree: 5
Leading coefficient: 2

The degree is odd and the leading coefficient is
positive. The graph falls to the left and rises to the
right.

f(s) = —4(s® + 52 — 7s + 1)
Degree: 3
Leading coefficient: —%

The degree is odd and the leading coefficient is
negative. The graph rises to the left and falls to
the right.

16. f(x) = 3x* — 6x3, g(x) = 3x*

8

-9

ot NLA 1 g

20. h(x) =1 — x5
Degree: 6
Leading coefficient: —1

The degree is even and the leading coefficient is
negative. The graph falls to the left and right.

24, fx) = X=X TS

Degree: 4

Leading coefficient: >

The degree is even and the leading coefficient is
positive. The graph rises to the left and right.

28. f(x) = 49 — x2
=(7—-x(7+x
X==7

f(x) = x2 + 10x + 25 32. f(x) = 2x2 — 14x + 24 34. f(x) = x* — x3 — 20x2
= (x+ 5)2 =2x2— 7x+ 12) = X%(x2 — x — 20)
x=-5 =2(x — 3)(x — 4) = X2(x + 4)(x — 5)
X =34 X=0,—-4,5
F(0 =53¢ + §x — 3
=1(5x2 + 8x — 4)
=3(5x — 2)(x + 2)
X = % -2
(a 1 (b) zeros. —0.414, 2.414
_8IIIIIIIIIIIIIIII10
(©) g(¥) =5(x*—2x—1)
x=2E 42_ YD 15 3 (= -0414,2419)

-1 (1 * \/Z 0)
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40.y = 330 — 9) 42. (a) 6 (b) Zeros: 0, +1.732
(@ 1 (b) Zeros: 0, +3 '
i ) SRR s 9
; -
12 (© g(t) = t5 — 613 + ot
(© 0 =530 — 9) = t(t* — 62 + 9)
X=0,+3 = {(t2 — 3)2
x-intercepts: (0, 0), (x3, 0) t=0,+.3(=0,£1732)

(0,0), (+/3,0)

44. (a) (b) Norea zeros 46.y = 4x3 4+ 4x% — Tx + 2
(@ 10 (b) Zeros. —2,3
-6 TR B 6
0 - (A A R 9
(©) f(x) =5(x*+ 3x2 + 2) )
=5x>+ 1)(x*+2) >0
no real zeros © 0=4x3+4x>—-7x+ 2
=(2X—1(2x2 + 3x — 2)
=2xX—-D2x—-D(x+ 2
X = —2,%
x-intercepts: (~2, 0), (3, 0)
48. (a) 6 (b) Zeros: 0, +1,+2 50. l 1
- ) P B R 6
_QIIIIIIA:VIIIIIIQ \/-\
- =
© y =55 — 53 + 4x Relative maximum: (0.111, —2.942)
= x(x4 — 5¢2 + 4) Relative minimum: (-1, —5)

=X(x2 — 4)(x2 — 1)
=x(x—2)x+ 2)(x — D(x + 1)
Zegros. 0, £1,+2
(0,0), (x1,0), (£2,0)
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52. 25

[TANN

[\

-10

Relative maximums; (0.915, 5.646),
(—2.915, 19.688)

Relative minimum: (0, 5)

56. f(X) = (x — (—4))(x — 5)
=X+ 4(x—5)
=x2—-x—20

Note: f(x) = a(x + 4)(x — 5) haszeros —4 and 5
for al nonzero real numbers a.

60. f(x) = (x — (=2))(x — (~1))(x — O)(x — 1)(x — 2)
XX+ 2)(x+ D(x — D)(x — 2)
X(x2 — 4)(x2 — 1)
= X(x* — 5x2 + 4)
= x> — 5x3 + 4x
Note: f(x) = ax(x + 2)(x + 1)(x — 1)(x — 2) has
zeros —2, —1, 0, 1, 2 for al nonzero real
numbers a.

64. (9 = (x = Ax = 2+ V7))x - (2 - V7))
=x-d(x-2 - VIx-2 + V7
=(x—4)((x-22-7)
=(x—4)(x* - 4x -3
=x3— 8x? + 13x + 12

68. (d) The degree of g iseven and the leading coefficient
is — 1. The graph falls to the left and to the right.

(b) g(x) = —x? + 10x — 16 = —(x®> — 10x + 16)
—(x—8)(x— 2
Zeros: 2, 8. (2,0),(8,0)

54.

58.

62.

66.

(©), (d)

fx) = (x = 0)(x — (~8))
=X(x + 8)
= X2 + 8x

Note: f(x) = ax(x + 8) has zeros 0 and — 8 for all
nonzero real numbers a.

f(x)

X=0(x—2(x—-7
XX —2)(x—7)
= x3 — Ox2 + 14x

Note: f(x) = ax(x — 2)(x — 7) has zeros 0, 2, 7 for
al nonzero real numbers a.

9 = (x = (6 + v3))(x — (6 = V3))
= ((x -6 = V3)((x - 6) + V3)

=(x—6)2-3
=x2—12x+ 36 — 3
=x2—12x + 33

Note: f(x) = a(x — (6 + /3)(x — (6 — /3))
has zeros 6 + /3 and 6 — /3 for al nonzero
rea numbers a.

() The degree of g is even and the leading coeffi-
cient is 2. The graph rises to the left and rises to
the right.

(b) gx) = x* — 4x2 = x¥(x? — 4)
=x¥x — 2)(x + 2)
zeros. 0,2, —2: (0, 0), (+2,0)
(©), (d y
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70. (8 The degree of f is odd and the leading coeffi-
cient is — 1. The graph rises to the left and falls
to theright.

) fx)=1-x=1-x1+x+x?
Zero: 1: (1,0)
(c), (d) y

-4 -3 -2 -1

—
1 2 3 4

2+

3+

74. (8) The degree of f is even and the leading coeffi-
cient is 3. The graph of f rises to the right and to
the left.

(b) f(x) = 3x* — 48x2 = 3x3(x? — 16)
=3x4x — 4)(x + 4)
Zeros: 0,4, —4: (0,0), (x4,0)
(©), (d) y

78. () The degree of g iseven and the leading coefficient

isﬁ). The graph rises to the left and to the right.
(b) g = 35(x + )x — 3)2
Zeros. —1,3: (—1,0),(3,0)

80. (a)

(11, 12).

TT T~

[\

(b) 0.845, 6.385, 11.588
—CONTINUED—

T

72. (8 The degree of f isodd and the leading coeffi-
cient is —4. The graph rises to the left and falls
to theright.

(b) f(x) = —4x® + 4x? 4+ 15x
= —X(4x? — 4x — 15)
—x(2x + 3)(2x — 5)

35
ZEeros: 0, —5, E: (— 15, 0), (0, 0), (2.5, 0)

(©), (d) y

76. (8 The degree of his odd and the leading coeffi-
cient is 3. The graph falls to the left and rises to
the right.

(b) h(x) = $3(x — 4)
Zeros, 0, 4: (0,0), (4,0)
(9, (@ y

6-4-2f 2 4 6 810

(©), (d) y

B NWD U N ® O

-4-3-2-1

The function has three zeros. They arein theintervals (0, 1), (6, 7) and
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80. —CONTINUED—
C
© X Y1 X Y1 X Y1
0.81 | —0.2336 6.36 | 0.07947 11.55 | —0.2298
0.82 | —0.167 6.37 | 0.04775 11.56 | —0.1695
0.83 | —0.1008 6.38 | 0.01604 11.57 | —0.1088
0.84 | —0.035 6.39 | —0.0157 11.58 | —0.0478
0.85 | 0.03048 6.40 | —0.0474 11.59 | 0.01363
0.86 | 0.09559 6.41 | —0.079 11.60 | 0.07536
0.87 | 0.16035 6.42 | —0.1107 11.61 | 0.13744
82. (8 4

10

24

The function has four zeros. They arein theintervals (0, 1), (3, 4), (—1,0) and (—4, —3).

(b) Noticethat f iseven. Hence, the zeros come in symmetric pairs. Zeros. +0.452, +3.130

(c) Because the function is even, we only need to verify the positive zeros.

X

Y1

0.42

0.26712

0.43

0.18519

0.44

0.10148

0.45

0.01601

0.46

—0.0712

0.47

—0.1602

0.48

—0.2509

84.h(x) = 3x — 3

-5

TTTT AT T [ TTTT]0

_—
-8
Xmin =-5
Xmax = 15
Xscl =1
Ymin=-8
Ymax =5
Yscl =1

15

X Y1
309 | —2315
310 | —1.748
311 | —-1171
312 | —0.5855
3.13 | 0.01025
3.14 | 0.61571
315 | 1231

86g(x) = —x2+ 9x — 14

i
15

-2 1

/

\

[
iN
o

Xmin = -2
Xmax = 10
Xscl =1
Ymin=-10
Ymax = 10
Yscl =1

10
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88. h(x) = x3(x — 4)? 90. g(x) = %(x + 1)3(x — 3)° 92. f(x) = x* — 2x2
40 2 2
T - y J‘ | 6 \ - /
-3 7 A i
10 -6 -2
No symmetry. Two x-intercepts No symmetry. Two x-intercepts Symmetric with respect to
(0,0), (4,0 (—=1,0),(3,0 y-axis
Three x-intercepts (0, 0),
(xv2,0)

94. h(x) = £(x + 2)2(3x — 5)2
No symmetry; two x-intercepts

21

98. 60

96. (a) V(x) = length x width x height
= (24 — 2X)(24 — 4x)x
= 8x(12 — x)(6 — X)
(b) Domain: 0 < x< 6

(C) v

720 +
600

360
240 +
120 4

EREERS
Maximum occurs at x = 2.54

Point of Diminishing Returns: (15.2, 27.3)

15.2 years.

100. (a) y, = 0.07501t3 — 2.7605t2 + 37.3522t — 15.0200
(b) y, = —0.004619t3 + 0.1576t2 + 2.8238t + 59.6796

(C) 20-0

o)
50

The median price of homes in the South is less than the median price of homes in the Northeast.
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102. True. The degreeisodd and the leading 104. (f + g)(—4)
coefficient is — 1.

f(=4) +g(=4)
—59 + 128 = 69

106. (fg)(—g) - f(—%‘)g(—g) 108. (f-g)(—1) = f(g(—11) = £(8) = 109

-t

1408
a9 * —28.7347

110. 3(x —5) < 4x — 7
X—-—15<4x -7

-8 <X

: L
t Ly t t t t t
-0 8 -6 -4 -2 0 2

X

bx — 2
<

X—=7
5x—2_
X—=7

5x—2—4(x—7)<
X—7 -

X + 26
X—=7

[x+26=20andx—7 < 0Jor[x+ 26 < 0andx— 7 > 0]
[x=>—-26andx < 7]or[x < —26andx > 7]

112. 4

4<0

0

<0

impossible
—26<sx<7
7

' L ) . ' '
t Iy 1 t t
-39 -26 -13 0 13 26 39

X

114. Vertex: (3, —6) 116. Vertex: (4, —4)
f(x) =a(x—3)?>—-6 fx) =alx—4)?—-4
Point: (—1,2) 0 2=a(—1—-32—-6 Point: (1,10) O 10=a(l1 — 4)2— 4
8 = 16a 14 = 9a
a=3 a=%4
f(x)=%(x—3)2—6 f(x) =35(x—4)2—-4

=



