
A48 Answers to Odd-Numbered Exercises

67. Proof 69. Proof

71. a:6,b: I,c = 2 73. f(1s) = 5 tS. f(x): x2 - |
77. False./ is nor conrinuous on [- 1, l]. lg. True
81-89. Proofs

Section 3.3 (page 186)
t. (a) (0,6) (b) (6,8)
3. Increasing on (3, oo); Decreasing on (-oo, 3)
5. Increasing on (- oo, - 2) and (2, *); Decreasing on (-2,2)
7. Increasing on (- oo, - l); Decreasing on (- l, oo)
9. Increasing on (1, oo); Decreasing on (-m, l)

11, Increasing o"(- z J1, z,D)
Decreasing on (-+, -2A) ana (2.4, +)

13. Increasing on (0, n/2) and (3n/2,2n);
Decreasing on (r/ 2, 3n/ 2)

15. Increasing on (0,7il6) ana Otnl6,2n);
Decreasing on (7 rl6, llfl6)

17, (a) Critical number: x : 2
(b) Increasing on (2, oo); Decreasing on (-oo,2)
(c) Relative minimum: (2, - 4)

19. (a) Critical number: .r : I
(b) Increasing on (-oo, l); Decreasing on (1, oo)
(c) Relative maximum: (1,5)

21. (a) Critical numbers: x : -2. l
(b) Increasing on (-oo, -2) and (t, o"); Decreasing on (_ 2, l)
(c) Relative maximum: (-2,20); Relative minimum: (1, _7)

23. (a) Critical numbers: " : -i. I

(b) Increasing on (--, -i),(t, -)
Decreasing on (-J, r)

(c) Relative maximum: (-i, #)
Relative minimum: (1, 0)

25. (a) Critical numbers: x : + I
(b) Increasing on (- oo, - l ) and (1, -); Decreasing on (_ t , t )
(c) Relative maximum: (- t, i), Relative minimum: (f , -i)

27. (a) Critical number: x : 0
(b) Increasing on (-oo, oo)
(c) No relative extrema

29. (a) Critical number: x : -2
(b) Increasing on (-2, m); Decreasing on (-oo, -2)(c) Relative minimum: (-2,0)

31. (a) Critical number: _r : 5
(b) Increasing on (-oo,5); Decreasing on (5, oo)
(c) Relative maximum: (5,5)

33. (a) Critical numbers: .r : + J2/2; Discontinuity: x : 0
(b) Increasing on (- oo, - O/2) ana (,O/2, a)

Decreasing "n(- rt/z.o) ana,r,. rt/z)(c) Relative maximum: (- An. -2rt\
Retative minimum: ("e12, zJZ)

35. (a) Critical number: -r : 0; Discontinuities: x = +3
(b) Increasing on (-oo, -3) and (-3,0)

Decreasing on (0, 3) and (3. oo)
(c) Relative maximum: (0, 0)

37. (a) Critical numbers: x: -3,1; Discontinuity: .r: -l
(b) Increasing on (-oo, -3) and (1, oo)

Decreasing on (-3, - l) and (- l, l)
(c) Relative maximum: (-3, -8); Relative minimum: (1,0)

39. (a) Critical number: .r : 0
(b) Increasing on (-co,0); Decreasing on (0, oo)
(c) No relative extrema

41. (a) Critical number: x : I
(b) Increasing on (-oo, 1); Decreasing on (t, oo)
(c) Relative maximum: (1, 4)

tf,l. (a) Critical numbers: x = n/6,5r/6
Increasing on (0, nl6), (5nl6, Zn)
Decreasing on (nl 6, 5n/ 6)

(b) Relative maximum: (n/0,(tr + O{Z)1n)
Relative minimum: (so1o,1sz- - aJj)ttz)

45. (a) Critical numbers: x = rr/4,5r/4
Increasing on (0, rr/ 4), (5 n/ 4, 2r)
Decreasing on (rl 4, 5n/ 4)

(b) Relative maximum: (r1+, J1)
Relative minimum: (Sn/+, - "j)47. (a) Critical numbers:
x : rl4, n/2, 3n/4, 4 5rrl4, 3n/2, 7 rl4
Increasing on (n/4, rr/2), Qn/a, fl, (5n/a,3zr/2),

(7 nla,2z)
Decreasing on (0, n/4), (n/2,3n/a), @,5r/a),

(3r/2,7 rr/a)
(b) Refative maxima: (.n/2, t), (n,l), (3n/2,1)

Relative minima: (n/a, g, (3r/a, g, (5r/a, e, 0 n/a, 0)
49. (a) Critical numbers: n/2,7r/6,3rr/2, ltn/6

rncreasing * (.. l). e +) (+ ,")\/- 7n\ l3n tlr\Decreasing* (;.?l \; ;)
(b) Relative maxima: (;,t, e,r)

Rerarive minima: (u. _!\ /11o _1)\ o' ql'\ o' q)
51. (a) f'(x) : 2(9 - 2x2)/,$=j

(c) Critical numbers:
x: +3J2/2

(d) f' > oon(-zJ2/2,3Jr/2)
/' < o on (-2, -zJ-z/z),(z,Otz,t)
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g(x) is continuous on (-oo, oo)

and/(x) has holes at)e : I
andx : - 1.

(a) Increasing on (2, m); Decreasing on (-o,2)
(b) Relative minimum: x : 2
(a) Increasing on (- oo, - 1) and (0, 1);

Decreasing on (- 1, 0) and (1, oo)
(b) Relativemaxima: x: -l andx: I

Relativeminimum: x:0
(a) Critical numbers: x : -l,x = l,x = 2

(b) Relative maximum atx = l,relative minimum atx : 2,and
neitheratx: -1

s(0) < 0 73. 8(-6) < 0 75. g(0) > 0

l
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77. Answers will vary. Sample answer:
)

Critical numbers: x - -}/Dandx = 0.48
Relative maximum: (0.48, 1.25)
Relative minimum: (-0.40, 0'75)
s(r) = 9.31rin 0)4 speed : l9.S(sin O)tl

83. (a)

(c) Proof

"fk) 's(')
85. r = 2Rl3

dR o.oo4T3 - 48t.vt-*=rffiffi
Critical number: T: 10

Minimum resistance: About 8'3666 ohms
/L\ 125(b)

-25

Minimum resistance: About 8'3666 ohms

89. (a) v(r) : 6 - 2t (b) (0,3) (c) (3' oo) (d) r = 3

A49

$1. (a) "f(t) = t(tcos t + 2 sin r)
(b) (c) Critical numbers:

t -- 2.2889,5.0870

(d) .f' > 0 0n (0, 2.2889), (5.0870,2n)

/' < 0 on (2.2889,5.0870)

(c) Critical numbers:
x:3rl2,9rr/2

(d) f,> t ^(T,T)
/,<oon(r,9,e,rl (b)

(c)

81. (a)
57. f(x) is symmetric with

respect to the origin.
Zeros: (0, o), (tJl, o)

63.

65.

67.

69. -r00

40

30

20

10

55. (a) /(x) = -cos (r/3)

(b)

0 0 T/4 T/3 Tl2 2n/3 3r/4

s'(r) 0 4.eJ2t 4.eJit 9.8r 4.9J3r 4.sJZt 0

The speed is maximum at 0 : r/2.

x 0.5 I 1.5 2 2.5 J

,f(r) 0.5 I 1.5 2 2.5 J

g(r) 0.48 0.84 r.00 0.91 0.60 0.r4

j
71.



A50 Answers to Odd-Numbered Exercises

91. (a) v0) :3t2 - 1Ot + 4
o) (0,(5 - JB)tt)ana((s + -nrh,@)
,r,, ( t - ^fr.t *.-/T3) (d) r : s t'lE

\33) 3
93. Answers will vary.
95. (a) Minimum degree: 3

(b) a.(0)3 + a2(0)2 + a,(0) * an = g
ar(2)3 + a2(2)2 - a,(2) + ao:2

3ar(0)2+2ar(0)+a,=O
3ar(2)2+2ar(2)+a,=0

(c) ,f(x) : -)xz + |xz
97, (a) Minimum degree: 4

(b) ao(O)a + d3(0)3 + ar(0)2 + a,(0) * ao = 6
ao(2)a + ar(2)3 + a2(2)2 + ar(2) + ao: 4
ao(4)a + (h(4)3 + a,(4)2 + ar(4) + ao= g

4ao(0)3 + 3a.(0)2 + 2ar(0) + a, = g
4ao(2)3 + 3ar(2)2 + 2ar(2) * a, : 0
4ao(4)3 + 3ar(4)2 + 2ar(4) * a, = g

(c) ,f(r) = il - 2x3 * 4x2
9!1. True 101. False. Letf(x) = ;.

103. False. Letf(x): x3. There is a critical number at.r: 0. but
not a relative extremum.

105-107. Proofs

Section 3.4 (page 195)
1. f'> 0,f,> 0 3. f, < 0,r < 0
5. Concave upward: (- -, o")
7, Concave upward: (- -, l); Concave downward: (1, oo)
9, Concave upward: (- *,2); Concave downward: (2, o)

11. Concave upward: (- a, -2), (2, a)
Concave downward: (- 2, 2)

13. Concave upward: (-oo, - l), (1, oo)
Concave downward: (- I, l)

15. Concave upward; (-2,2)
Concave downward: (- a, -2), (2, a)

17. Concave upward: (- n/2,0); Concave downward: (0, n/2)
19. Points of inflection: (-2, -8), (0,0)

Concave upward: (-o, -2), (0, oo)
Concave downward: (-2, 0)

21. Point of inflecrion: (2, 8); Con"aue downward: (- a,2)
Concave upward: (2, oo)

23. Points of inflection: Qzrt/1. -20/g)
Concave upward: (- *, - 2.4 /l), (zr5 t z, *)
Concave downward: (- Z rE t l, 2Jj B)

25. Points of inflection: (2, - 16), (4, O)
Concave upward: (- o", 2), (a, a); Concave downward: (2, 4)

27. Concave upward: (-3, o")
29. points of inflection: (- rttl. t). (Jjtl, t)

Concave upward: (--. - Jjtl).(Jltz.*)
Concave downward: (- ,4t2, lZtz)

31. Point of inflection: (22, 0)
Concave upward: (2n,4rr); Concave downward: (0, 2z)

33. Concave upward: (0, d, Qn,3d
Concave downward: (rr,2:n), (3n 4rr)

35. Points of inflection: (z 0), (t.SZ:, 1.452),(4.46, -L452)
Concave upward: (1.823, r), (a.a6,2:r)
Concave downward: (0, 1.823), (n4.a6)

37. Relative minimum: (5,0) 39. Relative maximum: (3,9)
41. Relative maximum: (0, 3); Relative minimum: (2, - l)
4il. Relative minimum: (3, -25)
45. Relative maximum: (2.a,268.74); Relative minimum: (0,0)
47. Relative minimum: (0, - 3)
49. Relative maximum: (-2, -a); Relative minimum: (2,4)
51, No relative extrema, because/ is nonincreasing.
53. (a) /(x) : 0.2x(x - 3)2(5x - 6)

f\t) : 0.4(x - 3)(tox2 - 24x + 9)
(b) Relative maximum: (0,0)

Relative minimum: (1.2, - 1.6796)
Points of inflection: (0.4652, -0.7049),
(1.e348, -0.9048), (3, 0)

/ is increasing when/' is positive,
and decreasing when/' is negative.
/ is concave upward when /" is
positive, and concave downward

. whenf" is negative.

55. (a) /(x) : cosr - cos 3x * cos 5.r

f"(x) = -sinx * 3 sin 3x - 5 sin 5x
(b) Relative maximum: (r/2, 1.53333)

Points of inflection: (r/6,0.2667), (1.1731, 0.963:.),
( r.9685, 0.e637), (s n / 6, 0.2667)

/ is increasing when /' is positive,
and decreasing when/' is negative./

'is concave upward when/" is posi-
tive, and concave downward whenf,,
is negative.

59. Answers will vary. Example:
f(x) : xo; f'(0) :0, but (0,
is not a point of inflection.
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