Answers to Odd-Numbered Exercises A7

Answers to Odd-Numbered Exercises

Chapter P

Section P1 (page 8)
LLb 2d 3a 4c
5. ,

il 4,4

13.

17.
21.
27.
29.
31.
35.
37.
39.

43.

N
N (23)
L=-3)] 7T

(Oa _5)7 (%’ O)

(0,0), (4,0),(—4,0)

0,-6)
Ll
15. 5
(-4.00, 3)
(2, 1.73)
. .
-3
(@ y~173 (b)x=—4
19. (0, —2),(=2,0), (1,0)
23. (0,2), (4,0) 25. (0,0)

Symmetric with respect to the y-axis
Symmetric with respect to the x-axis

Symmetric with respect to the origin

33. No symmetry

Symmetric with respect to the origin
Symmetric with respect to the y-axis

Symmetry: none

41. "

Symmetry:

(=5,0) (0,0)

Symmetry: none

59.
63.
67.

69.
71.

73.
75.
77.
79.

Section P2
1.

y-axis Symmetry: x-axis

57. (3,5)

Symmetry: x-axis

(=1,5),(2,2) 61. (—1,-2),(2,1)
(=1,-5),(0,—1),(2,1) 65 (—2,2), (-3, V3)
(@) y = 0.005¢ + 027t + 2.7

(b) 16

0

The model is a good fit for the data.
(c) $21.5 trillion
4480 units
(@ k=4 () k=—%
(c) All real numbers k& (d) k=1
Answers will vary. Sample answer: y = (x + 4)(x — 3)(x — 8)
(a) Proof (b) Proof
False. (4, —5) is not a point on the graph of x = y> — 29.
True

(page 16)

m=2 3. m=-—1
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A8 Answers to Odd-Numbered Exercises

5. 1 7. i 39. 2x—y=0 41. 8x + 3y —40=0

34 7 ¥ ¥
2+ (5,2) 6 4,6)

L 5] 8+ 4,8)
| IR AT 4+

6

@ N

t — > x 0,0)
-2 -1 12 3 56 —

—at G, -4)

|
=

|
)
o4
~
o

m=3 m is undefined.
9. " 11. -] 43. x — 6 =
/

m is undefined. y

st (6.9)

(6.3)

m=72
13. Answers will vary. Sample answers: (0, 2), (1, 2), (5, 2) 47. x—3=0 49.3x+2y—-6=0 5. x+y—-3=0
15. Answers will vary. Sample answers: (0, 10), (2, 4), (3, 1) 53.x+2y—5=0 55. (@ x+7=0 (b y+2=0
17. 3x —4y + 12 =0 19. 2x =3y =0 57. @) x—y+3=0 b)x+y—7=0
Y Y 59.(a)2x—y—3=0 b)x+2y—4=0
5+ 4t 61. (a) 40x — 24y —9 =0 (b) 24x+40y —53 =0
3t 63. V=250t + 1350 65. V= —1600r + 20,400
21 67. Not collinear, because m, # m,

2 2 2 2 2
0] | 69. (o, %b”) 7. <b,“ - b )
il 73. (a) The line is parallel to the x-axis when ¢ = 0 and b # 0.
(b) The line is parallel to the y-axis when b = 0 and a # 0.

2. 3x —y - 11 =0 23. (a) % (b) 10/10 ft (c) Answers will vary. Sample answer: a = —5and b = 8
y Sandb =2

(d) Answers will vary. Sample answer: a

2 (e)a—%andb=3
14 75. 5F — 9C — 160 = 0; 72°F = 22.2°C

LR ARy JEp 77. (a) Current job: W = 2000 + 0.07s
24 (3,-2) Job offer: W = 2300 + 0.05s
ST (b) 8500

_51 (15,000, 3050)
25. m=4,(0,-3) 27.m=—1%(0,4)

29. m is undefined, no y-intercept
oll . o o 0000
31. 1 33. ! 1500

You will make more money at the job offer until you sell
$15,000. When your sales exceed $15,000, your current
job will pay you more.

(c) No, because you will make more money at your current
f : job.
M it 79. (a) x = (1530 — p)/15
(b) 50 (c) 49 units

37. 1

-l 0 1600
> x 0

_3 45 units
/, 8. 12y +5x— 169 =0 83. (5./2)/2 85.2/2
87-91. Proofs  93. True 95. True
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Section P3

L@ —4 (b) =25 (© Th—4 (d) Tx— 11
. (a) 5
. (a) 1
L 3x2 + 3xAx+ (Ax)A Ax# 0

(V=T —x+1)/[(x - 2 - 1)]
11.
13.
15.
17.
19.

o N U W

21.
23.
25.

27.
29.

31.

37.

41.

43.
47.
51.

53.

55.

(page 27)

0 (©1 (@ 4 + 2t — 2
0 () —5 @1

Domain: (—oo, co); Range: [0, co)
Domain: (—oo, oo); Range: (—oo, 00)
Domain: [0, c0); Range: [0, co)
Domain: [—4, 4]; Range: [0, 4]

Domain: All real numbers ¢ such that 1 # 4n + 2, where n is

an integer; Range: (—oo, —1] U [1, c0)
Domain: (—oo, 0) U (0, 0); Range: (—oo, 0) U (0, c0)
Domain: [0, 1]

Domain: All real numbers x such that x # 2n7r, where n is an

integer

Domain: (—oo, —=3) U (—3, c0)

(@ —1 (b)2 ()6 @ 2t2+4

Domain: (—oo, co0); Range: (—oo, 1) U[2, oo)
(a4 (b)0 () —2 (@ —b?

Domain: (—oo, co0); Range: (—oo, 0]U[1, oo)
X 35. ¢

3 6 9 12

Domain: (— oo, oo) Domain: [6, o)
Range: (—oo, o0)

Range: [0, o)
" 39. 7

Domain: [—3, 3]
Range: [0, 3]

Domain: (— oo, o)
Range: [—3, 3]

The student travels % mile/minute during the first 4 minutes, is
stationary for the next 2 minutes, and travels 1 mile/minute

during the final 4 minutes.
y is not a function of x. ~ 45. y is a function of x.
y is not a function of x. ~ 49. y is not a function of x.

Horizontal shift to the right two units

v=Ji—2

Horizontal shift to the right two units and vertical shift down

one unit
y=@x-22-1
d 56.b 57.¢ 58.a 59.¢ 60.¢

61.

Answers to Odd-Numbered Exercises

(a) i (b) A

——t—]
(e) A ®) A
: —t ! > 4t

(€9 A (h)

—t A ——+—t —t
-4 -2 2\ 4 6 -6 -4 2 4
ot ol
4t 4L

63. (a) 3x (b)3x—8 (c) 12x— 16 (d) 3x — 1
65. )0 MO (© —1 @ V15

67.

69.

71.

73.

75.
77.
79.

81.

83

e vx*—1 O x—1kx=0)
(f- g)(x) = x; Domain: [0, co)

(g = |x
No, their domains are different.

(fee)x) =3/(x* = 1);

Domain: (—oco, —1)U(—1,1)U (1, o0)

(g *f)(x) = (9/x2) — 1; Domain: (—o0,0) U (0, o0)
No

(a) 4 (b) —2

(c) Undefined. The graph of g does not exist at x = —35.
d 3 ()2

(f) Undefined. The graph of fdoes not exist at x = —4.
Answers will vary.

Sample answer: f(x) = /x; g(x) = x — 2; h(x) = 2x
@ (.4) ® G.-4)

fis even. g is neither even nor odd. £ is odd.

Even; zeros: x = —2,0,2

; Domain: (— oo, c0)

o
2
cflx) = =5x—6,-2<x<0

0dd; zeros: x = 0, — + nar, where n is an integer

8. y=—-V—x
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A10 Answers to Odd-Numbered Exercises

87. Answers will vary. 89. Answers will vary.
Sample answer: Sample answer:

y y

Speed (in miles per hour)
Number of sneakers sold

Time (in hours)

91. ¢ =25
93. (a) T(4) = 16°C, T(15) = 23°C
(b) The changes in temperature occur 1 hour later.
(c) The temperatures are 1° lower.
95. (a) Y (b) A(25) = 443 acres/farm

500

Price (in dollars)

400
300
200

Average number of
acres per farm

100

x
10 20 30 40 50 60

Year (0 <> 1960)
2x — 2, x =2
97. f(x) = [x[ + |x = 2[ = 12, 0<x<?2
—2x+2, x=<0
2x \?
99-101. Proofs 103. L = x2 + T3
105. False. For example, if f(x) = x2, then f(—1) = f(1).
107. True

109. False. f(x) = 0 is symmetric with respect to the x-axis.
111. Putnam Problem A1, 1988

Section P4
1. (a) and (b)

(page 34)
(c) $790

1000
900
800
700

600

x
900 1050 1200 1350

3. (a) d = 0.066F

(b) 10
=

0

The model fits well.
(c) 3.63 cm
5. (a) y = 0.122x + 2.07, r = 0.87

(c) Greater per capita energy consumption by a country tends
to correspond to greater per capita gross national product
of the country. The three countries that differ most from
the linear model are Canada, Italy, and Japan.

(d) y = 0.142x — 1.66, r = 0.97

7. (a) S = 180.89x% — 205.79x + 272

(b) 25,000

0 14
0

(c) When x = 2, S = 583.98 pounds.

(d) About 4 times greater

(e) About 4.37 times greater; No; Answers will vary.
9. (a) y = —1.806x3 + 14.58x> + 16.4x + 10

(b) 800 (c) 214 hp
0 7
0
11. (a) y, = —0.01724 + 0.305¢> — 0.87t + 7.3
v, = —0.0382 + 0.45¢ + 3.5

y; = 0.0063# — 0.07272 + 0.027 + 1.8
(b) 20

Vi, Y,
S
I

b

b—_— .

V3

0 11
0

About 15.31 cents/mi
13. (a) Yes. At time ¢, there is one and only one displacement y.
(b) Amplitude: 0.35; Period: 0.5
(c) y = 0.35 sin(471) + 2
@ £

(0.125, 2.35)

(0.375, 1.65)

0

The model appears to fit the data well.

15. Answers will vary. 17. Putnam Problem A2, 2004
Review Exercises for Chapter P

1. 0).0,-8) 3.(3,0.(0,3) 5. Not symmetric
7. Symmetric with respect to the x-axis, the y-axis, and the origin

(page 37)
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13.

15.
19.

21.

25.

29.

L NGO
-2 2 E NG !
s
4t
Symmetry: none
st
04
N
2
e
‘ R Gl
- 1203 o4 s
it
Symmetry: none
(=2,3) 17. (=2,3).(3,8)
st
ol
5

= - - - - - x
S S
3
m=3
Tx —dy — 41 = 0 23.

y

Symmetry: origin

2x +3y+6=0

34

2L

1
L
I
/
|
‘ ‘
| |
ol
N

Y 27. v
7t 4
3

54 2
44 1
3t >
PRs -4 -3 -2-1 1 2 3 4
14 -2

> -3

4-3-2-1 | 1 2 3 4

x—4y= 31. (a) 7x — 16y + 101 =0

1 (b) 5x =3y +30=0

i (c) 4x =3y +27=0
.l dx+3=0
L

—4 -1 1 2 3 4 !
24
Sl
Lt

33. V= 12,500 — 8501; $9950
35. @4 (b)29 (¢) —11 (@) 5¢++9

Answers to Odd-Numbered Exercises

37. 8x + 4Ax, Ax # 0

A11

39. Domain: (—oo, co); Range: [3, c0)

41. Domain: (—o0, oo); Range: (—oo, 0]

43. Y 45. Y
41 2
3+ N
2+ i
T 1+ o—
RN Y S R
-2+ o4
-3+ 3l
-4+ 4L
Not a function Function
47. f(x) = x* — 3x*
6
0,0) j
B 6
(2,-4)
6
(@) gx) = —x* + 322 + 1
() gv) = (x — 2 —3(x — 22+ 1
49. (a) 100 (b) 200
JRAVE R /AT
% ~100
(c) 200
-4 / 10

—-800

51. (a) y = —1.204x + 64.2667

(b) 70

0

33

0

(c) The data point (27, 44) is probably an error. Without this
point, the new model is y = —1.4344x + 66.4387.

53. (a) Yes. For each time ¢, there corresponds one and only one

displacement y.

(b) Amplitude: 0.25; Period: 1.1 (c) y = § cos(5.71)

(d) 0.5

PS. Problem Solving

(1.1,0.25)

A
NSO

(0.5,-0.25)

-0.5

The model appears to fit
the data.

(page 39)

1. (a) Center: (3,4); Radius: 5
®y=-fx ©@y=3x-3 @ (33

Copyright 2012 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



A12 Answers to Odd-Numbered Exercises

3. " 13. (a) x = 1.2426, —7.2426
N () (x + 32+ y> =18
2+ y
14 8
> 6
4321112 3 4
2+ )
=3 b + X
4 ‘ i
(@) 1 (b) i
4+ 4+
3+ 34
. 2l 15. Proof
14 1 ~— y
Baeyeiniy N W mpmyeyn iy IS S 2l
1 o1 2,0 'T 20
1 M \ [
-2 \ 2
(© A (d) " 14 0.0)
4+ 4+
3+ 3+ 2T
2+ 2+
1+ e 3
D G =TT Chapter 1
ol ol Section 1.1 (page 47)
747? 74# 1. Precalculus: 300 ft
© 4; ® 4i 3. Calculus: Slope of the tangent line at x = 2 is 0.16.
51 i1 5. (a) Precalculus: 10 square units
2T —_— (b) Calculus: 5 square units
— :]W e P 1]” P 7. () ‘ (b) 1;%;%
I SR el 23 (c) 2. Use points closer to P.
i Ll
at 5l
et L
5. (a) A(x) = x[(100 — x)/2]; Domain: (0, 100)
(b) 1600 Dimensions 50 m x 25 m
yield maximum area of
1250 m?.
9. Area = 10.417; Area =~ 9.145; Use more rectangles.
b 110 Section 1.2 (page 55)
(¢) 50 m x 25 m; Area = 1250 m? 1.
7. T0) = 2VA T 2+ VB -7+ 1)/4 g 39 | 399 | 3999 14
9. (a) 5,1less (b) 3, greater (c) 4.1, less f(x) | 02041 | 0.2004 | 0.2000 | ?
(d) 4 +h (e) 4; Answers will vary.
11. (a) Domain: (—oo, 1) U (1, oo); Range: (—oo, 0) U (0, o) X 4.001 4.01 4.1
-1
®) f(f) == . (&) | 0.2000 | 0.1996 | 0.1961
Domain: (—o0,0) U (0, 1) U (1, c0) . x— 4 |
© fUF(FO) = x )1(1341‘ 2 _3x_a_ 0.2000 (Actual limit is g)
Domain: (—o0,0) U (0, 1) U (1, o) 3.
(d) y The graph is not a line £ =01 | =001 | —0.001 | O
N because there are holes at f(o) | 05132 | 0.5013 | 0.5001 | ?
x=0andx = 1.

X 0.001 0.01 0.1

f(x) | 0.4999 | 0.4988 | 0.4881

fim 2T 65000 (Actual limit is %)
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5 X -0.1 —0.01 | —0.001 | O
f(x) | 0.9983 | 0.99998 | 1.0000 | ?
5 0.001 0.01 0.1
f(x) | 1.0000 | 0.99998 | 0.9983

x—0

lim % ~ 1.0000 (Actual limit is 1.)

X 0.9 0.99 0999 | 1
f(x) | 0.2564 | 0.2506 | 0.2501 | ?
X 1.001 1.01 1.1
f(x) | 0.2499 | 0.2494 | 0.2439
. x—2 o1
)1(1_1)1} 26" 0.2500 (Actual limit is 4.>
- X 0.9 0.99 0.999 1
f(x) | 0.7340 | 0.6733 | 0.6673 | ?
X 1.001 1.01 1.1
f(x) | 0.6660 | 0.6600 | 0.6015
. -1 L2
lim — =~ (0.6666 (Actual limit is 7.)
x—=1 X7 — 1 3
1. X —6.1 —-6.01 —-6.001 | —6
f) | —0.1248 | —0.1250 | —0.1250 | ?
X —-5.999 —5.99 -5.9
fx) | —0.1250 | —0.1250 | —0.1252
fim Y10 T X T4 1050 <Actual limit is —1.)
x—>—6 x + 6 8
13.
3 x —=0.1 —0.01 | —0.001 | O
flx) | 1.9867 | 1.9999 | 2.0000 | ?
X 0.001 0.01 0.1
f(x) | 2.0000 | 1.9999 | 1.9867
. sin 2x ..
11_r)r(1) B =~ 2.0000 (Actual limit is 2.)
15. 1 17. 2

19. Limit does not exist. The function approaches 1 from the right
side of 2, but it approaches — 1 from the left side of 2.

21. Limit does not exist. The function oscillates between 1 and — 1
as x approaches 0.

23. (a) 2
(b) Limit does not exist. The function approaches 1 from the

right side of 1, but it approaches 3.5 from the left side of 1.

(c) Value does not exist. The function is undefined at x = 4.
@ 2

Answers to Odd-Numbered Exercises A13

27. "

le f(x) exists for all points
)(C)nl'the graph except where
c=4.
29. 5=04 31. 5= =0.091
33. L =8.Let§ = 0.01/3 = 0.0033.
35. L =1.Let 8§ = 0.01/5 = 0.002. 37. 6
41. 3 43. 0 45. 10 47. 2 49. 4

39. -3

51. 05 53. 1
~— /_/_/___,————
-6 6
0 10
-0.1667 0
. 1 . _
lim /(x) = § lim £() = 6

Domain: [—5, 4) U (4, c0)
The graph has a hole
atx = 4.

55. (a) 1©

Domain: [0, 9) U (9, o)
The graph has a hole
atx = 9.

®) t 3 33 34 35

C | 11.57 | 12.36 | 12.36 | 12.36

t 3.6 3.7 4
C | 1236 | 12.36 | 12.36

lim C(r) = 12.36

1—3.5

© [ 2 25 | 29 3

C | 10.78 | 11.57 | 11.57 | 11.57

t 3.1 35 4

C | 12.36 | 12.36 | 12.36

The limit does not exist because the limits from the right
and left are not equal.
57. Answers will vary. Sample answer: As x approaches 8 from
either side, f(x) becomes arbitrarily close to 25.
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A14 Answers to Odd-Numbered Exercises

59. (i) The values of f approach (ii) The values of fincrease Section 1.3 { page 67)
different numbers as x or decrease without
approaches ¢ from different bound as x 1. S 3. u
sides of c. approaches c.

\ <

26 -6 —4
T (@ 0 (b) —5 (@ 0 (b) About0.52or 7/6
e EEER 5.8 7.-1 9.0 11.7 13.2 151
§ e 17.1/2  19.1/5 21.7 23. (@4 () 64 (c) 64

25. (a3 ()2 (c)2 27. 1 29. 1/2 31. 1
33.1/2 35. -1 37.@ 10 ()5 (6 (d) 3/2
(iii) The values of f oscillate between two fixed numbers as x 39. @) 64 ()2 (c) 12 (d) 8

approaches c. 2 4
PP 41. f(x) = o . 3 and g(x) = x + 3 agree except at x = 0.
lirr(l) flx) = lin(l) glx) =3
2 =1
43. f(x) = ST 1 and g(x) = x — 1 agree except at x = —1.

lim f(x) = lim g(x) = —2
x——1 x—=—1

45. f(x) = -8 and g(x) = x2 + 2x + 4 agree except at x = 2.

x—2
3 1jn%f(x) = lirr% glx) =12
61. (@) r=-"=09549 cm 47. =1 49.1/8 51.5/6 53.1/6  55. J/5/10

. . 57. —1/9 59. 2 61. 2x — 2 63. 1/5 65. 0
(b) % srs %, or approximately 0.8754 < r < 1.0345 / " /

2 67. 0 69. 0 71. 1 73. 3/2
(©) lirzr} 2mr = 6; € = 0.5; 6§ = 0.0796 75. 2
63 T The graph has a hole at x = 0.
Tl ox —0.001 | —0.0001 | —0.00001 |

f) 2.7196 2.7184 2.7183

-2

X 0.00001 | 0.0001 | 0.001 .
Answers will vary. Sample answer:

fOo | 27183 | 27181 | 27169 x —0.1 | —001 | —0001 | 0.001 | 0.01 | 0.1
lim f(x) = 2.7183 £ | 0358 | 0354 | 0354 | 0354 | 0353 | 0349
lim M =~ (0.354; Actual limit is ! = ﬁ
x—0 X 2.2 4
77. s

JE The graph has a hole at x = 0.
_5 :

-

65. 002 67. False. The existence or -
(1.999, 0.001) . .
\/ @001 0400/ nonexistence of f(x) at Answers will vary. Sample answer:
N x = ¢ has no bearing on
the existence of the 2 —0.1 —0.01 | —0.001
roosl 2002 limit of f(x) as x—c. f&) | —0263 | —0251 | —0.250
5 =0.001, (1.999,2.001) N 0.001 001 01
69. False. See Exercise 17. i i i
71. Yes. As x approaches 0.25 from either side, +/x becomes f) —-0.250 | —0.249 | —0.238
arbitrarily close to 0.5. N 1 (12
. |1 /2+x)] = (1/2 L. 1
73. lir%g =n 75-77. Proofs ll_f)% . ~ —(0.250; Actual limit is —Z.

79. Putnam Problem B1, 1986
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79.

81.

The graph has a hole at r = 0.

-2 [mremai e 27

WOV

-1

Answers will vary. Sample answer:

t —0.1 | —001 | 0] 001 | 01
() | 296 | 29996 | 7 | 2.9996 | 2.96
lim SI37_ 3.0000; Actual limit is 3.
—
1
/\ The graph has a hole at x = 0.
_on J.Juﬁl'll'llllll [TTTY P
LT L

-1

Answers will vary. Sample answer:

X

—-0.1 | =0.01 | —0.001 | O | 0.001 | 0.01 | 0.1

)

—-0.1 | =0.01 | —0.001 | ? | 0.001 | 0.01 | 0.1

83.
91.

95.

97.

99.

101.
105.

sin x?

lim
x—0 X

3 85 2x—4 87 —1/(x+3)> 89.4
d 93. 05

\

5 -0.5
0 0
The graph has a hole at
x=0.
(a) fand g agree at all but one point if ¢ is a real number such
that f(x) = g(x) for all x # c.

= (0; Actual limit is 0.

x2 =1

and g(x) = x + 1 agree
x—1

at all points except x = 1.
If a function f is squeezed between two functions . and g,
h(x) < f(x) < g(x), and h and g have the same limit
L as x— c, then lim f(x) exists and equals L.
X—C

(b) Sample answer: f(x) =

3

Y The magnitudes of f(x) and g(x)

are approximately equal when x is
close to 0. Therefore, their ratio is
approximately 1.

-5 \_CS

3
— 64 ft/sec (speed = 64 ft/sec)

Let f(x) = 1/xand g(x) = —1/x.
1irr(1) f(x) and lin(]) g(x) do not exist. However,

103. —29.4 m/sec

tim [/(x) + ()] = lim E + (—i)] — im0 =0

x—0

and therefore does exist.

107-111. Proofs

113.

115.

117.
119.

121.
123.

Answers to Odd-Numbered Exercises

A15

4, x =0
-4, x< 0O

lim [f(x)| = lim4 = 4
x—0 x—0

Let f(x) = {

lim f(x) does not exist because for x < 0, f(x) = —4 and
for x = 0, flx) = 4.

False. The limit does not exist because the function
approaches 1 from the right side of 0 and approaches —1
from the left side of 0.

True.

False. The limit does not exist because f(x) approaches
3 from the left side of 2 and approaches 0O from the right side
of 2.

Proof

(a) All x # 0,721 + nw
(b) 2

\J

The domain is not obvious. The hole at x = 0 is not
apparent from the graph.

1 1
©5; @5

-2

Section 1.4 (page 79)

1. @) 3 (b) 3 (c) 3;f(x) is continuous on (— oo, o).

3.(@0 ()0 (c) 0;Discontinuity atx = 3

5.(@ —3 (b) 3 (c) Limit does not exist.
Discontinuity at x = 2

7. % 9.

11. Limit does not exist. The function decreases without bound
as x approaches — 3 from the left.

13. —1 15. —1/x? 17. 5/2 19. 2

21.

23.
25.

27.
29.
31.
35.
37.
39.
41.
43.

Limit does not exist. The function decreases without bound
as x approaches 7 from the left and increases without bound
as x approaches 7 from the right.

8

Limit does not exist. The function approaches 5 from the left
side of 3 but approaches 6 from the right side of 3.
Discontinuities at x = —2 and x = 2

Discontinuities at every integer

Continuous on [—7, 7] 33. Continuous on [—1, 4]
Nonremovable discontinuity at x = 0

Continuous for all real x

Nonremovable discontinuities at x = —2 and x = 2
Continuous for all real x

Nonremovable discontinuity at x = 1

Removable discontinuity at x = 0

. Continuous for all real x
. Removable discontinuity atx = —2

Nonremovable discontinuity at x = 5

. Nonremovable discontinuity atx = —7
. Continuous for all real x
. Nonremovable discontinuity at x = 2
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A16 Answers to Odd-Numbered Exercises

55.
57.
59.
61.
67.
69.
71.

73.

77.
81.

83.
85.

87.

89.

91.
95.
99.

101.

103.
105.

107.

Continuous for all real x
Nonremovable discontinuities at integer multiples of /2
Nonremovable discontinuities at each integer
a=17 63. a =2 65.a=—1,b=1
Continuous for all real x
Nonremovable discontinuities atx = 1 andx = —1
Continuous on the open intervals
(=3 m—m), (—m o), (m 3m), . ..

0.5 75- 10

ISV

_2 /

-2

Nonremovable discontinuity ~ Nonremovable discontinuity
at each integer
Continuous on (— oo, o)

Continuous on the open intervals . .

atx = 4
79. Continuous on [0, co)
i (=6,-2),(-2,2),

(2,6),. ..
Continuous on (— oo, o)

3 The graph has a hole at x = 0. The
graph appears to be continuous, but
the function is not continuous on

- * [—4,4]. It is not obvious from the
graph that the function has a

-2 discontinuity at x = 0.

Because f(x) is continuous on the interval [1,2] and
f(1) = 37/12 and f(2) = —8/3, by the Intermediate Value
Theorem there exists a real number ¢ in [1, 2] such that
fle) = 0.

Because f(x) is continuous on the interval [0, 7] and
f(0) = =3 and f(w) = 8.87, by the Intermediate Value
Theorem there exists a real number ¢ in [0, 7] such that

fle)=o.
0.68,0.6823  93. 0.56, 0.5636
fB) =11 97. f2) =4

(a) The limit does not exist at x = c.

(b) The function is not defined at x = c.

(c) The limit exists, but it is not equal to the value of the
function at x = c.

(d) The limit does not exist at x = c.

If f and g are continuous for all real x, then so is f+ g

(Theorem 1.11, part 2). However, f/g might not be continuous

if g(x) = 0. For example, let f(x) = x and g(x) = x> — 1.

Then f and g are continuous for all real x, but f/g is not

continuous at x = 1.

True

False. A rational function can be written as P(x)/Q(x), where

P and Q are polynomials of degree m and n, respectively. It

can have, at most, n discontinuities.

The functions differ by 1 for non-integer values of x.

109. C = 10.40 + 0.05[r — 9],

111-113. Proofs
117. (a) S

0.40, 0<t=10
t > 10, ¢ is not an integer
0.40 + 0.05(r — 10), ¢ > 10, ¢ is an integer

¢ There is a nonremovable
07+ discontinuity at each integer

(% d
2: T O.ooo" greater than or equal to 10.
0.4 —_
03
02
0.1

T T

115. Answers will vary.

60
50
40
30
20

TR TR
t

"ttt
T5]()15202530

(b) There appears to be a limiting speed, and a possible
cause is air resistance.

119. ¢ = (-1 + J/5)/2
121. Domain: [—c?2, 0) U (0, o0); Let £(0) = 1/(2¢)
123. h(x) has a nonremovable discontinuity at every integer

except 0.
15

Mo
Ll R—”’O.’-C3

-3

125. Putnam Problem B2, 1988

Section 1.5 (page 88)
. X _ . X _
x2@2+2x2—4’ - x~1>1£n2’2X2 _4‘ o
. lim tan(mx/4) = —co, lim tan(mx/4) = oo
x——2" x——2"
. lim = oo, lim = —o0
x—4t x — 4 x—=4-x — 4
lim L = oo, lim L = oo
: x—4+ (x - 4)2 Toxs4- ()C - 4)2
X —-3.5 | —3.1 | —=3.01 | —3.001 | =3
fx) 0.31 1.64 16.6 167 ?
X —2999 | =299 | —-29 -2.5
f@) | —167 | —167 | —1.69 | —0.36
lim f(x) = —oo; lim f(x) = oo
x——3" x——3"
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1L X —-35 | —=3.1 | =3.01 | —3.001 | =3
f) 3.8 16 151 1501 ?
X —2999 | =299 | =29 | =25
f) —1499 | —149 | —14 | =23
lim f(x) = —oo; lim f(x) = c0
x——37 x—>—3"
13. x=0 15. x = £2 17. No vertical asymptote

19. x=—-2,x=1 2. x=0,x=3
23. No vertical asymptote
27. t = nir, n is a nonzero integer.

25. x = n, nis an integer.

29. Removable discontinuity at x = —1
31. Vertical asymptote at x = — 1
3300 3500 37.-% 39 —c0 4l —co
43. oo 45. 0 47. oo
49. 3 51. 03
4 :L s s J k
o | (_ W:
-3 : I -0.3 I
lirln+ flx) = o0 1i1§17 fx) = —o0
53. Answers will vary.
55. Answers will vary. Sample answer: f(x) = 2 _x;CS_
57. v
1o
Ay
N
. R
14 '
SRRy
- @[ 1 0.5 0.2 0.1
f(x) | 0.1585 | 0.0411 | 0.0067 | 0.0017
X 0.01 0.001 | 0.0001
0.5
-15 1.5
-0.25
lim X SIX _
x—07 X

61.

Answers to Odd-Numbered Exercises

®) Iy ) 05 02 0.1
f(x) | 0.1585 | 0.0823 | 0.0333 | 0.0167
x 001 | 0.001 | 0.0001
f@) | 00017 | = ~
0.25
-15 1.5
-0.25
. x—sinx _
xlim x2 =0
© [ 1 0.5 0.2 0.1
F() | 0.1585 | 0.1646 | 0.1663 | 0.1666
x 001 | 0.001 | 0.0001
f() | 0.1667 | 0.1667 | 0.1667
0.25
-15 15
-0.25
lim * Y = 0.1667 (1/6)
x—0* X
CAps 1 05 02 0.1
F() | 01585 | 03292 | 0.8317 | 1.6658
x 001 | 0.001 | 0.0001
&) | 1667 | 1667 | 1667.0
15

R

-15
lim sinx
xlgh x* a
X —sinx

Forn > 3, lim
x—0*

7 3
(a) D ft/sec  (b) 5 ft/sec

(¢) lim = [e'e)

=25 /625 — 2
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A18

63.

65.
67.

69.

Answers to Odd-Numbered Exercises

(a) A = 50tan § — 500; Domain: (0, 7/2)
®) 0 0.3 0.6 0.9 1.2 1.5
f(6) | 047 | 421 | 18.0 | 68.6 | 630.1
100
0 15

0
© Jim 4= oo

False; let f(x) = (x> — 1)/(x — 1)
False; let f(x) = tan x

1 1
Let f(x) = 2 and g(x) = —, and let ¢ = 0. 111)1(1); = oo and

2 _
11m1:oobut11m(12 %)Zlim<x 41>:—oo¢0.
0 \x X

-0 x4

x—0 X
71. Given lim f(x) = oo, let g(x) = 1. Then 11m 8() =0 by
x—e f( )
Theorem 1.15.
73. Answers will vary.
Review Exercises for Chapter 1 (page 917)
1. Calculus u Estimate: 8.3
-9 9
-1
3.
X 2.9 2.99 2.999 3
Ff&) | —0.9091 | —0.9901 —-0.9990 | ?
x 3.001 3.01 3.1
f&) | —1.0010 | —1.0101 | —1.1111
x—3
e 71z 0000
5.4 (bS5 7. 5; Proof 9. —3; Proof 11. 36
13. /6~245 15.16 17.3 19. -3 213
23. —1 25. 0 27. J/3/2 29. -3 31. -5
33. !
The graph has a hole at x = 0.
-1 1
0
x —0.1 —0.01 —0.001 0
fx) 0.3352 0.3335 0.3334 ?
X 0.001 0.01 0.1
fx) 0.3333 0.3331 0.3315
/ + —
111%% ~ (0.3333; Actual limit is %

35.

37.
45.

47.
51.
53.

55.
59.
61.

63.
67.

75.
83.

1.

3.

100

The graph has a hole at x = —5.

0

x —-51 | —5.01 | =5.001 | =5

76.51 | 75.15 75.02 ?

X —4.999 —499 | —49

74.99 74.85 | 73.51

lim w =~ 75.00; Actual limit is 75.
x—-5 x+5
—392m/sec  39.¢ 4l.; 43.0
Limit does not exist. The limit as ¢ approaches 1 from the left
is 2, whereas the limit as # approaches 1 from the right is 1.
3 49. Continuous for all real x
Nonremovable discontinuity at x = 5
Nonremovable discontinuities atx = —1 and x = 1
Removable discontinuity at x = 0
c= —% 57. Continuous for all real x
Continuous on [4, co)
Removable discontinuity at x = 1

Continuous on (—oo, 1) U (1, oo)

Proof 65. (a) —4 (b) 4 (c) Limit does not exist.
x=0 69. x= +3 71. x = £8 73. —
oo - 79.% 8l
(a) $14,117.65 (b) $80,000.00 (¢) $720,000.00
(d) oo
PS. Problem Solving (page 93)
(a) Perimeter APAO =1 + /(x2 — 12 + x2 + V/x* + x2
Perimeter APBO =1 + /x* 4+ (x — 1)2 + J/x* + x2
(b) X 4 2 1
Perimeter APAO 33.0166 | 9.0777 | 3.4142
Perimeter APBO 33.7712 | 9.5952 | 3.4142
r{(x) 09777 | 0.9461 | 1.0000
X 0.1 0.01
Perimeter APAO 2.0955 | 2.0100
Perimeter APBO 2.0006 | 2.0000
%) 1.0475 | 1.0050
1
(a) Area (hexagon) = (3./3)/2 =~ 2.5981
Area (circle) = 7 = 3.1416
Area (circle) — Area (hexagon) = 0.5435
() A, = (n/2) sin(m/n)
© 1 6 12 24 48 96
A, | 2.5981 | 3.0000 | 3.1058 | 3.1326 | 3.1394
3.1416 or 7
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Answers to Odd-Numbered Exercises A19

5. () m= _152 () y= %x _ % 25. (a) Tangent line: 27. (a) Tangent line:
—J169 — 2 + 12 y=—-2x+2 y=12x — 16
() m, = ~—5 (b) d (b) T
(d) %; It is the same as the slope of the tangent line found in (b). / @9
7. (a) Domain: [—27,1) U (1, o) -1.4)
(b) 05 (c) ﬁ (d) ﬁ s s - / IIII °
1 -4
V_J 29. (a) Tangent line: 31. (a) Tangent line:
et y=te+} y=ir-2
-0.1 (b) : (b) Gu
The graph has a hole at x = 1. R 12 = 12
9. (@ 8,84 (b) g (©) 81583 &4 (%
11. . - °
The graph jumps at every integer. -1 ~10
33.y=2x—-1 35.y=3x—2;y=3x+2
3.y = —%x + %
39. "
4T The slope of the graph of fis 1 for
3T all x-values.
Sl
e
@ f(1) =0, f0) =0, fiz) =1 f(=27)=-1
® lim f&x) = —1, lim f(x) = —1, lim f(x) = —1 EEENEREE
x—1- x—1* x—1/2
(c) There is a discontinuity at each integer. T
13. a) () () lim P, ,(x) =1 41. A
o The slope of the graph of fis
T (i) }g}}, P,,(x) =0 negative for x < 4, positive for
i) lim P, ,(x) = 0 x> 4,and 0 at x = 4.
1 &0 x—b* ’
@(v) lim P, ,(x) =1
x—b~ ’
. I

(c) Continuous for all positive real numbers except a and b 43.

(d) The area under the graph of U and above the x-axis is 1. i The S,IOP e of the graph of f 1s
lk negative for x < 0 and positive for
Ch apt er 2 + / x > 0. The slope is undefined at

F—t—— F—t—t——>x =
=2 -1 123 4 x=0.

Section 2.1 (page 103) ﬁ

1. my =0,my,=5/2 2t
3. (—(0) ‘F%(kl)fm)zﬂl 5 m= ;5 45. Answers will vary. 47. g(4) = 5:g'(4) = -3
.m=
) Sample answer: y = —x
B \ p y
6 A
WA
s —
4,5) 3T
4 2L
f-fy=3
3 L
A f= N N
1—‘— 24
IR AR ST
Ll
9. m=3 . 11. f(x) =0 13. f(x) = —10 49. f(x) = 5 — 3x 51. f(x) = —x2
15. h'(s) =5 17. fi(x) =2x + 1 19. f(x) = 3x2 — 12 = .=

g —1 N 1
21. f'(x) = G- 23. f(x) = 72\/m
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A20

53. f(x) = =3x + 2

57.

59.

61.

63.
69.
71.
73.
75.
79.
81.

y

Answers to Odd-Numbered Exercises

55, y=2x+1;y=—2x+9

-3 -2 -1 2 3
L
Ll
sl f
(a) 3
For this function, the slopes of
LD o tbe .tangent li.nes are always
-3 3 distinct for different values of x.
(0,0)
-1
(b) S
0.0 / For this function, the slopes of
3 1,1 .
S e @D 3 the tangent lines are
' / sometimes the same.
-3
(a) 6
-6 6
-2

£10) = 0.G) = 5.7(1) = 1.f2) =2

O f(=3) = =571 = —1,f(-2) = -2

(©) \

@ fx) =x

3

glx) = fx)

N\

-1

) = 4, £(2.1) = 3.99; f(2) ~ —0.1  65.6  67.

g(x) is not differentiable at x = 0.
f(x) is not differentiable at x = 6.
h(x) is not differentiable at x = —7.
(—o0, 3) U (3, 0) 77. (—oo, —4) U (—4, oo)
(1, 00)
7 83. 5

M

L

-1 -3

(—o0,5)U (5, 0) (—o0,0)U

(0, o0)

85.

87.

89.
91.

93.
95s.

The derivative from the left is — 1 and the derivative from the
right is 1, so fis not differentiable at x = 1.

The derivatives from both the right and the left are 0, so
F(y=o.

fis differentiable at x = 2.

@ d=(3m+ 1])//mE+ 1

(b) s

T Not differentiable at m = —1

-1

False. The slope is lim
Ax—0

S22+ Ay — f(2)
Ax ’

False. For example, f(x) = |x|. The derivative from the left
and the derivative from the right both exist but are not equal.

97. Proof

Section 2.2 (page 114)

1.@3i (3 3.0 5 7x 7.-5/x0

9. 1/(5x*%)  11. 1  13. —4t+3  15. 2x + 12x2

21. 2x + 1sinx

17.372 4100 =3 19, Jcos 0+ sin 6 >
1
23. —— — 3cosx
X
Function  Rewrite Derivative Simplify
_5 _3. g o3
25.)/—2x2 y=3x y' = —5x Y'=5
__6 6 oo 18 18
=G0 YT 1sY Y 125° Y 125x
_ a - o1 ]
29.y—7 y—xl/z y—*§x3/2 y—*m
31. -2 33.0 35. 8 37. 3 39. 2x + 6/x3
41, 2r + 12/t* 43. 8x + 3 45. (x3 — 8)/x3
1 2 3
L 3x% 4 . -5 .= — 5si
47. 3x 1 49 WA 51 N 5sinx
53. (a) 2x+y—2=0 55. (@) 3x+2y—7=0
(b) 3 (b) 5
(1,2)
-2 = (]‘();K 2 o \ 7

57.
61.
69.

71

(—1,2), (0, 3),7(1, 2) i
(77, ) 63. k= -8

Y

59. No horizontal tangents
65. k=3 67. k= 4/27

g =f) 73 g =5

Copyright 2012 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Answers to Odd-Numbered Exercises A21

75. " 97. (a) s(t) = —16> + 1362; v(t) = —32t  (b) —48 ft/sec
P / The rate of change of fis constant, (c) s/(1) = —32ft/sec; s"(2) = —64 ft/sec
and therefore f”is a constant /1362
L /f function. d) = 36 ~ 0226sec (e) —295.242 ft/sec
RS / . 99. v(5) = 71 m/sec; v(10) = 22 m/sec
. 101. 1 103. i
/ _ 60T — 10+
T S st X X £
E 1 1 1 E 87
7.y =2 - | ey Lo £ ol Y
¥ 5 30 . 1 § (6,4)
< 20+ ! ! g 4T
s+ ot (- | a8, @4
44+ B ! | | .
3T ©.3) zo4 6 80 ool T o

Time (in minutes) Time (in minutes)

105. V/(6) = 108 cm?/cm
107. (a) R(v) = 0.417v — 0.02
(b) B(v) = 0.0056v* + 0.001v + 0.04

79. f(x) =3 + cosx # Oforallx. 8l x — 4y +4=0 (©) T(v) = 0.0056v* + 0418 + 0.02
83, 36 (d) ® (e) T(v) = 0.0112v + 0.418

T / —
f7(1) appears to be close to — 1. s 77(40) = 0.866
) = —1 7 T/(80) = 1.314

T°(100) = 1.538

0 120

0.77 [ddxuz -1 1.24 o
% (f) Stopping distance increases at an increasing rate.
8. @ = 109. Proof  111. y = 2x2 — 3x + 1
(3.9,7.7019), 3. 9x+y=09x+4y +27=0 115, a=1p= 2
w9 S(x) = 2.981x — 3.924 117. £,(x) = |sin x| is differentiable for all x # nr, n an integer.
i b f>(x) = sin|x| is differentiable for all x # 0.
oy 119. Putnam Problem A2, 2010

(b) T(x) = 3(x —4) + 8 =3x — 4 Section 2.3 (page 125)

The slope (and equation) of the secant line approaches that

of the tangent line at (4, 8) as you choose points closer and 1. 2(2%* — 6x? + 3x — 6) 3.(1 - 512)/(2 ﬁ)

closer to (4, 8). 5. x*(3 cos x — x sin x) 7. (1 —x2)/(x2 + 1)2

(©) 20 9. (1 — 5x3)/[2\/;c(x3 + 1)2] 11. (x cosx — 2sinx)/x?

13. f(x) = (x* + 4x)(6x + 2) + 3x2 + 2x — 5)(3x2 + 4)
= 15x* + 8x3 + 21x% + 16x — 20

! T f0) = —20
) < 12 2 +
2 15. f/(x) = % 17. f/(x) = cosx — xsinx
The approximation becomes less accurate. 1x - N
(d fa)=-; f <Z> =g é-m
Ax -3 -2 -1 -05 | —-0.1 |0 Function Rewrite Differentiate Simplify
2
f4+Ay) | 1 | 2828 | 519 | 6.548 | 7702 | 8 19, y=2 3% Lo 3 23 o ts
7 7 7 7 7 7
T4 + Ax) | —1 2 5 6.5 77 |8 Sl e 6 6, B R )
YT e YTt YT YT e
0.1 0.5 1 2 3 3/2
Ax 23. y:4x y:4x1/2’ y/:2x—1/2 y/:%’
f4 + Ax) 8.302 | 9.546 | 11.180 | 14.697 | 18.520 * *
x>0 x>0
T(4 + Ax) | 83 9.5 11 14 17 2. . f 7 £1 27, (2 + 6x — 3)/(x + 3)
87. False. Let f(x) = xand g(x) = x + 1. 29. (3x + 1)/(2x37?) 31. 65%(s3 — 2)
89. False. dy/dx = 0 91. True 33, —(2x2 — 2x + 3)/[x2%(x — 3)?]
93. Average rate: 4 95. Average rate: % 35. 10x* — 8x3 — 21x2 — 10x — 30
Instantaneous rates: Instantaneous rates: 4xc? )
(1) =41 (2) =4 (1) = 1) = i 37. *m 39. (tcost + 2sin1)
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A22 Answers to Odd-Numbered Exercises

41. —(tsint + cos t)/t? 43. —1 + sec?x = tan’x ) A = 27,334
3 8.412 + 1635.6t + 79,524
45. 43/ 6csctcott 47. 5 See x(tan x — sec x) A (1) represents the rate of change of the average health
49. cos x cot2 x 51. x(x sec?x + 2 tan x) care expenditures per person for the given year .
53. 4xcosx + (2 — ) sin x 91 1222+ 12x— 6 93.3/J/x 95 2/(x — 1)
5 2P H8x—1 1 —sin0+ fcosd 97. 2cosx —xsinx  99.2x 101 1//x  103. 0
T (x4 272 " (1 —sin 6)? 105. —10

— 107. Answers will vary. 109. i
59, y/ = ZCscxcotx’ —4 /3 ary P

(1 — cscx)? Sample answer:
61. h'(t) = sect(ttant — 1)/t2, 1/m? J) = (x — 2
63. (a) y=—-3x—1 65. (a) y =4x + 25 |

(b) ° (b) s
(=5,5)
-1 5"' ,ll 3

N )|

"6
67. (@) dx — 2y —m7m+2=0 69. 2y +x—4=0
(b) .

I

” OO TS S
— - A\
71. 25y — 12x + 16 =0 73. (1,1) 75. (0,0), (2,4) 1 &
77. Tangent lines: 2y +x =7;2y + x = —1 4\

¥ 54
2y+x=7 f(x):')d':

‘Tt - 115. v(3) = 27 m/sec
crLol N\ 2 a(3) = —6 m/sec?
\ 1

ﬁ\ W . 7 The speed of the object is decreasing.
=)\ ar; 0 1 2 3 4
o] ) 0 5775 | 99 | 12375 | 132
79. f) +2=¢lx) 8L (p(1)=1 (b) ¢4 =—1/3 ve) | 66 49.5 33 165 0
83. (18 + 5)/(2\ﬂ) cm?/sec
85. (a) —$38.13 thousand/100 components alt) | —165 | =165 | —16.5 | —16.5 | —165
(b) —$10.37 thousand/100 components The average velocity on [0, 1]1is 57.75, on [1, 2] is 41.25, on
(c) —$3.80 thousand/100 components [2, 3]s 24.75, and on [3, 4] is 8.25.
The cost decreases with increasing order size. 119. f(x) = n(n — )(n — 2)--- (2)(1) = n!
87. Proof 121. (a) f"(x) = g)h"(x) + 28" (x)h(x) + g"(x)h(x)
89. (a) h(r) = 112.4¢ + 1332 00 = gh"(0) + 38 Wh"(x) +
pt) = 2.9t + 282 3g”(x)h’(x) + g”(x)h(x)
(b) 300 400 FO%) = gWhD(x) + 4g'()h"(x) + 68" (x)h"(x) +

h(t) p(0)

e e 480N G) + gIWA()
. n |

(®) £1) = g(A"(3) + 7y

T @R +

) N, P P (S ——— 1) n! " AB—2)
" o+ 1332 O ETEETA
©A=—F"T505" LA Y ®
2.9t + 282 o " R )+ gehk)

10

i 123. n = 1: f/(x) = xcos x + sin x

f"’f n=2: f(x) = x>cos x + 2xsinx
: n = 3: fi(x) = x3cos x + 3x?sin x
n=4: f(x) = x*cosx + 4x> sin x

2 A 10
0 General rule: f/(x) = x" cos x + nx~ D sin x

A represents the average health care expenditures per

person (in thousands of dollars).
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125.

127.

129.
133.
137.

y'=—1/x%y" = 2/x0,

xX3y” 4+ 2x2y" = x3(2/x3) + 2x3(—1/x?)
=2-2=0

y' ' =2cosx,y’= —2sinx,

y'+y=—2sinx +2sinx +3 =3

False. dy/dx = f(x)g’'(x) + g(x)f'(x) 131. True

True 135. f(x) = 2|x|; £”(0) does not exist.

Proof

Section 2.4 (page 136)

\]UIEAH

25.

29.

33.
35.

37.

39.

41.
43.
49.
53.

57.

61.

65.

.y =(5x—8)*

.y =cscx

. 12(4x — 1)2
13.
17.
21.

y =f(gkx) y=f(@)

y=u

y = Va

u = g(x)
=5x—38
=x-7
u = cscx y=u’
9. —108(4 — 9x)* 1L —1/(2/5 — 1)
4x/3/(6x2 + 1)2 15. —x/Y(9 — x?)?
“1/x=2?7  19. —2/(t — 38
-3/[2/(Bx + 5)3] 23. 2x(x — 2)3(3x — 2)
1 — 2x? 27 1
—2(x + 5)(x2 + 10x — 2) 31 —9(1 — 2v)?
(2 +2)3 N U
20x(x2 + 3)2 + 2(x% + 3)° + 20x2(x2 + 3)* + 2x
(1 = 3x2 — 4x32) /[2/x(x2 + 1)?]
2
The zero of y’ corresponds to the

4 K s point on the graph of the function

W where the tangent line is horizontal.

N

y=Je -7

N

v’ has no zeros.

—[arx sin(7rx) + cos(mx) + 1]/x2

Lol

The zeros of y’ correspond to
the points on the graph of the
function where the tangent lines
are horizontal.

(a) 1

—4 sin 4x

(b) 2; The slope of sin ax at the origin is a.
45. 15 sec? 3x 47. 27% x cos(mx)?
51. (=1 — cos?x)/sin® x
55. 10 tan 50 sec? 50
6 sin(mt — 1)
cos(mt — 1)

2 cos 4x
8 sec? x tan x

sin 26 cos 26 = %sin 40 59.

1 + 2x cos(2x)?

2%
,__xt+t4 5
Y Jx2+ 8’3

63. 2 sec? 2x cos(tan 2x)

15x2 3

67. f’(x) = ﬁ, —g

69
73

Answers to Odd-Numbered Exercises A23
-5
. f() = T -5 71. y’ = —12 sec? 4x tan 4x, 0
(@ 8x—5y—-7=0 75. (a) 24x +y +23 =0
b 6 b 14
(b) \ = (b) _/
6 7 6 RE \/ 1
2 -2
77. (a) 2x —y — 2w =0 79. @) 4x—y+(1—-—m=0
(b) 2 (b) i

AL A

It

\/\/

2

-4

81. 3x + 4y — 25 =0

83.

8

-9

oy

=

(767,3‘@), (57T —3‘@>, (37” 0) 85. 2940(2 — 7x)?

2 6’ 2
87. 2 89. 2(cos x2 — 2x2 sin x2)
(x —6)?
91. h"(x) = 18x + 6,24
93. f”(x) = —4x2cos(x?) — 2 sin(x?), 0
95. " 97. y

The zeros of f” correspond
to the points where the graph
of f'has horizontal tangents.

The zeros of f” correspond
to the points where the graph
of fhas horizontal tangents.

99. The rate of change of g is three times as fast as the rate of
change of f.

101. (a) g'x) = f(x) (b) h'(x) =2f(x)

103.

105. (a) 1.461

© r(x) = =3f(=3x)

@ s'(x) = f(x +2)

X -2 | -1 0 1 2 3
| 41 3 | 5] -1|-2]|-4
g | 4 | 3 | -4 -1]-2] -4
R(x) | 8 | 3 | -3 | -2|—-4|-8
r'(x) 12 1
s‘) | -3 | -1 ] 2| -4

@ 3

(b) s’(5) does not exist because g is not differentiable at 6.

(b) —1.016 107. 0.2 rad, 1.45 rad/sec
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A24 Answers to Odd-Numbered Exercises

109. (a) 10 7. (1 = 3259)/Gxy? — 1)
9. (6xy — 3x* — 2y°)/(4xy — 3x?)  11. cos/[4 sin(2y)]
o “e 13. (cosx — tany — 1)/(x sec?y)
* ’ 15. [y cos(xy)]/[1 — x cos(xy)]
— 17. () y, = 6k — xhy, = — VoA — 2
T(r) = 56.1 + 27.6 sin(0.48¢ — 1.86) (b) 1

(b) 1 ”

The model is a good fit.

(¢) T(r) = 13.25 cos(0.48¢ — 1.86) I N
X2+ 16 —Jx2+ 16

19. (@) y, = P ¥ =
0 13 4 4
(b) A
6
(d) The temperature changes most rapidly around spring

(March—May) and fall (Oct.—Nov.) —— > x

The temperature changes most slowly around winter -
(Dec.—Feb.) and summer (Jun.—Aug.) 4
oL

Yes. Explanations will vary.

111. (a) O bacteria per day (b) 177.8 bacteria per day © y = +x _ X )y = X
(c) 44.4 bacteria per day  (d) 10.8 bacteria per day Y 4/x2+ 16 16y Y 16y
(e) 3.3 bacteria per day o . ' 2. - 1 23, 298x _ Undefined
(f) The rate of change of the population is decreasing as time x 6 y(x% + 49)
passes. y(y + 2x) . x2
25, 2T 1 27 —sin?(x + y) or ——5
113. (a) f'(x) = Bcos Bx x(x + 2y) sin’(x +y)or =50
7, — 22
f') = = sin fix 29. -1 3.0 3Boy=-x+7 35y=-x+2
f7(x) = — B3 cos Bx 2
FO(x) = B*sin Bx 37. y=V3x/6 + 8/3/3  39.y=—fx+70
(b) f(x) + B2f(x) = —B%sin Bx + B(sin Bx) = 0 41. (a) y= —2x+4 (b) Answers will vary.
(© fR(x) = (= 1)k g* sin Bx 2y, T m 1 43
FOD () = (= 1)+ 1821 cos fix 43. cos?y, 5 <y< > T o 45. —4/y
115. (@) r(1) =0 (b) s’(4) =3 47. —36/y*  49. (3x)/(4y)
117. (a) and (b) Proofs 51. 2x +3y =30 =0
119. g'(x) = 3(3"7_5) Xt g
"8 3x — 5|)° 3
X 9, 4)
121. h’(x) = —|x|sinx + mcos x, x#0
-1 14
123. (a) P,(x) = 2(x — w/4) + 1 -
Pg(x) =2x — w/4)?> + 2(x — @w/4) + 1 53. At (4,3): .
(b) 7 © P, Tangent line: 4x + 3y — 25 =0 /’— 3
P, Normal line: 3x — 4y =0 9

SIE]

-1

(d) The accuracy worsens as you move away from x = /4. At (—3,4): °
125. False. If y = (1 — x)/2, then y’ = 3(1 — x)~1/2(—1). Tangent line: 3x — 4y + 25 =0 %\
127. True  129. Putnam Problem A1, 1967 Normal line: 4x + 3y = 0 -0 s

Section 2.5 (page 145) ky

L —x/y 3. -Uy/x 5 (y—33)/(2y—x
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55. x>+ y? = r?=y’ = —x/y = y/x = slope of normal line.
Then for (x,, y,) on the circle, x, # 0, an equation of the
normal line is y = (y,/x,)x, which passes through the origin.
If x, = 0, the normal line is vertical and passes through the origin.

57. Horizontal tangents: (—4,0), (—4, 10)

Vertical tangents: (0, 5), (=8, 5)

59, [aiei=ols [P 61. :

N
yé
-6 - 6
6 6 0,0y

e S
4 {x+y=0

—4
At (1,2):
Slope of ellipse: —1

At (0, 0):

Slope of line: —1
Slope of parabola: 1
At (1, =2):

Slope of ellipse: 1

Slope of sine curve: 1

Slope of parabola: —1

63. Derivatives: dy = —X, dy =z
dx X dx y

e

N Va

65. Answers will vary. In the explicit form of a function, the
variable is explicitly written as a function of x. In an implicit
equation, the function is only implied by an equation. An
example of an implicit function is x*> + xy = 5. In explicit
form, it would be y = (5 — x2)/x.

T ™

Use starting point B.

(b)

n =37+ 7)x + (837 + 23]
~3(=v7+7)x - (23 - 87)]
vy = —5[(V7 = 7)x = (23 - 87
= (V7 +7)x - (8v/7 + 23)]

71.
75.

Section 2.6
(@ 3

11.
13.

15.
17.
21.
23.
25.
27.

29.
31.

33.

35.
39.
41.

43.
45.

. (a) 12 ft/sec
. In a linear function, if x changes at a constant rate, so does y.

O =

Answers to Odd-Numbered Exercises A25

Proof 73. y = —?x +2J3,y = ?x -2/3
(@A y=2x—6
(b) : © (f -1

S

—4

(page 153)

3. -3 (b3
(b) O cm/sec (c) 8 cm/sec
(b) 6ft/sec  (c) 3 ft/sec

(b) 20
(a) —8cm/sec

However, unless a = 1, y does not change at the same rate as x.
(a) 647 cm?/min  (b) 2567 cm?/min

(a) 9727 in.3/min; 15,5527 in.3/min

(b) If dr/dt is constant, dV/dt is proportional to 2.

(a) 72 cm3/sec  (b) 1800 cm?/sec
8/(405m) ft/min  19. (2) 12.5%
(a) —15 ft/sec; —3 ft/sec; —2 ft/sec
(b) % ft?/sec  (c) ﬁ rad/sec

Rate of vertical change: % m/sec
Rate of horizontal change: — /3/15 m/sec
(@) —750mi/h  (b) 30 min

—50//85 = —5.42 ft/sec
(a) 275 ft/sec  (b) ? ft/sec
(@ 12sec  (b) 1/3m

Evaporation rate proportional to S = % = k(4mr?)

(b) ﬁ m/min

(¢) /57/120 m/sec

V=<4)7Tr :ﬂ—477 2 4r Sok—ﬂ.

3 dt dt’ dt
dv _16r ,,d0d0_ v o0
0.6 ohm/sec 37. i . 7] i I 6r 7] i
22
525 =~ 0.017 rad/sec
(a) T”ft/sec (b) 2007 ft/sec

(¢) About 427.431r ft/sec
About 84.9797 mi/h

d .
(a) ?); = 3;); means that y changes three times as fast as x

changes.

(b) y changes slowly when x = 0 or x = L. y changes more
rapidly when x is near the middle of the interval.

47. —18.432 ft/sec? 49. About —97.96 m/sec
Review Exercises for Chapter 2 (page 157)
1. f/(x) =0 3. f(x) =2x— 4 5.5
7. fis differentiable at all x # 3. 9.0 11. 3x% — 22x
4
f f 15. 35 17. 4 — 5cos 0
19. —3sin 6 — (cos 0)/4 21. — 23. 0
25. (a) 50 vibrations/sec/lb  (b) 33.33 vibrations/sec/lb
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A26

27.

29.
33.

37.
41.
47.
51.

55.
59.
63.

69.
75.

77.
83.

85.
87.

PS. Problem Solving

1.

3.
5.

7.

Answers to Odd-Numbered Exercises

(a) s(r) = —16¢2 — 30t + 600
v(r) = —32t — 30
(b) —94 ft/sec
(c) v(1) = —62ft/sec; v(3) = —126 ft/sec
(d) About 5.258 sec  (e) About —198.256 ft/sec

4(5x — 152 — 11x — 8) 3L Jxcosx + sinx/(2/%)
—(x2+1) 4x3 cos x + x*sin x
(2 —1)? cos?x
3x2 sec x tan x + 6x sec x 39. —xsinx
y=4x+10 43 y=—8c+ 1 45 —48
B /x 49. 6sec? ftan 6
v(3) = 11 m/sec; a(3) = —6 m/sec? 53. 28(7x + 3)3
,rix o 5 —assinOx+ )
11 —cos2x) =sin?x  61. (36x + 1)(6x + 1)*
3 —3x? 8x
m 65. m; -2 67. *m; 2

—csc 2x cot 2x; 0 71. 384(8x + 5) 73. 2 csc? x cot x
(a) —18.667°/h  (b) —7.284°/h
(¢) —3.240°/h (d) —0.747°/h
_x y0? = 3¢%)

T x(x® — 3y?)
Tangent line: 3x + y — 10 =0

ysinx + siny
" cosx — xcosy

Normal line: x — 3y =0
4

RN

—4

(a) 2/2 units/sec
4507 km/h

(b) 4 units/sec  (c) 8 units/sec

(page 159)

@r=52+0-3" =1

(b) Center: (0,3); 2>+ (y =3 =1
plx) =2x> + 42 -5

(@) y=4x—4
(c) Tangent line: y =0

b y=—x+3 (-3.5%)

(d) Proof
Normal line: x = 0

Y = @)
¥y = A= )

a

(a) Graph as separate equations.

(b) Answers will vary. Sample answer:
2

a=

5"_
8
w

Il
[N}

=4

a=1

2
The intercepts will always be (0, 0), (a, 0), and (—a, 0),
and the maximum and minimum y-values appear to be %a.

(5250 (5250 (5250 (52 5)
©\ o2 T 2) 2 °2) 20 2

9.

11.

13.
15.

(a) When the man is 90 ft from the light, the tip of his shadow
is 112% ft from the light. The tip of the child’s shadow is
111% ft from the light, so the man’s shadow extends 1% ft
beyond the child’s shadow.

(b) When the man is 60 ft from the light, the tip of his shadow
is 75 ft from the light. The tip of the child’s shadow is 77% ft
from the light, so the child’s shadow extends 2% ft beyond
the man’s shadow.

(c) d =80ft

(d) Let x be the distance of the man from the light, and let s be
the distance from the light to the tip of the shadow.

If 0 < x < 80, then ds/dr = —50/9.
If x > 80, then ds/dr = —25/4.
There is a discontinuity at x = 80.
(@) v(t) = —F1 + 27 ft/sec  (b) 5sec; 73.5 ft

a(t) = —2*57 ft/sec?
(c) The acceleration due to gravity on Earth is greater in
magnitude than that on the moon.
Proof. The graph of L is a line passing through the origin (0, 0).
(a) j would be the rate of change of acceleration.
(b) j = 0. Acceleration is constant, so there is no change in
acceleration.
(c) a: position function, d: velocity function,
b: acceleration function, c¢: jerk function

Chapter 3

Section 3.1 (page 167)

1. f(0)=0 3.2 =0 5. f/(—2) is undefined.

7. 2, absolute maximum (and relative maximum)

9. 1, absolute maximum (and relative maximum);
2, absolute minimum (and relative minimum);
3, absolute maximum (and relative maximum)

11. x=0,x =2 13. r =8/3 15. x = w/3, w, 57/3

17. Minimum: (2, 1) 19. Minimum: (2, —8)
Maximum: (—1, 4) Maximum: (6, 24)

21. Minimum: (-1, —3) 23. Minimum: (0, 0)
Maximum: (2, 2) Maximum: (—1,5)

25. Minimum: (0, 0) 27. Minimum: (1, —1)
Maxima: (— 1, i) and (1, i) Maximum: (O, —%)

29. Minimum: (—1, —1)
Maximum: (3, 3)

31. Minimum value is —2 for =2 < x < —1.
Maximum: (2, 2)

33. Minimum: (37/2, —1) 35. Minimum: (7, —3)
Maximum: (57/6, 1/2) Maxima: (0, 3) and (27, 3)

37. (a) Minimum: (0, —3); 39. (a) Minimum: (1, —1);

Maximum: (2, 1) Maximum: (—1, 3)

(b) Minimum: (0, —3) (b) Maximum: (3, 3)
(¢) Maximum: (2, 1) (¢) Minimum: (1, —1)
(d) No extrema (d) Minimum: (1, —1)

41. 8

Minimum: (4, 1)
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43. 32 Minima: ﬁé and
2 4
V3+13
2 4
- . ° Maximum: (3, 31)
45. (a) 3 — (b) Minimum:
(/ (0.4398, —1.0613)
0 1
T
-2
47. Maximum: [£(3/=10 + 108)| = f/(v/3 = 1) = 1.47
49. Maximum: |f@(0)| = 32

51.

5S.
59.
61.
63.
69.

Section 3.2

Answers will vary. Sample
answer: Let f(x) = 1/x. fis
continuous on (0, 1) but does
not have a maximum or R
minimum.

53. Answers will vary.
Sample answer:

(a) Yes (b) No 57. (a) No (b) Yes
Maximum: P(12) = 72; No. P is decreasing for I > 12.
6 = arcsec ﬁ = (0.9553 rad

True 65. True 67. Proof

Putnam Problem B3, 2004

(page 174)

1. f(—1) = f(1) = 1; fis not continuous on [—1, 1].
3. f(0) = f(2) = 0; fis not differentiable on (0, 2).
52,0, (-1.0:/(B) =0 7.(0,0). (4.0 /(=3 = 0
-~ +
9. /G =0 11 f’<76 3‘@) = 0;f’<76 3‘/§> =0
13. Not differentiable at x = 0 15. f/(—=2 + /5) =0
A7\ _ . (37 — {7 _
17.f<2)—0,f<2> 0 19.f<6) 0
21. Not continuous on [0, 77]
23. ! 25. 0.7
-1 / 1 -0.25 0.25
-1 -0.75
Rolle’s Theorem does not Rolle’s Theorem does not
apply. apply.
27. (a) f(1) = f(2) = 38

(b) Velocity = 0 for some ¢ in (1,2); ¢ = % sec

29.

31.
33.
35.

Answers to Odd-Numbered Exercises

A27

¥
Tangent line

(e flep)

(@ f@) ;
Secapr 1\
T ——tline |, 1)

1
:(rl,f(cl)) '

a
Tangent line

x

The function is not continuous on [0, 6].
The function is not continuous on [0, 6].

(a) Secantline: x +y—3=0 (b) c =%
(c) Tangent line: 4x + 4y — 21 =0

(d U
Secant
Tangent
f
-6 1 T 6
1
3. /(=1/2) = =1 39.7(1/3) = 3,/(=1/V3) = 3
41. f/(%) =1 43. fis not differentiable at x = —3.
45. f'(m/2) = 0
47. ()~(0) 1 ® y=3(-1
Tween” Lo () y = §(2x + 5 — 2/6)
-0.5 2
Secant
-1
49. (a)-(c) (b) y = 4x +3
©y=4x+1
1 19
1
51. (a) —14.7m/sec  (b) 1.5 sec
53. No. Let f(x) = x?on[—1, 2].
55. No. f(x) is not continuous on [0, 1]. So it does not satisfy the

57.

59.
61.

hypothesis of Rolle’s Theorem.

By the Mean Value Theorem, there is a time when the speed of
the plane must equal the average speed of 454.5 miles/hour. The
speed was 400 miles/hour when the plane was accelerating to
454.5 miles/hour and decelerating from 454.5 miles/hour.
Proof

(@) _ —
AN
AR

-7

(b) Yes; yes

(c) Because f(—1) = f(1) = 0, Rolle’s Theorem applies on
[—1, 1]. Because f(1) = 0 and f(2) = 3, Rolle’s Theorem
does not apply on [1, 2].

(d lim f(x) =0; lim f'(x) =0
x—37 x—3%
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A28 Answers to Odd-Numbered Exercises

63. 7 33. (a) Critical numbers: x = + ﬂ/ 2; Discontinuity: x = 0
I (b) Increasing on (— oo, — /2/2) and (/2/2, o0);
-5.5) 6 Decreasing on (— V2/2, O) and (0, ﬂ/2)
[ ! (¢) Relative maximum: (— V2/2, —Zﬁ);
i | Relative minimum: (1/2/2,2./2)
— I b 35. (a) Critical number: x = 0; Discontinuities: x = +3
ol (b) Increasing on (—oo, —3) and (—3, 0);
Decreasing on (0, 3) and (3, oo)
(c) Relative maximum: (0, 0)
37. (a) Critical number: x = 0
(b) Increasing on (— o0, 0); Decreasing on (0, o)
Section 3.3 (page 183) (c) Relative maximum: (0, 4)
39. (a) Critical number: x = 1
. (@ (0,6) (b) (6,8)

) ) (b) Increasing on (— oo, 1); Decreasing on (1, oo)
. Increasing on (3, co); Decreasing on (— oo, 3)

) ) (c) Relative maximum: (1, 4)
. Increasing on (— oo, —2) and (2, co); Decreasing on (—2, 2) 41. (a) Critical numbers: x = /6, 577/6:
. Increasing on (— oo, —1); Decreasing on (— 1, co) Increasing on (0, 7/6), (57/6, 27):
. Increasing on (1, co); Decreasing on (— oo, 1)

) Decreasing on (7/6, 57/6)
I1. Increasing on (_2‘5’ Zﬂ); (b) Relative maximum: (7/6,(7 + 6/3)/12);
Decreasing on (—4, —2ﬂ) and (2 V2, 4)

i Relative minimum: (57/6, (57 — 6./3)/12)
13. Increasing on (0, 7/2) and (37/2, 2m); 43. (a) Critical numbers: x = /4, 57/4;

Decreasing on (m/2, 37/2) Increasing on (0, 7/4), (57/4, 2m);
15. Increasing on (0, 777/6) and (117/6, 27);

Decreasing on (77/6, 117/6)

65-67. Proofs 69. f(x) =5 71. f(x) =x2—1
73. False. f is not continuous on [— 1, 1]. 75. True
77-85. Proofs

o J U1 W =

Decreasing on (7/4, 57/4)
(b) Relative maximum: (7r/4, </2);

17. (a) Critical number: x = 2 Relative minimum: (5/4, — ﬂ)
(b) Increasing on (2, co); Decreasing on (— oo, 2) 45. (a) Critical numbers:
(¢) Relative minimum: (2, —4) x = m/4, m/2, 3m/4, m Sm/4, /2, Tm/4;
19. (@) Critical number: x = 1 Increasing on (7/4, 7/2), 3w/4, m), (57/4,37/2),
(b) Increasing on (— oo, 1); Decreasing on (1, co) (77/4, 270);
(¢) Relative maximum: (1, 5) Decreasing on (0, 7/4), (7/2, 3m/4), (m, S7/4),
21. (a) Critical numbers: x = —2, 1 (Bm/2, Tm/4);
(b) Increasiflg on (— oo, —2) and (1, %0); (b) Relative maxima: (7/2, 1), (m, 1), 37/2, 1);
Decreasing on (—2, 1) Relative minima: (7/4, 0), (37/4, 0),
(c) Relative maximum: (—2, 20); (5m/4,0), (Tm/4, 0)
Relative minimum: (1, —7) 47. (a) Critical numbers: /2, 77/6, 37/2, 117/6;
23. (a) Cm]caI. numbers: x = o 1 Increasing on (0, 7/2), (77/6,3m/2), (117/6,2m);
(b) Increas1'ng on (_ OSO’ _5)’ (1, 00); Decreasing on (7/2, 77/6), (37/2, 1117/6)
Decrf?asmg OT‘ (_5’ 1) s as6 (b) Relative maxima: (7/2,2), (37/2,0);
() Relative maximum: (_5’ 7); Relative minima: (7#7/6, —1/4), (117/6, —1/4)
Relative minimum: (1, 0) 49. (a) Flx) = 20 — 227/ /9 — %2
25. (a) Critical numbers: x = *+1
(b) Increasing on (—oo, —1) and (1, c0); (b) . A i (c) Critical numbers:
Decreasing on (—1, 1) ! Ml ! x=+3/2/2
(c) Relative maximum: (f 1, %); Relative minimum: (l, f%) E 7] :
27. (a) Critical number: x = 0 ! 27 Rk
(b) Increasing on (— oo, co) L2\
(¢) No relative extrema ! i E
29. (a) Critical number: x = —2 E o1 E
(b) Increasing on (—2, co); Decreasing on (—oo, —2)
(¢) Relative minimum: (-2, 0) () f' > 0on(-3.2/2,3/2/2):;
31. (a) Critical number: x = 5 f < 0on(=3,-3V2/2), 32/2,3)
(b) Increasing on (— oo, 5); Decreasing on (5, co) fis increasing when f” is positive and decreasing when f” is
(c) Relative maximum: (5, 5) negative.
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51.

53.

55. f(x) is symmetric with 57. y

59.

63.
69.

(a) f(t) = t(tcost + 2sint)

(b) Y (c) Critical numbers:
T 4 t = 2.2889, 5.0870
0T 7
201
10+

~104

|
1
b
<
o
S

—204

(d) f” > 0on (0,2.2889), (5.0870, 2);
f’ < 0on (2.2889, 5.0870)
fis increasing when f” is positive and decreasing when f” is
negative.

(a) f(x) = —cos (x/3)
®

(¢) Critical numbers:
x =3m/2,97/2

, 37 om
d f >00n<2,2>

f <0 on (0, 3777), (9777, 6’7T>

f1is increasing when f” is
positive and decreasing when f”
is negative.

s

respect to the origin. ]
Zeros: (0, 0), (i V3, 0) g

“““ r T
a2 L2 4
Ll
a1
g(x) is continuous on (— oo, c0),
and f(x) has holes at x = 1
and x = —1.
" 61. "
N i
2+ f 2+
\\\\\”\ Lty I T 1/ X
I Y S I T R T T
Ll Sl
,/ i
g0) <0 65. g'(—6) < 0 67. g(0) > 0
Answers will vary. Sample answer:

71.
73.

Answers to Odd-Numbered Exercises A29

(5, £(5)) is a relative minimum.

(a) 1

t t t t x

(b) Critical numbers: x = —0.40 and x = 0.48
(c) Relative maximum: (0.48, 1.25);
Relative minimum: (—0.40, 0.75)

75. (a) s'(t) = 9.8(sin O)t; speed = |9.8(sin O)¢]
(b)
0 0 /4 /3 w/2 | 2mw/3 3m/4 | T
s(6) | 0| 4921 | 4931 | 981 | 4931 | 4921
The speed is maximum at 6 = 77/2.
77. (a)
t 0| 05 1 1.5 2 2.5 3
C() | 0] 0.055 | 0.107 | 0.148 | 0.171 | 0.176 | 0.167
t=25h
(b) 0.25

79.
81.
83.

85.
87.

89.

91.
95.

97-99. Proofs

Haxirum
0 [#=2.2B11045 _¥=.176377E9 .| 3

0
t=238h (c) t=238h
r=2R/3
(@ vi)=6—-2t (b)[0,3) () B,oo) @ rt=3

(a) v(r) =32 — 10t + 4

) [0.(5 — /13)/3) and ((5 + /13)/3, 0)

(C)<5—m5+m> 5+ /13
3

) @

Answers will vary.
(a) Minimum degree: 3
(b) a5(0)* + a,(0)*> + a,(0) + a, =0
a;(2)® + a,(2)* + a,(2) + a, =2
3a5(0)> + 2a,(0) + a, =0
3a5(2)* + 2a,(2) +a, =0
© flr) = =32 + 32
(a) Minimum degree: 4
(b) a,(0)* + a;(0)3 + ay(0)> + a,(0) + a, =0
a,2)* + a;(2 + a,(2)* + a,(2) + a, = 4
a(d)* + ay(4)P + a,(4)> + a,(4) + a, =0
4a,(0)* + 3a;(0)> + 2a,(0) + a, = 0
4a,(2)® + 3a5(2)> + 2a,(2) + a, =0
4a,(4)® + 3a5(4)> + 2a,(4) +a, =0
(©) flx) = 4x* — 2% + 4x2
93. False. Let f(x) = x°.
False. Let f(x) = x3. There is a critical number at x = 0, but
not a relative extremum.

101. Putnam Problem A3, 2003

True
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A30 Answers to Odd-Numbered Exercises

Section 3.4 (page 192) © 1
g0 R fis increasing when f” is
L f>0,f"<0 3. Concave upward: (—o0, o) .4 s ! \ positive and decreasing when
5. Concave upward: (—oo, 2); Concave downward: (2, co) Ti/‘%}"‘ﬁ”_’ « f’is negative. fis concave
7. Concave upward: (—oo, —2), (2, c0); 2P “5 AR upward when f”is positive
Concave downward: (-2, 2) -4 1 ,' and concave downward when
9. Concave upward: (—oo, —1), (1, c0); - ”\ ! [ is negative.
Concave downward: (—1,1) B Y
11. Concave upward: (—2,2); 47. (a) | (b) 1
Concave downward: (—oo, —2), (2, c0) 4t at
13. Concave upward: (— /2, 0); Concave downward: (0, 7/2) .1 .
15. Point of inflection: (2, 8); Concave downward: (— oo, 2); N N
Concave upward: (2, o)
17. Points of inflection: (=2, —8), (0, 0); T T
Concave upward: (—oo, —2), (0, c0); s S S N

Concave downward: (-2, 0) 49. Answers will vary. Sample answer: f(x) = x*; f”(0) = 0, but

19. Points of inflection: (2, —16), (4, 0); (0, 0) is not a point of inflection.
Concave upward: (—oo, 2), (4, 00);
Concave downward: (2, 4)

21. Concave upward: (—3, oo)

23. Points of inflection: (—/3/3,3),(v/3/3.3):
Concave upward: (—oo, — \/5/3), (\/§/3, oo);
Concave downward: (—/3/3, \/3/3)

25. Point of inflection: (277, 0);
Concave upward: (217, 477); Concave downward: (0, 277)

27. Concave upward: (0, 7), (2w, 3m);
Concave downward: (, 27), (3, 4m)
29. Points of inflection: (77, 0), (1.823, 1.452), (4.46, —1.452)
Concave upward: (1.823, ), (4.46, 27)
Concave downward: (0, 1.823), (1, 4.46)
31. Relative maximum: (3, 9)
33. Relative maximum: (0, 3); Relative minimum: (2, —1)
35. Relative minimum: (3, —25)
37. Relative minimum: (0, —3) i 1
39. Relative maximum: (—2, —4); Relative minimum: (2, 4) 55, 57,
41. No relative extrema, because f is nonincreasing. y
43. (a) f'(x) = 0.2x(x — 3)*(5x — 6);
f7(x) = 0.4(x — 3)(10x% — 24x + 9)
(b) Relative maximum: (0, 0);
Relative minimum: (1.2, —1.6796);
Points of inflection: (0.4652, —0.7048),

(1.9348, —0.9048), (3, 0) C N
© i . . . o
fis increasing when £ is 59. (a) f(x) = (x — 2)" has a point of inflection at (2, 0) if n is
positive and decreasing when oddandn = 3.
f’1is negative. fis concave > o
upward when f”is positive and /
concave downward when f”is -9 9 -9 AN 9
negative. fo)=(x-2)7?
-6 -6
45. (a) f’(x) = cos x — cos 3x + cos 5x; . 2 - :
f7(x) = —sinx + 3 sin 3x — 5sin 5x =62 j \ /
(b) Relative maximum: (7r/2, 1.53333); -9 3 9 -9 A\ —°
Points of inflection: (/6, 0.2667), (1.1731,0.9637), ;/' Pointof M
(1.9685, 0.9637), (57/6, 0.2667) o T
(b) Proof
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61. f(x) = 3 — 622 + Hx — 24
63. (a) f(x) = §x3 + %xz (b) Two miles from touchdown
65. x = 100 units
67. (a)
t 0.5 1 1.5 2 2.5 3
S | 151.5 | 555.6 | 1097.6 | 1666.7 | 2193.0 | 2647.1
15<t<?2
(b) 300 (c) About 1.633 yr
0 3
0
t=1.5
69. P,(x) =22 4

Py(x) = 22 — V2(x — w/4)? f\l r\\ 7,
The values of f, P,, and P, and / "f 2r
their first derivatives are equal P
when x = /4. The approxima-

tions worsen as you move away -
from x = /4.
71. Pi(x) =1 —x/2 5
P
Py(x) =1 —x/2 — x?/8 !
The values of f, P,, and P, and ! -
their first derivatives are equal - / \ ¢
when x = 0. The approximations ik
worsen as you move away from -
x=0.
73. ! 75. True
TG
-1
77. False. f is concave upward at x = ¢ if f”(c) > 0.
79. Proof
Section 3.5 (page 202)
1. f 2. ¢ 3.d 4. a 5.b 6. ¢
X 10° 10! 10? 10°
Ff) | 7 | 22632 | 2.0251 | 2.0025
X 10* 10° 100
f(x) | 2.0003 | 2.0000 | 2.0000
10
L lim 223
10 _'_‘ﬂ--,'l: 10 x>0 2x — 1
o

Answers to Odd-Numbered Exercises

A31

9.
x| 10 10! 10 103
f) | —2 | —2.9814 | —2.9998 | —3.0000
x 104 109 10°
F(x) | —3.0000 | —3.0000 | —3.0000
10
lim = _
-10 ,‘_H_—m xX—o0o /4x2+5
-10
11.
x 10° 10! 102 103
F(x) | 4.5000 | 4.9901 | 4.9999 | 5.0000
x 10* 10° 10°
£(x) | 5.0000 | 5.0000 | 5.0000
6
B lim <s—¥)=5
X—o0 x2+1
» .
0
B.@oo ®S5 ©0 15 @0 (M1 (o) oo
17. (@ 0 () —% () —oo 19.4 21.3 23.0
25. —c0  27. -1 29. -2 313} 33. o
35. 0 37.0
39. 4 41. 6
l y=3
= N
—6__!___:_ 6 -9 9
ji /_\_ —
-4 -6
43.1 450 47.;
49.
x 100 | 100 | 10 | 10% | 10* | 105 | 10°
£(x) | 1.000 | 0.513 | 0.501 | 0.500 | 0.500 | 0.500 | 0.500
2
— lim [x — Vx(x — 1)] =}
-1 8 X—o0
-2
51.
x 100 | 100 | 10 | 10% | 10* | 105 | 10°
f(x) | 0.479 | 0.500 | 0.500 | 0.500 | 0.500 | 0.500 | 0.500

1

lim x sin !
xsin— ==
X—o0 2x 2
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The graph has a hole at x = 0.




A32

53. As x becomes large, f(x) approaches 4.
55. Answers will vary. Sample answer: Let

f) = ——0

e
0l —22+1 6

g4
Nf
N N
-2 2 4 6
57. a5 (b) =5
59. !
4]
34
..

[

[
A owoR
T

63. | 65. |

Answers to Odd-Numbered Exercises

1
I 4T
1 34
1
PN =m=zo-- 24----
. \ T F—
T ——\ o ‘
1 -4 -3 -2 2
! 1
—— S T
—4-3-2-1 :hl 23456 4
! -+
- 1
71. Y 73. Y
8 H 204
7+ 164
ol
s+ 8-

~
L
t

e mo -
IS
|

= ESSEREREERE:
T Vaim
-+ 204+
75. y=92 77. 2
AR
° T ° \\\EN
-2 -2
M — 2 — 81. . (7:2—”2' |)

83.

85.

89.

91.

93.

99.

101.
103.

Section 3.6

1.

(@) 5 (© L
-80 80
4 ) 8
S
-2 -70
(b) Proof Slant asymptote: y = x
100% 87. lim N(f) = +oo; lim E(t) =
1—oo 1—oo
1
(a) X (b) Yes. lim § = ? = 100
t—oco

5

30

(@ lim f(x) =2

(b) x; = /

(b)

0‘)

(d -

(a) Answers will vary. M =
(b) Answers will vary. M =
_|3m + 3|
(a) d(m) = \/m
6
e

Proof

False. Let f(x)

d 2. ¢

. x
IxE+2

-/

g
533

11

29177
59

95-97. Proofs

(c¢) lim d(m) = 3;

m—o0

lim d(m) = 3;

m— — oo
As m approaches + oo,
the distance approaches 3

f’(x) > 0 for all real numbers.

(page 212)

3. a

4. b
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Answers to Odd-Numbered Exercises A33

33. 16 Relative minimum: (727,4\/5);

U Vertical asymptotes: x = 0,
-4

35. f is decreasing on (2, 8), and therefore f(3) > f(5).

o1y

0

[NIE]

The zeros of f” correspond to the
points where the graph of f has
horizontal tangents. The zero of
" corresponds to the point
where the graph of f” has a hori-
zontal tangent.

39. o The graph crosses the horizontal
asymptote y = 4.

The graph of a function f does
B not cross its vertical asymptote
-6 o x = ¢ because f(c) does not
exist.

41. 3 The graph has a hole at x = 0.
The graph crosses the horizontal
asymptote y = 0.

25. 10 Minimum: (—1.10, —9.05); -2m P 2= The graph of a function f does
K Maximum: (1.10, 9.05); not cross its vertical asymptote
: (1.10, 9.05); - _
-15 15 Points of inflection: x = ¢ because f(c) does not

N (—1.84, —7.86), (1.84, 7.86): exist.
43. s

Vertical asymptote: x = 0;
-10 . The graph has a hole at x = 3.
Horizontal asymptote: y = 0 . .o
27 . The rational function is not
. Point of inflection: (0. 0): o 4 reduced to lowest terms.
-6 6 Horizontal asymptotes: y = £2 -1
____________ 45. 3 The graph appears to approach
> \ \ the line y = —x + 1, which is
3 5 the slant asymptote.
29, 16 Relative minimum: \
T 2
s 2V3);
(33 ﬁ) E
0 2n Relative maximum: 47. 4 The graph appears to approach
| (5777 107 2ﬁ) / the line y = 2x, which is the
373 ’ I o slant asymptote.
Points of inflection: (0, 0), /
(m,2m), 2w, 4m)
-4

31.

Relative minimum: (Tl’, —*>;

4
2
Points of inflection:
T e
2

378 37 8
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A34 Answers to Odd-Numbered Exercises

51. v (c) P =x(110 — x)
T T 3500
+ +f (d) =55 (e) 55 and 55
2+ S 2+ p
-4 8 ! %;W, 4 !
P\ s
4 1 0 120
-4+ 4+ 0
T T 3. S/2 and S/2 5. 21 and 7 7. 54 and 27

53. (a) 'S The graph has holes at x = 0 9. l=w=20m 1. [ =w=4/21t 13. (1, 1)
and at x = 4. 15. (%, \/Z)
/\ Visually approximated critical 17. Dimensions of page: (2 + /30) in. x (2 + /30) in.
. SN A, numbers: 41,3233, 19. 700 x 350 m
21. Rectangular portion: 16/(m + 4) x 32/(w + 4) ft
-05
—x cos? 217 sin 8 4
®) f/(x) = (;Jr 1()7372‘) _ 7S \ZZL:OIS(”); 23. (a) L = \/x2+4+x_ o Y

Approximate critical numbers: %, 0.97, %, 1.98, %, 2.98, %; b °
The critical numbers where maxima occur appear to be
integers in part (a), but by approximating them using f”,
you can see that they are not integers. (2587, 4.162)

Minimum when x = 2.587

55. Answers will vary. Sample answer: y = 1/(x — 3) ol 10

57. Answers will vary.

_ 0,0),(2,0), (0,4)
Sample answer: y = (3x> — 7x — 5)/(x — 3) © (

25. Width: 5/2/2: Length: 5./2
59. @) xpxnx, ) nxs ©x (DX (©) Xy idh: 5/2/2; Length: 52

61. (a)—(h) Proofs 27. (a) .3% ™ 1
- y
63. Answers will vary. Sample answer: The graph has a vertical ! ¢ l

asymptote at x = b. If a and b are both positive or both

negative, then the graph of f approaches co as x approaches b, !

and the graph has a minimum at x = —b. If ¢ and b have (b)

opposite signs, then the graph of f approaches —oo as x ]

approaches b, and the graph has a maximum at x = —b. Length, x Width, y Area, xy

65. y =4x, y = —4x 67. Putnam Problem

, 13(i), 1939 10 2/7 (100 — 10) | (10)(2/)(100 — 10) = 573

20 2/ (100 — 20) | (20)(2/m)(100 — 20) = 1019
30 2/ (100 — 30) | (30)(2/m)(100 — 30) = 1337

40 2/ (100 — 40) | (40)(2/7)(100 — 40) =~ 1528

I 50 2/ (100 — 50) | (50)(2/m)(100 — 50) ~ 1592

60 2/ (100 — 60) | (60)(2/m)(100 — 60) =~ 1528

Section 3.7 (page 220)

The maximum area of the rectangle is approximately 1592 m?.

1. (a) and (b) (c) A =2/7(100x — x?), 0 < x < 100
First Second (d) aa _ %(100 — 2x) (e) 2000
Numb Numb Product, P dx (50, 1591.6)
umber, x umber — 0 when x = 50:
10 110 — 10 10(110 — 10) = 1000 The maximum value is
20 110 — 20 | 20(110 — 20) = 1800 approximately 1592
— 0 100

30 110 — 30 | 30(110 — 30) = 2400 when x = 50. 0

" — 29. 18 x 18 x 36 in.

110 — 40 40(110 — 40) = 2800 31. No. The volume changes because the shape of the container

50 110 = 50 | 50(110 — 50) = 3000 changes when it is squeezed.

60 110 — 60 60(110 — 60) = 3000 33. r =3/21/(2m) = 1.50 (h = 0, so the solid is a sphere.)

70 110 — 70 | 70(110 — 70) = 2800 35. Side of square: 1074\/\5/5; Side of triangle: %

80 110 — 80 80(110 — 80) = 2400

90 110 — 90 | 90(110 — 90) = 1800 37. w = (204/3)/3in.. h = (20/6)/3 in.

100 110 — 100 | 100(110 — 100) = 1000

The maximum is attained near x = 50 and 60.
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39, Oil well

Z 4-2 Refinery

V3 V3

The path of the pipe should go underwater from the oil well to
the coast following the hypotenuse of a right triangle with leg
lengths of 2 miles and 2/V/3 miles for a distance of
4/ /3 miles. Then the pipe should go down the coast to the
refinery for a distance of (4 -2/J3 ) miles.

41. One mile from the nearest point on the coast

43. 1 (a) Origin to y-intercept: 2;
Origin to x-intercept: /2

2_7 (b) d = /x> + (2 — 2sinx)?
1\ ‘\\

-1
(c) Minimum distance is 0.9795 when x = 0.7967.
45. About 1.153 radians or 66° 47. 8%
49. y = S=61mi 5l y=7xS,~450mi
53. Putnam Problem A1, 1986

Section 3.8 (page 229)

In the answers for Exercises 1 and 3, the values in the tables have
been rounded for convenience. Because a calculator and a computer
program calculates internally using more digits than they display,
you may produce slightly different values from those shown in the
tables.

(0.7967, 0.9795)

|

|

t

|
ENE]
N

1.
, f(x) fx,)
n X, X, X, Y =
A RN ey £,
1 | 22000 | —0.1600 | 4.4000 | —0.0364 2.2364
2 122364 | 0.0015 | 4.4728 | 0.0003 2.2361
3.

fx,) fx,)

£ [ k)

nol X fG) | f&)

1 1.6 | —0.0292 | —0.9996 | 0.0292 1.5708
2 | 1.5708 0 -1 0 1.5708
5. —1.587  17.0.682 9. 1.250,5.000
11. 0.900, 1.100, 1.900  13. 1.935  15. 0.569
17. 4.493 19. (a) Proof (b) /5 = 2.236; /7 =~ 2.646
21. f(x,) =0 23. 0.74 25. Proof
27. (a) 4
/\ / (b) 1.347 (c) 2.532
—4 |r U 5

-2

Answers to Odd-Numbered Exercises A35

x-intercept of y = —3x + 4 is %.
x-intercept of

y=—1.313x + 3.156

is approximately 2.404.

(e) If the initial estimate x = x, is not sufficiently close to the
desired zero of a function, then the x-intercept of the
corresponding tangent line to the function may
approximate a second zero of the function.

29. Answers will vary. Sample answer:

If f is a function continuous on

[a, b] and differentiable on (a, b),

where ¢ € [a, b] and f(c) = 0,

then Newton’s Method uses

tangent lines to approximate c.

First, estimate an initial x, close

to c. (See graph.) Then determine

X, using x, = x; — f(x,)/f’(x,). Calculate a third estimate x;,

using x; = x, — f(x,)/f’(x,). Continue this process until

|x, = x,, | is within the desired accuracy, and let x, . , be the

final approximation of c.

31. (1.939, 0.240) 33. x = 1.563 mi

35. False; let f(x) = ’;2_—_11 37. True  39. 0.217
Section 3.9 (page 236)

1. T(x) = 4x — 4

X 1.9 199 | 2| 2.01 2.1

f(x) | 3.610 | 3.960 | 4 | 4.040 | 4.410

T(x) | 3.600 | 3.960 | 4 | 4.040 | 4.400

3. T(x)
b 1.9 1.99 2 2.01 2.1

80x — 128

f(x) | 24.761 | 31.208 | 32 | 32.808 | 40.841

T(x) | 24.000 | 31.200 | 32 | 32.800 | 40.000

5. T(x) = (cos 2)(x — 2) + sin 2

X 1.9 1.99 2 2.01 2.1

f(x) | 0.946 | 0.913 | 0.909 | 0.905 | 0.863

T(x) | 0.951 | 0.913 | 0.909 | 0.905 | 0.868

7. Ay=0331;dy=03 9. Ay=—0.039; dy = —0.040

11. 6x dx 13. (xsec?x + tan x) dx
13 —X .
15. s dx 17. e dx 19. (3 — sin 2x) dx
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A36

21.
25.

27.
29.
31.
35.

37.

39.

41.

43.

45.

Answers to Odd-Numbered Exercises

(a) 0.9 (b) 1.04 23. (a) 8.035 (b) 7.95
(a) ig in2  (b) 0.625%
(a) £10.75cm?>  (b) about 1.19%

(a) £20.25in>  (b) +54in2  (c) 0.6%; 0.4%

27.5 mi; About 7.3% 33. (a) i% (b) 216 sec = 3.6 min
6407 ft
1
= ,dy = —~d
f(x) \[ y 2\/} X
1
99.4 100 + —0.6) =9.97
£(99.4) = /100 m( )
Calculator: 9.97
fl) = Ydy = T
4 + =
f(624) = ¥/625 4(625)3/4( 1) = 4.998
Calculator: 4.998
y = f(0) = f(0)(x — 0) d
yo2= %x V_'_'_____,-a-ﬂ::
y =2+ x/4 , ol
6 3-~7"’"ﬂ4 6
-2
The value of dy becomes closer to the value of Ay as Ax

decreases.

) = dy=2%dx

f4.02) = V4 + f(o 02) =2 + f(o 02)

47. True 49. True
Review Exercises for Chapter 3 (page 238)
1. Maximum: (0, O) 3. Maximum: (4, 0);
Minimum: (-3, —%) Minimum: (0, —2)
5. Maximum: (3,2); 7. Maximum: (277, 17.57);
Minimum: (-3, —2) Minimum: (2.73, 0.88)
9. £(0) # f(4) 11. Not continuous on [—2, 2]
2744\ 3 . . . B
13. /7 < 729 ) 7 15. fis not differentiable at x = 5.
17. £/(0) = 1
19. No; The function has a discontinuity at x = 0, which is in the

21.
23.
25.
27.

interval [—2, 1].
Increasing on (—%, oo); Decreasing on (— oo, —%)
oo); Decreasing on (1, %)

Increasing on (1, oo); Decreasing on (0, 1)

Increasing on (—oo, 1), (%,

(a) Critical number: x = 3

(b) Increasing on (3, oo); Decreasing on (— oo, 3)
(c) Relative minimum: (3, —4)

(d) 8

29.

31.

33.

35.

37.
39.

41.
43.

45.
47.

51.

(a) Critical number: ¢t = 2

(b) Increasing on (2, co); Decreasing on (— oo, 2)
(c) Relative minimum: (2, —12)

(d) 10

I
\J

-15
(a) Critical number: x = —8; Discontinuity: x = 0
(b) Increasing on (—38, 0);

Decreasing on (— oo, —8) and (0, co)
1

(c) Relative minimum: (—8, —1¢
(d) 8
-10 5
-2
(a) Critical numbers: x = 347, Tm
47 4
37 T
b) I
(b) Increasing on( 1 >

Decreasing on <O, %Tﬂ-) and <777T, 27T>

3 ﬂ);

(c) Relative minimum: ( n

Relative maximum: <%, ﬂ)

(d) 2

N4

(3, —54); Concave upward: (3, c0);
Concave downward: (—oo, 3)

No point of inflection; Concave upward: (—35, co)

(m/2, m/2), 3m/2, 3m/2); Concave upward: (7/2, 37/2);
Concave downward: (0, 7/2), 37/2, 27)

Relative minimum: (—9, 0)

Relative maxima: (ﬂ/Z, 1/2), (— V2/2, 1/2);

Relative minimum: (0, 0)

Relative maximum: (—3, —12); Relative minimum: (3, 12)

¥y

49. Increasing and concave down

(5, f(5)

(a) D = 0.00188¢* — 0.12737> + 2.672> — 7.81t + 77.1
(b) 80

0 40
0

(¢) Maximum in 2010; Minimum in 1970

(d) 2010
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53.
63.

65.

8 552 57.-00 59.0 616
3
-5 Il\ 5
-7
5 67.

2.4

200

77. x =50ftandy = =5 ft 79. (0,0), (5, 0), (0, 10)
81. 14.05 ft 83. 32mr3/81 85. —1.532, —0.347, 1.879
87. —2.182, —0.795 89. —0.755
91. Ay = 0.03005; dy = 0.03
93. dy = (1 — cos x + x sin x) dx 95. (a) £8.1mcm’
(b) £1.87rcm?  (c) About 0.83%; About 0.56%
PS. Problem Solving (page 241)
1. Choices of a may vary.
(a) One relative minimum at (0, 1)

3.
7.

fora = 0

One relative maximum at
(0,1)fora < 0

Two relative minima for

a < 0whenx =+—a/2

If a < 0, then there are three
critical points; if a = 0, then
there is only one critical point.
5. Proof

The bug should head towards the midpoint of the opposite side.
Without calculus, imagine opening up the cube. The shortest
distance is the line PQ, passing through the midpoint as shown.
P

(b)

(©

(d)

All ¢, where c is a real number

X

Answers to Odd-Numbered Exercises

13. 32

11. Proof

Greatest slope: (fﬁ é), Least slope: <

374

f3§>

A37

15. Proof 17. Proof; Point of inflection: (1, 0)
19. (a) P(x) = x — x2
(b) J
©,0) P(x)
_ 3
S
-3
Chapter 4
Section 4.1 (page 251)
1. Proof 3.y=33+C 5 .y=32x2+C
Original
Integral Rewrite Integrate Simplify
4/3 3
7. 3 1/3 L + = 4/3 +
j Yx dx f x!'/3 dx w5t C 2 C
1 x~\2 2
9. |—=dx x 732 dx +C -——=+C
f xv/x J —1/2 Jx
1L 352 +7x+C 13 gx°+x+C
15 352+ 2+ x+C 17355+ C
19. —1/(4x%) + C 21 3532+ 12x12 + C
23. 83+ 45x2—2x+ C  25. 5sinx —4cosx + C
27. t+csct + C 29. tan 6 + cos 6 + C 31. tany + C
33. Answers will vary. Sample answer:

35. f(x) =3x2 + 8
3. f) =x>+x+4

w4

43. (a) Answers will vary.

Sample answer:

v

R il
R
73\ e /3
D
R
R el
T

37. h(t) = 2t* + 5t — 11
41. f(x) =

—4/x + 3x
X3 7
= x4+ -
(®)y 3 <13

(=1,3)

(b) y=x>~6

(©

.-—'-""'_'d|=

[- = e

P ]

- e
ey
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A38 Answers to Odd-Numbered Exercises

47. When you evaluate the integral [ f(x) dx, you are finding a o< Ax = Ny
= ) = - 1)2 2
function F(x) that is an antiderivative of f(x). So, there is no (© s(n) ,-Z]f(x’_ ) Ax i;[(z )2/m)2/n)
difference. S A
o @ S0) = 3 1) Ax = STiC/mle/n)
. i=1 i=1

@71, 5 110 | 50 | 100

s(n) | 1.6 | 1.8 | 1.96 | 1.98

Sn) | 24 | 22 | 2.04 | 2.02

n

® lim 3= DE/m/m) = 2;

i=1

51. (a) h(r) =32 + 5+ 12 (b) 69cm  53. 62.25 ft

lim SU[i2/n)](2/n) = 2
55. (a) 1 ~2.562scc  (b) v(t) = —65.970 ft/sec s ,-;[l( /m1@/n)

57. vy = 62.3 m/sec 59. 320 m; —32 m/sec 45. A =3 47. A = %
61. (a) v(r) = 312 — 12t + 9;a(t) = 6t — 12 y y

(b) (0,1),(3.5 (¢ -3 s
63. a() = —1/2532);x() = 2/t + 2 . T/
65. (a) 1.18 m/sec>  (b) 190 m R -
67. (a) 300 ft  (b) 60 ft/sec =~ 41 mi/h 5 i
69. False. fhas an infinite number of antiderivatives, each differing , T

by a constant. L A : ; ; .

3 16 2o Vv s L
71. True 73. True  75. f(x) = 3~ 4x + 3 49. A = 54 51 A =34
77. Proof Y Y
Section 4.2 (page 263)
158 9

1. 75 3. 25 5. 4c 7. ZZ

o $[1)s] w2y )

(o))

i
3 .
- <&ﬂ 13. 84
n

=1
15. 11200 17. 2470 19. 12,040
21. (n + 2)/n 23. 2(n + 1)(n — 1)]/n?
n=10: S=1.2 n=10: S =198
n=100: § = 1.02 n = 100: § = 1.9998
n = 1000: S = 1.002 n = 1000: S = 1.999998
n = 10,000: S = 1.0002 n = 10,000: S = 1.99999998

25. 13 < (Area of region) < 15

27. 55 < (Area of region) < 74.5

29. 0.7908 < (Area of region) < 1.1835

31. The area of the shaded region falls between 12.5 square units

and 16.5 square units. 59. A = 434
33. A= 5 ~0.768 35. A = 5 =~ 0.746
A=5=0518 A =5 = 0.646 1o+
N
37. lim [@] =12 ot
9 lim 1<2n3_3%n2+n>:1 T s =
n—c0 6 n I S S
41. lim [Gn + 1)/n] = 3 o1
43. (a) (b)) Ax=02 —0)/n=2/n

/ 61. ¥  63.0345 65 b
N
N
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67. You can use the line y = x The sum of the areas of the
bounded by x = @ and x = b. circumscribed rectangles in
The sum of the areas of the the figure below is the
inscribed rectangles in the upper sum.

figure below is the lower sum. y

The rectangles in the first graph do not contain all of the area
of the region, and the rectangles in the second graph cover
more than the area of the region. The exact value of the area
lies between these two sums.

69. (a) 7

S@) =3
(d) Proof

=
K=
I

6112
315

@, 4 8 20 100 | 200

s(n) 15.333 | 17.368 | 18.459 | 18.995 | 19.060
S(n) | 21.733 | 20.568 | 19.739 | 19.251 | 19.188

M(n) | 19.403 | 19.201 | 19.137 | 19.125 | 19.125

(f) Because fis an increasing function, s(n) is always increasing
and S(n) is always decreasing.

71. True

73. Suppose there are n rows and n + 1 columns. The stars on the left
total 1 + 2 + - - -+ + n, as do the stars on the right. There are
n(n + 1) stars in total. So, 2[1 + 2+ - - - +n] =n(n + 1)
and1 + 2+ - +n=[nn+1)]/2.

2

75. For n odd, (—” ; 1) blocks;

n?+ 2n
4

77. Putnam Problem B1, 1989

For n even, blocks

Answers to Odd-Numbered Exercises A39

Section 4.3 (page 273)
1.2/3~=3464 3.32 50 7.2

5 3 4
9.f (3x + 10) dx 11.f VPt Adx 13.f5dx

—1 0

4

0

—4

5
15.f (4 — |x]) dx 17.f (25 — x?) dx
=5
2

/2
19. f cos x dx 21. f 3 dy
0 0
23. | 25. |
54 €
T 4T
3 : + Triangle :
24 E Rectangle 24 E
. : 1 I
I I
A=12 A=28
27. | 29. "
12+
ol 1 1 Triangle
: Trapezoid
4 ! N
pd : 2N
@ T
44
A=14 A=1
31. ! 33. -6 35. 48 37. —12
12+
10+
8 T Semicircle
61
4+
PR
8-6-4-2 | 2 4 6 8 )
_al
A =497/2
39. 16 41. (a) 13 (b) =10 (c) O (d) 30
43. () 8 (b) —12 (¢c) =4 (d) 30 45. —48, 88
47. @) -7 B4 @ —-(1+2m () 3-27
(e) 5+27 (f) 23 -2«

49. (a) 14 (b) 4 (¢) 8 (d) 0 51. 40 53. a 55. d
57. No. There is a discontinuity at x = 4.

59.a=-2,b=5

61. Answers will vary. Sample answer: a = , b = 27

2
J sinxdx < 0

NIEE
w
Bl

63. True
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A40 Answers to Odd-Numbered Exercises

69. 272 71. Proof 93. 95. (a) 2 ft to the right
73. No. No matter how small the subintervals, the number of both (b) % ft

rational and irrational numbers within each subinterval is
infinite, and f(c,) = 0 or f(c;) = 1.

75. a = —1 and b = 1 maximize the integral. 71. %
Section 4.4 (page 288)
1. 5 3. : T
An extremum of g occurs
s s atx = 2.
_5 5 r 97. () 0ft (b) %ft 99. (a) 2 ft to the right (b) 2 ft
101. 28 units  103. 8190 L
N 2 - 105. f(x) = x~2 has a nonremovable discontinuity at x = 0.
Positive o Zelro ' 5 107. f(x) = sec? x has a nonremovable discontinuity at x = 77/2.
12 7. -2 9 -5 M5 13 155 109. 2/~ 63.7% 111 True
17. -4 19. —& 21 -Z  23.% 5 @ . . .
1 () = —— | —— =
27. m+2  29.w/4  3L.2J3/3 330 35 13 ) = e 1( x2> 2r1 0

3.1 39.% 4120 43.%
45. 33/2/2 =~ 1.8899  47. 2./3 =~ 3.4641

49. +arccos //2 = +0.4817

Because f/(x) = 0, f(x) is constant.
115. (@ 0 () 0 (c) xf(x) + [of()dt  (d) O

51. Average value = 6 53. Average value = i Section 4.5 (page 301)
x=+3=+1.7321 x=32/2 = 0.6300

55. Average value = 2/7  57. About 540 ft ff (g(x))g (x) dx u = g(x) du = g'(x) dx
x =~ 0.690, x ~ 2.451

59. @ 8 (b))% (o) [/ f(x)dx = 20; Average value = 2 L f (8% + 1)X(16x)dx  8x* + 1 16x dx

61. (a) F(x) = 500 sec>x (b) 1500/3/7 ~ 827 N

63. About 0.5318 L 3. f tan? x sec? x dx tan x sec? x dx

= — 3 2 _
65. (a) v = —0.0008673 + 0.078212 — 0.2081 + 0.10 51146 +C 720524

® = (¢) 2475.6 m 9. Lt +3P +C 1L @ -1+ C
13. 32 +22+Cc 15, —2(1 -+ C
17. 1/[4(1 — x»)?] + C 19. —1/[3(1 + x3)] + C

10 70 2. —J/T—-x2+C 23 —3(1+1/0*+C
10 25. V2x+ C  27.2x2— 416 — X2+ C
67. F(x) = 2x% — 7x 69. F(x) = —20/x + 20 29. —1/[2(x*+2x — 3)]+ C
F2) = -6 F(2) =10 31. (a) Answers will vary. (b) y=—3(4 — x232 + 2
F(5) =15 F(5) =16 Sample answer: 2

F(8) =72 FE8) =3 ;
71. F(x) = sinx — sin 1 3
-2

F(2) = sin2 — sin 1 = 0.0678
F(5) = sin5 — sin 1 = —1.8004
F(8) = sin8 — sin 1 = 0.1479

73. (a) g(0) = 0, g(2) = 7, g(4) = 9, g(6) = 8, g(8) = 5 =N}
(b) Increasing: (0, 4); Decreasing: (4, 8) !
(c) A maximum occurs at x = 4.
d 33. —cos(mx) + C
o 35. [cos 8xdv = lf(cos 84)(8) dx =  sin 8x + C
8 8

37. —sin(1/6) + C
39. §sin?2x + Cor —§cos?2x + C, or —3 cos 4x + C,

) 41. Jtan?x + Cordsec?x + €, 43. f(x) = 2 cos(x/2) + 4
s 45. f(x) = 15(4x> — 10)* — 8
LERR I 47, 2(x + 652 — 4(x + 62 + C = (x + 6)2(x — 4) + C
75. 532 +2x  77.3x*3—12 79 tanx — 1 49. 21 -2 -t -2+ 31 -0+ C=
81. x2 — 2x 83. Vx*+1 85. xcosx 87. 8 —é(l — 32152 + 12x + 8) + C

89. cos x+/sin x 91. 3x2sin x°
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Answers to Odd-Numbered Exercises A41

51. %[%(2 — 1) + %(2)( — 132 — 6(2x — 1)1/2] +C= 35. (a) 245 (b) 25.67 37. 0.701 39. 89,250 m?
(\/2;c7—1/15)(3;c2 - 13) 4 C 41. 10233.58 ft-Ib ~ 43. 3.1416  45.2.477  47. Proof
53 —x—1-2/xt 1+ Cor—(x+2/a+1)+ C Review Exercises for Chapter 4 (page 312)
5.0 57.12-%/2 59.2 6L 3 ,
63. () = (' + 1 +3 65, 1209/28 67.642(/§ -1) L. XE —6x+C 3. %x3 n %xz t3 4 C
9.2 7.% 7.@% m# -% @ 64
B } @3 ®&F ©-3 @ 5.x2/2—-4/+C 7.x>+9cosx + C
75.2f (4x% — 6) dx = 36 9.y=1-32 1L f(x) =4 —5x -3
7. If(; — 5 — 2 then di = —2x dx and 13. (a) Answers will vary. (b) y=x>—4x—2
Jx(5 — x¥)3dx = —%f(S — x2)3(—2x) dx = —%fbﬁ du. Samp}e answer. B 11 7 .
79. (a) fxz\/)ﬁ +1dx (b) jtan(3x) sec? (3x) dx !
81. $340,000 ; *

83. (a) 102.532 thousand units  (b) 102.352 thousand units
(c) 74.5 thousand units
85. (a) Pysp 075 =353% (b) b = 58.6%

87. (a) & (b) g is nonnegative, because -6
m M ;lzeﬂfg';‘)lzh,"ff > positive 15. (a) 3sec; 144t (b) 2sec () 108 ft
0 9.4 gmning an 10|
i generally has more 17. 240 ft/sec 19. 60 21. E 3 23. 192
positive sections than n=1
4 negative ones. 25. 420 27. 3310

(c) The points on g that correspond to the extrema of f are 29. 9.038 < (Area of region) < 13.038
points of inflection of g. 3. A=15 3B.A=12
(d) No, some zeros of f, such as x = /2, do not correspond \ \
to extrema of g. The graph of g continues to increase after

x = /2, because f remains above the x-axis.

e 2

The graph of h is that of g
N AN £\, shified 2 units downward.

Ve

B 0
89. (a) and (b) Proofs 5.5 3. j ) (2x + 8) dx
91. False. f (2x + 1)2dx = ¢2x + 13+ C  93. True 39. ! 41. (@) 17 (b) 7
12 ()9 (@ 84
95. True 97-99. Proofs 101. Putnam Problem A1, 1958 ol
Section 4.6 (page 310) T Triangle
Trapezoidal Simpson’s Exact } ) /\ s
1. 2.7500 2.6667 2.6667 AN
3. 4.2500 4.0000 4.0000
5. 20.2222 20.0000 20.0000 A= %
7. 12.6640 12.6667 12.6667 43. 56 45. 0 47. % 49, (\/i + 2)/2
9. 0.3352 0.3334 0.3333 51. —cos2+ 1~1416  53.30  55. %
Trapezoidal Simpson’s Graphing Utility 57. Average value = %3 x= 275
11. 3.2833 3.2396 3.2413 y
13. 0.3415 0.3720 0.3927
15. 0.5495 0.5483 0.5493
17. —0.0975 —0.0977 —0.0977
19. 0.1940 0.1860 0.1858

21. Trapezoidal: Linear (1st-degree) polynomials

Simpson’s: Quadratic (2nd-degree) polynomials
23. (a) 1.500 (b) 0.000 25. (@)1 (b) 5

27. @ n=366 (®B)n=26 29.(@n=77 (b)yn=238 59. x2J/1 + x3 61. x2 + 3x + 2 63. 3/ +3+C
B.@n=130 ®Mn=12 3B.(@n=643 (b n=48 65. —35(1 =325+ C=503x2 - 1)+ C
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A42 Answers to Odd-Numbered Exercises

69. —21 —sinf + C

71. L(l + sec mx)* + C
3w

67. Isin*x + C

() y = =300 —x)¥2 + 5
Sample answer: 3

73. (a) Answers will vary.

75. % 77. 2 79. 287/15 81. 2

8. % mMmEZ ©% @ -32

87. Trapezoidal Rule: 0.285 89. Trapezoidal Rule: 0.637
Simpson’s Rule: 0.284 Simpson’s Rule: 0.685
Graphing Utility: 0.284 Graphing Utility: 0.704

468
83. &

PS. Problem Solving (page 315)
1. @ L() =0 (b) L'(x) = 1/x, L(1) = 1
(¢) x=2718 (d) Proof

. 32 &. 64 & . 32 &.
3. (a) nlin;o [E ;14 - ?2113 + ey lez]
(b) (16n* — 16)/(151n%)  (c) 16/15
5. (a) 7

1.00

0.75 +

0.50 +

0.25+

-025 1

(c) Relative maxima at x = ﬂ, \@
Relative minima at x = 2, 2 ﬂ
(d) Points of inflection at x = 1, \/5, ﬁ, \/7
7. (a)

®) X 0 1 2 3 4 5 6 7

Fx) |0 4| —2|-2|-4|-1]|-2

PN

(c)x=4,8 (@x=2

15.

17.
19.

. Proof 11. %

1
13. 1 < J JT+de< V2
0
(@ |
100
80
60
40

20

1>
02 04 06 08 1.0

(b) (0,0.4) and (0.7,1.0)  (c) 150 mi/h?

(d) Total distance traveled in miles; 38.5 mi

(e) Sample answer: 100 mi/h?

(a)—(c) Proofs

(@) R(n), 1, T(n), L(n)

(b) S@) =37(0) + 4f(1) + 2f(2) + 47(3) + f4)] = 5.42

Chapter 5

Section 5.1
1.

3.

5.
9.

13.

17.

19.
23.

27.

31.

35.

37.

(page 325)

45
(a) 3.8067 (b) In45 = f %dtz 3.8067
! 0A8]

(a) —0.2231 (b) In0.8 =f ;dl% —0.2231
1

b 6.d 7.a 8. c
" 11.

e

-1 ’ ! ! ! x
1 2 3

ol

-3+ ey

Domain: x > 0
Y 15. i

PR YO N

Domain: x > 3 Domain: x > —2

(a) 1.7917 (b) —0.4055 (c) 4.3944 (d) 0.5493
Inx — In4 2. nx+Iny —Inz
Inx + 3In(x® + 5) 25, Hin(x — 1) — Inx]
x—2
Inz+2In(z — 1) 29. lnx_i_2
x(x + 3)2
3/ 2 27 -z
In pEp— 33. In =
2
(a) 2 (b) flx) = lnz =Inx?>—-1n4
s = 2Inx—Ind
’ / ’ = gl)
-3
—c0 39. In4 = 1.3863 41. 1/x 43. 2/x
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45.

51.

57.

63.
65.

69.

71.

73.

71.
79.
81.
83.
85.

87.
91.
9s.

97.

92
101

4(In x)3/x 47. 2/(t +

1 —x?
—— 53.
x(x2 + 1) B

1 —4

sin x
—tanx + ———
cosx — 1
(@) y=4x—4

(b) 5

1 — x? 59. x(x2 + 4)

2x2 — 1

1) 49. =1

1—2Int 55 2 1

“xlnx? xlnx

61. cotx

67. (a) Sx —y—2=0
(b) 4

Answers to Odd-Numbered Exercises

A43

A

7 e
-5 /(1’()) 5 -1 2

-5 -3

1 1 1 3
@ y =3x — fm + 3 1n(3)

(b) 2 -
By

——

-2

(@y=x-—1

(b) 2
- |00
//”

-2

2xy y(1 — 6x?)
3 — 2 1+y
xy"+y =x(=2/x*) + 2/x) =0
Relative minimum:

1
(1,3)
Relative minimum: (e~!, —e™ ')
Relative minimum: (e, e); Point of inflection: (e?, e?/2)
P(x) =x—1;P(x) =x— 1 — 3(x — 1)?
2

Z
f
-1
[ X
-2

x = 0.567 89. 2x2+ 1)//x*+ 1

3x3 4+ 15x% — 8x 03 QRx2+2x—1)Vx—1

20+ 1P3V3x - 2 ' (x +1)¥2

The domain of the natural logarithmic function is (0, o), and

the range is (— oo, o). The function is continuous, increasing,

and one-to-one, and its graph is concave downward. In
addition, if a and b are positive numbers and # is rational,
then In(1) = 0, In(a - b)) =1Ina + In b, In(a”) = nln a, and

In(a/b) =Ina — In b.

(a) Yes. If the graph of g is increasing, then g’(x) > O.
Because f(x) > 0, you know that f/(x) = g’(x)f(x) and
thus f(x) > 0. Therefore, the graph of f is increasing.

(b) No. Let f(x) = x> + 1 (positive and concave up), and

let g(x) = In(x? + 1) (not concave up).
False. Inx + In 25 = In 25x

The values of f, P,, and P, and
s their first derivatives agree at
x=1

False. 7 is a constant, so (%[ln 7] =0.

103. (a) 5 (b) 30 yr; $503,434.80
k (©) 20 yr; $386,685.60
1000 '—'—'—'— 3000
0
(d) When x = 1398.43, dt/dx = —0.0805. When
x = 1611.19, dt/dx = —0.0287.
(e) Two benefits of a higher monthly payment are a shorter
term and a lower total amount paid.
105. (a) 3 (c) %
0 100 0 100
0 0
(b) T(10) = 4.75°/1b/in.2 lim T(p) =0
p—oo
T'(70) = 0.97°/1b/in.? Answers will vary.
107. (a) 2 (b) Whenx = 5,
dy/dx = — /3.
When x = 9,
dy/dx = —/19/9.
. dy
0 ==l 10 e A
; © i 3=0
109. (a) = (b)y ™
8
: 7
/
0 . 500 0 o 20,000

For x > 4, g'(x) > f/(x).

g is increasing at a faster
rate than f for large values
of x.

For x > 256,g"(x) > f/(x).
g is increasing at a faster
rate than f for large values
of x.

f(x) = Inx increases very slowly for large values of x.

Section 5.2

1. 5hnjx| +C
7.5 = 3| +C
11. x2/2 — In(x*) + C
15. 502 —4x+6lnjx + 1| + C
19. 53 —2x + InJ/x2 + 2+ C

23. 3|1 — 3/ + C
25. 2Injlx — 1] =2/ = 1) + C
27. V2x — In|1 + /2x| + C

(page 334)

29. x +6/x + 18I Jx - 3| + C

33. —3In|csc 2x + cot2x| + C
37. In|1 + sin?| + C
41. y= —-3In]2 —x| + C

10

(1,0)

-10 ﬁ \ 10

45. f(x) = —2Inx +3x — 2

3.Injx+1]+C
9. In|x* + 3x| + C
13. 51In|x3 + 3x2 + 9% + C

5. 5In|2x + 5| + C

17. 53 +5I|x — 3| + C
21. 3(Inx)3 + C

31. 31n

0
|+
s1n3‘ C
35. 5sin30 — 6+ C

39. In|secx — 1| + C

43. y=In|x> = 9| + C
8

-9 i Y
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Ad4 Answers to Odd-Numbered Exercises

y (X2 5. flgl) = vx* +4 -4 =x
47. (a) oD 4 (b)y—ln< > )-i—l g(f(x)):( 7_4)24_4:)(
p 3 (b) y
f 124 g
-3 /"/ 6 107
3 -3 “; I
49.3In13~4275 51.7  53. —In3 = —1.099 ; m .
2 — sin2‘
55. In|————| =~ 1929  57.2[V/x —In(l + V)| + C 1 1
1f— sin 1 [V = nf f”‘)] 7. @ f(gt) = 7= x g(fW) = 7= x
x—1 2 .
59. 1n<ﬁ+l>+2ﬁ+c 61. ln(ﬂ+1)—7~0.174 (b)

75. Trapezoidal Rule: 20.2 77. Trapezoidal Rule: 5.3368 I

x

63. 1/x 65 1/x 67.6In3 69 1In2 T\ ee
7. 5 +8In2=13.045  73. (12/m(2 + /3) = 5.03 N
T

Simpson’s Rule: 19.4667 Simpson’s Rule: 5.3632 +
79. Power Rule 81. Log Rule 83.d 85. x=2 T
87. Proof i

89. —In|cos x| + C = In|1/cos x| + C = In|secx| + C

2 2
sec”x — tan“x
91. In|secx + tanx| + C = In|———

secx — tan x

= —In|secx — tanx| + C : /\\ / L3
NS

93. 1 95 1/(c — 1) = 0582 g 2
97. P(t) = 1000(12 In|1 + 0.25¢] + 1); P(3) = 7715 -10 2
99. About 4.15 min -1 -15
101. ’ (a) A = %ln 2 — % One-to-one, inverse exists. Not one-to-one,
b)) 0<m<1 inverse does not exist.
I © A=3m—1Inm—1) 17. 1 19. 2

| T \ /

-7 -2
103. False. %m x = In x!/2 105. True  107. Proof One-to-one, inverse exists. One-to-one, inverse exists.

21. 200
Section 5.3 (page 343)
L (@) flg(x) = 5[(x = 1)/s] + 1 = x, /

g(f(x) =[x+ 1) = 11/5 =x -10 2
(b) A 50
One-to-one, inverse exists.
23. Inverse exists. 25. Inverse does not exist.

27. Inverse exists. 29. f’(x) = 2(x — 4) > O on (4, c0)
31. f(x) = —8/x> < 0 on (0, o)

33. f(x) = —sinx < Oon (0, m)

35. (@) f'(x) = (x +3)/2

b 7 ¢) fand f~! are symmetric
3. @ flg) = () = x g(fx) = ¥o® = x v © Zbout]; e
(b) ! .1 (d) Domain of fand f~':
I + all real numbers
S Y SS A Range of fand f~!:
,2: . all real numbers
/
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37.

39.

41.

43.

45.

47.

@ f'(x) = x/°
(b) 7 (¢) fand f~! are symmetric
abouty = x.
(d) Domain of fand f~ L
all real numbers
Range of fand f !
all real numbers

(@ f)=x x=0
(b) | (c) fand f~! are symmetric
about y = x.
(d) Domain of fand f~!:
x=0

Range of fand f~1: y = 0

@f 'x)=vV4—2x% 0=x=<2

(b) (c) f and f~! are symmetric
abouty = x.

(d) Domain of fand f '
0=x=2
Range of fand /!
0=sy=2

2o =S

t * t x
1 2 3

@ f'x) =2+ 1
(b) A (c) fand f~! are symmetric
; about y = x.

T 7 (d) Domain of fand ™

all real numbers

Range of fand f~!:

all real numbers

@ ') = VTx/ VT = 22,
(b) Y (c) fand f~! are symmetric
s+ [ abouty = x.

2T (d) Domain of f: all real

By / numbers

Domain of /1
“-l<x<l1

Rangeof ; —1 <y < 1
Range of f~!: all real
numbers

—-1l<x<1

() 112314

) |01 ]|2]4

49.

51.

5S.
57.
59.

61.
67.
71.

73.

75.
81.
83.

85.

87.
93.

95-97. Proofs
101.

Answers to Odd-Numbered Exercises

A45

(a) Proof
(b) y = (80 — %)

x: total cost

y: number of pounds of the less expensive commodity
(c) [62.5,80] (d) 201b
One-to-one 53. One-to-one
FFix)=x*+2, x=0 Y x) =2 —x,
Sample answer: f~1(x) = Vx +3, x=0
x=0
Inverse exists. Volume is an increasing function, and
therefore is one-to-one. The inverse function gives the time ¢
corresponding to the volume V.

63. —1/6

x=0

Sample answer: f~!(x) = x — 3,

Inverse does not exist. 65. 1/17
2/3/3 69. =2

(a) Domain of f: (—oo, c0) (b) Range of f: (—o0, c0)
Domain of f~!: (—o0,00)  Rangeof f~!: (—o0, c0)

(c) A ,
@G =30E =3

(a) Domain of f: [4, co)
Domain of f=': [0. c0)

(b) Range of f: [0, oo0)
Range of f~: [4, 00)

©
N
T

@ f15) =3 (f (1) =2

32 77.600  79. (g7lef H(x) = (x + 1)/2

(fe)7'(x) = (x + 1)/2

Let y = f(x) be one-to-one. Solve for x as a function of y.
Interchange x and y to get y = f~!(x). Let the domain of f~!
be the range of f Verify that f(f~'(x)) =x and
FHf) = x.

Sample answer: f(x) = x3; y = x3x =3y, y = ¥x;
0=

Many x-values yield the same y-value. For example,
f(m) =0=f(0). The graph is not continuous at
[(2n — 1)r]/2, where n is an integer.

: 89. False. Let f(x) = x2. 91. True

(@) % () c=2

NS

/

fdoes not pass the horizontal line test.

—45

99. Proof; concave upward
Proof; /5/5
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A46 Answers to Odd-Numbered Exercises

103. () Proof  (b) f~'(x) = b — dx 71. Relative mu;lmum: 0, 1)
cxX —a
(c)a=—d,orb=c=0, a=d
Section 5.4 (page 352)
Lx=4 3.x=248 5.x=0 7.x=0511 - ) 3
9. x = 8.862 11. x = 7.389 13. x = 10.389 73. Relative maximum: ( L)
15. x = 5.‘389 , (2’ 1/\/?7) o - Tom
17. ; 19. . . . .
Points of inflection: 405 / 405
] (1 e“-5> <3 e0-5> (-432) [ (-7)
Al " aa)\> / /

\L 4 75. Relative minimum: (0, 0) 8

- o2 o3 R T2 s Relative maximum: (2, 4e~2)
’ Points of inflection:
21. . - (2'/4(2)
(2 + V2, (6 + 42)e222)) 5
) s

® (252, (6 42~ @YD)

77. Relative maximum: 5
/\ 11+ e) (l’lJer_—
-6

] | : Point of inflection: (0, 3)

6
23. (a) ’ - (b) 8 l

o= ) sL. é :)

-5 ] 7 \
1 -3
Translation two units Reflection in the x-axis
to the right and a vertical shrink B
(©) z
f Reflection in the y-axis 83. (a) 202X (b) When =1,
q and a translation three dv

— =~ —5028.84.
units upward dt
-4 8 Whent = 5,
- 0 10 \%
0

d
it 406.89.

(C) 20,000

0 &k;, .
0
12

T

85. (a) (b) P = 10,957.7¢ 01499

33.2e2 35, ¢V/(20x) 374 39 ee +In x>

41. & (x® + 3x?) 43. 3(e "+ e )2(ef — e ") 2l 22
45. 2e7/(1 + ¢*) 47, —2(e* — e7)/(e* + ) In P = —0.1499% + 9.3018
49. —2¢/(e* — 1)? 51. 2e* cos x 53. cos(x)/x (c) 12000 (d) h=5:-776
55.y=3x+1 57.y=—-x+2 59 y=(1/e)x — 1/e h=18 —111
Ly

61. y = ex 63. ]0, ¢ 65. y=(—e—1x+1

xer + 3
67. 3(6x + 5)e™3 0 .

0

69. y—y=0
de ™ —de™* =0
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87. P, =1+ x;P, =1+ x + 322

The values of f, P,, and P, and
their first derivatives agree at
x=0.

89. 12! = 479,001,600

Stirling’s Formula: 12! = 475,687,487
91. &5+ C  93. 1> 1+ C 95 1+ C
97. 2¢¥* + C
99. x —In(e* + 1) + Cyor —In(1 + ™) + C,
101. —3(1 — e*)32+ C  103. In|e* — ¢™*| + C
105. —3¢ 2+ e >+ C  107. Infcose™ | + C
109. (e2 — 1)/(2¢2) 111 (e — 1)/(2¢)

+ 6
113. (¢/3)(e2 — 1)  115. 1n<1 5 ¢ )
117. (1/m)[es/? — 1]
119. (a) v (b) y=—4de2 +5
Sj‘f 6
Y
©,1) //i
-4 8
BT I T o e e .-"

121. [1/(2a)]e” + € 123. f(x) = 3(e* + e7)
125. &5 — 1 ~ 147413 127. 2(1 — e73/?) =~ 1.554

150 3

—45 4.5

0 6
0 -3

129. Midpoint Rule: 92.190; Trapezoidal Rule: 93.837;
Simpson’s Rule: 92.7385

131. The probability that a given battery will last between
48 months and 60 months is approximately 47.72%.

133. a =1n3

135. f(x) = e*
The domain of f(x) is (—oo, 0o0), and the range of f(x) is
(0,00). f(x) is continuous, increasing, one-to-one, and
concave upward on its entire domain.

lim e¢* = 0and lim ¢* = co
X——oo X—>o0o

137. (a) Log Rule

(b) Substitution

139.fe’dt2f ldt;e* —1 =2 x;e¥=2x+ 1forx =20
0 0

141. (a) t = ilnE

2k A
(b) x”(t) = k*(Ae" + Be™*), k? is the constant of proportion-
ality.
143. Proof
Section 5.5 (page 362)
1. -3 3.0 5. (a) log,8 =3 (b) 10g3(1/3) =—1

7. @) 1072=001 (b) () =3

13.

15.
19.
23.
29.
35.

37.
43.
47.
51.
5S.
59.
61.
65.

67.

71.

75.
79.
85S.
87.

89.

Answers to Odd-Numbered Exercises A47

! 11. 1

N
N
N
N
I
d 16.c 17.b 18. a
@x=3 Mx=-1 2L.@x=3 O x=1¢
(@x=-1,2 (b)x=1 251965 27. —6.288
12253 31.33.000  33. +11.845
N

(In 4)4~ 39. (—41In5)5 % 41. ¥(xIn9 + 1)
12'(tIn2 + 2) 45. —279[(In 2) cos w0 + rsin 6]
5/[(In4)(5x + 1] 49. 2/[(In 5)(t — 4)]

x/[(In 5)(x2 — 1)] 53. (x — 2)/[(In 2)x(x — 1)]

Gx — 2)/[2xIn3)x — )] 57. 5(1 — n /(2 1n2)
y=-—2xIn2 —-2n2+2

y=[1/27In3)]x+3 - 1/In3 63. 2(1 — Inx)x2/0-2
(x—2*(x+ 1)/(x = 2) + In(x — 2)]

y=x 69.y=cosex—cose+1
F/n3+C Mo -2 ¢
"3 In2

[-1/2n 3]G +C  77. n(3%* + 1)/(2In3) + C
7/(2In2)  81. 4/In5—2/In3  83.26/In3
(@ x>0 (b) 105 (0)3=flx)<4
d0<x<1 (e)10 (f) 100"
(a) $40.64 (b) C/(1) = 0.051P, C’(8) =~ 0.072P
(c) In 1.05

n 1 2 4 12

A | $1410.60 | $1414.78 | $1416.91 | $1418.34

n 365 Continuous

A | $1419.04 $1419.07
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A48

Answers to Odd-Numbered Exercises

91. . 5 . = 117. (a) (232 =26 = 64
209 =29 =512
$4321.94 | $4399.79 | $4440.21 | $4467.74 (b) No. f(x) = () = x and g(x) = x)
(©) f(x) = x*(x + 2xInx)
365 Continuous g/(x) = xxXJrX*][x(ln x)2 + xInx + 1]
$4481.23 | $4481.69 19, Proof
121, (1) 2 =Y Zxlny
93, dx x> —xylnx
1 10 20 30 (b) (i) 1whenc #0,c#e (i) —3.1774
$95,122.94 | $60.653.07 | $36,787.94 | $22,313.02 (iii) —0.3147
(c) (e, e)
40 50 123. Putnam Problem B3, 1951
$13,533.53 | $8208.50 Section 5.6 (page 372)
L (= 2/2.37/4), (1/2, 7/3). (V3/2. w/6) 3. w/6
95. [, 1 10 20 30 5.7/3 7.w/6 9. —m/4 11250
13. arccos(1/1.269) = 0.66 15. x 17. V1 — 22/x
P | $95,132.82 | $60,716.10 | $36,864.45 | $22,382.66 19. 1/x 21 @ 3/5 (53
m - 23. a) —/3 (b)) -2 25 J/1- 42
! 27. Vx2 = 1/]x| 29. V/x2—-9/3 31. Vx2+2/x
P | $13,589.88 | $8251.24 3. 0= fsinl) + 7~ 1207 35 =1
97. ¢ 37. (a) and (b) Proofs 39. 2//2x — x?
99, (a) 6.7 million ft3/acre 41. —3//4 —x* 43, /(1 + %)
av av 45. (3x — /1 — 9x arcsin 3x)/(x2/T — 9x2)
(b) £ =20: - =0.073;¢ = 60: —- = 0.040 47. —1/JT— 2 49, 2arccosx 51 1/(1 — x%)
101. (a) 1200 (b) 10,000 fish 53. arcsin x 55. x2/J16 — x? 57. 2/(1 + x?)?
59. y=143x—2/3+@) 6L y=ix+(m—2)/4
63. y=0Q2m —4)x + 4
65. P(x) = x; P,(x) = x
0 40 y
0 15+ P=P,
(c) 1 month: About 114 fish/mo ok
10 months: About 403 fish/mo o5 I
(d) About 15 mo }-1‘10 } 0?5 1?0 1?5 )
103. (a) y, = —40x + 743, y, = 968 — 265.5 In x, +
y, = 836.817(0.9169)", y, = 1344.8884x0-569 Lot
(b) 700 -1.51+

Yy

12 ol - - . . o 12

(c) The number of pancreas transplants is decreasing by
about 40 transplants each year.
(d) y,/(8) = —40.04, y,’(8) = —33.18, y,'(8) = —36.27,
v, (8) = —29.30; y, is decreasing at the greatest rate.
105. y = 1200(0.6") 107. e 109. ¢?
111. False. e is an irrational number. 113. True

69. Relative maximum: (1.272, —0.606)
Relative minimum: (—1.272, 3.747)
71. Relative maximum: (2, 2.214)

115. True
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73.

77.
79.
81.

83.

85S.
87.
91.

93.

1
Maximum: (2, E) Maximum: (*5, 7-r>

Minimum: (0, —E)

G
> Minimum: (2, 0>

Point of inflection: (1, 0) Asymptote: y :g

y=—2mx/(m+8) +1— w2/Q2m + 16)
y=—x+ ﬂ
If the domains were not restricted, then the trigonometric
functions would have no inverses, because they would not be
one-to-one.
(a) arcsin(arcsin 0.5) =~ 0.551
arcsin(arcsin 1) does not exist.
(b) sin(—1) < x < sin(1)
False. The range of arccos is [0, 77].
True 89. True
(a) 6 = arccot(x/5)
(b) x = 10: 16rad/h; x = 3: 58.824 rad/h
(a) h(t) = —16¢2 + 256;t = 4 sec
(b) t =1: —0.0520 rad/sec; t = 2: —0.1116 rad/sec

95. 50./2 =~ 70.71ft  97. (a) and (b) Proofs
99. (a) Y
N (b) The graph is a horizontal
. v
line at X
T (c) Proof
4 o
101. ¢ =2 103. Proof
Section 5.7 (page 380)

13.

17.
19.
23.
27.
33.
37.
41.

X
.arcsin + C
.arcsin(x + 1) + C

1
. —arctan - + C

3 3. arcsec|2x| + C
7. jarcsin 2 + C
£ 11 larctan( 2/2) + C
10 5 4 ¢

. (tanx
arcsin
5

) +C 15. 2 arcsin/x + C

%ln(x2 + 1) — 3arctanx + C

8 arcsin[(x — 3)/3] — V6x — x2+ C
7/6  25. tarctan? =~ 0.108

arctan 5 — 7/4 =~ 0588  29. w/4 31 372 = 0308
w/2 35, In|x?® + 6x + 13| — 3arctan[(x + 3)/2] + C
arcsin[(x + 2)/2] + C  39. 4 — 23 + t7 = 1.059
%arctan(x2 +1)+C

21. /6

43.
47.
51.
53.

55.

57.

61.
67.

69.

71.
73.
79.

Section 5.8

1.
S.
15.

17.
25.
31.
37.
39.

Answers to Odd-Numbered Exercises A49

2Je =3 — 2 /3arctan(Ve' —3//3) + C 45, 7/6
aandb 49. a, b, and ¢
No. This integral does not correspond to any of the basic

integration rules.
y = arcsin(x/2) + 7

(a) A

44

//

2
b)y= garctang +2

5

== -l

4 —

59. 3

Tr

-3 —_——r ) 3

EE O
PRy £V

rrrrrr

/3 . 37/2
(b) 0.5708

© (m—2)/2

(a) F(x) represents the average value of f(x) over the interval
[x, x + 2]. Maximum at x = — 1
(b) Maximum atx = —1

False IL = iarcsec@ + C
“J3xJor—16 12 4

True 75-77. Proofs

1
1
(a) L T+ dx  (b) About 0.7847

o]
(c) Because fo mdx = 727 you can use the Trapezoidal

Rule to approximate 727 Multiplying the result by 4 gives

an estimation of 7.
(page 390)

(a) 10.018 (b) —0.964 3. (a) %
(a) 1.317 (b) 0.962 7-13. Proofs
coshx = /13/2; tanh x = 3/13/13; cschx = 2/3;
sechx = 2./13/13; cothx = /13/3

® 3

[e'e) 19. 0 21. 1 23. 3 cosh 3x

— 10x sech(5x2)tanh(5x?)] 27. coth x 29. sinh?x
sech ¢ 33. y=-"2x+2 35. y=1-—2x

Relative maxima: (&4, cosh 7); Relative minimum: (0, —1)

Relative maximum: (1.20, 0.66);
Relative minimum: (—1.20, —0.66)
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A50 Answers to Odd-Numbered Exercises

41. (a) Y 25. (a) f7'x) =x2—1, x>0

1 (b) 33.146 units; 25 units (b) Y (c) Proof
v S (¢) m = sinh(1) = 1.175

43. jsinh2x + C  45. —3cosh(l — 2x) + C

47. Scoshd(x — 1) + C  49. In|sinh x| + C

51. —coth(x?/2) + C 53. csch(1/x) + C 55. In(5/4)
57. 5In3 59. w/4 61. Answers will vary.

(d) Domain of f: x = —1; Domainof f~': x = 0
Range of f: y = 0; Rangeof f~1: y = —1
27. (@) f'(x) =x>—1

| (b) Y (c) Proof

63. cosh x, sech 65.3/J/ox2 -1  67. —F———— a1

cosh x, sech x /~/9x 2l =) T

—2csch™!'x + 4

69. |sec x 71, — 73. 2 sinh~'(2x 2

| | x| /1 + 22 (2x) //

J3 ‘1 + ﬁx > | N
el e RS 77. (e +1-1)—x+ C 2/ L

[,
79. 2 sinh™! +C=21 + V1 +x) +
sinh™!/x n(Vx )+ (d) Domain of f and f~': all real numbers

81. lln X — 4‘ +c s 1n(3 + \[5) 8s. In7 Range 0sz and f~': all real numbers

4 12 29. 1/[3(¥=3)] = 0160  31.3/4 33.x~1.134
87, 1arcsm<4" - 1> s 35. ¢* — 1= 53598 37. se'(r + 2)

4 9 39. (e — e 2%/ /e 4+ e 2 41. x(2 — x)/e*

2 — >
89, % a4y O0p1x 5‘ e 43.y=6x+1 d5.—y/[x2y +Inx)] 47. ! ¥+ C
2 3+l X 49. (¢% — 3¢ — 3)/(3¢") + € 51. (1 — e3)/6 ~ 0.158

91. 8arctan(e?) — 27 ~ 5207  93. 3In(/17 + 4) = 5.237 53. In(e> + e + 1) ~ 2408  55. About 1.729
95. 3 kg 97. (a) —Va® — x*/x  (b) Proof 57. y

99-107. Proofs 109. Putnam Problem 8, 1939

Review Exercises for Chapter 5 (page 393)
Domain: x > 0 I

P
i —
—4-3-2-1 12 3 4

x

59. 3* 'In3 61. x> 12Inx+ 2+ 1/x)
63. —1/[In3(2 — 2x)] 65. 56*1/(21n5) + C
67. (a) Domain: 0 = h < 18,000

(b) 100 (C) tr=0
3. iIn(2x + 1) + In(2x — 1) — In(4x2 + 1)] :
5. m(3¥4—x%x)  7.1/2x) 9. (1 +2Inx)/(2V/Inx) a0 L0000
8x 1 |
- Ly = —x+ .o —-2| + -20
o= Boy=-—x+1 15 Jhflx—2[+C

Vertical asymptote: 7 = 18,000

17. —=In|1 + cosx| + C  19.3 +1In2 2L In(2 + V/3) 6. ) 12 (b V32 TL (1 — )30

23. (@) f'(x) =2x+6

(b) v (c) Proof 73. M)‘% + arcsec x 75. (arcsin x)?
81/ -1
/7 77. %arctan(ez") +C 79. %arcsin X+ C
/1 , 81. j[arctan (x/2)P + C  83. 3w+ /3 —2=1826
Ly Ay L ¥ I = — — —
S /6 ; 85. y 4 sech(4x — 1) tanh(4x — 1) \
/f 87. y/ = —16xcsch®(8x?) 89, y' = ———
ot J16x2 + 1
T 91. jtanh* + C  93. Injtanh x| + C
(d) Domain of f and f~': all real numbers 95 1 | 3+ 2x
Range of f and f~!: all real numbers T 3 — 2x +tC
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Answers to Odd-Numbered Exercises A51

PS. Problem Solving (page 395) Chapter 6
La=1b=3%c=-3 Section 6.1 (page 403)
1+ x/2
flx) = =22 1-11. Proofs 13. Not a solution 15. Solution
A . 17. Solution 19. Solution 21. Not a solution
f, 23. Solution 25. Not a solution 27. Not a solution
< 29,y =3e¥2 3L 4y = x3
. — , 33. 2 2
c=0 . =1
-2 -3 3 -3 \:: :’ 3
3. (a) 2 () 1 (c) Proof et H—:\
\ —2 —2
h“-——__\ 2 2
c=-1 : C=4
_1 1 \‘\\ P \\?:h:“\‘—— 7
0 -3 — =% 3 -3 — = 3
5. y y=05"andy = 1.2¢ =5 S, P Sao
intersect the line y = x; el -2
0<ac<el -2 -2
2
. C=-4 -
. > =

N

e—1 -2
. (a) Area of region A = (f — V2)/2 = 0.1589
Area of region B = 7/12 = 0.2618
b) L[B37V2 — 12(V/3 — V2) — 2] = 0.1346
(c) 1.2958  (d) 0.6818
11. Proof  13. 21n3 = 0.8109

o

35. y =3¢  37.y=2sin3x — 3cos 3x
39.y=-2x+1x* 4L 23+ C

3. y=im1+x)+C 45 y=x-Inx2+C

47. y = —%cost +C

49. y=3x— 62 +4x - 602+ C 5L y=3e"+C

15. (a) () 4
Y s3. X —4 -2 021418
Vi
y 2 0 4141|618
2 F"-”?f‘ 2 :
- dy/dx | —4 | Undef. | O [ 1 |5 |2
.. .
(i) - & 4 | —2]0]|2 4 8
/ y 2 0 |4|4] 6 8
== 2 dyjdx | =22 | -2 0|0 | —2,/2| -8
-1
(i) . 57. b 58. ¢ 59. d 60. a

¥y, 61. (a) and (b) 63. (a) and (b)
/ ¥ 7 2) % 7 2)

X -2
A
n!

2
(b) Pattern: yn=1+%+%+. R

SIS S
Ya = 1234

(¢) Asx— o0, y— —o0; (¢) Asx— o0, y— —o0;
asx— —oo, y—> — 00 asx— —oo, y—> — 00

N x  ox20x
(c) The pattern implies that e* = 1 + M + 51 + 30 +--
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Ab2

65.

67.

71.

73.

75.

77.

Answers to Odd-Numbered Exercises

@ 3 ® 3 o,
3+ 3+
Asx—co,y—>o0 Asx—co,y—>o0
(a) and (b) 69. (a) and (b)
12
ey ey
EAA, WA A S
AT
£ LSS
“12 f_#////////// 48
SO =
(a) and (b)
8
T[T 7 R
[ N A
i N
AT £ N
P VA N
ol T e
I R S
-2
n 0 1 2 3 4 5 6
X, | 0] 0.1 0.2 0.3 0.4 0.5 0.6
Yo | 2] 22 | 243 | 2.693 | 2992 | 3.332 | 3.715
n 7 8 9 10
Xn 0.7 0.8 0.9 1.0
Yo | 4.146 | 4.631 | 5.174 | 5.781
n 0 1 2 3 4 5 6
X, | 0] 0.05 0.1 0.15 0.2 0.25 0.3
Yo | 3| 2.7 | 2438 | 2.209 | 2.010 | 1.839 | 1.693
n 7 8 9 10
X, 0.35 0.4 0.45 0.5
Y 1.569 | 1.464 | 1.378 | 1.308
n 0 1 2 3 4 5 6
X, | 0] 0.1 0.2 0.3 0.4 0.5 0.6
Yn 1| 1.1 | 1.212 | 1.339 | 1.488 | 1.670 | 1.900
n 7 8 9 10
Xn 0.7 0.8 0.9 1.0
Yo | 2213 | 2.684 | 3.540 | 5.958

79.

x 0 0.2 0.4 0.6 0.8 1
y) 3.0000 | 3.6642 | 4.4755 | 5.4664 | 6.6766 | 8.1548
(exact)

{;(ZX):() ) 3.0000 | 3.6000 | 4.3200 | 5.1840 | 6.2208 | 7.4650
{l(zx)=01) 3.0000 | 3.6300 | 4.3923 | 5.3147 | 6.4308 | 7.7812
81.

x 0 0.2 0.4 0.6 0.8 1
) 0.0000 | 0.2200 | 0.4801 | 0.7807 | 1.1231 | 1.5097
(exact)

Y 0.0000 | 0.2000 | 0.4360 | 0.7074 | 1.0140 | 1.3561
(h=02)

{}(lx): o) 0.0000 | 0.2095 | 0.4568 | 0.7418 | 1.0649 | 1.4273

83. (a) y(1) = 112.7141°% y(2) = 96.3770°% y(3) = 86.5954°

(b) y(1) = 113.2441° y(2) = 97.0158% y(3) = 87.1729°

(c) Euler’s Method: y(1) = 112.9828° y(2) = 96.6998°;
¥(3) = 86.8863°
Exact solution: y(1) = 113.2441°; y(2) = 97.0158°;
y(3) = 87.1729°
The approximations are better using 7 = 0.05.

85. The general solution is a family of curves that satisfies the
differential equation. A particular solution is one member of
the family that satisfies given conditions.

87. Begin with a point (x,, y,) that satisfies the initial condition
¥(x,) = ¥, Then, using a small step size /, calculate the point
(x1,¥) = (xo + h,yy + hF(xg, y,)). Continue generating the
sequence of points (x, + h,y, + hF(x,,y,)) or (X, 1, Y+ 1)-

89. False. y = x*is a solution of xy” — 3y = 0,buty = x> + 1

is not a solution.

91. True

93. (a)
x |0 0.2 0.4 0.6 0.8 1
Yy | 4 | 26813 | 1.7973 | 1.2048 | 0.8076 | 0.5413
i | 4 2.56 1.6384 | 1.0486 | 0.6711 | 0.4295
Yo | 4 24 1.44 0.864 | 0.5184 | 0.3110
e, | 0 | 0.1213 | 0.1589 | 0.1562 | 0.1365 | 0.1118
e, | 0 | 02813 | 0.3573 | 0.3408 | 0.2892 | 0.2303
r 0.4312 | 0.4447 | 0.4583 | 0.4720 | 0.4855

(b) If h is halved, then the error is approximately halved

because r is approximately 0.5.
(c) The error will again be halved.
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95.

97.

(a) (b) ,lir?o I(t) =2

1
]
|

|
J‘,

|

|
,;,

w =4 99. Putnam Problem 3, Morning Session, 1954

Section 6.2 (page 412)

1.
5.
11.

13.

15.

19.
23.
25.
27.

29.
31.
33.
35.
37.
39.
41.
43.
45.
49.
51.
53.

5S.
57.

y=%x2+3x+C 3.y=Ce*—3
y2=5%*=C 7.y = Ce>)/3 9, y=C( + x?)
dQ/dt = k/t?

0=—-k/t+C
(a) : (b) y =6 — 6e 72
o 7
-6 6
“““““ N i
” _]”\(0.0) ’
y = %12 + 10 17. y = 10e "2
16 16

\‘\._____0___;-// \ (0, 10)

o \
-4 4 -1

—1 -1

% 21y = (1/2)6[(ln 10)/5) ~ (1/2)e04605t
y = 5(5/2)]/4e[ln(2/5)/4]t ~ 6.2872670.22911‘

C is the initial value of y, and k is the proportionality constant.
Quadrants I and III; dy/dx is positive when both x and y are
positive (Quadrant I) or when both x and y are negative

(Quadrant III).

Amount after 1000 yr: 12.96 g;

Amount after 10,000 yr: 0.26 g

Initial quantity: 7.63 g;

Amount after 1000 yr: 4.95 g

Amount after 1000 yr: 4.43 g;

Amount after 10,000 yr: 1.49 g

Initial quantity: 2.16 g;

Amount after 10,000 yr: 1.62 g

95.76%

Time to double: 11.55 yr; Amount after 10 yr: $7288.48
Annual rate: 8.94%; Amount after 10 yr: $1833.67
Annual rate: 9.50%; Time to double: 7.30 yr
$224,174.18 47. $61,377.75

(a) 1024yr (b) 993yr (c) 990yr (d) 9.90 yr
(a) P =2.21e 0006 (b) 2.08 million

(c) Because k < 0, the population is decreasing.
(a) P = 33.38¢0%3¢  (b) 47.84 million

(c) Because k > 0, the population is increasing.
(a) N = 100.1596(1.2455)" (b) 6.3 h

(@) N =30(1 — ¢700502) (b) 36 days

59.

61.

63.
65.
67.
69.

Answers to Odd-Numbered Exercises Ab3

(a) Because the population increases by a constant each
month, the rate of change from month to month will
always be the same. So, the slope is constant, and the
model is linear.

(b) Although the percentage increase is constant each month,
the rate of growth is not constant. The rate of change of y
is dy/dt = ry, which is an exponential model.

(a) P, = 106e*01487 = 106(1.01499)'

(b) P, = 107.2727(1.01215)"

(c) 3%0 (d) 2029

ol . . . . . . .. . .l100
75

(a) 20dB  (b) 70dB  (c) 95dB  (d) 120dB
379.2°F
False. The rate of growth dy/dx is proportional to y.

False. The prices are rising at a rate of 6.2% per year.

Section 6.3 (page 421)

1.

y2—=x2=C 3. 152 +2x3=C 5. r = Ce®7

7.y=Clx+2)> 9. y2=C— 8cosx
y=—3J/T—42+C 13 y=Celn/2
Y2=det+5 17 y=e WH292

y2=4x2+3 2L u=ellmcos)/2 23, p = Pkt
492 — x2 =16 27.y = %\/} 29. f(x) = Ce™/2

y

11.
15.
19.
25.
31.

33.
34.
35.
36.
37.
39.

y = %xz +C

(a) dy/dx = k(y — 4) (b) a (c) Proof
(a) dy/dx = k(x — 4) (b) b (c) Proof
(a) dy/dx = ky(y — 4) (b) ¢ (c) Proof

(a) dy/dx = ky? (b) d (c) Proof
97.9% of the original amount
(a) w= 1200 — 1140e ¥
(b) w = 1200 — 1140e°% w = 1200 — 1140e~0"
1400 1400
0 10 0 10
0 0

w = 1200 — 1140e~’

1400

0 10
0

(c) 1.31yr; 1.16 yr; 1.05yr  (d) 1200 Ib
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Ab4 Answers to Odd-Numbered Exercises

41. Circles: x> + y2=C 43. Parabolas: x> = Cy 27. (a) $4,212,796.94  (b) $31,424,909.75
ines: y = i T x2 2= dN
Lines: y . Kx Ellipses x + 2y K 29. @ N k75 -N) () N=7T5 + Ce ¥
Graphs will vary. Graphs will vary. dt
] ] (©) N =75 — 55.9296¢ 00168
31. v(r) = —159.47(1 — ¢~ 020071); — 159 .47 ft/sec
E
- 6 - 6 33. 1= }0 + Ce Ri/L 35. Proof
37.(a) Q =25¢/% (b) —20In(}) = 102min () O
“a

45. Curves: y? = Cx?
Ellipses: 2x? + 3y2 = K

39. Answer (a) 41. % + P(x)y = Q(x); u(x) = elptax

: 43. ¢ 44. d 45. a 46. b
Graphs will vary. -6 6 4. (a) 10 © 10
TNy N Yk
:Fff’:\\ fEEEE I :n"n"-‘:\\ Y RN N
A SN RN .'F’H%:
S eirtl A4 SR N Ll EE N
4.4 48.a 49.b  50.c e AN
51. (a) 0.75 (b) 2100 (c) 70 ) 449yr I’f“.;ie\\ﬂ/!!ﬂ i :”,f,e\\‘/”:
(e) dP/dt = 0.75P(1 — P/2100) L
53. (a) 3 (b) 100 (b) (=2,4): y = 3x(x* = 8)
: . 1 (2
© ) 50 (2,8): y = 3x(x* + 4)
TIIIIIIIIIINLT Y. @
P PEIRET LI aE
i ~ —-
I Wit Atk ra it
LLLLEEELLLLLLY A SRR RS 4
0 5 RNy
0 piot| RS I R i
3
- - - -08
55. y = 36/(1 + 8¢™) 57. y = 120/(1 + 14¢7%%) () (1,1): y=(2cos1 + sin 1) cscx — 2 cot x
200 C oy = o _
59. (a) P = {55 =070 (b) 70 panthers  (c) 7.37 yr o (3, —11. y = (2cos3 — sin3)cscx — 2 cotx
c
() dP/dt = 0.2640P(1 — P/200); 65.6  (¢) 100 yr AR 1Sy iR
61. Answers will vary.  63. Proof . % TN A .
65. (2) v = 20(1 — e~ 135%) AV
(b) 5 ~ 20¢ + 14.43(e~ 1356 — 1) | 5}/4 LA
67. Homogeneous of degree 3 69. Homogeneous of degree 3 -2 )
71. Not homogeneous  73. Homogeneous of degree 0. SL.2e"+e»=C 53.y= Cefsmxl'; 1
75. |x| = Clx — y)? 77 2+ 2y — ¥2 = C 55. y =[e(x — 1) + C]/x? 57.y =5x* 4+ C/x3
79. y = Ce /") 59. 1/y% = Ce* +3 61. y = 1/(Cx — x?)
81. False. y’ = x/y is separable, but y = 0 is not a solution. 63. 1/y* =2x + Cx? 65. y*° = 2¢* + Ce*
83. True 67. False.y’ + xy = x?is linear.
Section 6.4 (page 428) Review Exercises for Chapter 6 (page 431)
4 1
1. Linear; can be written in the form dy/dx + P(x)y = Q(x) 1. Yes 3y=507+Tx+C S.y=;3sin2x+ C
3. Not linear; cannot be written in the form dy/dx + P(x)y = Q(x) 7.y=—-""+C
S.y:2x2+x+.C/x 7.y=—16 + Ce* 9. P 4 | =2 0 |2]4]s
9. y=—1+ Cetinx 1. y = (x* = 3x + O)/[3(x — 1)]
13. y=¢"’(x + O) Y 2 0 4 | 4|68
15. (a) Answers will vary. b) y= %(ex + e dy/dx | —10 | —4 | —4 [ 0|28
Yy (C) 6
5 11. (a) and (b)
02 4
-6 6 >

!
|
4
| il
w
P
=
|
N

17. y = 1 + 4 /et 19. y =sinx + (x + 1) cos x i / — I,
2l. xy=4  23.y= -2+ xln|x| + 12x -
25. P = —N/k + (N/k + Py)e¥
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Answers to Odd-Numbered Exercises Ab5

13. (d) y, = 500 = 5000 € = € =10 = C=1In10
7000
n |0 1 2 3 4 5 6
x, |0005| 01 | 015 | 02 | 025 | 03 I
Yo | 4| 3.8 |3.6125]3.4369 | 3.2726 | 3.1190 | 2.9756 . .
L 5
0
n 7 8 9 10 The graph is concave upward on (0, 41.7) and downward
x, | 035 | 04 | 045 | 05 on (417, o)
" ) ) ) ) 5. 1481.45 sec = 24 min, 41 sec
Yo |2.8418 | 2.7172 | 2.6038 | 2.4986 7. 2575.95 sec =~ 42 min, 56 sec
9. (a) s = 184.21 — Ce 001
15, y= 33 + X + C (b) “0 (©) As 1—>00, Ce 0019 5,
17.y=-3—-1/x+C)  19. y = Ce*/(2 + x)? SANNNNNNY and s— 184.21.
dy k k 3 e = e e e e el e e e
21 =2 =%, = - 4 23, y ~ 30379«
a YT Tt BT poooooooos
| = ==
25. y = %eﬂ/”ln('“m' 27. About 7.79 in. % .
11. (a) C = 0.6¢ 025 (b) C = 0.6¢ 075
29. About 37.5 yr 08 08
31. (a) S =30e" 17918/t (b) 20,965 units
(C) r \
0 4 0 4
0 0
0 40
0

Chapter 7

33. y2 =5+ C 35. y = Cet” .
37. y4 = 6x2— 8 39, y4 =2+ 1 Sect'on 71 (page 442)
41. , 6 3
4 Graphs will vary. 1. _L (.)Cz - 6)6) dx 3. J;) (—2x2 + 6)6) dx
4x2 4+ y>=C 1
5. —6f (x3 — x) dx
mARE e ’
43. (a) 0.55 (b) 5250 (c) 150 (d) 6.41 yr
dpP
(e) o 0.55P<1 - 5250)
80
45. y = 1+ 9e!
47. (a) P(t) = % (b) 17,118 trout  (c) 4.94 yr
49. y=—10+ Ce* 5l y=e"(jx + C)

53.y=@x+0)/(x—2) 55 y=qeF+5e
PS. Problem Solving (page 433)
1. (a) y = 1/(1 — 0.019)'%; T = 100
b)) y=1/ [(iy - kst]l/g; Explanations will vary. 13. d
& 5@ O F

3. (@) y=Le C"

2000
(b)unuun\unuu
O T I R R T T
I
R
P N N
I
(AN A A
o 500

(c) Integrating with respect to y; Answers will vary.

(c) Ast— o0, y— L, the carrying capacity.
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Ab6 Answers to Odd-Numbered Exercises

39. 7
8
A
: (5-v3)
14 U
_i 0.0 * ’
2 =+ 2
LIE5)
al
N 2(1 —In2) = 0.614
3
X 43. (a)
14 1, 1)
‘ 2,0 .
(0,0)i E\ %\ x -2 71—1‘\» 12 3 4 5 0 .
0
1 % (b) 4 (b) About 1.323
25. 27. 3
3 ! 47. (a) 6 49. (a) 5
i @2 0,2) ,2)
) /
! - - - - - x
. N2 3 4 5 6 -1 -3 3
_2/«),—1) ~— -1 - 1
(b) The function is difficult (b) The intersections are
6 to integrate. difficult to find.
(c) About 4.7721 (c) About 6.3043
51. F(x) = 3 + x
(a) F(0) =0 (b) F2) =3
61 61
54 5+
4+ 4+
3+ 3+
2+ 21+
DRSS EESN S :/::::::r ;/;;;;‘;,
71112?456 7]]123456
101In5 = 16.094 o7 oT
31. (a) “ (c) F(6) =15
3.9 A
ol
st
00X a1 4+
] 3T E
() 13 :
7‘17]” 123 456

4 =~ 12.566

53. F(a) = (2/m)[sin(ma/2) + 1]
(@) F(—1) = 0

(b) F(0) = 2/ ~ 0.6366

N

N
7
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5S.

59

61.

6
65

w

67

69
73

75
77

79
81

© F(1/2) = (V2 + 2)/m =~ 1.0868

N

D
>

g

/-

14 57. 16
. Answers will vary. Sample answers:
(a) About 966 ft>  (b) About 1004 ft>

b 27
fﬂ [x¥* — (3x — 2)]dx = =

1
. j [xzi— 1 (—%x + l)] dx = 0.0354
0

. Answers will vary.
Example: x*—2x2+1<1—x*on[—1,1]

f_ll [(1—x?)— (x*—2x2+ 1)]dx = %

. (a) The integral fg [v,(t) — vy(1)] dt = 10 means that the first
car traveled 10 more meters than the second car between 0
and 5 seconds.

The integral [,° [v,(1) — v,(r)] d = 30 means that the first
car traveled 30 more meters than the second car between 0
and 10 seconds.

The integral [50[v,(1) — v,()]dt = —5 means that the
second car traveled 5 more meters than the first car
between 20 and 30 seconds.

(b) No. You do not know when both cars started or the initial
distance between the cars.
(c) The car with velocity v, is ahead by 30 meters.
(d) Car 1 is ahead by 8 meters.
. b=9(1-1/¥4)=3330 Tl.a=4-2/2=1172
. Answers will vary. Sample answer: é

02 04 06 08 1.0
0.0

. R,; $11.375 billion
. (@) y = 0.0124x> — 0.385x + 7.85
® ©

£ 100 g 100
E 80 _E 80
g 60 % 60
E 40 E 40
g 20 g 20
a a

20 40 60 80 100
Percents of families

(d) About 2006.7
. (a) About 6.031 m>  (b) About 12.062 m?
. V32 +7mw/24 + 1 ~27823  83. True

20 40 60 80 100
Percents of families

(c) 60,310 1b

Answers to Odd-Numbered Exercises Ab57

85. False. Let f(x) = x and g(x) = 2x — x% f and g intersect at
(1, 1), the midpoint of [0, 2], but

b 2 ,
L [f(x) — glx)]dx = fo[x —(2x = x?)]dx =5 # 0.

87. Putnam Problem A1, 1993

Section 7.2 (page 453)

1

1. 7
0

5. 77']0 [(x2)2 — (x5 dx = % 7. 7TJ; (\[y)z dy = 8

)

4
(—x + 1)2dx:7l 3.7 \/);2dx:715w
3
1

w

1
9. Wf (y3/2)2dy = —
0 4

11. () 97/2  (b) (367Y/3)/5
) (847/3)/5

© (2473)/5

13. (a) 32w/3 (b) 647/3 15. 187

17. 7(481n2 — F) = 83318 19. 1247/3

21. 8327/15 23. wIn5 25. 27/3

27. (w/2)(1 — 1/e?) ~ 1358 29. 277w/3  31. 8
33. 72/2 = 4.935 35. (w/2)(e* — 1) = 10.036

37. 1.969 39. 154115 41. 7/3 43. 27/15
45. 7/2 41, w/6

49. A sine curve on [0, 7/2] revolved about the x-axis

51. The parabola y = 4x — x? is a horizontal translation of the

parabola y = 4 — x2. Therefore, their volumes are equal.
53. (a) This statement is true. Explanations will vary.

(b) This statement is false. Explanations will vary.
55.20/2  57. V=3m(R2 — 1232  59. Proof
61. 72h[1 — (h/H) + h?/(3H?)]
63. 08

N et A

-0.25
/30
65. (a) 607 (b) 507
67. (a) V= m{4b? — §b + 32)
(b) 120

) b=5%=267

0 f———]4
0

b =267
69. (a) ii; right circular cylinder of radius r and height &

(b) iv; ellipsoid whose underlying ellipse has the equation
(/b + (v/a)* = 1
(c) iii, sphere of radius r
(d) i; right circular cone of radius r and height &
(e) v; torus of cross-sectional radius r and other radius R
M @% ®3 738
75. (a) 373 (b) 3r3 tan 6; As 6—90°, V—> o0,
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Ab8 Answers to Odd-Numbered Exercises

Section 7.3 (page 462) Section 7.4 (page 473)
2 167 N 1287 L @and(b) 17 3.3 5.%2/2-1)=1219
L. ZWJO WRde=—7 3 ZWJO ¥xdx == 7.5/5 - 2/2~835  9.309.3195

1. [(V2 +1)/(V2 - 1)) = 1.763

4 2
Lo o a6
5. ZWL =32 T 27TL x(4x — 2x?) dx = 3 134~ 1/e) ~ 3627 15. 28
2 S 17. (a) ! 19. (a) !
9. 27Tf x(x2—4x+4)dx27 . 51
g 1287 1 i
11. 2 Vx—=2dx=—"/2 T T
4 ) A dx 15 V2 1+ — .\" >
1 1 1 } } } . —1_177 1 2 3 4
13. 2 x( e*xz/Z) dx =2 <1 - —) ~ 0.986 I T R 1
”fo V2w e |
2 3 =T T
15. 27TJ y(2—y)dy=? ) N !
0 s 1 () | 1+ 4x%dx (b) j 1+ i
1 T 0 1
17. 277[ fo ydy + fl 2y(; - 1) dy} =3 (c) About 4.647 (c) About 2.147
/ 21. (a) A 3. |
19. 2 8 43 gy = 7687 154 s
i o Y Y= 7 10—+ 3+
2 0.5 2
21. 27TJ y(@4 = 2y)dy = 167/3 23. 87 25. 167 4*4’”—‘&—’—“ Rt !
0 /42 \2 ; e
27. Shell method; it is much easier to put x in terms of y rather r R e
than vice versa. -15T -2
29. (a) 128#7/7  (b) 64w/5 (c) 967/5 - )
31. (a) 7m3/15 (b) 7Ta3/15 (c) 477(13/15 (b) f V1 + cos?xdx (b) f J1 + e dy
33. (a) 15 (b) 1.506 0 0
1
m (c) About 3.820 =J <1+ édx
(c) About 2.221
-0.25 1.5 1 ) >
—0.25 25. (a) ¥ (b) f N/ 1+ (m) dx
35. (a) 7 (b) 187.25 0t 0 *
m 20l (c) About 1.871
1.0+
y ! 70?5 0}.5 1}.0 11.5 2.}0 !
-1 7 T
-1 20+
37. (a) The rectangles would be vertical. -0
(b) The rectangles would be horizontal. 27. b
39. Both integrals yield the volume of the solid generated by 29. (a) 64.125 (b) 64.525 (c) 64.666 (d) 64.672
revolving the region bounded by the graphs of y = Vx — 1, 31. 20[sinh 1 — sinh(—1)] =47.0m  33. About 1480
y = 0, and x = 5 about the x-axis. 35. 3 arcsin% =~ 2.1892
41. a,c, b 1 w
1.3 i = T _1) =
43. (a) Region bounded by y = 1%,y = 0,x = 0, x = 2 37. 27 3 V14 xtdx = 9(82v82 1) =~ 258.85
(b) Revolved about the y-axis 203 1\/x2 1 AT
45. (a) Region bounded by x = /6 —y,y =0,x =10 39. 27Tf (g + E)(E + ﬁ) dx = 16 = 9.23
(b) Revolved abouty = —2 11
47. Diameter = 2/4 — 2/3 =~ 1.464 49. 472 41. 277f 2dx = 87 = 25.13
51. (a) Proof (b) (i) V=27 (i) V= 67> 53. Proof ;'
55. (@ R,(n) =n/(n+1) () lim Ry(n) =1 43. 27TJ Xy /l+ﬁdx = %(145\/14 —10./10) = 199.48
1

(¢) V= mab"*[n/(n + 2)]; Ry(n) = n/(n + 2) .
. _ 2
(@) lim Ry(n) =1 45, 277f i1+ G =2(16v2 - 8) ~ 15318
(e) As n— oo, the graph approaches the line x = b. 0
57. (a) and (b) About 121,475 ft3 59. c=2 47. 14.424
61. (a) 647/3 (b) 20487/35 (c) 81927/105 49. A rectifiable curve is a curve with a finite arc length.
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51.

53.

55.
59.

The integral formula for the area of a surface of revolution is
derived from the formula for the lateral surface area of the
frustum of a right circular cone. The formula is S = 277,
where r = 3(r, + r,), which is the average radius of the
frustum, and L is the length of a line segment on the frustum.

The representative element is 27 f(d))/1 + (Ay,/Ax,)? Ax,.

(@) 1 (®) Y1, Y2 Y3, Vs
ST (c) s, = 5.657; s, = 5.759;
sy =~ 5.916; 5, = 6.063
207 57. 6m(3 — J/5) = 14.40
(a) Answers will vary. Sample answer: 5207.62 in.3

(b) Answers will vary. Sample answer: 1168.64 in.2
(c) r = 0.0040y* — 0.142y> + 1.23y + 7.9

20

Am
-1 19
-1
(d) 5279.64 in.%; 1179.5 in.2
b
61. (a) w(1 — 1/b) (b) 27| Vx*+ 1/x3dx
1
(c) blim V= lim (1 —=1/b) ==
/ F 7
(d) Because ~———— + \f? = % > 0on/[l,b],
/ 7 b b
youhaveJ %dx > f 1dx = [lnx] =Inb
X L X 1
and lim In b —oo. So, lim 2 J 1dx =
b—oo b—oo
63. Fleeing object’ %unit
1{'x + 1 4 2
Pursuer: 2), f =3 2(3)
65. 384w/5 67-69. Proofs
Section 7.5 (page 483)

1. 48,000 ft-1b 3. 896 N-m 5. 40.833 in.-Ib = 3.403 ft-1b
7. 160 in.-Ib = 13.3 ft-1b 9. 37.125 ft-Ib
11. (a) 487.805 mile-tons = 5.151 x 10° ft-lb

13.

15.
19.
25.
31.

33.

35.
37.

(b) 1395.349 mile-tons = 1.473 x 10 ft-1b

(a) 2.93 x 10* mile-tons = 3.10 x 10!! ft-1b

(b) 3.38 x 10* mile-tons = 3.57 x 10" ft-1b

(a) 2496 ft-Ib  (b) 9984 ft-1b 17. 470,4007 N-m
2995.27 ft-1b 21. 20,217.67 ft-1b 23. 2457 ft-1b
600 ft-1b 27. 450 ft-1b 29. 168.75 ft-1b

If an object is moved a distance D in the direction of an applied
constant force F, then the work W done by the force is defined
as W = FD.

The situation in part (a) requires more work. There is no work
required for part (b) because the distance is 0.

(a) 54 ft-lb  (b) 160 ft-Ib  (c) 9 ft-Ib  (d) 18 ft-b
2000 1n(3/2) = 810.93 ft-lb 39. 32494 ft-1b

41.
43.

Answers to Odd-Numbered Exercises Ab9

10,330.3 ft-1b
(a) 16,0007 ft-Ib  (b) 24,888.889 ft-1b
(¢) F(x) = —16,261.36x* + 85,295.45x> — 157,738.64x>

+ 104,386.36x — 32.4675

25,000

(d) 0.524ft  (e) 25,180.5 ft-Ib
Section 7.6 (page 494)
Lx=-3 3.}-4 5x=8 (b)I=—3
emeit 9 @y =) ey - (8
13. M= p/3 M, = 4p/3 (X, 5) = (4/3,1/3)
15. M, = 4p, = 64p/5, (x,y) = (12/5,3/4)
17. M, = p/35 M = p/20, (%5 = (3/5,12/35)
19. M, = 9p/5, M, = 27p/4, (%,5) = (3/2,22/5)
21. M, = 192p/7, M, = 96p, (%,5) = (5,10/7)
23. M, = 0, M, = 256p/15, (%.5) = (8/5.0)
25. M, = 27p/4, M, = —27p/10, (%, y) = (=3/5,3/2)
27, 40 29. 50
-1 6
(x,y) = (3.0, 126.0) (x,y) =(0,16.2)
31, 33. y

35.

39.
41.

43.

47.

49.

x

[
et
12 3 4

0) 37. 1607% =~ 1579.14

_ .\ _[(4+37

w9 = (457 0)
_ .\ _ (2437w
e - (35
1287/3 ~ 134.04
The center of mass (%, y) isX = M, /m andy = M /m, where:
-+ m,, is the total mass of the system.

I.m=m +m,+- -

2. M, = mx; + myx, +- - -+ m,x, is the moment about
the y-axis.
3. M, =my, +m,y, + -+ m,y, is the moment about
the x-axis.
b
See Theorem 7.1 on page 493. 45. (x,y) = (g, %)

_ . (la+2b)c a®+ ab + b?
(x’y)_(3(a+b)’ 3(a + b) )

(x,y) = (0,4b/(3m))
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AG6O Answers to Odd-Numbered Exercises

51. (a) " (b) ¥ = 0 by symmetry 9. Yz 2 11. 20
4 (5 %) Y
il / ©.3)
1 4 10
4 % n
1 -1 -16
. st _2
-5-4-3-2-1 1 1 2345 (%77) %
i 2V2
Vb 13. 2
() M, = x(b — x?) dx = 0 because x(b — x?) is an odd
R ©1
function.
(d) y > b/2 because the area is greater for y > b/2. - (1,0
() y=(3/50p -
53. (a) (%, 7) = (0, 12.98) L
_ 6

(b) y = (—=1.02 x 107°)x* — 0.0019x> + 29.28

2 1o
© &) = (0,12.85) 15. (a) 9920 ft (b) 10,4133 ft

17. (a) 97 (b) 187 (¢c) 97 (d) 367 19. 72%/4

55. (x,y) = (0,2r/m)
21. 27 In 2.5 = 5.757 23. 1.958 ft

. _(nt1 n+1) . . 3
57. (x,y) = w2 dn 1 o) S n—oo, the region shrinks 25. £(1 +643) = 6076 27. 40182t 29. 157

toward the line segments y = O for 0 = x < 1 and x = 1 for 31, 62.5 in.-Ib ~ 5.208 ft-Ib

1 33. 122,9807 ft-1b = 193.2 foot-tons 35. 200 ft-Ib
0=ys=1L (76,?)—>(1,Z>- 37.a=15/4 39.36 41 (xy =(1,9)
_ (2097 + 49)

Section 7.7 (page 501) 3. (x.y) = ( 3(m + 9) ’0> 45. 3072 1b

47. Wall at shallow end: 15,600 Ib
Wall at deep end: 62,400 1b
Side wall: 72,800 1b

1. 1497.6 Ib 3. 4992 1b 5. 748.8 1b 7. 11232 1b
9. 748.8 1b 11. 1064.96 1b 13. 117,600 N
15. 2,381,400 N 17. 2814 1b 19. 6753.6 1b

21. 9451b 23-25. Proofs 27. 960 1b PS. Problem Solving (page 505)
29. Answers will vary. Sample answer (using Simpson’s Rule):
3010.8 1b 1. 3 3. y = 0.2063x
31. 3./2/2 =~ 2.12 ft; The pressure increases with increasing depth. 5. y 52w
33. Because you are measuring total force against a region s 3
between two depths
0.25
Review Exercises for Chapter 7 (page 503) N
-1.5 1.5
1 | 3. i o5+
AP\ sl
244 41 2.4
(-2.-13) z 7. V= 27T[d + %\/w2 + lz]lw

9. f(x) =2e72 =2 11. 89.3%

63

TN : I @ @9 - ($.0)

3b(b + 1

s il ® &) = (2(b2(+ b +)1)’ 0>
5 ] 7

T © (3

VO =
4 sl
! (0, 1) 15. Consumer surplus: 1600; Producer surplus: 400
j/ e 17. Wall at shallow end: 9984 Ib
Wall at deep end: 39,936 Ib
2+ 1 Side wall: 19,968 + 26,624 = 46,592 Ib
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Chapter 8

Section 8.1 (page 512)
1.b  3.¢ .
du du :
5. fu du 7. 7 9. fﬁ 85.
u=5%-3,n=4 u=1-2Ux u=ta=1
11. fsinudu 13. fe" du 15. 2(x — 57 + C
u=r? u = sinx
17. =7/[6(z — 10)] + C  19. $v2 — 1/[6(3v — 1)!] + C
21 i+ 9%+ 1|+ C
23. 52 +x+Injx— 1|+ C 25 In(1 + ¢ + C
27. %(48x4 +200x2 + 375) + € 29. sinQwx?)/(4m) + C
31. —2Jcosx + C 33.2In(1 + e + C
35. (Inx)?+ C  37. —In|csc a + cota| + In|sina| + C
39. —tarcsin(4r + 1) + C 4. 31n|cos(2/1)| + C
43. 6 arcsin[(x — 5)/5] + C 45. §arctan[(2x + 1)/8] + C
47. (a) : (b) % arcsin 2 — 3
= 08 87.
& 7) 12| e
]\/1 | RS 89
T Z08 91.
e 95,

49. y = 4¢08%
9
I Ry
L A Y S
L P
LA I
A A
UG
A AL
IR A PRI
LLLLILELLLILL
Rl (e ———— 3
1 99.

81.

Answers to Odd-Numbered Exercises A61

(a) They are equivalent because
eCr = Ce*, C = eC.
(b) They differ by a constant.
sec’x + C, = (tan’x + 1) + C, = tan’>x + C

ex+C] = o5 .

a
(a) A (b) A m
25+ 3T
20+ 27
.l
5 I It It 4 L | x
ol S0 NG
L
5+ -2
—t— > x -3
-3 -2 -1 1 2 3
(© f
N
(@) 7(1 —e 1) =~1.986
T
(b) b= 1n(377 - 4> ~ (.743
In(v/2 + 1) = 0.8814

(87/3)(10/10 — 1) = 256.545
About 1.0320

(a) ; sinx(cos?x + 2)

(b) 117 sin x(3 cos*x + 4 cos? x + 8)
(c) 317 sin x(5 cos®x + 6 cos*x + 8 cos?x + 16)

93. 1 arctan 3 = 0.416

d) Jcos”xdx = f(l — sin? x)7 cos x dx

You would expand (1 — sin? x)’.
Proof

51. y = 2e>* + 10e* + 25x + C 53. r = 10 arcsine’ + C .
55. y = zarctan(tan x/2)+C 5.} Section 8.2 (page 521)
59. %(1 —e )= 0316 61. 8 63. w/18 1. u =x,dv =e>dx 3. u= (Inx)? dv =dx
65. 18./6/5~882  67. %~ 1333 5.u=xdv=sec?xdx 7. 5x*@lnx—1)+C
69. %arctan[%(x + 2)] +C 71. tan 0 — sec 6 + C 1. 1 1
Graphs will vary. Graphs will vary. 9. g sin 3x — X cos 3x+ C 11. —@(M +1)+C
Example: Example: 13. &(x* = 3x2 + 6x — 6) + C
! _° : : 15. j2> = DInfr + 1| =2+ 2]+ € 17. 3(nx)® + C
= | J c-2 ! 19. >/[42x + D]+ € 20 Alx — 5¥2(3x + 10) + C
7 5 - |t 1| 7 23. xsinx + cosx + C
T o2 :f :FO ! 25. (6x — x?)cos x + (3x%2 — 6)sinx + C
- : - ! ! 27. xarctanx — 3In(1 + x2) + C

One graph is a vertical
translation of the other.

One graph is a vertical
translation of the other.
n+1

+1

73. PowerRule:fu”du=: +Ciu=x>2+1,n=3

75. Log Rule: f%u =lnlul + CGGu=x>+1

T 1 T T
La= =T +=)+ + )|+
77. a=/2,b E ﬂln csc(x 4) cot<x 4)‘ C

79. a

[SIE

29.
33.

—Ze 3 sin5x — e ¥cos5x+ C 3L xlnx—x+ C

2, 8t 16
== +5t— -3+ 5032+ —-(3 + 50 +
y =5t 3+ 5t 75(3 51 1875(3 51) c
2
= 625‘/3 + 51(2572 — 20r + 24) + C
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A62 Answers to Odd-Numbered Exercises

35. (a) y (b) 2y — cosx — xsinx =3 91. Proof  93. b, = [8h/(nm)?] sin(nm/2)
+ 6 95. (a) y = 3(3 sin 2x — 6x cos 2x)

INARW “”f/“\/f s

-5

(c) You obtain the following points. 3

S — 3. 267 + 4 = 12,963 w ] E il

et e ar _ ‘
41 g — 5 = 0.143 ol o 0 \/;

e, o e

T R

10 1 0.05 0 -®

R R

ol

AR
S8
e
£y
LY
Ly N

Al
R O AR
LR

et e o e o

-2

2 | 0.10 | 7.4875 x 1074

43. (7 — 33 +6)/6 = 0.658

45. Ye(sin 1 — cos 1) + 1] = 0.909
47. 8arcsec 4 + /3/2 — J15/2 — 2w/3 = 7.380 4 1020 0.0104
49. (e>/4)2x2—2x+ 1)+ C

51. (3x2 — 6)sinx — (x> — 6x)cosx + C

3 ] 0.15 0.0037

53. xtanx + In|cos x| + C 80 | 4.00 1.3181
55. 2(sinf — Jxcos \/;c) +C
7. %(x4€x P = 2% + 2e%) + C (d) You obtain the following points. 2
59. (a) Product Rule 3 N
(b) Answers will vary. Sample answer: You want dv to be the Z Xn Yn ° ... N °
most complicated portion of the integrand. 0 5 0 CREN
61. (a) No, substitution (b) Yes,u = Inx, dv = x dx v
(c) Yes,u =x% dv=e"3dx (d) No, substitution 1 0.1 0 -
1 .
(e) Yes,u = xand dv = 1 dx  (f) No, substitution 2 0.2 | 0.0060
63. 3V/4 + (x> = 8) + C 3| 03 | 0.0293
65. n=0: x(lnx — 1) + C
n=1 ix2Qlmx-1)+C 4 | 04 ] 0.0801
n=2: éx3(3lnx -1)+cC
n=3 tx‘(dlnx—1)+C
o ° 5( ) 40 | 4.0 | 1.0210
n=4:3xGlnx—1)+C

xntl 97. The graph of y = xsinx is below the graph of y =x on
n =———J[n+ — 1]+
jx In x dx "+ 1)2[(n DInx— 1]+ C [0, 7/2].
67-71. Proofs 73. —x?cosx + 2xsinx + 2cosx + C 99. For any integrable function, [f(x) dx = C + [f(x) dx, but this
75. %x"(6 Inx—1)+C cannot be used to imply that C = 0.
~3%(—3 sin 4x — 4 cos 4 .
e (=3 sin 2’; cosdy) | Section 8.3 (page 530)
79. 1 81. ! 1. —tcos®x + C 3. fsinf2x + C
5. —1cos3x + fcosSx + C
7. —%(cos 26)3/2 + %(cos 20)/2 + C
9. ﬁ(6x + sin 6x) + C
15 11. §(2x> — 2xsin2x — cos 2x) + C 13, {2
3 - (1 15. 637/512 17. 57/32 19. §In|sec 4x + tan 4x| + C
2 - i 1.602 T 72<; + 1) ~ 0.395 21. (sec mrx tan 7x + In|sec 7x + tan wx|)/(27-r) +C
L. 4 _ 2 _
83. () 1 (b) mle —2)=2257 (c) ymle? + 1) = 13.177 23. 5 tan*(x/2) — tan2(x/2) — 2 In|cos(x/2)| + C
1 [sec5 2t secd2s

2 + — -
(d) (e Le 2) ~ (2.097, 0.359) 255175 3
: ’ 29. fsec’x — $sec’x + C
85. In Example 6, we showed that the centroid of an equivalent - 78eCTX T s secty
31. In|secx + tan x| — sinx + C
is (/8, 1). 33. (1279 — 8 sin 27O + sin 476)/(32m) + C

region was (1, 7r/8). By symmetry, the centroid of this region
87. [7/(10m)](1 — e~*") ~ 0223 89. $931,265 35. y = gsec?3x — 3sec3x + C

77.

0
1 0

1
+ 27. —sec®4x +
] C 24sec x+ C
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37. (a) y (b) y = 3x — +sin2x

4 4

9. ¢

B

41. 1=(2 sin 4x + sin 8x) + C

oy ]
o e ]

:
- -
e
:

F e e

e e
R A
N T

-4

43. 712(3 cos 2x — cos 6x) + C

47. Y(In|ese? 2x| — cot? 2x) + C

49. —%cot3x — §cot?3x + C

51. Infcsct — cott| + cost + C

53. In|cscx — cotx| + cosx + C  55.t— 2tant + C

57. 59. 3(1 — In2) 61. In2 63. 4

65. (a) Save one sine factor and convert the remaining factors to
cosines. Then expand and integrate.

45. £(2sin 20 — sin46) + C

3

(b) Save one cosine factor and convert the remaining factors
to sines. Then expand and integrate.

(c) Make repeated use of the power reducing formulas to
convert the integrand to odd powers of the cosine. Then
proceed as in part (b).

67. (a) %sinzx +C (b) —3c08’x + C

(©) %sinzx +C (@@ —%cos 2x+ C

The answers are all the same; they are just written in different

forms. Using trigonometric identities, you can rewrite each

answer in the same form.
69. (a) 75 tan®3x + 15 tan* 3x + C,, 15 sec® 3x — 15 sec* 3x + C,

(b) 0.05 (c) Proof

S

4

-0.05

1

7L 731 75 2m(1 — w/4) ~ 1.348
77. (a) w2/2 (b) (x,y) = (7/2, 7/8) 79-81. Proofs
83. —15cos x(3 sin*x + 4 sin?x + 8) + C
5 2mx , 2mx
. tan o~ (sec? T~ + 2| +
85 on tan 5 (sec 5 2> C

87. (a) H(r) = 57.72 — 23.36 cos(wt/6) — 2.75 sin(7t/6)
(b) L(r) = 42.04 — 20.91 cos(mt/6) — 4.33 sin(7t/6)
(c) % The maximum difference is at

/\/ t = 4.9, or late spring.

ok . . . . . 14
10

89. Proof
Section 8.4 (page 539)

L.x=3tan6 3.x=5sin0 5 x/(16/16 —x2) + C
7. 41n|(4 — V16 — x2)/x| + VT6 — % + C

25.

29.
31.
33.

35.
37.
39.
41.
43.
45.

47.

49.
51.

53.

55.
57.

59.
63.

65.
67.
69.
73.
75.

Section 8.5

1.
S.

Answers to Odd-Numbered Exercises A6G3

. ln|x + \/M| + C
11.
13.
17.

19.
21.

75(x2 — 25)32(3x2 + 50) + C
11+ x2 + C 15. 3[arctan x + x/(1 + x2)] + C
%x\/9 + 16x% + % ln‘4x + V9 + 16x2| +C
% arcsin(2x/5) + %x\/ZS —4x2+ C
arcsin(x/4) + C 23. 4 arcsin(x/2) + x4 — x>+ C
O ST 943
3x° 3 2x
3/Vx2+3+C
arcsin e + e¥ /1T — ez") +C
i[}c/(}c2 +2) + (1/V2) arctan(x/ﬂ)] +C
x arcsec 2x — %ln|2x + J4x? - 1| +C
arcsin[(x — 2)/2] + C
JX2+6x+12-3In|Vx2+6x+ 12+ (x+3)+C
(a) and (b) /3 — 7/3 =~ 0.685
(a)and (b) 9(2 — V2) = 5272
(a)and (b) —(9/2)In(2V/7/3 — 4/3/3 — J21/3 + 8/3)
+ 93 — 27 = 12.644
(a) Letu = asin 6, a> — u®> = a cos 0, where
—m/2 <6< 72
(b) Letu = atan 0, /a> + u*> = a sec 6, where
—m/2 <0< w2
(c) Letu = asec 0, Vu?> — a*> = tan O if u > a and
Jur —a> = —tan 0ifu < —a, where 0 < 0 < 7/2
orm/2 < 0 <
(a) %ln(x2 + 9) + C; The answers are equivalent.

+C

(b) x — 3 arctan (x/3) + C; The answers are equivalent.

/3
= f cos 0d6
0

wab
@ 5V2 () 25(1 — @/4) () r*(1 — 7/4)
5(V/2+1)

672 61 ln[} + /26 — /2 =~ 4367

True

V3 dx
False. JO m

V26 + 1

Length of one arch of sine curve: y = sinx, y’ = cos x
T

L, :f V1 + cos?xdx
0

Length of one arch of cosine curve: y = cosx,y’ = —sinx
/2

V1 + sin? x dx

—/2
/2

V1 + cos?(x — w/2) dx, u = x — 7/2,du = dx

—a/2

0 k
=J \/1+cos2udu=J V1 +cos?udu =L,
- 0

(0, 0.422)

(m/32)[1024/2 — In(3 + 2/2)] = 13.989
(a) 18727 1b  (b) 62.47d1b  71. Proof
12 4+ 97/2 — 25 arcsin(3/5) = 10.050
Putnum Problem A5, 2005

(page 549)

A B A
=+

L, =

Bx + C
x2+ 10
7. In|(x = 1)/(x +4)| + C

x x—8 T x
%ln|(x -3)/x+3)| +C
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A64 Answers to Odd-Numbered Exercises

9. 5In|x = 2| —Injx + 2| = 3In|x| + C
1L x>+ 3lnjx — 4] —3In|x + 2| + C
13. 1/x + Injx* + x3| + C
15. 2Injx — 2| = In|x| = 3/(x —=2) + C
17. In|(x> + 1)/x| + C
19. é[ln|(x -2)/(x+2)| + ﬂarctan(x/ﬁ)] +C
21. In|x + 1] + ﬁarctan[(x - 1)/\@] +C

23.In3 25, ;In(8/5) — 7/4 + arctan 2 = 0.557
+
27 |l +secx| + € 29, X2 o
tanx + 3
1 Jer—1 Vx -2
R + . + +
3151nex+4‘ C  332Ux 21n\/;c+2‘ C

35-37. Proofs 39. First divide x* by (x — 5).

41. (a) Substitution: u = x> + 2x — 8  (b) Partial fractions
(c) Trigonometric substitution (tan) or inverse tangent rule

43. 121n(3) = 1.4134  45. 4.90 or $490,000

47. vV = 2z (arctan 3 — ) = 5.963; (%, y) =~ (1.521, 0.412)

49. x = pfetr* Dk — 1]/[n + elntDk] 51. #/8

Section 8.6 (page 555)

1. —3x(10 —x) +25In|5 +x| + C 3. —J/1—-x%/x+C
5. i(Sx + sin 3x cos 3x + 2 cos? 3xsin 3x) + C

7. —2(c0t\/;c + csc\/;c) +C  9.x—5In(1+e)+C
11. e38Inx — 1) + C

13. (a) and (b) 35¢3(9x2 — 6x + 2) + C

15. (@) and (b) In|(x + 1)/x| = 1/x + C

17. %[(x2 + 1) arcesc(x? + 1) + ln(x2 + 1+ Ux*+ 2x2)] +C
19. /x> —4/(4x) + C
21. [In|2 — 5x| +2/(2 — 5x)] + C
23. e*arccos(e?) — V1 — e + C
25. %(x2 + cotx? + cscx?) + C
27. (/2/2) arctan[(1 + sin 6)//2] + €
29. — /2 +9%%/(2x) + C
31 3(2In|x| = 313 + 21nx||) + C
33. (3x — 10)/[2(x> — 6x + 10)] + 3 arctan(x — 3) + C
35 4y -3+ JxT - 62 5|+ C
37. 2/(1 + €% — 1/[2(1 + €] + In(1 + e¥) + C
39. 5(e — 1) = 08591 41 ¥1In2 — 3 = 3.191
43. w/2  45. 7%/8 — 3w+ 6 ~ 04510  47-51. Proofs
1 [2tn(6/2) =3 = 5
/5 12tn(6/2) —3 + 5
57. %1n(3 —2cos ) + C 59. —2cos/ 6+ C

53. +C 55. In2

61. 43
63. (a) jxlnxdx =ix2lnx —§x2+ C

flenxdx =33Inx—gx3+ C

jx”nxdx =ix*lnx — {ex* + C
65. (a) Arctangent Formula, Formula 23,

1
fﬁ du, u—==e
(b) Log Rule: Jidu, u=e" +1

(c) Substitution: u = x2, du = 2x dx
Then Formula 81.

(d) Integration by parts  (e) Cannot be integrated
(f) Formula 16 with u = &*

67. False. Substitutions may first have to be made to rewrite the
integral in a form that appears in the table.

69. 1919.145 ft-lb ~ 71. 3272  73. About 401.4
Section 8.7 (page 564)

1.

x —0.1 | —0.01 [ —0.001 | 0.001 | 0.01 0.1

f() | 1.3177 | 1.3332 | 1.3333 | 1.3333 | 1.3332 | 1.3177

X 1 10 10? 103 104 | 10°

f(x) | 0.9900 | 90,483.7 | 3.7 x 10° | 4.5 x 10° | 0 0

1 11

0
52 7.4 9.3 1.4 130 150 1.4
19.2 21,1 233 25.00 27.0 29.1
3.0 330 350 373 39.1 4l
43. (a) Not indeterminate 45. (a) 0 - o0
(b) oo (b) 1
(C) 3 (C) 15
-1 -05
47. (a) Not indeterminate 49. (a) oo°
() 0 ) 1
(©) 2 (©) 2
-0.5 / 2 -5 20
-0.5 -0.5
51. (a) 1 (b) e 53. (a) 0° (b) 3
(©) ° (©) U
‘H-\__\_\_\_\_\_h _/
-1 4 -6 6
-1 -1
55.(a) 0° (b) 1 57. (a) o0 — o0 (b) —2
(©) S (©) 4
-/ -7 j: 5
_4 8 :fl/.-"'_'_'_
-2 - _4
59. (a) oo — © (b) oo
(© 8
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Answers to Odd-Numbered Exercises A65

61. % L 0+ 00, 1%, 00, 00 — 00 Section 8.8 (page 575)
(o/e)
63. Answers will vary. Examples: 1. Improper; 0 < 3 < 1
(@) f) =x2 — 25, g(0) =x — 5 3. Not improper; continuous on [0, 1]
() f(x) = (x — 5)2, g(x) = x2 — 25 5. Not improper; continuous on [0, 2]
©) flx) = x> — 25, g(x) = (x — 5)3 7. Improper; infinite limits of integration
0 0 0 0 9. Infinite discontinuity at x = 0; 4
65. (a) Yes: 0 (b) No: -1 (c) Yes: - (d) Yes: 0 11. Infinite discontinuity at x = 1; diverges
—1 0 13. Infinite discontinuity at x = 0; diverges
(e) No: Ny (f) Yes: 0 15. Infinite limit of integration; converges to 1 17. 3
67. 19. Diverges 21. Diverges 23. 2 25. 1/[2(In 4)?]
X 10 107 10* 10 10% | 10% 27. 29. /4 31. Diverges 33. Diverges
() 35.0 37 —;  39. Diverges 41 /3 43.1n3
—— [ 2.811 | 4.498 | 0.720 | 0.036 | 0.001 | 0.000 45. /6 47. 27/6/3 49. p > 1 51. Proof
x 53. Diverges 55. Converges 57. Converges
69. 0 71. 0 73. 0 59. Diverges 61. Converges
75. Horizontal asymptote: 77. Horizontal asymptote: 63. An integral with infinite integration limits, an integral with an
y=1 y=0 infinite discontinuity at or between the integration limits
Relative maximum: (e, ¢!/¢)  Relative maximum: (1,2/e) 65. The improper integral diverges. 67. ¢ 69.
4 s 7. () 1 () 7/2 () 27
(3) 73.
-2 fade= 10

Perimeter = 48

79. Limit is not of the form 0/0 or co/co.
81. Limit is not of the form 0/0 or co/co.

. X X2+ ) X
83. (a) lim = lim = lim 5 _ . .
oo Jy2 £ 1 xooe X x>0 /x2 + 1 75. 8 77. (a) W = 20,000 mile-tons  (b) 4000 mi
Applying L’Hdpital’s Rule twice results in the original 79. (a) Proof (b) P =43.53% (c) Elx) =7
limit, so L"Hopital’s Rule fails. 81. (a) $757,992.41 (b) $837,995.15 (c¢) $1,066,666.67
(b) 1 83. P = 2aNI(V/r2 + 2 — )|/ (kr /P + )
(c) 15 85. False. Let f(x) = 1/(x + 1). 87. True

/~—— 89. (a) and (b) Proofs

(c) The definition of the improper integral f isnot lim

oo a—oo |_

but rather that if you rewrite the integral that diverges, you
can find that the integral converges.

As x—0, the graphs get closer

>
together (they both approach 0.75). 91. (a) f 7 dx will converge if n > 1 and diverge if n < 1.
By L’Hopital’s Rule, Y
b ! C
sin3x . 3cos3x 3 ®) (c) Converges

- = lim ==,
x—0sindx x—04cosdx 4

0.5

87.v=232+v, 8. Proof 9l.c=3 93 c=m/4
95. False. L’'Hopital’s Rule does not apply because
11n(1)(x2 +x+1) #0.

97. True  99.3 101.3 103. a=1,b=+2 93. (a) 4 (b) About 0.2525
105. Proof 107. (@) 0 00 (b) O 109. Proof i (c) 0.2525; same by symmetry
111. (a)—(c) 2 .
113. (@) _3 () lim A(x) = 1 sl %
/ (c) No Wy
\/—\_/—\—, 95. 1/s,5 > 0 97. 2/s%, s > 0 99. s/(s®> + a?),s >0
L 2 101. s/(s> — a?), s > |q|
0 103. (a) T(1) = 1,T2) = 1,T(3) =2  (b) Proof
115. Putnam Problem A1, 1956 (©) T'(n) = (n—1)!
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A66

105.
107.

109.

Review Exercises for Chapter 8

o Ut =

12 =362+ C
. In(2) + % = 1.1931
L 5e¥Bx— 1)+ C

13.
15.
17.
19.
23.
27.
31.
33.
3s.
37.
39.
43.
45.
49.
51.
53.
57.
59.
63.
69.

Answers to Odd-Numbered Exercises

¢ = 1;1n(2)
87[(In2)2/3 — (In4)/9 + 2/27] = 2.01545

f 2 sin(u?) du; 0.6278 111. Proof

0
(page 579)

3. 3In|x® — 49| + C
7. 100 arcsin(x/10) + C
11. 55 e2*(2sin3x — 3 cos 3x) + C
—%x2 cos 2x + %x sin 2x + %cos 2x + C
,1*6[(8x2 — 1) arcsin 2x + 2x/1 — 4x2] +C
sin(wx — 1)[cos®(mx — 1) + 2]/3@) + C
%[tan3(x/2) + 3tan(x/2)] + C 21. tan @ + sec 0 + C
37/16 +3~1.0890  25.3/4 — x*/x+ C
302+ 4122 = 8) + C  29. 256 — 6217 = 0.3675
(a), (b), and (c) 5/4 + 2(x> — 8) + C
6lnjx + 3| —SIn|]x — 4| + C
i6In|x — 1| — In(x + 1) + 6 arctan x] + C
x— % n|x + 8| + {TInjx — 3| + C
3[4/(4 +5x) + Inj4 + 5x|]]+ C 411 — /2/2
3In|x? + 4x + 8| — arctan[(x + 2)/2] + C
In|tan 7x|/7m + C  47. Proof
(sin 26 — 26 cos 26) + C
$[x3/4 — 3x1/4 + 3arctan(x'/4)] + C
21 —cosx + C 55. sin x In(sin x) — sinx + C
%ln|(x -5)/x+5)|+C
y=xhx>+x—2x+Injx+ 1] +C 6L 1
3(n42 =0961 65 7  67. 2
& y) =(0,4/Gm) 71.38  73.0

1

75. oo

77. 1 79. 1000"®° =~ 1094.17  81. Converges; %
83. Diverges 85. Converges; 1 87. Converges; /4
89. (a) $6,321,205.59  (b) $10,000,000
91. (a) 04581  (b) 0.0135
PS. Problem Solving (page 581)
1. (@ 312 () Proof 3.1n3 5. Proof
7. (a) ©°2 () n3—% (c)In3—1%
0
0
Area = 0.2986
9. In3 — 1=~ 0.5986
1. @) oo () 0 (c) —3
The form O + oo is indeterminant.
13. About 0.8670  15. /12 | 1/42 1710 111/140
x—3 x—1 x+4

17-19. Proofs

21. About 0.0158

Chapter 9

Section 9.1

1.
7.
13.
15.

(page 592)
2

3,9,27,81,243  3.1,0,—1,0,1 5.2, -1,% -1%
3,4,6,10, 18 9. ¢ 10. a 11. d 12. b
14, 17; add 3 to preceding term.

80, 160; multiply preceding term by 2. 17. n + 1

19.
25.

29.
35.
41.
45.
47.
49.
51.
53.
57.
61.

63.

65.

67.

69.

71.

1/[2n + 1)(2n)] 21.5 23.2

7 27. 2

° cee L) L] L]
o000 o0 o 1
L] L]

[ el I B

0 -2
Converges to 4 Diverges

Converges to 0 31. Diverges
37. Diverges
43. Converges to 0

Answers will vary. Sample answer: 6n — 4

33. Converges to 5
Converges to 0 39. Converges to 0

Converges to 1

Answers will vary. Sample answer: n> — 3
Answers will vary. Sample answer: (n + 1)/(n + 2)
Answers will vary. Sample answer: (n + 1)/n
Monotonic, bounded 55. Not monotonic, bounded
Monotonic, bounded 59. Not monotonic, bounded
(a) ’7 +% > 7 = Dbounded

a, > a,,, => monotonic

So, {a,} converges.
(b) 1

Limit = 7

0 "
0

1 1
3(1 B 3">

a, < a,,, => monotonic

(a)

< % —> bounded

So, {a,} converges.
(b) 0.4

W=

Limit =
[ ]

-0.1
{a,} has a limit because it is bounded and monotonic; because
2<aqg,=42=<L=<A4
(a) No. lim A, does not exist.

(b)
n 1 2 3 4
A, | $10,045.83 | $10,091.88 | $10,138.13 | $10,184.60
n 5 6 7
A, | $10,231.28 | $10,278.17 | $10,325.28
n 8 9 10
A, | $10,372.60 | $10,420.14 | $10,467.90

No. A sequence is said to converge when its terms approach a
real number.

(@ 10 =

(b) Impossible. The sequence converges by Theorem 9.5.
3n

(©) a, = 4n + 1

(d) Impossible. An unbounded sequence diverges.
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73.

75.
77.
83.

85.

87.

89-91. Proofs
Section 9.2

(a) $4,500,000,000(0.8)"

b
®) Year 1 2
Budget | $3,600,000,000 | $2,880,000,000
Year 3 4
Budget | $2,304,000,000 | $1,843,200,000

(c) Converges to 0
1, 1.4142, 1.4422, 1.4142, 1.3797, 1.3480; Converges to 1
Proof 79. True 81. True
(@ 1,1,2,3,5,8, 13,21, 34,55, 89, 144
(b) 1,2, 1.5, 1.6667, 1.6, 1.6250, 1.6154, 1.6190,
1.6176, 1.6182  (c¢) Proof
@ p=(1+5)/2~ 16180
(a) 1.4142, 1.8478, 1.9616, 1.9904, 1.9976
(b)a,=v2+a,
(a) Proof
®

() lim a, =2

n—oo

(¢c) Proof (d) Proof
220!

(e) ~ 0.4152;

19/100!

~ 0.3799

93. Putnam Problem A1, 1990
(page 601)

1. 1, 1.25, 1.361, 1.424, 1.464
3. 3,—1.5,5.25, —4.875, 10.3125
5. 3,4.5,5.25,5.625,5.8125 7. Geometric series: r = % > 1
9. lima,=1+#0 11. lim a,=1#0
13. lim aq, = % #0 15. Geometric series: r = % <1
17. Geometric series: r = 0.9 < 1
19. Telescoping series: a, = 1/n — 1/(n + 1); Converges to 1.
21. (a) §
(b)
n 5 10 20 50 100
S, | 27976 | 3.1643 | 3.3936 | 3.5513 | 3.6078
(c) 5 (d) The terms of the series
decrease in magnitude
cesc®°® L relatively slowly, and the
o’ sequence of partial sums
0 " approaches the sum of the
0 series relatively slowly.
23. (a) 20
(b)
n 5 10 20 50 100
S, | 8.1902 | 13.0264 | 17.5685 | 19.8969 | 19.9995

25.

35.

39.

45.
51.
57.

59.

61.

65.
67.

69.

71.
73.

71.

79.

81.
83.

91.

93.

95.

. (a) $5,368,709.11
87.
89.

Answers to Odd-Numbered Exercises A67

(c) 2 (d) The terms of the series
decrease in magnitude
00 °® relatively slowly, and the
o ¢ sequence of partial sums
ol ° » approaches the sum of the
0 series relatively slowly.
1 sin(1)
15 27. 3 29. 32 31. 2 33. 1 — sin(])
S Lo 7@ S 00
(a) HZO 100D . (@ ,;o 100001
4 9
b) 5 ()

X 3 5 . .
(a) nzo 20 (0.01)"  (b) 6 41. Diverges  43. Diverges

Converges 47. Diverges 49. Diverges

Diverges 53. Diverges 55. See definitions on page 595.
The series given by

Narr=a+tartar+- - ta"+ - a#0

n=0

is a geometric series with ratio . When 0 < |r| < 1, the series

o0
converges to the sum »' ar" =

= 1 —r

The series in (a) and (b) are the same. The series in (c) is
different unless a; = a, = - - - = a is constant.
1 3x
|x|<§,1_3x 63. 0 <x<2;(x—1)/2—x)
—-1<x<1;1/(0 + x)
@ x (b f)=1/0-x, [x] <1
(¢) 3 Answers will vary.
TS
S3
o]
-15 1.5
0
The required terms for the two series are n = 100 and n = 5,

respectively. The second series converges at a higher rate.
160,000(1 — 0.95") units

i 200(0.75)"; Sum = $800 million 75. 152.42 feet

i=0

1 & 1<1>” 1/2
= — = =—1= =1
8 ,=,2\2 1—-1/2
& (1) a 1
(a) —1+n20<5> = -1+ | _r— —l+m—l
(b) No (c¢) 2
(a) 126in.2  (b) 128in.2
The $2,000,000 sweepstakes has a present value of

$1,146,992.12. After accruing interest over the 20-year
period, it attains its full value.

(b) $10,737,418.23
(b) $14,779.65
(b) $91,503.32

(c) $21,474,836.47
(a) $14,773.59
(a) $91,373.09

1 &1
False. lim — = 0, but —di .
alse. lim — = 0, bu nZ]  diverges

1
geometric series begins with n= 0.

False. » ar" = <%) — a; The formula requires that the
n=1

S (-1

True 97. Answers will vary. Example: E 1,
n=0 n=0
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AGS8 Answers to Odd-Numbered Exercises

99-101. Proofs
Section 9.3

103. 2
(page 609)

1. Diverges 3. Converges 5. Converges
11. Diverges
17. Converges

23. Diverges

7. Converges
13. Converges 15. Converges
19. Diverges 21. Converges
25. f(x) is not positive for x = 1.
27. f(x) is not always decreasing.
31. Diverges 33. Diverges
37. Converges

9. Diverges

29. Converges
35. Converges

39. (a)
n 5 10 20 50 100
S, | 3.7488 | 3.75 | 3.75 | 3.75 | 3.75
jl The partial sums approach the
sum 3.75 very quickly.
° o000 00 0O OCOS
0 1
0
(b)
n 5 10 20 50 100
S, | 1.4636 | 1.5498 | 1.5962 | 1.6251 | 1.635
8 The partial sums approach the
sum 72/6 = 1.6449 more
slowly than the series in part (a).
eo0cec0c0e
0 12

0

41. See Theorem 9.10 on page 605. Answers will vary. For example,
convergence or divergence can be determined for the series
& 1

znz-i-l'

n=1

=< 1 .

43. No. Because E — diverges, — also diverges. The
=1 n="10,000 "

convergence or divergence of a series is not determined by the
first finite number of terms of the series.

45. (a) 7

The area under the rectangles is greater than the area under

w 1 > .
tlolf curve. Because fl \/}dx = [2\/;c]1 = oo diverges,

.
2 —— diverges.

n=1vn

(N

The area under the rectangles is less than the area under

oo 1 1]~
the curve. Because f —dx = [—f] = 1 converges,
1 X

x |1
niz % converges (and so does rzl ,117)
47.p>1 49.p>1 51.p>3 53. Proof
55. S5 = 14636  57. §,, = 0.9818 59. S, = 0.4049
Rs = 0.20 R, = 0.0997 R,=~56x1078
61. N =7 63. N = 16

1
65. (a) 2 i1 converges by the p-Series Test because 1.1 > 1.
n=2

1 [ee)
i I | Tt
22 I n diverges by the Integral Test because L TInx dx
diverges.

(b) E % = 0.4665 + 0.2987 + 0.2176 + 0.1703
=2

+0.1393 + - - -
s 1
“,nlnn

= 0.7213 + 0.3034 + 0.1803 + 0.1243

+ 0.0930 + - - -
(c) n = 3431 x 101
67. (a) Let f(x) = 1/x. fis positive, continuous, and decreasing
on[1, c0).

Sn—lsfldx=lnn
L X

n

n+1
Szf —dx =In(n + 1)
1 X

So,In(n + 1) < S, <1+ Inn.
M) In(n+1)—Inn<S$ —Inn<I

Also, In(n +1) —Inn > 0 forn = 1. So,

0 =S, —Inn < 1, and the sequence {a,} is bounded.
© a,—a,., =[S, —Inn] =[S,,, — In(n + 1)]

n+11 1
=f —dx — >0
. X n+1

So,a, = a, .

(d) Because the sequence is bounded and monotonic, it
converges to a limit, .
(e) 0.5822

69. (a) Diverges (b) Diverges

(c) E x"7 converges for x < 1/e.
n=2
71. Diverges

77. Diverges

73. Converges
79. Diverges

75. Converges
81. Converges
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Section 9.4 (page 616)

1.

(@)

(b) Zl %; Converges

(c) The magnitudes of the terms are less than the magnitudes
of the terms of the p-series. Therefore, the series converges.

(d) The smaller the magnitudes of the terms, the smaller the
magnitudes of the terms of the sequence of partial sums.

3. Diverges 5. Diverges 7. Diverges 9. Converges
11. Converges 13. Diverges 15. Diverges

17. Converges 19. Converges 21. Diverges

23. Diverges; p-Series Test

25.
27.
31.

33.
37.

39.
43.

45.

47.

49.
53.

=] 1 n
Converges; Direct Comparison Test with z (g)

29. Converges; Integral Test

n=1

Diverges; nth-Term Test

lim Ay _
n—oo 1/}’[

The series diverges by the Limit Comparison Test.

lim na,; lim na, # 0, but is finite.
n—»o0 n—oo

Diverges 35. Converges

n—o0

lim (L>:17&0' So iLdiveres
Msnt+3) 57 0 4 e g3 VRS

Diverges 41. Converges

Convergence or divergence is dependent on the form of the
general term for the series and not necessarily on the
magnitudes of the terms.

See Theorem 9.13 on page 614. Answers will vary. For example,

diverges because lim n—1 = 1 and

N
D \

n—oco
1
Y —~ diverges (p-series).
n=2 n
(a) Proof
(b)
n 5 10 20 50 100
S, | 1.1839 | 1.2087 | 1.2212 | 1.2287 | 1.2312
(c) 0.1226  (d) 0.0277
False. Leta, = 1/n?and b, = 1/n>. 51. True

& 1

True  55. Proof  57. 2 g E % 59—65. Proofs
=

Putnam Problem B4, 1988

67.
Section 9.5 (page 625)
1.
@r, 1 2 3 4 5
S, | 1.0000 | 0.6667 | 0.8667 | 0.7238 | 0.8349
n 6 7 8 9 10
S, | 0.7440 | 0.8209 | 0.7543 | 0.8131 | 0.7605

59.

61.
65.

67.

69.

. ()

. Converges
13.
19.
25.
29.
35.
37.
41.
45.
49.
53.
5S.
57.

Answers to Odd-Numbered Exercises A69

(b) (c) The points alternate sides

. of the horizontal line

o y = /4 that represents

the sum of the series. The

) L distances between the

0.6 successive points and the

line decrease.

(d) The distance in part (c) is always less than the magnitude

of the next term of the series.

n 1 2 3 4 5
S, | 1.0000 | 0.7500 | 0.8611 | 0.7986 | 0.8386
n 6 7 8 9 10
S, | 0.8108 | 0.8312 | 0.8156 | 0.8280 | 0.8180
(b) 11 (c) The points alternate sides

of the horizontal line
y = 72/12 that represents
. ° the sum of the series. The
o distances between the
06 successive points and the
line decrease.
(d) The distance in part (c) is always less than the magnitude
of the next term of the series.

7. Converges 9. Diverges 11. Diverges

Converges 15. Diverges 17. Diverges

Converges 21. Converges 23. Converges
Converges 27. 1.8264 = S = 1.8403
1.7938 = § < 1.8054 31. 10 33.7

7 terms (Note that the sum begins with n = 0.)
Converges absolutely 39. Converges absolutely
Converges conditionally 43. Diverges
Converges conditionally 47. Converges absolutely
Converges absolutely 51. Converges conditionally
Converges absolutely

An alternating series is a series whose terms alternate in sign.

1S = Syl = Ryl < ay., .
(a) False. For example, let a, = (—nl) '
Then Ya, = 3 ()l converges
" n

(_ 1)n+l
and Y (—a,) = ——, converges.

But, Yla,| = % diverges.

(b) True. For if Y|a,| converged, then so would Ya, by

Theorem 9.16.

True 63. p >0
Proof; The converse is false. For example: Leta, = 1/n.
& 1 & 1
— . h d —
;121 3 converges, hence so does nZ] p
(a) No.a, ., < a,isnot satisfied for all n. For example,% < é.

(b) Yes. 0.5
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A70 Answers to Odd-Numbered Exercises

71. Converges; p-Series Test 73. Diverges; nth-Term Test 5.P = Iliéx + %
75. Converges; Geometric Series Test 1
77. Converges; Integral Test
79. Converges; Alternating Series Test P, (a.1) !
81. The first term of the series is 0, not 1. You cannot regroup P . 10
series terms arbitrarily.
-0.5 -1
Section 9.6 (pag e 633) P, is the first-degree Taylor P, is the first-degree Taylor
1-3. Proofs 5. d 6. ¢ 7t 8. b 9. 4 polynomial forf at 4. polynomial for f at 7/4.
9. 10
10. e
Py
11. (a) Proof (1,4)
(b) s
-2 6
n 5 10 15 20 25 —
S, | 13.7813 | 24.2363 | 25.8468 | 25.9897 | 25.9994 N 0 08 09 : 11
(c) 2 (d) 26
o® f) Error | 4.4721 | 4.2164 | 4.0000 | 3.8139
° L]
. * Py(x) | 7.5000 | 4.4600 | 4.2150 | 4.0000 | 3.8150
R
% " x 1.2 2
(e) The more rapidly the terms of thef series approach 0, the () 36515 | 2.8284
more rapidly the sequence of partial sums approaches the
sum of the series. P,(x) | 3.6600 | 3.5000
13. Converges  15. Diverges 17. Diverges
19. Converges 21. Converges 23. Converges 11. (a) 2 (b) f@(0) = =1 P,2(0) = —1
25. Diverges 27. Converges 29. Converges » » f@P0)=1 r 4(4)(0) =1
: _ ° M FO0) = -1 P©0) = —1
31. Diverges 33. Converges 35. Converges 3 y \% 3 6
37. Converges 39. Diverges  41. Converges i / A (©) f™(0) = P,™(0)

43. Diverges 45. Converges 47. Converges

-2

49. Converges 51. Converges; Alternating Series Test 3

13. 1 + 4x + 8x2 + 323 + Tt
15.1—%x+%x2—§x3+3]§x 17.x—éx3+11%x
19.x+x2+%x3+%x4 21 1 —x+ 2 =X +x*— X5
23, 1+5x2  25.2—2(x— 1) +2(x — 12— 2(x — 1)}
27. 2+ 4(x — 4) — G(x — 42 + 53(x — 4)°

53. Converges; p-Series Test 55. Diverges; nth-Term Test

4 5

57. Diverges; Geometric Series Test

59. Converges; Limit Comparison Test with b, = 1/2"
61. Converges; Direct Comparison Test with b, = 1/3"
63. Diverges; Ratio Test 65. Converges; Ratio Test

e _ Ll 1o _ L

67. Converges; Ratio Test 69. aand ¢ 71. aand b 29. In2 +3(x = 2) SEX 2?4530 = 2P — Gl — 2

= + _ T
7. E n7n+ll 75. () 9 (b) —0.7769 31. (a) Py(x) = mx + 3 X3

e a b =1 2 l 2 2 l i 87773 l ¥
77. Diverges; lim |- > 1 (b) Oy(x) = +7'rx—4 tlm Ty + 3 " g

n—co
n 4
79. Converges; lim ‘a"ﬂ <1 81. Diverges; lima, # 0 /%
83. Converges 85. Converges 87. (—3,3) R 05
89. (—2,0] 91. x =0 O
93. See Theorem 9.17 on page 627. 4
& 1

95. No; the series VZI w T 10,000 diverges. 3. @ X 0 0.25 0.50 0.75 1.00
97. Absolutely; by Theorem 9.17 99-105. Proofs sin x 0 0.2474 0.4794 0.6816 0.8415
107. (a) Diverges (b) Converges (c) Converges

(d) Converges for all integers x = 2 Pi(x) | 0 0.25 0.50 0.75 1.00
109. Putnam Problem 7, morning session, 1951 P.x) | 0| 02474 | 04792 | 0.6797 | 0.8333

5 . . . .

Section 9.7 (page 658) Py(x) | 0 | 02474 | 0.4794 | 0.6817 | 0.8417

1. d 2. ¢ 3. a 4. b
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Answers to Odd-Numbered Exercises A71

(b) 3 (c) As the distance increases, (c) No. Horizontal translations of the result in part (a) are
f \P3 P the polynomial approxi- possible only at x = —2 + 8n (where n is an integer)
P AN o mation becomes less because the period of fis 8.
» \\_/ accurate. 69. Proof
’ 71. As you move away from x = ¢, the Taylor polynomial
- becomes less and less accurate.
— 13 .
35. EE; Pyx) = x + g2 Section 9.8 (page 654)
f() | —0848 | —0524 | —0.253 | 0 | 0.253 1. (=4,4) 13 (=1L 1] 15 (-o0,00) 17.x=0
19. (—6,6) 21. (—5,13] 23. (0,2] 25. (0,6)
Py(x) | —0.820 | —0.521 | —0.253 | 0 | 0.253 27. ( % %) 29. (—oo, c0) 31. (=1, 1) 3. x=3
35. R=c¢ 37 (—k, k) 39. (—1,1)
X 0.50 0.75 AL " N
&) | 0524 | 0.848 E ( - 1)' 2
45. (a) (=3,3) () (= 3, 3) (© (=3,3) (@ [-3,3)
Py(x) | 0.521 | 0.820 47. (a (0,2] () (0,2) (c) (0,2) (d) [0,2]

y 49. A series of the form

© .
> oa,lx — o) =ay+ alx —c) +ay,(x — ¢ +
K n=0
s +a,c—cr+- -
/ is called a power series centered at ¢, where ¢ is a constant.

1 1 x 51. The interval of convergence of a power series is the set of all

% values of x for which the power series converges.

¢ 53. You differentiate and integrate the power series term by term.

Iy The radius of convergence remains the same. However, the
interval of convergence might change.

55. Many answers possible.

& (x\" X
(a) (*) Geometric: ‘f
nZI 2 2

<l = |x| <2

x (—1 non
b) > %converges for—1 <x =<1
n=1

(c) i (2x + 1)" Geometric:

41. 2.7083 43. 0.7419 45. R, < 2.03 x 1073; 0.000001

47. R, < 7.82 x 1073; 0.00085 49. 3 51. 5 2x+ 1 <1 = -1<x<0
53. n = 9;1In(1.5) = 0.4055 55. 03936 <x <0 = (x—2)
57. —0.9467 < x < 0.9467 @2 : n4") converges for =2 = x < 6
59. The graphs of the approximating polynomial P and the 57. (a) For f(x): (— oo, o0); For g(x): (— oo, o0)
elementary function fboth pass through the point (c, f(c)), and (b) Proof  (c) Proof (d) f(x) = sinx; g(x) = cos x
the slope of the graph of P is the same as the slope of the graph 59-63. Proofs
of f at the point (c, f(c)). If P is of degree n, then the first n 65. (a) Proof  (b) Proof
derivatives of f and P agree at c. This allows the graph of P to © 3 ) 0.92
resemble the graph of f near the point (c, £(c)).
61. See “Definitions of nth Taylor Polynomial and nth Maclaurin 6 Pl 6
Polynomial” on page 638. / \
63. As the degree of the polynomial increases, the graph of the
Taylor polynomial becomes a better and better approximation s
of the function within the interval of convergence. Therefore, 67. ( 8 8
L . (@) 3 (®) 13
the accuracy is increased. . )
65. (a) f(x) = P,(x) = 1 + x + (1/2)x> + (1/6)x* + (1/24)x*
gx) = Os(x) = x + x2 + (1/2)x3 + (1/6)x* + (1/24)x° e '—.0._
0s(x) = xP,(x) .’ .
(b) glx) = Py(x) = x* — x*/3! + x0/5! o . o .
(©) glx) = Py(x) = 1 — x2/3! + x*/5! 0 0

67. (@) O,(x) = —1 + (72/32) (x + 2)?
(b) Ry(x) = —1 + (72/32)(x — 6)?
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Answers to Odd-Numbered Exercises

(c) The alternating series converges more rapidly. The partial
sums of the series of positive terms approach the sum from
below. The partial sums of the alternating series alternate
sides of the horizontal line representing the sum.

(d
M 10 100 | 1000 | 10,000
N 5 14 24 35
69. 2 71. 3
AL \
VARV -
-1 1
f(x) = cos x f) =1/(1 +x)
73. False. Leta, = (—1)"/(n2"). 75. True 77. Proof
79. @) (=1,1) () f(x) = (cg + cpx + ,x»)/(1 — x3)
81. Proof
Section 9.9 (page 662)
o0 xn o0 4 _x n
L ”204n+1 3 nZO §<T)
o) (X _ 1) o) 5 = n
.35 L 236y 923 |2k +3)
n=0 2 n=0 911:() 9
15 3
(=1.3) (-3.3) (—7’ 5)
o (_ 1) 3n+] n o |: 1 :|
11. — =T 13. — 1 |x"
2 Y aley

15. Y x"[1+ (-1 =2 2 X2 17,2 ) X
n=0 n=0
(=1, 1) (=11
o0 o) (7 l)nxn+l
_ nyn—1 N 7 T
19. nzl n(—1)"x 21. nZO P
(=11 (=1,1]
23. ) (= 1) 25. ) (—1)"(2x)*"
n=0 n=0
(-1,1) (-3.3)
27. 5
3
f
-4 8
e
-3
X 0.0 0.2 0.4 0.6 0.8 1.0
S; 0.000 | 0.180 | 0.320 | 0.420 | 0.480 | 0.500
In(x + 1) | 0.000 | 0.182 | 0.336 | 0.470 | 0.588 | 0.693
IS 0.000 | 0.183 | 0.341 | 0.492 | 0.651 | 0.833
29. (a) 8 - ) Inx,0 <x<2,R=1
" (c) —0.6931

4 (d) In(0.5); The error is
approximately 0.

37.
39.

41.

43.

45.
49.
51.
53.
55.

. 0.245

35, 2 nx" 1, —1l<x<1

n=1

E(Zn-i—l)x” -l<x<1

33. 0.125

E(n) =2. Because the probability of obtaining a head on a
single toss is 5 2, it is expected that, on average, a head will be
obtained in two tosses.

1 1
Because T+ <= Ty substitute (—x) into the geometric
series.
Because > _ 5( ! > substitute (—x) into the
1 +x 1—-(—x))

geometric series and then multiply the series by 5.
Proof 47. (a) Proof (b) 3.14

In3 =~ 0.4055; See Exercise 21.

InZ = 0.3365; See Exercise 49.

arctan% ~ (0.4636; See Exercise 52.

The series in Exercise 52 converges to its sum at a lower rate
because its terms approach 0 at a much lower rate.

57. The series converges on the interval (—35, 3) and perhaps also
at one or both endpoints.
59. /37/6 61. S, = 0.3183098862, 1/7 = 0.3183098862
Section 9.10 (page 673)
o0 (zx)n oo (— 1)n(n+1)/2( 77.),,
1. — - —
1120 n! ngo n! g 4

5.
9. S
13-

19.

21.

23.

25.

27.

33.

37.

41.

45.
47.

$ -1y 1y

n=0

o (—1)» 2n+1
CUCOL o+ setjal+ - -

=, (2n+ 1)
15. Proofs 17. Y (=1)"(n + 1x"
n=0
&1:3-5 --2n—1)x"
1+
& (—1)"1 - -(2n — 1)x2"
nzl 23"11'.
X o) ( 1)n+11 . (2]’[ — 3)xn
b+ 2 - nZQ 2"n!
o E=nte3 - (2n — 3)x2"
L+5+ ;2 2”n‘
o x2n (_])n 1 (_]);1(3x)2n+1
29. —_— 31. —_—
nZO 2'n! ,,Z | n ,,ZO 2n + 1)
o) (_ 1);142n x2n ) (_])n x3n
2 32 o
o x2n+l 1 oo (_ l)n(zx)Zn]
Lo Y
PR 2[1 2o
o) (_ l)nx2n
_ l)n 2n+2 A A x # 0
2 43. 1< 2n + 1)V
+ ! n=0
o @+ 1) 1, x=0
Proof
Py(x) = x + x> + %x3 — %xs
14
Ps
f
- T |°
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49. P,

51.

53.

59.
69.
75.

77.

79.
81.

83.
85.

87.
95,
Review Exercises for Chapter 9

1.
6.
9.

11.
17.

(x) = x —3x2 — §x3 + 55x°
4
Ps
-3 9
et \
"4
P(x) =x—x2+32x3—2x4

_])(n+l)x2n+3

E m 55. 0.6931 57. 7.3891

O 61. 1 63. 0.8075 65. 0.9461 67. 0.4872
0.2010 71. 0.7040 73. 0.3412

Py(x) = x — 2x3 + 3x°

~
N
——
|
w
—
I
1w
1w

Px)=(x—1) — i(x - 103+ i(x —1)* - 1920()6 1)°
3 1
Ys X [Zs 2]
-2 \-_, \ 4
-2
See “Guidelines for Finding a Taylor Series” on page 668.

(a) Replace x with (—x).
(c) Multiply series by x.

(b) Replace x with 3x.

Proof
(a) n (b) Proof
© S oxm=0# /()
n=0
-3 -2 -1 1 2 3 *
Proof  89.10  91. —00390625  93. 3 <k>x"
n=0 n
Proof

(page 676)

5,25,125,625,3125 3. —4. 15 e —qom 5. a

c 7. d 8. b

8 Converges to 5
L]

0 12
0

Converges to 5 13. Diverges 15. Converges to 0

1

Converges to 0 19.a,=5n — 2 21. a, =

IRGERY

23.

25.
27.

29.

31.

37.
45.
51.
57.
63.
67.

69.

71.
75.
81.

83.

89.
93.

97.

Answers to Odd-Numbered Exercises

A73

@1, 1 2 3 4
A, | $8100.00 | $8201.25 | $8303.77 | $8407.56
2 5 6 7 8
A, | $8512.66 | $8619.07 | $8726.80 | $8835.89

(b) $13,148.96
3,4.5,5.5,6.25,6.85

(a)

n 5 10 15 20 25
S, | 13.2 | 113.3 | 873.8 | 6648.5 | 50,500.3
(b) 120
L]
L]
..
offesee? 12
-10
@ 5 10 15 20 25
S, | 04597 | 0.4597 | 0.4597 | 0.4597 | 0.4597
() |
®e00000000
0 12
-0.1
3355 35 (a) Y (009001 (b)
n=0
Diverges 39. Diverges 41. 45%m 43. Diverges
Converges 47. Diverges 49. Diverges
Converges 53. Diverges 55. Converges
Converges 59. Diverges 61. Diverges
Converges 65. Diverges
(a) Proof
(b)
n 5 10 15 20 25
S, | 2.8752 | 3.6366 | 3.7377 | 3.7488 | 3.7499
© (d) 3.75
.......
..
0 12
-1
Py(x) = 1—2x+2x—*2
Pyx) =1—3x+3x2— 23  73. 3 terms
(=10, 10) 77. [1, 3] 79. Converges only at x = 2
@ (=55 ) (=55 (0 (=55 (@ [-55)

872( ) (—2.4)

n=0

Proof 85. ==
nZO 3\3

Inj~02231 91 e1/2 ~ 1 6487

2 — )n(n+l)/2< B 3£>;z
cos3 =~ 07859  95. = HEO x=
i xln3) —Z(x-i—l)"
n=0 n=0
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A74

101.
103.

107.

PS.

.(a) 1
. Proof

e N W=

11.
15.

& X
- @ ,,Zo(n +2)n!’2

. For a = b, the series converges conditionally. For no values

Answers to Odd-Numbered Exercises

1+ x/5 — 2x2/25 + 6x3/125 — 21x*/625 + - - -
& (6x)"

(a)—(c) 1 + 2x + 2x2 + %x3 105.

n=0 n!
o (_l)n(zx)2n+l
,,207(% P 109. 0

Problem Solving (page 679)
2

(b) Answers will vary. Example: 0, %,g () 0
5. (a) Proof (b) Yes (c) Any distance
nt2 ] & (n+ 1)

(b) 2 o 5.4366

n=0

of a and b does the series converge absolutely.

Proof 13. (a) Proof  (b) Proof

(a) The height is infinite. ~ (b) The surface area is infinite.
(c) Proof

Chapter 10

Section 10.1 (page 692)
1. a 2. ¢ 3. ¢ 4. b 5. f 6. d
7. Vertex: (0, 0) 9. Vertex: (—35,3)
Focus: (—2,0) Focus: (—Z, 3)
Directrix: x = 2 Directrix: x = —14*9
y y
6
4
+
S14-12-10 -8 -6 —4 =2 |
11. Vertex: (—1,2) 13. Vertex: (—2,2)
Focus: (0, 2) Focus: (—2,1)
Directrix: x = —2 Directrix: y = 3
y y
6—/
4 4T
. 22 |
SRR S N
1 Ry >
N -2
2 Nl 2 4 6
24 4T
15. > =8y +8x —24 =0 17. x> — 32y + 160 = 0
19. x2+y—4=0 21. 5x2 — 14x =3y +9=0
23. Center: (0, 0) 25. Center: (3, 1)

Foci: (O, +V 15)
Vertices: (0, +4)

e = J15/4

Foci: (3,4), (3, —2)
Vertices: (3, 6), (3, —4)

N

27.

29.
31.

35.

39.

41.
45.
49.

51.
59.

Center: (—2,3)

Foci: (*2,3 + ﬁ)
Vertices: (—2,6), (—2,0)
e=5/3

x2/36 + y2/11 = 1
(x —3)2/9 + (y — 5)?/16 = 1
. x2/16 + 7y2/16 = 1

Center: (0, 0)
Vertices: (£5, 0)
Foci: (=/41,0)

Asymptotes: y = +—x

37. Center: (2, —3)
Foci: (2 = /10, —3)

Vertices: (1, —3), (3, —3)

y

|

|~
=
|
©

+

(9]

—15+

Degenerate hyperbola
Graph is two lines: y = =3 + %(x + 1), intersecting at (—1, —3).

y

x2/1 —y?/25 =1 43. y2/9 — (x — 2)2/(9/4) = 1
y2/4 — x2/12 = 1 47. (x — 3)2/9 — (y — 2)*/4 =1
@ (6, 3):2x —3/3y —3=0

(6, —V3):2x +3/3y—3=0

M) (6, /3):9x + 23y — 60 = 0
(6, —/3):9x — 23y — 60 = 0

Ellipse 53. Parabola 55. Circle 57. Hyperbola

(a) A parabola is the set of all points (x, y) that are equidistant
from a fixed line and a fixed point not on the line.

(b) For directrix y = k — p: (x — h)> = 4p(y — k)

For directrix x = h — p: (y — k)> = 4p(x — h)

(c) If P is a point on a parabola, then the tangent line to the
parabola at P makes equal angles with the line passing
through P and the focus, and with the line passing through
P parallel to the axis of the parabola.
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61.

63.

65.

71.
73.

75.
79.

81.
87.
91.
97.

Section 10.2
1.

(a) A hyperbola is the set of all points (x,y) for which the
absolute value of the difference between the distances from
two distinct fixed points is constant.

(b) Transverse axis is horizontal:

Transverse axis is vertical:

=B (= kP _
a? b?
(b= P (= AP _

1

a? b? !

(c) Transverse axis is horizontal:
y=k+ (b/a)(x — h)andy = k — (b/a)(x — h)

Transverse axis is vertical:

y=k+ (a/b)(x — h)and y = k — (a/b)(x — h)

(a) Ellipse  (b) Hyperbola

(c) Circle

(d) Sample answer: Eliminate the y>-term.

Putnam Problem B4, 1976

(page 703)

%m 67. (a) Proof (b) Point of intersection: (3, —3)
As p increases, the graph of
x% = 4py gets wider.
[16(4 + 33 — 27]/3 = 15.536 ft2
Minimum distance: 147,099,713.4 km
Maximum distance: 152,096,286.6 km
About 0.9372 77. e = 0.9671
(a) Area = 27 (b) Volume = 87/3
Surface area = [27(9 + 4/3m)]/9 = 21.48
(¢) Volume = 167/3
476 + V/3In(2 + /3
Surface area = 77[ f3 n( f)] =~ 34.69
37.96 83. 40 85. (x —6)2/9 —(y—2)?*7=1
x =~ 110.3 mi 89. Proof
False. See the definition of a parabola 93. True 95. True

19.

23.

27.

Answers to Odd-Numbered Exercises

(x+3?2  (—2?7_
6 25

2

1

11.

15.

21.

25.

29.

A75

y=1/x, |x| =1
2
e
2
4P (1P
4 1
6
Y D DR 3¢ )
-6 -
2 2
EA
16 9
3
-1 5
-1
! >0
=, x
y x3’
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31.

33.

35.

37.
41.

45.

49.

53.
57.

61.

65.

67.

Answers to Odd-Numbered Exercises

Each curve represents a portion of the line y = 2x + 1.
Domain Orientation Smooth
(a) —co<x <o Up Yes
. dx _dy
b)) -1 =x=s1 Oscillates No, 2040 0
when
0=0,tm X2m,. . ..
c) 0 <x < oo Down Yes
d 0<x<oo Up Yes

(a) and (b) represent the parabola y = 2(1 — x?) for
—1 < x < 1. The curve is smooth. The orientation is from
right to left in part (a) and in part (b).

() u 2

S I R el B |
N N

-4 -4

(b) The orientation is reversed.

(¢) The orientation is reversed.

(d) Answers will vary. For example,

x = 2sec(—1)

y = 5sin(—1)

have the same graphs, but their orientations are reversed.
2TV 3, (X*h)QJr (y —k? _ {

x =2sect
y =5sint

y_y]=x2—x1 a? b?
x = 4t 43. x =3 + 2cos 0
y=—Tt y=1+2sin6
(Solution is not unique.) (Solution is not unique.)
x = 10 cos 0 47. x = 4sec O
y = 6sin 0 y = 3tan 6
(Solution is not unique.) (Solution is not unique.)
x=t 51. x =1t
y=6t—75; y =1
x=t+1 X = tant
y=6t+1 y = tan*t
(Solution is not unique.) (Solution is not unique.)
x=t+3,y=2t+1 5. x=ty=1

5 59. 5

-1 -1
Not smooth at § = 2nwr Smooth everywhere
4 63. 4

AN ~_ |
~

—4 —4

Not smooth at 6 = %n'n' Smooth everywhere

A plane curve C is a set of parametric equations, x = f(7) and
y = g(#), and the graph of the parametric equations.

A curve C represented by x = f(¢) and y = g(#) on an interval
I is called smooth when f” and g’ are continuous on / and not

simultaneously 0, except possibly at the endpoints of /.

69.
73.
75.

77.
79.

1.
5.

d; (4, 0) is on the graph.  71. b; (1, 0) is on the graph.
x=ab —bsinb;y =a — bcos 6

False. The graph of the parametric equations is the portion of
the line y = x when x = 0.

True
(a) x = (43& cos O)r; y =3 + (4431*0 sin 0)t — 1612
(b) 30 (C) 60
0 400 0 400
0 0
Not a home run Home run
(d) 19.4°
Section 10.3 (page 711)
-3/t 3. —1
2
% = %% = 0; Neither concave upward nor concave
downward

11.

13.

15.

17.

19.

21.

23.
27.

29.

. dy/dx = 2t + 3, d?y/dx* =2

Att = —1,dy/dx = 1, d?y/dx*> = 2; Concave upward

. dy/dx = —cot 0, d*y/dx* = —(csc 0)*/4

At 0 = /4, dy/dx = —1, d?y/dx® = — J/2/2;
Concave downward

dy/dx = 2 csc 0, d*y/dx*> = —2 cot® 6

At 0 = 7/6,dy/dx = 4, d?y/dx* = —6/3;
Concave downward

dy/dx = —tan 0, d’y/dx* = sec* Ocsc 0/3

At 0 = @/4, dy/dx = —1, d?y/dx* = 4/2/3;
Concave upward

(-2/3.3/2): 3/3x — 8y + 18 = 0

0,2): y—=2=0

(2/3.1/2): V3x+8y —10=10

0,0: 2y —x=0

(=3,-1):y+1=0
(=3,3):2x—y+9=0

(a) and (d)
8 (b) Atr =1, dx/dt = 6,
dy/dt = 2, and dy/dx = 1/3.
| Y Y
ﬁ#’%";{ () y= %x +3
-8 10
4
(a) and (d)
5 (b) Att = —1, dx/dt = =3,
s / dy/dt = 0, and dy/dx = 0.
c =2
, {//j{ - . ©y
~3
y=+43x 25.y=3x—5andy=1
Horizontal: (1,0), (=1, @), (1, —2m)

Vertical: (7/2, 1), (=37/2, —1), (57/2, 1)
Horizontal: (4, 0) 31. Horizontal: (5, —2), (3,2)
Vertical: None Vertical: None
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Answers to Odd-Numbered Exercises A77

33. Horizontal: (0, 3), (0, —3) 93. Proof
Vertical: (3,0), (—3,0) 95. (a) 2
35. Horizontal: (5, —1), (5, —3)  37. Horizontal: None
Vertical: (8, —2), (2, —2) Vertical: (1,0), (—1,0) -3 T 3
39. Concave downward: —co <t < 0 l\“w-)
Concave upward: 0 < 1 < oo -
4L Concave upward: 7 > 0 (b) Circle of radius 1 and center at (0,0) except the point
43. Concave downward: 0 < t < 7/2 (—1,0)
Concave upward: /2 <t < (c) As tincreases from —20 to 0, the speed increases, and as
45. 413 = 14.422 47. V2(1 — e ") = 1.12 t increases from O to 20, the speed decreases.
49. L[in(V/37 + 6) + 6./37| ~3249  51. 6a  53.8a e
55. (a 35 b) 219.2 ft 7|: /i :| / 7 / ”
@ o s o7, Fatee, & _ AILFO _ p00) — g 0770
' Cdx? [ Lr(@0F '
Section 10.4 (page 722)
pag
0 240
0 1. z 3. z
57. (a) : M) (0,0), (43/2/3,434/3) 1 1
(c) About 6.557 +(s.%) T (e
" i >0 — >0
2 4 6 1 2 3 4
59. (a) g s ! !
(0.8) (2/2,2/2) =~ (2.828,2.828)
/\ | /\ | 5. : ) %
= = R =0 (2250)
(b) The average speed of the particle on the second path is T °c 7T
twice the average speed of the particle on the first path. 1 ‘ ‘ o
c) 4w !
o S |
61. S=2=x 10(¢ + 2) dt = 3277/10 = 317.907 ° T
. (—4.95, —4.95) (—1.004, 0.996)
63. 5 = ZWL (sin 6 cos 6/4cos?6 + 1)db 9. z 1.
_ (55— 1x Il T
6 1 (~4.5,3.5) o1 .
~5.330 1 * &2
65. () 277/13  (b) 187/13  67. 50w  69. 12ma?/5 o o
71. See Theorem 10.7, Parametric Form of the Derivative, on page T ‘ ‘ ‘ .
706. T N
73. 6
. PRCERTRE (4.214,1.579) (2v2, 7/4), (=22, 57/4)
75. (a) S = 27TJ; g(f) <E) + <E> dt 13. y 15. y
b 54
dx 2 d 2 } } x
(b) S = 2wf 1) (E) + (ﬁ) dt esa o S
77. Proof  79.37w/2 81.d 82.b 83 f 84.c T oL
85.a 86.c 87. (3%  89. 2887 T L)
91. (a) dy/dx = sin 8/(1 — cos 6); d?y/dx* = —1/[a(cos 6 — 1)?] - T - * Ll
) y=(2+ V3)x — alw/6 — 1) + a(1 = V3/2) R
5 & > U9, D > am)3), \ T2, T
(5,2.214), (-5, 5.356) (2,4m/3), (=2, 7/3)

(©) (a2n + 1), 2a)
(d) Concave downward on (0, 27), (27, 47), etc.
(e) s = 8a
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A78 Answers to Odd-Numbered Exercises

17. y 19. y 39.x—3=0 41.
2+ 4+ Y
1 1 75
! 3 .(4’ 2) N
= T T
-1+ I+ 2+
g2 ‘ s
- i 2 3 4 i
Sl L
L . >
(3.606, —0.588) (3.052, 0.960) H— ’
(—3.606, 2.554) (—3.052, 4.102) 4. . 4. .
21. (@) (b) z ﬁ
s 1 p |, ( -\
[ ] —
3t —— >0 b 4 1 5
24 ° 1 -4 2
al @39 T 0<6<27 0<6<27
T 47 5 49. 2
IS T T
23. r=3 25. r=a -1 } 5 -3 3
H H /,./

51.

|
3
A
ES
A
3
=

A
D>
A
&
N

_2 -2
27. r=8cscd 2 " 3cos 6 — sin 6 0=6<m/2
3 H 53. x —h?+ (y — k2 =r+ i

Center: (h, k)
T / 55. J17  57. About 5.6

dy _ 2cos 0(3sin 6 + 1)

4 / Radius: A2 + k2

59.

A L s I 0 dx  6cos>0 — 2sin 6 — 3
I IR / ! (5, 7/2): dy/dx = 0
(2, m): dy/dx = —2/3
31. r =9csc? fcos 33. x2 +y2 =16 (—=1,37/2): dy/dx =0
z y 61. (a) and (b) (c) dy/dx = —1

4

I i ) /ﬂ N

63. (a) and (b) (¢) dy/dx = — /3

5

L

)

= arctan (y/x)

-1
x 65. Horizontal: (2,37/2), (3, m/6), (3, 57/6)
Vertical: (3, 77/6), (3, 117/6)
67. (5. 7/2). (1,3m/2)
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69. 7 71. Z
t t 0
. >0
. 3 4
6=20 0=m/2
73. 5 75. 3
0 0
4 3
0= m/6, w/2,57/6 0=0,7/2
77. z 79. 3
t /n\ } 0 t h } 0
k’ 4 12 2 4 6 10
81. z 83. z

87.

89. x=-1
4
-6 < E = 6
s

93

B

The rectangular coordinate system is a collection of points of
the form (x, y), where x is the directed distance from the y-axis
to the point and y is the directed distance from the x-axis to the
point. Every point has a unique representation.

The polar coordinate system is a collection of points of the
form (r, 6), where r is the directed distance from the origin O
to a point P and 6 is the directed angle, measured
counterclockwise, from the polar axis to the segment OP.
Polar coordinates do not have unique representations.

Answers to Odd-Numbered Exercises

95. Slope of tangent line to graph of r = £(6) at (r, 6) is
dy _ f(6)cos 6 + £(0)sin 0

dx  —f(6)sin 6 + f(O)cos 0
If f(a) = 0 and f'(«) # 0, then # = « is tangent at the pole.

97. (a)

©

O

z

99. Proof

T
2
——D 0
1 2
2
} t 0
\ 1 2

101. (a) r = 2 — sin(6 — 7/4)

V2(sin 6 — cos 6)
2

=2 —
A,
L/

-6 \_\_ 6
-4
103. (a) z
+ t 0
1 2
105. 3
T
-3
= m/2
107. 2
0
-3 i 3
72

-2

= arctan 3 ~ 18.4°

(b)

n

2

(b) r=2+ cos 6

4

—,

A
W

—4

(d r=2-—cosb

(b)

Sy
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A80

109.

Section 10.5

Answers to Odd-Numbered Exercises
16 111. True
-20 / i\ 22

-12

¥ = /3, 60°

113. True

(page 731)

/2 1 3m/2
1. SJ sin 6 d6 3. *f (3 — 2sin 0)2do 5. 97
0 2 /2
7. w/3 9. /8 11. 37/2 13. 277 15. 4
17. 2 19. 35
-1 4
-3 3
) -05
(27— 33)/2 (27 - 3V3)/2
21. 2 23. 2
-9 9
-1 4
) ~10
T+ 33 97 + 273
25. (1, 7/2), (1, 37/2),(0,0)
2— V2 3%\ (24 V2 I
27.( 3 ,4),< 5 ,4>,(o,0)
3 @\ (3 57
29. (57 g>, (5, ?>, (0,0) 31, (2,4), (=2, —4)
33. 4 r=cos 6 35.
-4 ( 4 5
S[r=2-3sin6
(0, 0), (0.935, 0.363),
(0.535, —1.006)
The graphs reach the pole
at different times (6-values).
37. 6 [r=—3+2sin0

39. s[r=4sin6

-15

w/3 + J3/2

43.
47.

49.

51.
57.

61.

63.
69.

71.

73.
75.

77.

Sma*/4 45. (a?/2)(m — 2)
(@) (2 +y?)32 = ax?
(b) :

a=4

'/

a=6
\

(c) 157/2
The area enclosed by the function is 7a?/4 if n is odd and is
ma?/2 if n is even.

167 53. 47 55. 8
4 59. 0.5
-0.5 0.5
) > 2 .
- -0.5
About 4.16 About 0.71
1

I 2
N

-1

About 4.39

27/ 1 + a?
1 + 4a?
You will only find simultaneous points of intersection. There
may be intersection points that do not occur with the same
coordinates in the two graphs.

(a) Circle of radius 5

367 65.

(e™ —2a)  67.21.87

(b) Circle of radius 5/2
Area = 257

[SIE]

4072

(a) 167

(b)

6| 0.2 0.4 0.6 0.8 1.0 1.2 1.4
A | 632 | 12.14 | 17.06 | 20.80 | 23.27 | 24.60 | 25.08

(c) and (d) For j of area (47 =~ 12.57): 0.42
For } of area (877 =~ 25.13): 1.57(m/2)
For 3 of area (127 =~ 37.70): 2.73
(e) No. The results do not depend on the radius. Answers will
vary.
Circle
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79. (a) 12

=

-1

The graph becomes larger and more spread out. The graph
is reflected over the y-axis.
(b) (anm, nm), wheren =1,2,3,. . .
(c) About21.26  (d) 4/3=3
81. r= /2cos 0
83. False. The graphs of f(6) = 1 and g(6) = —1 coincide.
85. Proof

Section 10.6 (page 739)

1. 4 3. e=1.0 4 €=05

e:(;;\\\/g= 1.5\/
N
Y N 8 -8 o=

Answers to Odd-Numbered Exercises

17. e =2 19.
Distance = %
b >0
4\6 8
Hyperbola
2. e =3 23.

Distance = 50

_ 1
€ =3
Distance = 6

ST

Ellipse

_1
€ =3

gij}? \ e=1.5
- Rl B

(a) Parabola
(b) Ellipse
(c) Hyperbola

(a) Parabola
(b) Ellipse
(c) Hyperbola

5. (a) 5 ¢=0.1 (b) 5
_30 30 -30 o 3C
e=025
e=0.5
e=075
Ne=09
—40 -40
Ellipse Parabola

As e— 17, the ellipse
becomes more elliptical,
and as e— 07, it becomes
more circular.

(c) g0 e=1.1
“Te=15
N
-90 90
A e
Hyperbola -

As e— 17", the hyperbola opens more slowly, and as
e — 00, it opens more rapidly.

Parabola

7. ¢ 8. f 9. a 10. e 11. b 12. d
13. e =1 15. e =3
Distance = 1 Distance = %
: :
- //
T \< 0 74}*»0

Hyperbola

29.

33.
37.
41.
45,
. If 0 < e < 1, the conic is an ellipse.

49.

51.
53.
57.
61.

217.

\

-8

Parabola Rotated 77/3 radian
e=1 counterclockwise.
5 31. r = 8

LC N
<

%

-3
Rotated 77/6 radian clockwise.

— sin 6)

43. r =9/(4 — 5sin 0)

r=3/(1 — cos 6) 35. r=1/(2 + sin 6)
r=2/(1 + 2cos 6) 39. r=2/(1
r=16/(5 + 3 cos 6)

r=4/(2 + cos )

If e = 1, the conic is a parabola.
If e > 1, the conic is a hyperbola.

—16

A81

12

8 + 5005(0-%%)

1 — (25/9) cos? 6

If the foci are fixed and e¢—0, then d—oo. To see this,
compare the ellipses
_ap 1

T (120 g0 ¢~ @ = 1and
po 6 1

1 + (1/4)cos & 4 4
Proof

9

2 = - 2 =
F ST (6/25) o0 T
About 10.88 59. 3.37

7979.21 ; 11,015 mi

1 —0.9372 cos 6
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A82 Answers to Odd-Numbered Exercises

63 r— 149,558,278.0560 13. Parabola 15. y2 =4y — 12x +4 =0
1 — 0.0167 cos 6 Vertex: (3, —1)
Perihelion: 147,101,680 km Focus: (3, 1)
Aphelion: 152,098,320 km Directrix: y = —3
65. r — 4,497,667,328 e =

~ 1 — 0.0086 cos 6 v
Perihelion: 4,459,317,200 km
Aphelion: 4,536,682,800 km

67. Answers will vary. Sample answers:
() 3.591 x 10'® km?; 9.322 yr

(b) & = 0.361 + 7r; Larger angle with the smaller ray to 6 810
generate an equal area
(c) Part (a): 1.583 x 10° km; 1.698 x 10% km/yr
. 9 . 8 2 2 — 2 _ 2
Part (b): 1.610 x 10° km; 1.727 x 108 km/yr S PO € ) )
69. Proof 49 24 5 9
i i STND SO S R S s O
Review Exercises for Chapter 10 (page 742) “61 16 49 )
Le 2c¢ 3b 4d 5a 6f 25. (a) (0,50) (b) About 38,294.49
7. Circle 27. 29.
Center: (5, —3) °T ™
Radius: 1 \2\ i:
. 3
T e X >
ul -2+ 1
-4t s
; — . N ol -3 -2 -171” 12 3
-1 ( 1 2
LG
9. Hyperbola Y

Center: (—4,3)
Vertices: (—4 + /2, 3)
Foci: (=4 + /5, 3)

N
2 - x2+y2 =136 (x—22—-(y=-32=1
AsymPtOt‘? 35. x=ty=4r+3x=1+1,y=4r+7
3 Solution is not unique.)
=3+ 2= (x + 4); (Solution is not unique.
’ VoA 37. 5

v=3-Lar } Y 8
B N

Vertices: (2, =3 + /2/2) -8
dy 4 d?
1 L= = 22
e= 3 » dx 5 dx?
d 4 d?
Y At t =3, jﬁ = 5 chz = 0; Neither concave upward or
i S S S concave downward
it dy d?y
41. — = =22, — =47
ol 2,-3) dx dx?
2
34 Atr= —1, % = =2, % = —4; Concave downward
“T d d?
43. d—i = —4 cot e,gﬁ = —dosc 0

2
At 9 = E, @ _ —4./3, %y _ —32; Concave downward
6 dx dx?
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Answers to Odd-Numbered Exercises A83

2 — — _1
45.@: —4tan9,ﬂ—ﬁsec4ﬂcscﬂ 75+ (y -3 =9 77y =3
dx dx*> 3 y v
_wdy d> 1283 ) A
At 0 = e 4.3, 2= 9 Concave upward

47. (a) and (d)

-\-\—_h\_""‘-\-\_\
_"‘“—\ﬁ_,./lll

-3 3 > x
4
(b) dx/d6 = —4,dy/do = 1, dy/dx = —+
1,33
(©y= 7~ + 4 \
49. Horizontal: (5, 0) 51. Horizontal: (2,2), (2, 0) - -
\l/ertlcalz None Vertical: (4, 1), (0, 1) . 3 20\ (3 dn
53. £(145%2 — 1) = 32315 83. Horizontal: >3 P 33
55. (a) s = 127w/ 10 = 119.215 57. A =3nw | 15
) s = 4710 =~ 39.738 Vertical: |, g) 2, m), (5, {)
59, z 61. ¢
1 85. 3 87. Circle
SR R A R b (/3150 H
I | 0
1 2 3 4 T
T } } . B W e arael
* (5,7) ! 2 4
Rectangular: (0, —5) Rectangular: (0.0187, 1.7320) )
. T 27 T
63. ! 65. , =0, T "
0 3’3
i+ 1303+ .
‘ L 1 89. Line 91. Rose curve
‘ 12 3 4 s r 1
o4 14 2 2
-2+ —— . —_— -
-3 -2 -1 1 2 3
-34 1t |
4+ ° 2+
s =4 Sl — 0 o0
(4/5, 7;) (—4/2 3;) (V/10, 1.89), (- /10, 5.03) s
67. r =5 69. r=9csc O 93. Limagon 95. Rose curve
: : : :
| /)6 0 T A )2 =0 | =0
+ it >0
T 1 2 4 6 L 1
73. x> +y>=3x=0 9 9
. 97. 20 99. > 101. 4
3 103. 6 105. 6
2
1 -12 6 -12 6
N S
-1
o -6 -6
T - 97 — —27f 97 + 273
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A84

ﬂ37‘r><
s =R
107 (l 24 )

Answers to Odd-Numbered Exercises

V2 777)’ 0.0 57

R 109.7

/2
111. S = 277f (1 4 4 cos 6) sin 6/17 + 8 cos 0dO
0
= 347/17/5 =~ 88.08

113. Parabola
e = 1; Distance = 6;

117. Hyperbola
e = %; Distance = %;
3
0
2 3 4
4
119. r = m 121.
5
123. 1= 3 —2cos 6
PS. Problem Solving

(b) and (c) Proofs

115. Ellipse
e = %; Distance = 3;

9

r:1+3sin9

(page 745)
3. Proof

5. (@) y* = (1 = /(1 + )]

(b) r = cos 26 - sec 0
(©)

@dy=xy=—x

© <f52—1 . J5 -

T2

NS

7. (a)

9.
13.
15.

17.

Generated by Mathematica

(b) Proof
() a,2m

A=j%ab 11 r? = 2cos 26

d (
= — ,((7/4)—6) > =
r \/Ee ,0=

(a) r = 2atan 6sin 6

(b) x = 2at*/(1 + 12)

y =2at’/(1 + 1?)

() y* =x%/(2a = x)
4

4
n=-5 n=-4
-6 6 -6 6
—4 —4
4 4
n=-3 n=-2
-6 6 -6 I:’:’/ 6
—4 —4
4 4
n=-1
n=0
-6 Sy 6 -6 S 6
-4 -4
4 4
n=1 .1 =2
-6 E_,- 6 -6 T 6
—4 —4
4 4
-6 U___H 6 -6 ,U__,/ 6
—4 —4
4
—4
n=1,2,3,4,5 produce “bells”; n = —1, =2, —3,

produce “hearts.”

—4,-5
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