
Chapter 1

Section 1.1 ■ page 10

1. (a) 50 (b) 0, �10, 50 (c) 0, �10, 50, , 0.538,
(d) 2. (a) (b) �11, 11,

(c) 1.001, , �11, 11, (d) �p
3. Commutative Property for addition
4. Commutative Property for multiplication
5. Associative Property for addition
6. Distributive Property
7. Distributive Property
8. Distributive Property
9. Commutative Property for multiplication
10. Distributive Property 11. 3 � x 12.
13. 4A � 4B 14. 15. 3x � 3y 16. 8a � 8b
17. 8m 18. �8y 19. �5x � 10y
20. 3ab � 3ac � 6ad 21. (a) (b) 22. (a) (b)
23. (a) 3 (b) 24. (a) (b)
25. (a) (b) 6 26. (a) (b) 3 27. (a) � (b) �
(c) � 28. (a) � (b) � (c) � 29. (a) False (b) True
30. (a) True (b) False 31. (a) False (b) True
32. (a) False (b) True 33. (a) x � 0 (b) t � 4
(c) a � p (d) �5 � x � (e)
34. (a) y � 0 (b) z � 1 (c) b � 8 (d) 0 � „ � 17
(e) 35. (a) {1, 2, 3, 4, 5, 6, 7, 8}
(b) {2, 4, 6} 36. (a) {2, 4, 6, 7, 8, 9, 10} (b) {8}
37. (a) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} (b) {7}
38. (a) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} (b) �
39. (a) (b)
40. (a) (b)

41. �3 � x � 0 42. 2 � x � 8

43. 2 � x � 8 44. �6 � x �

45. x � 2 46. x � 1
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47.

48.

49.

50.

51.

52.

53. (a) (b) 54. (a) (b)

55. 56.

57. 58.

59. 60.

61. (a) 100 (b) 73 62. (a) (b) 10 � p
63. (a) 2 (b) �1 64. (a) 10 (b) �1 65. (a) 12
(b) 5 66. (a) (b) 1 67. 5 68. 4 69. (a) 15 (b) 24

(c) 70. (a) (b) 19 (c) 0.8 71. (a) (b)

(c) 72. (a) (b) (c)
73. Distributive Property
74. TO � TG: �9, �3, 0, 5, 8, 1, �1

: 9, 3, 0, 5, 8, 1, 1
TO � TG gives more information because it tells us which
city had the higher (or lower) temperature.

75. (a) Yes, no (b) 6 ft

Section 1.2 ■ page 21

1. 5�1/2 2. 72/3 3. 4. 5. 53/5 6.

7. 8. x�5/2 9. (a) �9 (b) 9 (c) 1 10. (a)
(b) 1000 (c) 27 11. (a) 4 (b) (c) 16 12. (a)
(b) (c) 13. (a) 4 (b) 2 (c) 14. (a) 8 (b) �4
(c) �2 15. (a) (b) (c) 16. (a) 14 (b) 4
(c) 6 17. (a) (b) 4 (c) �4 18. (a) (b) (c) 512
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A2 Answers to Exercises and Chapter Tests

19. 5 20. 3 21. 14 22. 23. 24.
25. 26. 27. a 4 28. 12y 7 29. 6x 7y 5

30. 216y 3 31. 16x 10 32. 33. 4/b 2 34. 8s 9t 3

35. 64r 7s 36. 37. 648y 7 38. 39. 40.

41. 42. 43. 44. 45. 46. x 2

47. 2x 2 48. xy 2 49. 50. 51.

52. 53. x 13/15 54. x 55. 56. �10a9/4

57. 16b 9/10 58. 59. 60. 8x 9y 12 61. y 1/2

62. 63. 64. 65. 66.

67. 68. 69. 70.

71. (a) 6.93 	 107 (b) 7.2 	 1012 (c) 2.8536 	 10�5

(d) 1.213 	 10�4 72. (a) 1.2954 	 108 (b) 7.259 	 109

(c) 1.4 	 10�9 (d) 7.029 	 10�4 73. (a) 319,000
(b) 272,100,000 (c) 0.00000002670 (d) 0.000000009999
74. (a) 710,000,000,000,000 (b) 6,000,000,000,000
(c) 0.00855 (d) 0.0000000006257 75. (a) 5.9 	 1012 mi
(b) 4 	 10�13 cm (c) 3.3 	 1019 molecules
76. (a) 9.3 	 107 mi (b) 5.3 	 10�23 g (c) 5.97 	 1024 kg
77. 1.3 	 10�20 78. 9.14 	 1043 79. 1.429 	 1019

80. 6.3 	 1038 81. 7.4 	 10�14 82. 3.19 	 10�106

83. (a) (b) (c)

84. (a) (b) (c)

85. (a) (b) (c)

86. (a) (b) (c)

87. (a) Negative (b) Positive (c) Negative (d) Negative
(e) Positive (f) Negative 89. 2.5 	 1013 mi 90. min
91. 1.3 	 1021 L 92. $25,530 93. 4.03 	 1027 molecules
94. 41.3 mi 95. (a) 28 mi/h (b) 167 ft 96. 1.5 	 1011 m
97. (a) 17.707 ft/s (b) 1328.0 ft3/s

Section 1.3 ■ page 31

1. Trinomial; x 2, �3x, 7; 2 2. Binomial; 2x 5, 4x 2; 5
3. Monomial; �8; 0 4. Monomial; ; 7 5. Four terms;
�x 4, x 3, �x 2, x; 4 6. Binomial; , ; 1 7. 7x � 5
8. �3 � x 9. 5x 2 � 2x � 4 10. x 2 � 4x � 6
11. x 3 � 3x 2 � 6x � 11 12. 7x � 5 13. 9x � 103
14. x 2 � 6x � 17 15. �t 4 � t 3 � t 2 � 10t � 5
16. �3t 2 � 21t � 22 17. x 3/2 � x 18. x 2 � x
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x
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14 3315 3
9137121

144
19. 21t 2 � 29t � 10 20. 12x 2 � 25x � 7
21. 3x 2 � 5xy � 2y 2 22. 8x 2 � 14xy � 15y 2

23. 1 � 4y � 4y 2 24. 9x 2 � 24x � 16

25. 4x 4 � 12x 2y 2 � 9y 4 26.

27. 2x 3 � 7x 2 � 7x � 5 28. 2x 3 � 5x 2 � x � 1
29. x 4 � a 4 30. x � y 31. a � 1/b 2 32. h 2

33. 1 � 3a 3 � 3a 6 � a 9 34. 1 � 6y � 12y 2 � 8y 3

35. 2x 4 � x 3 � x 2 � 3x � 2
36. 3x 5 � 7x 4 � x 3 � 3x 2 � 4x � 2 37. 1 � x 2/3 � x 4/3 � x 2

38. 1 � 2b 2 � b 4 39. 3x 4y 4 � 7x 3y 5 � 6x 2y 3 � 14xy 4

40. x 6y � x 5y 2 � x 4y 3 � x 2y 5 � xy 6 � y 7

41. x 2 � y 2 � 2yz � z 2 42. x 4 � y 2 � 2yz � z 2

43. 44.
45. 46.
47. 48.
49. 50.
51. 52.
53. 54.
55. 56.
57.
58. 59.
60. 61.
62.
63. 64.
65. 66.
67. 68.
69. 70.
71. 72. 73.
74. 75.
76. 77.
78. 79.
80. 81.

82. 83. 4ab 84.

85.
86.
87.
88.
89.
90. 91.
92. 93.
94. 95.
96. 97.
98.
99.
100.
101.
102.
103. 104.
105. (d) 1a � b � c 2 1a � b � c 2 1a � b � c 2 1b � a � c 22x�1/213x � 4 2�1/21x2 � 3 2�4/3A13 x2 � 3B12x � 1 2 21x � 3 2�1/2A7x �  35 

2 B21x2 � 4 2 41x � 2 2 317x2 � 10x � 8 21a � 1 2 1a � 3 2 1a � 1 2 21a � 2 2 1a � 2 2 1a � 1 2 1a � 1 2y41y � 2 2 31y � 1 2 2 31x � 1 2 1x � 2 21x2 � 2 2 13x � 5 2 12x2 � 1 2 1x � 2 21x � 3 2 1x � 1 2 1x � 1 2 1y � 2 2 1y � 2 2 1y � 3 23x1x � 3 2 1x � 3 2 x1x � 1 2 213a � b2 2 19a2 � 3ab2 � b4 21x2 � 2y 2 1x4 � 2x2y � 4y2 21x2 � 4 2 1x4 � 4x2 � 16 212x � 5 2 14x2 � 10x � 25 21a � 1 2 1a � 1 2 1b � 2 2 1b � 2 21x � 3 2 1x � 3 2 1x � 1 2 1x � 1 2 4
x

17 � 2y 2 17 � 2y 2 12x � 5 2 12x � 5 21x � 6 2 1x � 6 2 15s � t 2 21r � 3s 2 2 13x � 2 2 12x � 3 291x � 5 2 1x � 1 2 12x � 3 2 1x � 1 21y � 3 2 1y � 5 2 1x � 4 2 1x � 2 2ab15 � 8c 26x12x2 � 3 2 x1/31x � 2 2�1/31�3x � 4 21x2 � 3 2 1x2 � 1 2�1/2
x�3/21x � 1 2 2x1/21x � 1 2 1x � 1 2 1x � 1 2 1x4 � 1 21x � 1 2 1x2 � 1 2 13x � 1 2 11 � 3x2 212x � 1 2 1x2 � 3 213x � 1 2 1x2 � 2 21x � 4 2 1x2 � 1 214z � 3 2 2 1x � 6 2 212s � 5t2 2 14s2 � 10st2 � 25t4 213x � y 2 19x2 � 3xy � y2 21x � 1 2 1x � 5 213a � 4 2 13a � 4 2 12a � 2b � 1 2 1a � b � 3 213x � 4 2 13x � 8 2 1y � 3 2 16y � 7 212x � 5 2 14x � 3 2 1x � 1 2 1x � 5 21x � 1 2 1x � 3 2 7xy21�x3 � 2y � 3y2 2xy12x � 6y � 3 2 1z � 2 2 1z � 3 21y � 6 2 1y � 9 2 2x21x2 � 2x � 7 22x1�x2 � 8 2

c2 � 2 �
1

c2
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Answers to Section 1.5 A3

Section 1.4 ■ page 41

1. � 2. � 3. x 
 4 4. t 
 �2 5. x � �3 6. x � 1

7. 8. 9. 10.

11. 12. 13. 14.

15. 16. 17. 18.

19. 20. 21. 22. x 23.

24. 25. 26. 1 27.

28. 29. 30. 31. 32.

33. 34.

35. 36. 37.

38. 39. 40.

41. 42. 43.

44. 45.

46. 47.

48. 49.

50. 51. �xy 52. 53.

54. 55. 56. �1 57.

58. 59. 1 60. 61.

62. 63.

64. 3x 2 � 3xh � h 2 � 7 65. 66.

67. 68. 69.

70. 71. 72.

73. 74. 75.

76. 77. 78. 211x � 1y 2y13 � y1y

3 � y

1x � 1

x � 1

2117 � 12 2
5

3 � 15

2
2 � 13

7 � 3
2 x17 � 3x 2 3/2

2x � 31x � 1 2 4/3

111 � x2 2 3/2

x � 21x � 1 2 3/2

2x16 � x 21x � 6 2 51x � 2 2 21x � 13 21x � 3 2 3
` x3 �

1

4x3 `1

21 � x2

�312 � x 2 12 � x � h 2�13x2 � 3xh � h2 21x � h 2 3x3

�1

a1a � h 2am�n

bm�n

1x � y 2 2
xy

y � x

xy

3x � 7

x2 � 2x � 1

3 � 2x

2 � x

c

c � 2

x3

x2 � y2

x2 � x � 41x � 1 2 1x � 1 2 2
�51x � 1 2 1x � 2 2 1x � 3 2�2x � 11x � 3 2 1x � 2 2

5x � 6

x1x � 1 2x2 � 6x � 41x � 1 2 1x � 2 2 1x � 4 2
x � 21x � 3 2 1x � 3 221x � 1 21x � 2 2 1x � 2 2

2x � 71x � 3 2 1x � 4 2x2 � x � 1

x3

2x � 1

x21x � 1 2
2b2 � 3ab � 4a2

a2b2

u2 � 3u � 1

u � 1

215x � 9 212x � 3 2 2
3x � 21x � 1 2 2x2 � 3x � 121x � 4 2 1x � 6 211x � 1 2 1x � 2 2

2x1x � 1 2 1x � 1 23x � 71x � 3 2 1x � 5 2
x � 5

x � 4

31x � 2 2
x � 3

xz
y

x

yz
x � 2

x � 1

x21x � 1 212x � 1 2 12x � 1 21x � 5 2 22x � y

x � 2y

x � 4

x � 1

1

t2 � 9

1 � x

x � 1

x � 3

3 � x

x � 5

x � 4

1

41x � 2 2�1x � 1 2
x2 � x � 1

x12x � 3 2
2x � 3

1y � 6 2 1y � 3 212y � 3 2 1y � 1 2y

y � 1

x � 4

x � 2

x � 2

x � 1

x � 2

x � 1

1

x � 2

x � 1

31x � 2 2x � 2

21x � 1 2
79. 80. 81.

82. 83.

84. 85. True 86. False 87. False

88. False 89. False 90. False 91. True 92. True

93. (a) (b) 94. $56.10, $31.20,

$16.50, $12.00, $10.50, $12.00, $16.50

Section 1.5 ■ page 55

1. (a) No (b) Yes 2. (a) Yes (b) No 3. (a) Yes
(b) No 4. (a) Yes (b) No 5. 12 6. 7. 18 8. 6

9. �3 10. 11. 12 12. �70 13. 14. 15. 30

16. 17. 18. 19. 20. 21. �2 22.

23. 24. 25.

26. 27.

28. 29.

30. 31.

32. 33.

34. 35.

36. 37. �4, 3 38. �4, 1

39. 3, 4 40. �6, �2 41. � , 42. �3, � 43.
44. , 45. 46.

47. , 48. , 49. 50.

51. 0, 52. 53. �3, 5 54. �20, �10

55. 56. 57. , 1 58. , �1

59. 60. 61. , 62. No real solution

63. 64. 65. ,

66. No real solution 67. 68. No real solution
69. 2 70. No real solution 71. 1 72. 2
73. No real solution 74. 2 75. � , 2 76. � , 5
77. �50, 100 78. No real solution 79. �4 80.
81. 4 82. 4 83. 3 84. 21 85. �2 12, �15

�4, �7
3

3
2

7
5

� 
7
5

16

6
� 

16

2

15 � 1

2

�5 � 113

2

1
2� 

9
2

3
4

1 � 15

4

� 
4
3� 

3
23 � 212

�3 � 15

2

3 � 115

2
1
4

1 �
213

3
�2 �

114

2
1
2

1
4

1
2� 

7
2

2 � 12�1 � 167
3� 

3
2

�2, 13
1
2

5
2

3
2

n �
�1 � 11 � 8S

2

t �
�√0 � 2√ 2

0 � 2gh

g
i � �100 � 1002A/P

b � �2c2 � a2r � � BG 

mM

F

r � � B
3V

ph
a � 1

2 1b2 � b 2
x �

1 � a

a2 � a � 1
x �

�6 � a � 2b � 6c

6

x �
2d � b

a � 2c
„ �

P � 2l

2

R1 �
RR2

R2 � R
m �

Fr 2

GM
R �

PV

nT

� 
1
2

11
2

13
3

13
6� 

1
3

1
17

21
11� 

3
4

5
2

7
5

20
3 � 6.7 ohms

R1R2

R1 � R2

1

1x � 1 � 1x

1

2x2 � 1 � x

�1

1x1x � h11x � 1x � h 2
r � 2

511r � 12 2�1

13 � 15

�4

311 � 15 2
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A4 Answers to Exercises and Chapter Tests

86. �2, �1, 1, 2 87. No real solution 88. �1,
89. 90. 256 91. �1, 0, 3 92. 2
93. 27, 729 94. 4, 9 95. 96. �2,
97. 3.99, 4.01 98. No real solution 99. 4.24 s
100. (a) 1.732 s (b) 2.449 s 101. (a) After 1 s and s
(b) Never (c) 25 ft (d) After s (e) After s
102. 80 ft/s 103. (a) 0.00055, 12.018 m (b) 234.375 kg/m3

104. 12 cm 105. (a) After 17 yr, on Jan. 1, 2019
(b) After 18.612 yr, on Aug. 12, 2020 106. 89 days
107. 50 108. 215,000 mi 109. 132.6 ft

Section 1.6 ■ page 68

1. 3n � 3 2. 3n 3. 4. 5. 0.025x

6. 795n 7. A � 3„ 2 8. 4„ � 10 9. 10.

11. 12. 131p � 140 13. 51, 52, 53

14. 101, 103, 105, 107 15. 19 and 36
16. �26, �24 or 24, 26 17. $9000 at % and $3000 at 4%
18. $2000 19. 7.5% 20. 6% 21. $7400 22. $32,500
23. $45,000 24. 8 h 25. Plumber, 70 h; assistant, 35 h
26. 714 27. 40 years old 28. 12 29. 9 pennies, 9 nickels,
9 dimes 30. 5 quarters, 10 dimes, 15 nickels 31. 6.4 ft from
the fulcrum 32. 1200 lb 33. (a) 9 cm (b) 5 in.
34. (a) (b) 48 cm 35. 45 ft 36. 240 ft
37. 120 ft by 120 ft 38. 66 ft by 330 ft 39. 25 ft by 35 ft
40. 12 ft 41. 60 ft by 40 ft 42. 120 ft by 126 ft
43. 120 ft 44. 35 yd 45. 4 in. 46. 30 ft; 120 ft by 180 ft
47. 18 ft 48. 32 ft 4 in. 49. 5 m 50. 95 ft 51. 4
52. 200 mL 53. 18 g 54. 2.4 L 55. 0.6 L
56. 3.06 gal 57. 35% 58. 48 lb of $3.00/lb tea, 32 lb of
$2.75/lb tea 59. 37 min 20 s 60. 120 min 61. 3 h
62. 40.5 h for Jim’s hose, 32.4 h for Bob’s hose
63. Irene 3 h, Henry 64. 3 h 65. 4 h
66. 15 mi/h; 30 mi/h 67. 500 mi/h 68. 55 mi/h
69. 50 mi/h (or 240 mi/h) 70. 50 mi/h 71. 6 km/h
72. 9 mi/h 73. 2 ft by 6 ft by 15 ft 74. 4.63 mm 75. 13 in.
by 13 in. 76. 4 cm 77. 2.88 ft 78. 49 ft, 168 ft, and 175 ft
79. 16 mi; no 80. 440 ft or 720 ft 81. 7.52 ft 82. 27.4 in.
83. 18 ft 84. 169.1 in., 190.9 in. 85. 4.55 ft

Section 1.7 ■ page 84

1. 2. 3. {4} 4.
5. {�2, �1, 2, 4} 6.
7. 8.

9. 10.

72

37,  q 21�q,  2 4 −24

1�q,  �2 214,  q 2 5�1, 0, 12, 16 512, 2, 4651, 12, 2, 46512, 2, 46

4 
1
2 h

4 13 � 8.94 in.

4 
1
2

25

x � 3

d

55
d � 3

4 s

24 � q

4

160 � s

3

2 
1
21 

1
4

1 
1
2

�4
3�3

2, 
3
2

�3 13, �2 12
13 3 11. 12.

13. 14.

15. 16.

17. 18.

19. 20.

21. 22. 33,64
23. 24.

25. 26.

27. 28.

29. 30.

31. 32.

33. 3�3, 64 34.

35. 36.

37. 38.

39. 40.

41. 42.

43. 44.

−2 310

1�q,  �2 4 � 31,  3 41�q,  q 2 −3 32−2

1�q,  �3 4 � 33,  q 21�2,  2 2 −3 1−3 6

1�q,  �3 2 � 11,  q 21�q,  �3 2 � 16,  q 2
−2 1

2
4−1

A�q,  �2 4 � 3 12,  q B1�1,  4 2
−1 21

2
−1

1�1,  2 2A�q,  �1 4 � 3 12,  q B −3 −26−3

1�q,  �3 2 � 1�2,  q 2
0 2

3
0− 7

2

A�q,  0 4 � 3 23,  q B1�q,  � 
7
2 4 � 30,  q 2 −4 5−2 3

1�q,  �4 4 � 35,  q 21�2,  3 2
13
6

11
12

21
2

15
2

3 11
12,  

13
6 4A15

2 ,  
21
2 4

13
6−10

3−9
2

5

3� 
10
3 ,  � 

13
6 43 92,  5B −1 462

1�1,  4 412,  6 2 3 6−1−3

3�3,  �1 2 11−1 0

1�q,  11 41�q,  �1 4 1
3−−18

A�q,  
1
3 41�q,  �18 2

1
3−16

3

A�q,  � 
1
3BA16

3 ,  q B −11

1�q,  �1 431,  q 2
5
2

1
2

−

A�q,  
5
2BA�q,  � 

1
2B
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Answers to Section 1.8 A5

45. 46.

47. 48.

49. 50.

51. 52.

53. 54.

55. 56.

57. 58.

59. 60.

61. 62.

63. 3�4, 44 64.

65. 66.

67. 32, 84 68.

69. 31.3, 1.74 70.

71. 72.

73. 74.

75. 76.

77. 78. 79.

80. 81. 82. 83.

84. 85. 86. 0 x � 2 0 � 10 x � 1 0 � 30 x 0 � 4

0 x 0 � 30 x 0 � 10 x 0 � 20 x � 2 0 � 4

0 x � 7 0 � 50 x 0 � 20 x 0 � 3

− 1
2

3
2

1�q,  q 23� 
1
2,  

3
2 4 −1−3−5.999−6.001

1�q,  �3 4 � 3�1,  q 21�6.001,  �5.999 2 7−98−4

1�q,  �9 4 � 37,  q 21�4,  8 2 − 4
5

8
5

1.71.3

A� 
4
5,  

8
5B 0−282

1�q,  �2 4 � 30,  q 22−2− 7
2

7
2

1�q,  �2 4 � 32,  q 2A�q,  � 
7
2B � A72,  q B 5−54−4

1�5,  5 211−1

11,  q 21�q,  �1 2 � 11,  q 2 −2 −13
2−− 1

2
2−3

1�q,  �2 2 � 3� 
3
2,  �1BA�3,  � 

1
2B � 12,  q 2 9−2 −1310−2

3�2,  �1 2 � 39,  q 23�2,  0 2 � 11,  3 4 210−210−1−2

3�2,  0 2 � 11,  2 43�2,  �1 2 � 10,  1 4 −1 02
3−20−2

1�q,  �1 2 � A� 
2
3,  0B1�2,  0 2 � 12,  q 2 30165

30,  3 21�q,  5 2 � 316,  q 2 35
3

3
2

−

A�q,  
5
3B � 13,  q 2A�q,  � 

3
2B 2−33−1

1�3,  2 21�q,  �1 2 � 33,  q 2 −4 4020−2

3�4,  0 4 � 34,  q 21�2,  0 2 � 12,  q 2
87. 88. 89. x � �2 or x � 7

90. �2 � x � 1 91. (a)

(b)

93. 68 � F � 86 94. 10 � C � 35 95. More than 200 mi
96. Less than 286 min 97. Between 12,000 mi and 14,000 mi
98. Between 40 and 50 mi/h 99. Distances between 20,000 km
and 100,000 km 100. Distances greater than 30 m
101. Between 0 and 60 mi/h 102. Between 400 and 4400 units

103. (a) (b) From 20 �C down to �30 �C

104. (a) (b) From $215 to $290
105. 24 106. Between 20 and 40 ft
107. (a) (b) 0.017 � x � 0.023
108. Between 62.4 and 74.0 in.

Section 1.8 ■ page 97

1.

2. , , , , , ,
, 3. (a) (b) 4. (a) 5

(b) 5. (a) 10 (b) 6. (a) (b)
7. (a) 8. (a)

(b) 10 (c) (b) 13 (c)
9. (a) 10. (a)

(b) 25 (c) (b) (c) 14,  4 21012A12,  6B
6−6

−6

6
(−1, −1)

(9, 9)

y

x6

(−3, −6)

(4, 18)

−6

6

y

0 x

A4,   
5
2B13,  12 2
4

4

0

(−2, 5)

(10, 0)

y

x8

(0, 8)

(6, 16)

−8

8

y

0 x

11,  �2 2211011,  0 2A0,  
1
2B A32,  1B113H12,  �2 2G1�1,  �3 2 F1�2,  0 2E1�4,  �1 2D1�6,  2 2C1�2,  6 2B11,  2 2A15,  1 2

5

(−4, 5)

(−4, −5) (4, −5)

(−2, 3) (2, 3)

(4, 5)

−5

−5

5

y

0 x

0 x � 0.020 0 � 0.003

� 
1
3 P � 560

3

T � 20 �
h

100

a � c

b
� x �

2a � c

b

x �
c

a
�

c

b

x � 2
3 or x � 1� 

4

3
� x �

4

3
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A6 Answers to Exercises and Chapter Tests

11. (a) 12. (a)

(b) (c) (b) (c)
13. 24 14. 16 

15. Trapezoid, area � 9 16. 50 

17. 18.

19. 20. y

0 x1

1

y

0 x1

1

y

0 x1

1

y

0 x1

1

1

1

0

Q

P

S

R

y

x

y

0 x3

5

_3

_5

D C

A B

5

A(1, 2) B(5, 2)

D(7, 6)C(3, 6)

−5 0

−5

5

y

x

y

0 x3

5

_3

_5

A(1, 3) B(5, 3)

C(1, _3) D(5, _3)

A52,  �3B16110,  0 24110

5

(0, −6)

−5 0

−5

(5, 0)

y

x

y

0 x_4 4

_4

4

(6, _2)

(_6, 2)

21. 22.

23. 24.

25. 26.

27. 28. 29. 32. 9

33. (b) 10 37. 38. , ,

39.

40.
41. (a) (b)

43. No, yes, yes 44. No, yes, yes 45. Yes, no, yes
46. Yes, yes, yes 47. x-intercepts 0, 4; y-intercept 0
48. x-intercepts �3, 3; y-intercepts �2, 2
49. x-intercepts �2, 2; y-intercepts �4, 4
50. x-intercepts �8, 8; y-intercept 4

A52,  3B, A52,  3By

0 x_4 4

_4

4

A

B

C
D

110,  13 2

y

0 x5

2

_5

R(4, 2)Q(1, 1)

P(_1, _4)
(2, _3)

12,  �3 2 1145

2

1109

2
13710,  �4 2 Q1�1,  3 2C1�6,  3 2A16,  7 2

4−4

4

−4

y

0 x

y

0 x5

5

_5

_5

3−3 0

−3

3

y

x
2−2

2

−2

y

0 x

5−5 0

−5

5

y

x

y

0 x5

5

_5

_5
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Answers to Section 1.8 A7

51. x-intercept 4, 52. x-intercept �1,
y-intercept 4, y-intercept 3,
no symmetry no symmetry 

53. x-intercept 3, 54. x-intercept 3,
y-intercept �6, y-intercept 3,
no symmetry no symmetry 

55. x-intercepts �1, 56. No x-intercepts,
y-intercept 1, y-intercept 2,
symmetry about y-axis symmetry about y-axis 

57. x-intercept 0, 58. x-intercept 0,
y-intercept 0, y-intercept 0,
symmetry about y-axis symmetry about origin 

50

5

−5

−5

y

x

y

0 x5

5

_5

3_3 0

2

y

x

y

0 x5_5

_5

1

50−4
−2

5

y

x

4−4

2

−4

y

0 x

1

1

y

0 x

2

2

y

0 x

59. x-intercepts �3, 60. x-intercepts �3, 3,
y-intercept �9, y-intercept 9,
symmetry about y-axis symmetry about y-axis 

61. No intercepts, 62. x-intercept �4,
symmetry about origin y-intercept 2,

no symmetry 

63. x-intercepts �2, 64. x-intercepts �2, 2,
y-intercept 2, y-intercept �2,
symmetry about y-axis symmetry about y-axis 

65. x-intercept 4, 66. x-intercept 0,
y-intercepts �2, 2, y-intercept 0,
symmetry about x-axis symmetry about origin 

67. x-intercepts �2, 68. x-intercept 0,
y-intercept 16, y-intercept 0,
symmetry about y-axis symmetry about x-axis 

y

0 x2

2

_2
10

5

y

x

y

0 x_4

_2

1

4
5−5 0

3

−3

y

x

5−5 0

−3

y

x

y

0 x5

3

_5

y

0 x_4 4
_2

4

y

0
x

_4

4

_4

4

4−4 0

5

y

x

y

0 x6_6
_2

2

57050_13_ans_A1-A132.qxd  08/04/2008  01:12 PM  Page A7



A8 Answers to Exercises and Chapter Tests

69. x-intercepts �4, 70. x-intercept 4,
y-intercept 4, y-intercept 4,
symmetry about y-axis no symmetry

71. Symmetry about y-axis 72. Symmetry about x-axis
73. Symmetry about origin 74. Symmetry about x-axis,

y-axis, and origin
75. Symmetry about origin 76. Symmetry about y-axis

77. 78.

79. 80.

81. 82.
83. x 2 � y 2 � 65 84.
85. 86.
87. 88.
89. 90.
91. 92.

93. 94.

95. 96.

3−3 0

−3

3

y

x

y

0 x2

2

_2

_2

A�1,  
1
6B, 137/6A34,  0B,  

3
4

A� 
1
4,  �1B, 1A14,  � 

1
4B,  

1
2

10,  �3 2 , 1712,  �5 2 , 4
1x � 1 2 2 � 1y � 1 2 2 � 101x � 2 2 2 � 1y � 2 2 2 � 4
1x � 5 2 2 � 1y � 5 2 2 � 251x � 7 2 2 � 1y � 3 2 2 � 9
1x � 2 2 2 � 1y � 5 2 2 � 25
1x � 1 2 2 � 1y � 4 2 2 � 641x � 2 2 2 � 1y � 1 2 2 � 9

2−2 0

2

y

x

y

0 x4_4

1
2

_ 1
2

2−2 0

2

−2

y

x

y

0 x4_4

_1

1

20

2

y

x

y

0 x
5

5

_5

_2

97. 12p 98.

99. (a) 5 (b) 31; 25 (c) Points P and Q must either be on
the same street or the same avenue. 100. (a) 15th Street and
12th Avenue (b) 17 blocks 101. (a) 2 Mm, 8 Mm
(b) �1.33, 7.33; 2.40 Mm, 7.60 Mm

Section 1.9 ■ page 109

1. (c) 2. (c) 3. (c) 4. (d) 5. (c) 6. (d)

7. 8.

9. 10.

11. 12.

13. 14.

−250

150

−10 10

−2000

2000

−50 150

20

0
10

−1

5

−20 20

−10

20

−10 5

−10

20

−4 10

−1000

100

−5 5

−10

400

−2 2

4−4 0

−4

4

y

x

9p

4
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Answers to Section 1.10 A9

15. 16.

17. 18.

19. 20.

21. 22.

23. No 24. No 25. Yes, 2 26. Yes, 1 27. �4
28. �6 29. 30. �4 31.

32. 33. 2.5, �2.5 34.
35.

36. 37. 3.00, 4.00 38. 0.25, 0.50
39. 1.00, 2.00, 3.00 40. �1.00, �0.25, 0.25 41. 1.62
42. 0.00, 2.31 43. �1.00, 0.00, 1.00 44. 0.00, 3.31
45. 2.55 46. �0.51, 0.51, 2.78 47. �2.05, 0, 1.05
48. �2.31, 1.79 49. 3�2.00, 5.004 50. 3�2, 0.254
51.

52. 53.
54. 55.
56. 57. 0, 0.01
58. (a) 59. (a)

(b) 101 cooktops (b) 67 mi
(c) 279 � x � 400

0

20

100

0 450

−5000

20,000

32.148,  q 2 1�q,  0 21�q,  �0.535 4 � 30.535,  q 2 1�1.00,  0 2 � 11.00,  q 21�1,  �0.25 2 � 1�0.25,  q 21�q,  1.00 4 � 32.00,  3.00 4
�2 � 2

315 81 � �0.39

5 � 214 5 � 7.99, 5 � 214 5 � 2.01

3
215 16 � 2.61�213 2 � �2.52

�412 � �5.75
 14 

−5

5

−5 5

−0.8

0.8

−1.2 1.2

−1

3

−2 2

−4

4

−6 6

−10

10

−10 10

−1

5

−3 5

−0.2

0.2

−10 1

−50

100

−4 6

Section 1.10 ■ page 120

1. 2. �3 3. 4. 5. 6. 7. 8.

9.

10. (a) (b)

11. x � y � 4 � 0 12. 2x � y � 4 � 0
13. 3x � 2y � 6 � 0 14. 4x � 3y � 12 � 0
15. x � y � 1 � 0 16. x � y � 2 � 0
17. 2x � 3y � 19 � 0
18. 7x � 2y � 31 � 0
19. 5x � y � 11 � 0
20. x � y � 1 � 0
21. 3x � y � 2 � 0
22. 2x � 5y � 20 � 0
23. 3x � y � 3 � 0
24. 3x � 4y � 24 � 0
25. y � 5 26. x � 4 27. x � 2y � 11 � 0
28. 2x � 3y � 18 � 0 29. x � �1
30. x � 2 31. 5x � 2y � 1 � 0
32. 6x � 3y � 1 � 0 33. x � y � 6 � 0
34. 2x � y � 7 � 0
35. (a) 36. (a)

(b) 3x � 2y � 8 � 0 (b) 2x � y � 7 � 0
37. They all have the 38. They all have the 

same slope. same y-intercept. 

−8

8

−5 5

b = −6 b = −1
b = −3

b = 0
b = 1
b = 3

b = 6

5−3 0

5

y

x

(−2, 1)

1

−3

5

y

0 x

m = 3

8

5

1
2m =

1
3m =

1
3m = −

y

x
5−5

−5

5

m = 0

m = −1

m = 1m = 2

1
2m =

y

x

�2,  
1
2, 3, � 

1
4

4
7� 

9
2� 

4
3� 

1
2

1
2

1
6

1
2

−6

3

−5 5

m = 1.5

m = −1.5

m = 0.75

m = 0.25

m = −0.25
m = 0

m = −0.75
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A10 Answers to Exercises and Chapter Tests

39. They all have the 40. They all pass through 
same x-intercept. the point .

41. �1, 3 42.

43. 44.

45. 46.

47. 0, 4 48. 0, �2 

49. 50. Undefined, none 

_3 0

3

y

x

5−5

−3

1

y

0 x

3
4,  �3

3−3 0

−3

y

x

5−5

5

y

0 x

20
−2

2

y

x
2

−2

1

y

0 x

� 
3
5,  63

2,  3

30
−3

3

y

x5−5

−2

2

y

0 x

2
5,  0� 

1
3,  0

20

−3

3

y

x

5

5

_2

y

0 x

3
2,  �6

−5

5

−2 8

m = 1.5

m = −1.5

m = 0.75

m = 0.25
m = 0

m = −0.25

m = −0.75

1�3,  2 2 51. , 52.

56. (a) Yes (b) No 57. x � y � 3 � 0 58. 3
59. (b) 4x � 3y � 24 � 0 60. (a) 3x � 4y � 25 � 0
(b) 61. 16,667 ft 62. (a) The slope is the rate of
increase in average surface temperature, and the T-intercept is
the average surface temperature in 1900. (b) 12.5 �C
63. (a) 8.34; the slope represents the increase in dosage for a
one-year increase in age. (b) 8.34 mg

64. (a) (b) The slope is the
rate of decline in num-
ber of spaces sold, the
y-intercept is the num-
ber of spaces, and the
x-intercept is the cost
per space when the
manager rents no
spaces.

65. (a) (b) The slope 
represents production
cost per toaster; the 
y-intercept represents
monthly fixed cost.

66. (a)

(b) �40�
67. (a) (b) 76 �F
68. (a) V � �950t � 4000
(b) (c) The slope is the rate 

of decrease in value of 
the computer, and the 
V-intercept is the price 
of the computer.
(d) $1150

0

4100

5

t � 5
24 n � 45

0 500 1000 1500

3000

6000

9000

12000

y

x

10 20 30 40 50 600

200

100

y

x

1�3,  4 2

5−5 0

−3

3

y

x2−2
−1

1

0

y

x

� 
4
5,  21

4� 
3
4

C �30� �20� �10� 0� 10� 20� 30�

F �22� �4� 14� 32� 50� 68� 86�

−20

−11

20m = 6

m = −6

m = 2

m = 1

m = −1

m = 0.5

m = −2

m = 0
m = −0.5
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Answers to Chapter 1 Review A11

69. (a) P � 0.434d � 15, where P is pressure in lb/in2 and d is
depth in feet

(b) (c) The slope is the rate
of increase in water pres-
sure, and the y-intercept is
the air pressure at the sur-
face. (d) 196 ft

70. (a) d � 48t

(b) (c) 48, speed

71. (a)
(b) $635
(c) The slope represents cost 
per mile.
(d) The y-intercept represents
monthly fixed cost.

72. (a) y � 13x � 900
(b) 13; slope is cost of produc-
ing each additional chair
(c) 900; y-intercept is fixed 
daily cost 

Section 1.11 ■ page 127

1. T � kx 2. P � k„ 3. √ � k/z 4. „ � kmn

5. y � ks/t 6. 7. 8.

9. V � kl„h 10. S � kr 2u2 11.

12. 13. y � 7x 14. z � 15/t 15. M � 15x/y

16. S � 9pq 17. W � 360/r 2 18.

19. C � 16l„h 20. H � 81l 2„ 2 21. s � 500/1t

t � 50 

xy

r

A � k1xy

R � k 

i

Pt

A � k 

t2

x3z � k1yP �
k

T

3002001000

2000

3000

4000

5000

1000

y

x

500 10000

500

1000

y

x

C � 1
4 d � 260

1 3 50

200

100

y

x

50

5

y

x

22. 23. (a) F � kx (b) 8 (c) 32 N

24. (a) (b) quadruple the length l
25. (a) C � kpm (b) 0.125 (c) $57,500
26. (a) P � kT/V (b) 8.3 (c) 51.9 kPa 27. (a) P � ks 3

(b) 0.012 (c) 324 28. 270 hp 29. 0.7 dB 30. 40 mi/h
(for safety round down, not up) 31. 4 32. 1305.6 lb
33. 5.3 mi/h 34. (a) F � k„s 2/r (b) 48 mi/h
35. (a) R � kL/d 2 (b) (c) R � 137 
36. (a) T 2 � kd 3 (b) 1.66 	 10�19 (c) 164 yr
37. (a) 160,000 (b) 1,930,670,340 38. $51,200 39. 36 lb
40. 25.2 ft 41. (a) f � k/L (b) Halves it
42. (a) (b) Infection rate when 1000 people
are infected is 80 times larger. (c) 0, since no more people
can be infected

Chapter 1 Review ■ page 131

1. Commutative Property for addition
2. Commutative Property for multiplication
3. Distributive Property 4. Distributive Property
5. �2 � x � 6

6. x � 4

7.

8.

9. 6 10. 1 11. 12. �5 13. 14. 16 15. 11
16. 6 17. 4 18. 10 19. 16x 3 20. b 14 21. 12xy 8

22. r 10s 2 23. x 2y 2 24. 25. 3x 3/ 2y 2

26. x 8 27. 28. 29. 7.825 	 1010

30. 0.0000000208 31. 1.65 	 10�32 32. 3.8 	 109 times
33. 34.
35. 36.
37. 38.
39. 40.
41.
42. 43.
44. 45.

46. 47.
48. 49. 6x 2 � 21x � 3 50. 4y 2 � 49
51. �7 � x 52. 2x 3/2 � x � x 1/2 53. 2x 3 � 6x 2 � 4x

54. 55. 56. 57.

58. 59. 60.

61. 62. 63.

64. 65. 5 66. �2 67. No solution
1

1x � h � 1x

312 � 213
1

2x � 1
� 

1

2x

x2 � 2x � 51x � 2 2 1x � 1 2 1x � 2 21

x � 1

3x2 � 7x � 8

x1x � 2 2 2
x � 1

x � 4

t2 � t � 1

t � 1

31x � 3 2
x � 4

x � 3

2x � 3

13x � 2 2 1x2 � 6 2 2x2 � 21x2 � x � 2 2 212x � y2 2 14x2 � 2xy2 � y4 2 1x � 2 2 14x2 � 3 2ab21a � b 2 1a2 � ab � b2 2 x�1/21x � 1 2 21y � 2 2 1y � 1 2 1y � 1 21x � 1 2 1x2 � x � 1 2 1x � 1 2 1x2 � x � 1 22y21y2 � 4 2 1y � 2 2 1y � 2 215 � 4t 2 15 � 4t 2 1x � 1 2 21x � 1 2 214t � 3 2 1t � 4 2 13x � 4 2 12x � 3 21x � 2 2 1x � 5 2 1x � 6 2 1x � 3 23xy214xy2 � y3 � 3x2 2
4a4c6

b12

4r 5/2

s7

0 x 0 y2

1
6

1
 72 

5−11�1,  5 4 535,  q 2 4

−2 6

r � kx1P � x 2
0.002916

T � k1l

M � 32 

abc

d
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A12 Answers to Exercises and Chapter Tests

68. 1 69. 2, 7 70. �12 71. �1, 72. �2,

73. 0, 74. 2, 75. 76.

77. �5 78. �3 79. 3, 11 80. �2, 7 81. 20 lb raisins,
30 lb nuts 82. 4:00 P.M. 83. mi/h

84. 12 cm, 16 cm 85. 1 h 50 min 86. 10 ft by 8 ft or 12 ft
by 6.67 ft
87. 88.

89. 90. 3�1, 14
91. 92.

93. 32, 84 94.

95. �1, 7 96. �2.50, 2.76 97. 31, 34 98.

99. (a)

(b) (c)
(d) (e)

100. (a) (b) (c) A92,  �6B515
y

0 x2

2

_4

_4
P(7, _1)

Q(2, _11)

y

0 x8

8

_8

_8

(2, 0)

y

0 x

4

_4

_4

8

12(_5, 12)

24
7

2

1x � 2 2 2 � y2 � 193y � � 
12
7  x � 24

7

A� 
3
2,  6B1193

y

0 x4

4

_4

_4

8

12
Q (_5, 12)

P (2, 0)

15.07,  q 24.023.9882

13.98,  4.02 2 21−242−2

1�q,  �2 2 � 11,  2 21�q,  �2 2 � 12,  4 4 1−1−6 2

1�q,  �6 2 � 12,  q 2 −1−3−3

1�3,  �1 41�3,  q 2
1
4 11329 � 3 2 � 3.78

3 � 16

3

�2 � 17

3
�15� 

5
2

1
3

1
2 (d) y � 2x � 15 (e)

101. 102.

103. B 104.
105.
106.
107. Circle, center , radius 1
108. Circle; 3/ 109. No graph 110. Point
111. No symmetry 112. No symmetry 

113. No symmetry 114. No symmetry

115. Symmetry about y-axis 116. Symmetry about x-axis

−3 0

−5

5

y

x

0 x3_3
_4

y

4

50

5

y

x

y

0 x7

_7

7

3−3

−3

3

y

x

y

0 x_2 2

_2

2

12A12,  �2B, 

1�1, 3 2Ax � 1
2B2 � Ay � 11

2 B2 � 17
2

1x � 5 2 2 � 1y � 1 2 2 � 26
1x � 2 2 2 � 1y � 5 2 2 � 2

5−5 0

−5

5

y

x

y

0 x5

3

y

0 x(7, _1)

8

_8

y

0 x3 15
2

6

_6

1x � 7 2 2 � 1y � 1 2 2 � 125
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Answers to Chapter 1 Test A13

117. No symmetry 118. Symmetry about y-axis

119. 120.

121. 122.

123. 2x � 3y � 16 � 0 124. 2y � x � 0
125. 3x � y � 12 � 0 126. 3x � y � 10 � 0
127. x � 5y � 0 128. 5x � 4y � 17 � 0
129. x 2 � y 2 � 169, 5x � 12y � 169 � 0
130.
131. (a) The slope represents the amount the spring 
lengthens for a one-pound increase in weight. The S-intercept
represents the unstretched length of the spring. (b) 4 in.
132. (a) S � 3,500t � 60,000 (b) The slope is her annual
increase in salary and the S-intercept is her initial salary.
(c) $102,000 133. M � 8z 134.

135. (a) I � k/d 2 (b) 64,000 (c) 160 candles 136. 8 in.
137. 11.0 mi/h 138. 329.4 ft

Chapter 1 Test ■ page 135

1. (a)

(b) (c) 16

2. (a) 81 (b) �81 (c) (d) 25 (e) (f)
3. (a) 1.86 	 1011 (b) 3.965 	 10�7

4. (a) (b) 48a 5b 7 (c) (d) (e)
1

x � 2

x � 2

x � 2

x

9y76 12

1
8

9
4

1
81

1�q,  3 4 , 3�1,  4 2
_5 3

2

z � 192
y

1x � 5 2 2 � 1y � 5 2 2 � 25, 4x � 3y � 35 � 0

−2

2

−3 3

6_3

10

_25

−1

5

−10 6

8_2

10

_10

1−1 0

−1

y

x

y

0 x2

2

(f) 5.
6. (a) 11x � 2 (b) 4x 2 � 7x � 15 (c) a � b
(d) 4x 2 � 12x � 9 (e) x 3 � 6x 2 � 12x � 8
7. (a) (b)
(c)
(d)
(e) (f)

8. (a) 6 (b) 1 (c) �3, 4 (d)

(e) No real solution (f) (g) 9. 120 mi

10. 50 ft by 120 ft

11. (a)

(b)

(c)

(d)

12. Between 41 �F and 50�F 13. 0 � x � 6
14. (a) �2.94, �0.11, 3.05 (b) 3�1, 24
15. (a) (b) 18

16. (a) (b) x-intercepts �2, 2 
y-intercept �4

(c) Symmetric about 
y-axis

17. (a)

(b) (c) (d) (e)

(f) 1x � 1 2 2 � Ay � 7
2B2 � 89

4

y � � 
8
5 x � 51

10
5
8A1,  

7
2B189

Q(5, 6)

P(−3, 1)

1

1

0

y

x

y

0 x1

_4

y

0 x1

1

Q

P

S

R

S13,  6 2
_1 41�1,  4 4 1 711,  7 2 _2 0 11�2,  0 2 � 11,  q 2 _4 33�4,  3 2

2
3, 

22
3�1, �12

�1 �
12

2

xy1x � 2 2 1x � 2 23x�1/21x � 1 2 1x � 2 2x1x � 3 2 1x2 � 3x � 9 21x � 3 2 1x � 2 2 1x � 2 2 12x � 3 2 1x � 4 212x � 5 2 12x � 5 2
5 12 � 2 110�1x � y 2
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A14 Answers to Exercises and Chapter Tests

18. (a)

(b)

(c)

19.

slope ; y-intercept �5
20. (a) 3x � y � 3 � 0 (b) 2x � 3y � 12 � 0

21. (a) 4 �C (b)

(c) The slope is the rate of change in temperature, the 
x-intercept is the depth at which the temperature is 0 �C, and the
T-intercept is the temperature at ground level.
22. (a) M � k„h 2/L (b) 400 (c) 12,000 lb

Focus on Problem Solving ■ page 141

1. 37.5 mi/h 2. It can’t go fast enough. 3. 150 mi
4. 40% discount 5. 427, 3n � 1 6. 57 min 7. 75 s
8. No, not necessarily. 9. The same amount

1

100100

T

x

2
3

2

20

y

x

y � 2
3 x � 5

(−3, 1)

−5 0

3

y

x

1�3,  1 2 , 2
(2, −1)

0 4

2

y

x

12,  �1 2 , 3
(0, 0)

−2
−2

2

2

y

x

10,  0 2 , 5 10. It remains the same. 11. 2p 13. 8.49 15. 7
16. 15,999,999,999,992,000,000,000,001
19. The North Pole is one such point. There are infinitely many
others near the South Pole. 21. p
23. 13 � 123 � 93 � 103 � 1729 24. (a) 2 (b) 2
27. Infinitely far 29.

30.

Chapter 2

Section 2.1 ■ page 155

1. 2. 3.

4. 5. Subtract 4, then divide by 3
6. Divide by 3, then subtract 4 7. Square, then add 2
8. Add 2, then take the square root
9. 10.

11. 12.

13. 3, �3, 2, 2a � 1, �2a � 1, 2a � 2b � 1

14. 0, 15, 3, a 2 � 2a, x 2 � 2x,

15. , undefined

16. 2, �2,
5

2
, 

5

2
, x �

1
x

, 
1
x

� x

� 

1

3
, �3, 

1

3
, 

1 � a

1 � a
, 

2 � a

a

1

a2 �
2
a

3 3

5 1

1
311

subtract 2,
3 divided by

subtract 2,
3 divided by

(input) (output)

subtract 2,
3 divided by

1 0

2 1

25

subtract 1,
take square root

subtract 1,
take square root

subtract 1,
take square root

(input) (output)

f 1x 2 � 1
3A1x � 8B f 1x 2 � 1x � 5 2 2f 1x 2 � x

7 � 4f 1x 2 � 21x � 3 2

−5 5

−5

3

y

x

y

0 x_1

_1

1

1

x

�1 8
0 2
1 0
2 2
3 8

f 1x 2 x

�3 3
�2 1

0 3
1 5
3 9

g1x 2
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Answers to Section 2.1 A15

17. �4, 10, �2, , 2x 2 � 7x � 1, 2x 2 � 3x � 4

18. 0, �3, �5, , x 6 � 4x 4

19. 6, 2, 1, 2, ,
20. �1, �1, not defined, 1, 1, 21. 4, 1, 1, 2, 3
22. 5, 5, 5, 3, 7 23. 8, , �1, 0, �1 24. �15, 1, 2, 3, 9
25. x 2 � 4x � 5, x 2 � 6 26. 6x � 1, 6x � 2
27. x 2 � 4, x 2 � 8x � 16 28. 2x � 18, 2x � 6
29. 3a � 2, , 3
30. a 2 � 1, a 2 � 2ah � h 2 � 1, 2a � h

31. 5, 5, 0 32.

33.

34.

35. 3 � 5a � 4a 2, 3 � 5a � 5h � 4a 2 � 8ah � 4h 2,
�5 � 8a � 4h 36. a 3, a 3 � 3a 2h � 3ah 2 � h 3,
3a 2 � 3ah � h 2 37. 38. 39. 3�1, 54
40. 30, 54 41. 42. 43.
44. 45. 46.
47. 48. 49.
50. 51.
52. 53.
54. 55. 56.
57. 58.
59. (a) (b) The cost of
producing 10 yd and 100 yd (c)
60. (a) 50.27, 113.10 (b) is the surface area of a sphere
of radius 2, and is the surface area of a sphere of radius 3.
61. (a) (b) 41.3 mi
(c) 235.6 mi 62. (a) 50, 0 (b) is the volume of the
full tank, and is the volume of the empty tank,
20 minutes later.
(c)

63. (a)
(b) Flow is faster near central axis.
(c)

√10.1 2 � 4440, √10.4 2 � 1665

V120 2 V10 2D10.1 2 � 28.1, D10.2 2 � 39.8
S13 2 S12 2 C10 2 � 1500

C110 2 � 1532.1, C1100 2 � 2100
1�3,  3 2A12,  q B 1�q,  6 214,  q 21�q,  �2 4 � 34,  q 2 1�q,  0 4 � 36,  q 230,  

1
2B � A12,  q B 3�2,  3 2 � 13,  q 21�q,  �3 4 � 33,  q 2 3 52,  q BA�q,   

7
3 41�q,  q 2 3�9,  q 235,  q 25x 0  x 
 �3, x 
 26 5x 0  x 
 �165x 0  x 
 265x 0  x 
 36 1�q,  q 21�q,  q 2

2a

a � 1
, 

21a � h 2
a � h � 1

, 
�21a � h � 1 2 1a � 1 2

a

a � 1
, 

a � h

a � h � 1
, 

11a � h � 1 2 1a � 1 2
1

a � 1
, 

1

a � h � 1
, 

�11a � 1 2 1a � h � 1 2
31a � h 2 � 2

� 
3
4

x/ 0 x 021x2 � 1 22 0 x 0� 

45

8
, 

x3

8
� x2

312 64. (a) 2, 1.66, 1.48
(b)

65. (a) 8.66 m, 6.61 m, 4.36 m
(b) It will appear to get shorter.
66. (a)
(b) The amount of tax paid on incomes of 5000, 12,000, and
25,000
67. (a) $90, $105, $100, $105
(b) Total cost of an order, including shipping

68. (a)

(b) $150, $200, $300 (c) Total cost of staying at the hotel

69. (a)

(b) $150, $0, $150 (c) Fines for violating the speed limits

70.

71.

72. T

0 t2 4 6 8 10 12

50

52

54

56

58

60

T

t0

Days

Height
of grass

0

F1x 2 � •15140 � x 2 if 0 � x � 40
0 if 40 � x � 65
151x � 65 2 if x � 65

T1x 2 � e75x if 0 � x � 2
150 � 501x � 2 2 if x � 2

T15000 2 � 0, T112,000 2 � 960, T125,000 2 � 5350

x

0 50
5 28.125

10 12.5
15 3.125
20 0

V1x 2

r

0 4625
0.1 4440
0.2 3885
0.3 2960
0.4 1665
0.5 0

√1r 2

x

1 2
10 1.66

100 1.48
200 1.44
500 1.41

1000 1.39

R1x 2
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A16 Answers to Exercises and Chapter Tests

73.

Section 2.2 ■ page 167

1. 2.

3. 4.

5. 6.

7. 8.

5−5 0

−5

5

x

yy
2

_5

0
x5_5

y

0 x5

3

_5

_3

y

x20

2

_2
_2

3−3 0

−3

5

x

yy

x40

4

_4

_4

y

0 x4

2

_4

_4

y

x40

4

−4

−2

Years

19901985 20001995

Population
(× 1000)

700

750

800

850

900

t

P 9. 10.

11. 12.

13. 14.

15. 16.

17. 18.

19. 20.

5

−3

3

y

x

y

0 x5

5

_5

5−5 0

5

y

x

y

0 x5

5

_5

_5

3−3 0

−3

5

x

yy

0 x5

5

_5
_2

50

−3

5

y

x

y

0
x4

4

_4

_4

y

0 x5

5

_5

5−5 0

−3

5

x

y

5−5 0

−5

5

x

yy

0 x4_4
_4

4
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Answers to Section 2.2 A17

21. 22.

23. (a) 1, �1, 3, 4 (b) Domain 3�3, 44, range 3�1, 44
24. (a) 3, 2, �2, 1, 0 (b) Domain 3�4, 44, range 3�2, 34
25. (a) (b) (c) �2, 2
26. (a) 1.2 (b) 2.1 (c) 0.4, 3.6
27. (a)

(b) Domain , range 

28. (a)

(b) Domain , range 

29. (a)

(b) Domain , range {4}
30. (a)

(b) Domain , range 
31. (a)

(b) Domain , range 1�q,  4 41�q,  q 2−12

5

−4 4

1�q,  0 41�q,  q 2−4

2

−4 4

1�q,  q 2−6

6

−6 6

1�q,  q 21�q,  q 2−4

4

−4 4

1�q,  q 21�q,  q 2−3

3

−3 3

g1�3 2f 10 2
2−2 0

4

y

x

y

0 x

2

1

32. (a)

(b) Domain , range 

33. (a)

(b) Domain 3�4, 44, range 30, 44
34. (a)

(b) Domain 3�5, 54, range 3�5, 04
35. (a)

(b) Domain , range 

36. (a)

(b) Domain , range 

37. 38.
y

0 x3

3

_3

y

0 x5

2

_5
_2

30,  q 23�2,  q 2−1

3

−4 4

30,  q 231,  q 2−1

3

−1 9

−5.8

0.8

−5.75 5.75

−0.8

4.8

−4.75

34,  q 21�q,  q 2−2

8

−4 4
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A18 Answers to Exercises and Chapter Tests

39. 40.

41. 42.

43. 44.

45. 46.

47. 48.

49. 50.

5−5 0

5

x

yy

0 x1

1

3−3 0

3

x

yy

0 x5

5

_5

5−5 0

−5

5

x

yy

0 x5

5

_5

y

0 x3

3

_3

y

0 x
3

3

_3

_2

5−5 0

−5

5

x

yy

0 x3

3

_3

_3

y

0 x5

7

_5

y

0 x5

4

_5

51. 52.

53.

54.

55. (a) Yes (b) No (c) Yes (d) No 56. (a) No
(b) Yes (c) Yes (d) No 57. Function, domain 3�3, 24,
range 3�2, 24 58. Not a function 59. Not a function
60. Function, domain 3�3, 24, range {�2} � 61. Yes
62. Yes 63. No 64. No 65. No 66. Yes 67. Yes
68. Yes 69. Yes 70. No 71. Yes 72. No
73. (a) (b)

(c) If c � 0, then the graph of is the same as the
graph of y � x 2 shifted upward c units. If c � 0, then the graph
of is the same as the graph of y � x 2 shifted
downward c units.
74. (a) (b)

(c) The graphs in part (a) are obtained by shifting the graph of
y � x 2 to the right 1, 2, and 3 units, while the graphs in part (b)
are obtained by shifting the graph of y � x 2 to the left, 1, 2, and
3 units.
75. (a) (b)

10

10_10

_10

c=0c=_2
c=_4

c=_6

10

10_10

_10

c=0 c=2
c=4

c=6

−10

10

−5 5

c = −2 c = 0c = −1

c = −3

−10

10

−5 5

c = 3

c = 2c = 1c = 0

f 1x 2 � x2 � c

f 1x 2 � x2 � c

10

5_5

_10

c=0 c=_2
c=_4

c=_610

5_5

_10

c=6 c=4
c=2

c=0

10,  3 4
f 1x 2 � •1 if x � �1

1 � x if �1 � x � 2
�2 if x � 2

f 1x 2 � •�2 if x � �2
x if �2 � x � 2
2 if x � 2

−3

3

−3 3

7

7_7

_7
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Answers to Section 2.3 A19

(c) If c � 0, then the graph of is the same as
the graph of y � x 3 shifted right c units. If c � 0, then the
graph of is the same as the graph of y � x 3

shifted left c units.
76. (a) (b)

(c) As increases, the graph of is stretched verti-
cally. As decreases, the graph of f is flattened. When c � 0,
the graph is reflected about the x-axis.
77. (a) (b)

(c) Graphs of even roots are similar to ; graphs of odd roots
are similar to . As c increases, the graph of y �1c x� becomes
steeper near 0 and flatter when x � 1.
78. (a) (b)

(c) As n increases, the graphs of y � 1/xn go to zero faster for 
x large. Also, as n increases and x goes to 0, the graphs of 
y � 1/xn go to infinity faster. The graphs of y � 1/xn for n odd
are similar to each other. Likewise, the graphs for n even are
similar to each other. 79. , �2 � x � 4
80. , �3 � x � 6

81. , �3 � x � 3

82. , �3 � x � 3

83. This person’s weight increases as he grows, then continues
to increase; the person then goes on a crash diet (possibly) at
age 30, then gains weight again, the weight gain eventually 
leveling off. 84. The salesman travels away from home and
stops to make a sales call between 9 A.M. and 10 A.M., and then
travels farther from home for a sales call between 12 noon and
1 P.M. Next he travels along a route that takes him closer to
home before taking him farther away from home. He makes 
a final sales call between 5 P.M. and 6 P.M. and then returns
home. 85. A won the race. All runners finished. Runner B

f 1x 2 � � 29 � x2

f 1x 2 � 29 � x2

f 1x 2 � 5
9 x � 1

3

f 1x 2 � � 
7
6 x � 4

3

−3

3

−3 3

n = 4

n = 2

−3

3

−3 3

n = 3

n = 1

13 x
1x

2

�2

�3 3

c=1
5

c=1
3

c=1

�1

3

�1 4

c=1
2

c=1
4

c=1
6

0 c 0 f 1x 2 � cx20 c 0
−10

10

−5 5

c = −1c = −2

c = 1

c = − 1
2

−10

10

−5 5

c = 1
c = 1

2

c = 2c = 4

f 1x 2 � 1x � c 2 3 f 1x 2 � 1x � c 2 3 fell, but got up again to finish second. 86. (a) 500 MW,
725 MW (b) Between 3:00 A.M. and 4:00 A.M.
(c) Just before noon 87. (a) 5 s (b) 30 s (c) 17 s

88. (a)

(b)

89.

90.

Section 2.3 ■ page 179

1. (a) 3�1, 14, 32, 44 (b) 31, 24 2. (a) 30, 14 (b) 3�2, 04,31, 34 3. (a) 3�2, �14, 31, 24 (b) 3�3, �24, 3�1, 14, 32, 34
4. (a) 3�1, 14 (b) 3�2, �14, 31, 24
5. (a) 6. (a)

(b) Increasing on ; (b) Increasing on ; 
decreasing on decreasing on 30,  q 21�q,  0 4 1�q,  0 430,  q 2 −10

10

−10 10

5

_5

10_10

50 10

1

2

3

x (oz)

P (dollars)

P1x 2 � e 

0.37 if 0 � x � 1
0.60 if 1 � x � 2
0.83 if 2 � x � 3
o

2.90 if 11 � x � 12

y

0 x2

2

3

4

1

C1x 2 � e 

2   0 � x � 1
2.2   1 � x � 1.1
2.4   1.1 � x � 1.2
o

4.0   1.9 � x � 2.0

1000

10

x (kWh)

E (dollars)

E1x 2 � e 6 � 0.10x 0 � x � 300
36 � 0.061x � 300 2 , x � 300
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A20 Answers to Exercises and Chapter Tests

7. (a) 8. (a)

(b) Increasing on ; (b) Increasing on ,
decreasing on ; decreasing on 3�1.15, 1.154
9. (a) 10. (a)

(b) Increasing on , (b) Increasing on 3�2.83, 04,
; decreasing on 3�1, 24 ; decreasing on 3�q, �2.834, 30, 2.834

11. (a) 12. (a)

(b) Increasing on (b) Increasing on 3�0.4, 14,
, ; ; decreasing on 

decreasing on 3�1.55, 0.224 , 31, 2.44
13. 14. 15. 16. 17. 3 18. 19. 5
20. 6 21. 60 22. 21 23. 12 � 3h 24. �2 � h

25. 26. 27.

28.

29. (a) 30. (a) �4 31. (a) Increasing on 30,1504,3300, 3654; decreasing on 3150, 3004 (b) �0.25 ft/day
32. (a) Increasing on 30, 254; decreasing on 325, 504
(b) 0 (c) In this period the population increased the same
amount as it decreased. 33. (a) 245 persons/yr
(b) �328.5 persons/yr (c) 1997–2001 (d) 2001–2006
34. (a) 4.76 m/s (b) 2.68 m/s
(c) 6.25 m/s, 5.56 m/s, 5.00 m/s, 4.55 m/s,
3.92 m/s, 3.33 m/s, 2.78 m/s, 2.60 m/s; he is slowing down.
35. (a) 7.2 units/yr (b) 8 units/yr (c) �55 units/yr
(d) 2000–2001, 2001–2002

1
2

1

1a � h � 1a

�2

a1a � h 2� 

2

h � 1
� 

1
a

1
2

2
3� 

4
5� 

1
2

2
3

1�q,  �0.4 432.4,  q 230.22,  q 21�q,  �1.55 4
−5

5

−3 5

3

_3

5_5

32.83,  q 232,  q 2 1�q,  �1 4 −70

10

−10 10

20

_25

5_3

31.15,  q 21�q,  2.5 4 1q,  �1.15 432.5,  q 2 −10

10

−10 10

10

_10

7_2

36.

Section 2.4 ■ page 190

1. (a) Shift downward 5 units (b) Shift right 5 units
2. (a) Shift left 7 units (b) Shift up 7 units 3. (a) Shift left

unit (b) Shift up unit 4. (a) Reflect in the x-axis
(b) Reflect in the y-axis 5. (a) Reflect in the x-axis and
stretch vertically by a factor of 2 (b) Reflect in the x-axis and
shrink vertically by a factor of 6. (a) Reflect in the x-axis,
then shift up 5 units (b) Stretch vertically by a factor of 3,
then shift down 5 units 7. (a) Shift right 4 units and upward 

unit (b) Shift left 4 units and downward unit
8. (a) Shift left 2 units, stretch vertically by a factor of 2,
then shift down 2 units (b) Shift right 2 units, stretch verti-
cally by a factor of 2, then shift up 2 units 9. (a) Shrink 
horizontally by a factor of (b) Stretch horizontally by a 
factor of 4 10. (a) Shrink horizontally by a factor of , then
reflect in the x-axis (b) Shrink horizontally by a factor of ,
then shift down 1 unit 11.
12. 13.
14. 15.
16. 17. (a) 3 (b) 1 (c) 2
(d) 4 18. (a) 2 (b) 3 (c) 1 (d) 4
19. (a) (b)

(c) (d)
y

0
x5

5

_5

_5

y

0 x5

5

_5

y

0 x5

5

_5

_5

y

0 x5

5

_5

_5

g1x 2 � �1x � 2 2 2 � 1
g1x 2 � �1x � 2g1x 2 � 2 0 x 0 g1x 2 � 0 x � 1 0 � 2g1x 2 � x3 � 3

g1x 2 � 1x � 2 2 2 1
2

1
2

1
4

3
4

3
4

1
2

1
2

1
2

Year Number of Books

1980 420
1981 460
1982 500
1985 620
1990 820
1992 900
1995 1020
1997 1100
1998 1140
1999 1180
2000 1220
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Answers to Section 2.4 A21

(e) (f)

20. (a) (b)

(c) (d)

(e) (f)

21. (a) y

0 x3

3

_3

_3

y

x1 2

2

0

y

x1 2

1
2

0

y

x

1

10

y

x

1

10

y

x1

1

0

y

x1

1

0

y

0 x5

5

_5

_5

y

0 x5

5

_5

_5

(b)

22. (a)

(b)

23. (a) Shift left 2 units (b) Shift up 2 units
24. (a) Shift right 4 units (b) Shift down 4 units
25. (a) Stretch vertically by a factor of 2
(b) Shift right 2 units, then shrink vertically by a factor of 
26. (a) Stretch vertically by a factor of 3, then shift up 1 unit
(b) Shift left 1 unit, then reflect in the x-axis
27. 28.

29. 30. g1x 2 � 1
2 13 �x � 3

5g1x 2 � �5 1x � 3

g1x 2 � 1x � 4 2 3 � 1g1x 2 � 1x � 2 2 2 � 3

1
2

(iv)

5−5 0

−5

5

x

y
(iii)

5−5 0

−5

5

x

y

(ii)

5−5 0

−5

5

x

y

5

(i)

−5 0

−5

5

x

y

5−5 0
−3

3

x

y

(iv) y

0 x5

3

_2
_2

(iii)

0 x4

6

_4

_6

(ii) y

0
x4

4

_4

_4

y

0

(i)

x
5

5

_5

_5
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A22 Answers to Exercises and Chapter Tests

31. 32.
33. 34.

35. 36.

37. 38.

39. 40.

41. 42.

5

(1, 3)

−5 0

2

x

yy

0 x2

1

_5

_3

5

(−1, 2)

−5 0

−5

5

x

yy

0 x5

5

_5

5−5 0

−5

5

x

yy

0 x5

5

_5

5−5 0

−3

3

x

yy

0 x5_5

_5

−5 0

5

x

yy

0 x5

5

_5

g1x 2 � 3 0 x � 1 0 � 10g1x 2 � 0.1 0 x � 1
2 0 � 2 43. 44.

45. 46.

47. 48.

49. For part (b) shift the graph
in (a) left 5 units; for part
(c) shift the graph in (a) left
5 units and stretch verti-
cally by a factor of 2; for
part (d) shift the graph in
(a) left 5 units, stretch verti-
cally by a factor of 2, and
then shift upward 4 units.

50. For (b), reflect in the x-axis;
for (c), stretch vertically by
a factor of 3 and reflect in
the x-axis; for (d), shift
right 5 units, stretch verti-
cally by a factor of 3, and
reflect in the x-axis.

51. For part (b) shrink the
graph in (a) vertically by 
a factor of ; for part 
(c) shrink the graph in (a)
vertically by a factor of 
and reflect in the x-axis; for
part (d) shift the graph in
(a) right 4 units, shrink ver-
tically by a factor of , and
then reflect in the x-axis.

1
3

1
3

1
3

4

6_4

_4

(a) (b)

(c) (d)

−6

6 (a)

(d)
(b)

(c)

−8 8

8

8_8

_2

(a)

(b)

(c)

(d)

5−5 0

−3

3

x

yy

0 x5

5

_5

5−5 0

5

x

yy

0
x5

5

_5

3−3 0

−5

5

x

yy

0 x2

10

_4

(_3, 5)
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Answers to Section 2.4 A23

52. For (b), shift left 3 units; for
(c), shift left 3 units and shrink
vertically by a factor of ; for
(d), shift left 3 units, shrink
vertically by factor of , and
then shift down 3 units.

53. (a) (b)

54. (a) (b)

55. (a) (b)

56. (a) (b)

57. 58.

84−8 −4 0

4

2

−2

−4

x

yy

0 x3

3

_3

_3

x

y

2

2

0x

y

2

2
0

y

x2−2

2

0

y

x2−2

3

−2

0

93−9 −3

−1

0

1

x

y

h(x)
h   x ( )1

3

3−3 0

1

x

y
h(3x) h(x)

y

0 x6

2

y

0 x6

2

1
2

1
2

(c)

(a)

(b)

(d)

−4

4

−6 6

59.

60. (a) (b) Reflect in y-axis 

(c) Reflect in origin (d) Reflect in y-axis, then 
horizontally shrink by a
factor of 2 

(e) Reflect in y-axis, then horizontally stretch by a factor of 2 

61. Even 62. Odd 

63. Neither 64. Even 

3−3 0

−5

5

x

y

3−3

−3

3

x

yy

0 x5

5

_5

−4

4

−5 5

−4

4

−5 5

−4

4

−5 5

−4

4

−5 5

−4

4

−5 5

4

5_5

_4

1 2 4

(b) (a) (c)
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A24 Answers to Exercises and Chapter Tests

65. Odd 

66. Neither 67. Neither
68. Odd 

69. To obtain the graph of g, reflect in the x-axis the part of the
graph of f that is below the x-axis.
70.

71. (a) (b)

72. (a) (b)

73. (a) Shift up 4 units, shrink vertically by a factor of 0.01
(b) Shift right 10 units; 
74. (a) Shrink vertically by a factor of , then shift up 2 units1

2

g1t 2 � 4 � 0.011t � 10 2 2
5−5 0

5

x

y

3−3

5

x

y

_5

y

0 x5

5

y

0 x5

5

_5

_3

5−5 0

5

x

y

3−3 0

−5

5

x

y

y

0 x5

3

_5

_3

(b) Stretch vertically by a factor of , then shift up 32 units;

Section 2.5 ■ page 200

1. (a) (b) 4 2. (a) (b) 8 3. (a)
(b) �3 4. (a) (b) �4
5. (a) 6. (a)
(b) Vertex (b) Vertex 
x-intercepts 0, 6 x-intercepts 0, �8
y-intercept 0 y-intercept 0
(c) (c)

7. (a) 8. (a)
(b) Vertex (b) Vertex 
x-intercepts 0, �3, x-intercepts 0, 10
y-intercept 0 y-intercept 0
(c) (c)

9. (a) 10. (a)
(b) Vertex (b) Vertex 
x-intercepts �1, �3 no x-intercepts
y-intercept 3 y-intercept 2
(c) (c)

20−2

5

x

y

20−2

2

x

y

11,  1 21�2,  �1 2 f 1x 2 � 1x � 1 2 2 � 1f 1x 2 � 1x � 2 2 2 � 1

50

10

x

y

2−2

2

x

y

0

15,  25 2A� 
3
2,  � 

9
2B f 1x 2 � �1x � 5 2 2 � 25f 1x 2 � 2Ax � 3

2B2 � 9
2

y

x4

4

_4 030−3

−3

3

x

y

1�4,  �16 213,  �9 2 f 1x 2 � 1x � 4 2 2 � 16f 1x 2 � 1x � 3 2 2 � 9
1�1,  �4 2 11,  �3 21�2,  8 213,  4 2

F1t 2 � 9
10t

2 � 178
5

9
5
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Answers to Section 2.5 A25

11. (a) (b) Vertex ;
x-intercepts ; y-intercept 4
(c)

12. (a) (b) Vertex ;
x-intercepts ; y-intercept 4
(c)

13. (a) (b) Vertex ; 
no x-intercept; y-intercept 3
(c)

14. (a) (b) Vertex ; 

x-intercepts ; y-intercept �2
(c)

15. (a) (b) Vertex ;
no x-intercept; y-intercept 57
(c)

y

0 x5

7

_2

15,  7 2f 1x 2 � 21x � 5 2 2 � 7

0 2

2

−2
−2

x

y

1 � 21
3

11,  1 2f 1x 2 � �31x � 1 2 2 � 1

y

0 x3

3

_3

1�1,  1 2f 1x 2 � 21x � 1 2 2 � 1

2−2 0

−5

4

x

y

�2 � 212
1�2,  8 2f 1x 2 � �1x � 2 2 2 � 8

2−2

6

x

y

3 � 113
13,  13 2f 1x 2 � �1x � 3 2 2 � 13 16. (a) (b) Vertex ; 

x-intercepts ; y-intercept �6
(c)

17. (a) (b) Vertex ; 
x-intercepts ; y-intercept 3
(c)

18. (a) (b) Vertex ; 

x-intercepts ; y-intercept �5

(c)

19. (a) 20. (a)
(b) (b)

(c) Maximum (c) Minimum f A� 
1
2B � � 

1
4f 11 2 � 1

0 1−1 x

1

−1

y

  ,  1
2

1
4!_ _ @

y

0
x1

1

_1
_1

(1, 1)

f 1x 2 � Ax � 1
2B2 � 1

4f 1x 2 � �1x � 1 2 2 � 1

0 3−3 x

−5

5

y

�6 � 166

6

1�1,  �11 2f 1x 2 � 61x � 1 2 2 � 11

y

0 x1

5

_2

�2 � 1
2 119

1�2,  19 2f 1x 2 � �41x � 2 2 2 � 19

0 2−2 x
−4

2

y

�2,  
3
2

1� 
1
4,  � 

49
8 2f 1x 2 � 21x � 1

4 2 2 � 49
8
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A26 Answers to Exercises and Chapter Tests

21. (a) 22. (a)
(b) (b)

(c) Minimum (c) Minimum 
23. (a)
(b)

(c) Maximum 
24. (a)
(b)

(c) Maximum 
25. (a) 26. (a)
(b) (b) 

(c) Minimum (c) Minimum 
27. (a)
(b)

(c) Maximum hA� 
1
2B � 5

4

y

0 x2

2

_4

_2

!_   ,    @1
2

5
4

h1x 2 � �Ax � 1
2B2 � 5

4

g1�2 2 � 3g12 2 � 1

−2 0 2 x

3
(−2, 3)

yy

0 x6

10

(2, 1)

g1x 2 � 21x � 2 2 2 � 3g1x 2 � 31x � 2 2 2 � 1
f 1�3 2 � 10

−2 x0

2

−4

y(−3, 10)

f 1x 2 � �1x � 3 2 2 � 10
f A�3

2B � 21
4

y

0 x3

3

_3

_2

!_   ,      @3
2

21
4

f 1x 2 � �Ax � 3
2B2 � 21

4

f 14 2 � �8f 1�1 2 � �2

2 x

−8

8

0

y

(4, −8)

y

0 x2

3

_3

_2
(_1, _2)

f 1x 2 � 1x � 4 2 2 � 8f 1x 2 � 1x � 1 2 2 � 2 28. (a)
(b)

(c) Maximum 

29. Minimum 30. Maximum 
31. Maximum 32. Minimum 
33. Minimum 34. Minimum 
35. Minimum 36. Maximum 
37. Maximum 38. Minimum 
39. 40.
41. , 42. ,
43. , 44. ,
45. (a) �4.01 (b) �4.011025

46. (a) 1.18 (b)

47. Local maximum 2; local minimums �1, 0 48. Local
maximums 1, 2; local minimum �1 49. Local maximums 0, 1;
local minimums �2, �1 50. Local maximums 2, 3; local
minimums 0, �1 51. Local maximum � 0.38 when 
x � �0.58; local minimum � �0.38 when x � 0.58
52. Local maximum � 4.00 when x � 1.00; 
local minimum � 2.81 when x � �0.33
53. Local maximum � 0 when x � 0; 
local minimum � �13.61 when x � �1.71; 
local minimum � �73.32 when x � 3.21
54. Local maximum � 13.02 when x � 1.04; 
local maximum � �7.87 when x � �1.93; 
local minimum � �13.02 when x � �1.04; 
local minimum � 7.87 when x � 1.93
55. Local maximum � 5.66 when x � 4.00
56. Local maximum � 0.32 when x � 0.75 57. Local 
maximum � 0.38 when x � �1.73; local minimum � �0.38
when x � 1.73 58. Local maximum � 1.33 when x � �0.50
59. 25 ft 60. (a) 55 ft (b) 204.9 ft 61. $4000, 100 units
62. $450, 1500 cans 63. 30 times 64. 150 min, 4.5 mg/L
65. 50 trees per acre 66. 7.5 mi/h 67. 20 mi/h 68. 3.96 �C
69. r � 0.67 cm

Section 2.6 ■ page 210

1. 2.
3. 4.

5. 6.

7. 8.

9. 10.

11. 12.

13. 14.

15. 16. P1x 2 � 13 � 15 2xA1b 2 � b 14 � b, 0 � b � 4

P1x 2 � 60x � x2D1t 2 � 25t, t � 0

L1d 2 � 5
7 dS1x 2 � 2x2 � 240/x, x � 0

A1C 2 � C2/ 14p 2 , C � 0r1A 2 � 2A/p, A � 0

S1V 2 � 6V 2/3, V � 0A1x 2 � 113/4 2x2, x � 0

P1x 2 � 2x �
32
x

, x � 0A1x 2 � 10x � x2, 0 � x � 10

V1r 2 � 4pr 3V1„ 2 � 1
2 „3, „ � 0

A1„ 2 � „2 � 10„A1„ 2 � 3„2, „ � 0

8 � 12

8
� 1.176777

1�q,  7 21�q,  q 2A� 
23
2 ,  q B1�q,  q 2 3�4,  q 21�q,  q 21�q,  1 41�q,  q 2 f 1x 2 � �31x � 3 2 2 � 4f 1x 2 � 2x2 � 4x

g12 2 � �1f 1�1 2 � 7
2

f 1�3 2 � 10h1�2 2 � �8
gA  15 

2 B � �5625f 10.6 2 � 15.64
f 1�2 2 � 73f 1�3.5 2 � 185.75

f A32B � 13
4f A� 

1
2B � 3

4

hA� 
1
2B � 4

−2 2 x

−5

0

y
  , 41
2!− @

h1x 2 � �4Ax � 1
2B2 � 4
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Answers to Section 2.7 A27

17.
18. 19. (b)
(c) 9.5, 9.5 20. 50, 50 21. �12, �12 22. 5 ft by 5 ft
23. (b) (c) 600 ft by 1200 ft
24. (a) (b) 14,062.5 ft2

25. (a) (b) Width along road is 30 ft,
length is 40 ft (c) 15 ft to 60 ft
26. (a) (b) 5 cm
27. (a) (b) $19 (c) $9.50
28. (a) (b) $13, $98

29. (a)

(b) Width � 8.40 ft, height of rectangular part � 4.20 ft
30. (a)
(b) 1.174 � x � 3.898 (c) 262.682 in3

31. (a) (b) Height � 1.44 ft,
width � 2.88 ft 32. 3.27 by 5.33
33. (a) (b) 10 m by 10 m

34. (a) (b) 6.13 mi from 

point B 35. (a)
(b) To point C, 5.1 mi from point B 36. (b) 9.23 by 13.00

Section 2.7 ■ page 219

1. ; 

; 

; 

2. ; 

; 

; 

3. ; 

; 

; 

4. ; 

; 

; a f
g b 1x 2 � B

9 � x2

x2 � 4
, 3�3,  �2 2 � 12,  3 41fg 2 1x 2 � 2�x4 � 13x2 � 36, 3�3,  �2 4 � 32,  3 41f � g 2 1x 2 � 29 � x2 � 2x2 � 4, 3�3,  �2 4 � 32,  3 41f � g 2 1x 2 � 29 � x2 � 2x2 � 4, 3�3,  �2 4 � 32,  3 4

a f
g b 1x 2 � B

4 � x2

1 � x
, 1�1,  2 4

1fg 2 1x 2 � 2�x3 � x2 � 4x � 4, 3�1,  2 41f � g 2 1x 2 � 24 � x2 � 21 � x, 3�1,  2 41f � g 2 1x 2 � 24 � x2 � 21 � x, 3�1,  2 4a f
g b 1x 2 �

x2 � 2x

3x2 � 1
, x 
 � 

1

13

1fg 2 1x 2 � 3x4 � 6x3 � x2 � 2x, 1�q,  q 21f � g 2 1x 2 � �2x2 � 2x � 1, 1�q,  q 21f � g 2 1x 2 � 4x2 � 2x � 1, 1�q,  q 2a f
g b 1x 2 �

x � 3

x2 , 1�q,  0 2 � 10,  q 21fg 2 1x 2 � x3 � 3x2, 1�q,  q 21f � g 2 1x 2 � �x2 � x � 3, 1�q,  q 21f � g 2 1x 2 � x2 � x � 3, 1�q,  q 2
E1x 2 � 14 225 � x2 � 10112 � x 2T1x 2 � 1

2 2x2 � 14x � 53 � 1
5 x

A1x 2 � 2x � 200/x

A1x 2 � x2 � 48/x

V1x 2 � 4x3 � 64x2 � 240x, 0 � x � 6

A1x 2 � 15x � ap � 4

8
b x2

P1x 2 � 80 � 12x � 2x2
R1p 2 � �3000p2 � 57,000p
A1x 2 � 1

8 x2 � 5
4 x � 25

4

f 1„ 2 � 8„ � 7200/„
A1„ 2 � � 

5
2 1„ 

2 � 150„ 2A1x 2 � x12400 � 2x 2 p1x 2 � x119 � x 2h1r 2 � 300/ 1pr 2 2A1h 2 � 2h 2100 � h2, 0 � h � 10 5. ; 

;

; 

6. ; 

; 

; 

7. 30,14 8. 9.
10.

11. 12.

13. 14.

15. 16.

17. (a) 1 (b) �23 18. (a) 16 (b) �47 19. (a) �11
(b) �119 20. (a) �29 (b) �2 21. (a) �3x 2 � 1
(b) �9x 2 � 30x � 23 22. (a) 9x � 20 (b) �x 4 � 4x 2 � 2
23. 4 24. 3 25. 5 26. 0 27. 4 28. �2
29. ;

;
;

30. ; 
; 

; 1g � g 2 1x 2 �
x

4
, 1�q,  q 21f � f 2 1x 2 � 36x � 35, 1�q,  q 21g � f 2 1x 2 � 3x � 5

2, 1�q,  q 21f � g 2 1x 2 � 3x � 5, 1�q,  q 21g � g 2 1x 2 � 16x � 5, 1�q,  q 21f � f 2 1x 2 � 4x � 9, 1�q,  q 21g � f 2 1x 2 � 8x � 11, 1�q,  q 21f � g 2 1x 2 � 8x � 1, 1�q,  q 2

gf

f + g

0

5

−5 5

3

3_3

_2

f

g

f+g

g

ff + g

30

83

3_3

_1

fg

f+g

1_1

0 xg

y

f

f + g

y

x
f

g
f+g

3�3,  1 2 � 11,  q 2 13,  q 23�1,  0 2 � 10,  q 2a
f
g b 1x 2 �

2
x

, x 
 �1, x 
 01fg 2 1x 2 �
2x1x � 1 2 2, x 
 �1

1f � g 2 1x 2 �
2 � x

x � 1
, x 
 �1

1f � g 2 1x 2 �
2 � x

x � 1
, x 
 �1

a f
g b 1x 2 �

x � 4

2x
, x 
 �4, x 
 0

1fg 2 1x 2 �
8

x2 � 4x
, x 
 �4, x 
 0

1f � g 2 1x 2 �
�2x � 8

x2 � 4x
, x 
 �4, x 
 0

1f � g 2 1x 2 �
6x � 8

x2 � 4x
, x 
 �4, x 
 0
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A28 Answers to Exercises and Chapter Tests

31. ; 
; ; 

32. ;

; 
; 

33. ; 

,
34. ; 

; 
; 

35. ; 
; ; 

36. ; 
; ; 

37. ; 

; 

; 

38. ; 

; ; 

39. 212 �x, ; 212 �x, ; 

; 216 �x,

40. ; 

; ; 

41.

42.

43.

44. 45. g1x 2 � x � 9, f 1x 2 � x51f � g � h 2 1x 2 � B
13 x

13 x � 1

1f � g � h 2 1x 2 � 11x � 5 2 4 � 1

1f � g � h 2 1x 2 �
1

x6 � 6x4 � 12x2 � 8

1f � g � h 2 1x 2 � 2x � 1 � 1

1g � g 2 1x 2 �
x

3x � 4
, x 
 �2, x 
 � 

4
3

1f � f 2 1x 2 � x, x 
 01g � f 2 1x 2 �
1

1 � x
, x 
 �1, x 
 0

1f � g 2 1x 2 �
2x � 4

x
, x 
 �2, x 
 0

30,  q 21g � g 2 1x 2 �1f � f 2 1x 2 � 19 x, 1�q,  q 2 30,  q 21g � f 2 1x 2 �30,  q 21f � g 2 1x 2 �

1g � g 2 1x 2 � x4 � 8x3 � 12x2 � 16x, 1�q,  q 21f � f 2 1x 2 � x1/4, 10,  q 21g � f 2 1x 2 �
1
x

�
4

1x
, 10,  q 2

1f � g 2 1x 2 �
1

2x2 � 4x
, 1�q,  0 2 � 14,  q 21g � g 2 1x 2 � 4x � 3, 1�q,  q 21f � f 2 1x 2 �

x

2x � 1
, x 
 �1, x 
 � 

1
2

1g � f 2 1x 2 �
2x

x � 1
� 1, x 
 �1

1f � g 2 1x 2 �
2x � 1

2x
, x 
 0

1g � g 2 1x 2 � 0 x � 4 0 � 4, 1�q,  q 21f � f 2 1x 2 � x � 8, 1�q,  q 21g � f 2 1x 2 � 0 x 0 , 1�q,  q 21f � g 2 1x 2 � 0 x � 4 0 � 4, 1�q,  q 21g � g 2 1x 2 � 4x � 9, 1�q,  q 2 1f � f 2 1x 2 � 0 x 0 , 1�q,  q 21g � f 2 1x 2 � 2 0 x 0 � 3, 1�q,  q 21f � g 2 1x 2 � 0 2x � 3 0 , 1�q,  q 21g � g 2 1x 2 � 32x � 3 � 3, 312,  q 21f � f 2 1x 2 � x4, 1�q,  q 21g � f 2 1x 2 � 2x2 � 3, 1�q,  �13 4 � 313,  q 21f � g 2 1x 2 � x � 3, 33,  q 21g � g 2 1x 2 � 4x � 12, 1�q,  q 21f � f 2 1x 2 � x, x 
 0

1g � f 2 1x 2 �
2
x

� 4, x 
 01f � g 2 1x 2 �
1

2x � 4
, x 
 �2;

1g � g 2 1x 2 � x1/9, 1�q,  q 21f � f 2 1x 2 � x9 � 6x6 � 12x3 � 10, 1�q,  q 21g � f 2 1x 2 � 23 x3 � 2, 1�q,  q 21f � g 2 1x 2 � x � 2, 1�q,  q 21g � g 2 1x 2 � x � 2, 1�q,  q 2 1f � f 2 1x 2 � x4, 1�q,  q 21g � f 2 1x 2 � x2 � 1, 1�q,  q 21f � g 2 1x 2 � 1x � 1 2 2, 1�q,  q 2 46.

47.

48. 49.

50.

51.

52.

53.
54.
55.
56. 57. (a)
(b) (c) 58. (a)
(b) (c) ; the volume as a 
function of time 59. 60. (a)
(b) (c)

; applying the 20% discount, then $50
coupon gives the lower price 61. (a)
(b) (c)

: first rebate, then discount,
g � f: first discount, then rebate, g � f is the better deal
62. (a) (b) d � 350t
(c)

Section 2.8 ■ page 230

1. No 2. Yes 3. Yes 4. No 5. No 6. Yes 7. Yes
8. Yes 9. Yes 10. No 11. No 12. Yes 13. No
14. Yes 15. No 16. Yes 17. (a) 2 (b) 3
18. (a) 5 (b) 4 19. 1 20. 1
31. 32.
33. 34.
35. 36.

37.

38.

39.

40.

41.

42.

43.

44.

45. 46.
47.

48. 49.
50. f �11x 2 � 13 1 � x

f �11x 2 � 14 xf �11x 2 � 29 � x2, 0 � x � 3

f �11x 2 � x2 � 2x, x � 1
f �11x 2 � 23 2 � 15 xf �11x 2 � 1x � 4 2 3f �11x 2 � 1

2 1x2 � 1 2 , x � 0

f �11x 2 � 14 � x, x � 4

f �11x 2 � 2x � 1
4 � 1

2, x � � 
1
4

f �11x 2 � 1
5 1x2 � 2 2 , x � 0

f �11x 2 � 23 1
4 15 � x 2f �11x 2 � 15x � 1 2 / 12x � 3 2f �11x 2 �

�21x � 1 2
x � 1

f �11x 2 � 11/x 2 � 2

f �11x 2 � 1/1x, x � 0f �11x 2 � 2x
f �11x 2 � 1

5 13 � x 2f �11x 2 � 1
4 1x � 7 2 f �11x 2 � 6 � xf �11x 2 � 1
2 1x � 1 2

s1t 2 � 21 � 122,500t2
s � 21 � d 2

 g � f 1x 2 � 0.9x � 100, f � g
f � g1x 2 � 0.9x � 90,g1x 2 � x � 100

f 1x 2 � 0.9x1g � f 2 1g � f 2 1x 2 � 0.80x � 50
1f � g 2 1x 2 � 0.80x � 40;g1x 2 � x � 50

f 1x 2 � 0.80xA1t 2 � 16pt2
1g � f 2 1t 2 � 4

3 pt3g1r 2 � 4
3 pr 3

f 1t 2 � t1f � g 2 1t 2 � 3600pt2f 1r 2 � pr2
g1t 2 � 60tP1x 2 � 0.055x � 0.0000015x2

R1x 2 � 0.15x � 0.000002x2
h1x 2 � 1x, g1x 2 � 3 � x, f 1x 2 � 2/x2
h1x 2 � 13 x, g1x 2 � 4 � x, f 1x 2 � x9

h1x 2 � 1x, g1x 2 � x � 1, f 1x 2 � 13 x

h1x 2 � x2, g1x 2 � x � 1, f 1x 2 � 1/x

g1x 2 � 1x, f 1x 2 � 21 � x

g1x 2 � 1 � x3, f 1x 2 � 0 x 0g1x 2 � x � 3, f 1x 2 � 1/x

g1x 2 � x2, f 1x 2 � x/ 1x � 4 2g1x 2 � 1x, f 1x 2 � x � 1
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Answers to Section 2.8 A29

51. (a) (b)

(c)
52. (a) (b)

(c)
53. (a) (b)

(c)
54. (a) (b)

(c)
55. Not one-to-one 56. One-to-one

−10

10

−5 5

3

2_2

_3

f �11x 2 � 13 x � 1

f

f −1

50

5

x

y

−5

−5

−5 0 5

−5

5

x

y

f �11x 2 � x2 � 1, x � 0

y

0 x2

2

_2
_1

f–¡

y

0 x2

2

_2
_1

f

f �11x 2 � 116 � x, x � 16

5 10 150

5

10

15

x

y

f

f −1

5 10 150

5

10

15

x

y

f �11x 2 � 1
3 1x � 6 2

y

0 x3

5

_5
_2

f–¡

y

0 x5

2

_5

_5

f

57. One-to-one 58. Not one-to-one

59. Not one-to-one 60. One-to-one 

61. (a)
(b)

62. (a)

63. (a)
(b)

64. (a)

65.
66.
67. 68. x � 3, k�11x 2 � 3 � xx � �2, h�11x 2 � 1x � 2

x � 1, g�11x 2 � 1 � 1x
x � 0, f �11x 2 � 24 � x

3

3_1

_1

g

g−1

g�11x 2 � 1x � 1

4

4_4

_4

g

g−1

g�11x 2 � x2 � 3, x � 0

5

5_2

_2

f

f −1

f�11x 2 � 4 � 2x

4

4_4

_4

f

f −1

f �11x 2 � x � 2

−20

20

−10 10

10

15_5

_10

−1

3

−3 3

20

16_4

_20
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A30 Answers to Exercises and Chapter Tests

69. 70.

71. (a) (b) , the
number of hours worked as a function of the fee (c) 9; if he
charges $1220, he worked 9 h 72. (a) ,
time elapsed since the tank started to leak (b) 24.5 min; in
24.5 min the tank drained 15 gal of water

73. (a) (b) 0.498; at a 

distance 0.498 from the central axis, the velocity is 30
74. (a) , the price associated with the
demand D (b) 40; when the demand is 30 units, the price is
$40 75. (a) ; the Celsius temperature
when the Fahrenheit temperature is x (b) ;
when the temperature is 86 �F, it is 30 �C
76. (a) (b) , the exchange
rate from U.S. dollars to Canadian dollars (c) $15,014.09 in 
Canadian currency

77. (a)

(b)

If you pay x euros in taxes, your income is .

(c) 78. (a)

(b) (c) H � 0.85x � 850

(d) , the original sticker price for a
given discounted price (e) $16,288, the original price of the
car when the discounted price ($1000 rebate, then 15% off) is
$13,000 79. A pizza costing x dollars has

toppings.

Chapter 2 Review ■ page 234

1. 6, 2, 18, a 2 � 4a � 6, a 2 � 4a � 6, x 2 � 2x � 3,
4x 2 � 8x � 6, 2x 2 � 8x � 10 2. 1, , ,

, ,
3. (a) �1, 2 (b) 3�4, 54 (c) 3�4, 44 (d) Increasing on3�4, �24 and 3�1, 44; decreasing on 3�2, �14 and 34, 54
(e) No 4. (a) Not a function (b) Function (c) Function,
one-to-one (d) Not a function 5. Domain , range

6. Domain , range 7.
8. 9. 10. 11.
12. , x 
 3 13. 14. x 
 �41�q,  �1 4 � 31,  4 4x 
 � 

1
2

5x 0  x 
 �2, �1, 061�1,  q 23�4,  q 2x 
 1
2

1�q,  q 234,  q 21�q,  q 230,  q 2 3�3,  q 2
3x � 8 13x � 6 � 104 � 13x2 � 64 � 1�3x � 6

4 � 13a4 � 121

f �11x 2 f �11x 2 � 1
2 1x � 7 2 .

H �11x 2 � 1.176x � 1000

g1x 2 � x � 1000

f1x 2 � 0.85xf �1110,000 2 � 60,000

f �11x 2f�11x 2 � e10x if 0 � x � 2000
10,000 � 5x if x � 2000

f 1x 2 � e0.1x if 0 � x � 20,000
2000 � 0.21x � 20,000 2 if x � 20,000

f �11x 2 � 1.2256xf 1x 2 � 0.8159x

F �1186 2 � 30
F �11x 2 � 5

9 1x � 32 2D�11p 2 � 50 � 1
3 p

√�11t 2 � B0.25 �
t

18,500

V �11t 2 � 40 � 41t

f �11x 2 � 1
80 1x � 500 2f 1x 2 � 500 � 80x

f −1

y

x20 4 6 8

f6

8

4

2

y

x1

1

0

15. 16.

17. 18.

19. 20.

21. 22.

23. 24.

25. 26.

5−5 0

5

x

yy

0 x3

2

_3

_2

3−3 0

3

x

yy

0 x5

3

_5

_3

5−5

−5

x

yy

0 x1_1 5

1

5−5 0

−5

5

x

yy

0 x5

5

_5

_5
(3, _3)

5−5 0

5

yy

0 5

2

_5

_5

t

5−5 0

−3

2

yy

0 x5

3

_5

_3
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Answers to Chapter 2 Review A31

27. 28.

29. 30.

31. 32.

33. (iii) 34. (iii)
35. 36.

37. 38.

39. 40. 41. 5

42. 43. 44. 2a � h � 2
�1

313 � h 2� 
1
12

3�7.10,  q 23�2.1,  0.2 4 � 31.9,  q 2

15

−5

−2

5

2

10_10

_2

−125

15

−10 10

250

5_30
_20

5−5 0

4

x

yy

0 x1

3

_5

5−5 0

−3

5

x

yy

0 x5

5

_5

2−2 0

2

x

yy

0 x3

1

_3

45. Increasing on ,
; decreasing on30, 2.674

46. Increasing on 3�2, 04, ;
decreasing on , 30, 24

47. (a) Shift upward 8 units (b) Shift left 8 units
(c) Stretch vertically by a factor of 2, then shift upward 1 unit
(d) Shift right 2 units and downward 2 units (e) Reflect in 
y-axis (f) Reflect in y-axis, then in x-axis
(g) Reflect in x-axis (h) Reflect in line y � x
48. (a) (b)

(c) (d)

(e) (f)

49. (a) Neither (b) Odd (c) Even (d) Neither
50. (a) Odd (b) Neither (c) Even (d) Neither
51. 52. f 1x 2 � �21x � 3 2 2 � 30f 1x 2 � 1x � 2 2 2 � 3

4−4 0

−4

4

x

y

4−4 0

−4

4

x

y

4−4 0

−4

4

x

y

4−4 0

−4

4

x

y

4−4 0

−4

4

x

y

4−4 0

−4

4

x

y

1�q,  �2 432,  q 2

−5

20

−5 5

32.67,  q 2 1�q,  0 410

6_2

_10
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A32 Answers to Exercises and Chapter Tests

53. 54. 55. 68 ft 56. $88,500,
15,000 units 57. Local maximum � 3.79 when x � 0.46; 
local minimum � 2.81 when x � �0.46
58. Local maximum � 3.175 when x � 4.00; 
local minimum � 0 when x � 0
59.

60.

61. (a) (b) 5 cm by cm

62. (a) , 0 � x � 10

(b) 4.35 m 63. (a)
(b)
(c)

(d)

(e)

(f) 64. (a)

(b) (c) 2 (d) 26
(e) (f)

65. , ;
, ; ,

; ,

66. , ; ,

; , ; 

, x 
 4,

67.
68. , g(x) � 1 � x,

69. Yes 70. No 71. No 72. Yes 73. No

74. Yes 75. 76.

77. 78.

79. (a), (b)

(c) f �11x 2 � 1x � 4

y

0 x5

3

_5

_3
f

f –¡

f �11x 2 � 2 � 1x � 1 2 5f �11x 2 � 13 x � 1

f �11x 2 � 1
2 13x � 1 2f �11x 2 �

x � 2

3

f1x 2 � 1/1x
h1x 2 � 1x
1f � g � h 2 1x 2 � 1 � 1x

x 
 9
21g � g 2 1x 2 �

x � 4

9 � 2x

30,  q 21f � f 2 1x 2 � x1/430,  16 2 � 116,  q 2 1g � f 2 1x 2 �
2

1x � 4
14,  q 21f � g 2 1x 2 � B

2

x � 4

1�q,  q 21g � g 2 1x 2 � �x4 � 4x3 � 6x2 � 4x1�q,  q 2 1f � f 2 1x 2 � 9x � 41�q,  q 21g � f 2 1x 2 � �9x2 � 12x � 3
1�q,  q 21f � g 2 1x 2 � �3x2 � 6x � 1

1g � f � g 2 1x 2 � 1x � 11f � g � f 2 1x 2 � 1 � x2
1g � f 2 1x 2 � 0 x 0 1f � g 2 1x 2 � x1g � f 2 1x 2 � �3x2 � 9x � 2

1f � g 2 1x 2 � 9x2 � 15x � 6

1f/g 2 1x 2 � 1x2 � 3x � 2 2 / 14 � 3x 21fg 2 1x 2 � �3x3 � 13x2 � 18x � 8
1f � g 2 1x 2 � x2 � 2

1f � g 2 1x 2 � x2 � 6x � 6

A1x 2 �
x2

16
�
13110 � x 2 2

36

5 13

2
A1x 2 � 5 13 x �

13

2
 x2

A � b 14 � b

A/C
sales

MonthJan. Apr. Jul. Oct.

5
4g1�1 2 � �7 80. (b) (c)

(d) , x � 1

Chapter 2 Test ■ page 237

1. (a) and (b) are graphs of functions, (a) is one-to-one
2. (a) 2/3, , (b)
3. 5
4. (a) (b)

5. (a) Shift right 3 units, then shift upward 2 units
(b) Reflect in y-axis 6. (a)
(b) (c)

7. (a) �3, 3 (b)

8. (a) (b) 150 ft
9. (a) (b)
(c) 2 (d) 2 (e) 1g � g � g 2 1x 2 � x � 9

1g � f 2 1x 2 � x2 � 21f � g 2 1x 2 � 1x � 3 2 2 � 1
A1x 2 � �3x2 � 900x

y

0 x5

2

_5
_2

f 12 2 � 5y

0 x5

9

_5

(2, 5)

f 1x 2 � 21x � 2 2 2 � 5

y

0 x5

3

_5

_3

y

0
x5

3

_5

_3

3�1,  0 2 � 10,  q 21a/ 1a � 1 216/5

f �11x 2 � 1x � 1 2 4 6420

6

4

2

f

f −1

x

y

6420

6

4

2

f

x

y
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Answers to Focus on Modeling A33

10. (a)
(b)

11. (a) Domain 30, 64, range 31, 74
(b)

(c)

12. (a) (b) No

(c) Local minimum � �27.18 when x � �1.61; local 
maximum � �2.55 when x � 0.18; local minimum � �11.93
when x � 1.43 (d) (e) Increasing on

; decreasing on

Focus on Modeling ■ page 243

1. (a)

(b) y � 1.8807x � 82.65 (c) 191.7 cm

Regression line
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H
ei

gh
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1�q,  �1.61 4 � 30.18,  1.43 43�1.61,  0.18 4 � 31.43,  q 23�27.18,  q 2

20

4_4

_30

5
4

y

x0 1

1

y

0 x5

3

_5

_3

f

f –¡

f �11x 2 � 3 � x2, x � 0 2. (a)

(b) y � 16.4163x � 621.83 (c) 938 cans

3. (a)

(b) y � 6.451x � 0.1523 (c) 116 years

4. (a)

(b) y � 1.555x � 2740.8 (c) 370.7 ppm

5. (a)

(b) y � 4.857x � 220.97 (c) 265 chirps/min
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A34 Answers to Exercises and Chapter Tests

6. (a)

(b) y � �0.0995x � 13.9, x in thousands of dollars
(c) 11.4 per 100 population (d) 5.9 per 100 population

7. (a)

(b) y � �0.168x � 19.89 (c) 8.13%

8. (a)

(b) y � �3.9018x � 419.7 (c) The correlation coefficient is
�0.98, so a linear model is appropriate. (d) 53%

9. (a)

(b) y � 0.2708x � 462.9 (c) 78.2 years
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Regression
line

y

x

10. (a)

(b) y � 0.0669x � 0.23 (c) 0.0669; fraction of a story per
foot of height
11. (a) y � �0.1729x � 64.717, y � �0.269x � 78.667
(b) 2039 

12. (a) y � 0.7804x � 15.5

Chapter 3

Section 3.1 ■ page 262

1. (a) (b)

(c) (d)
y

0 x

8

_1 2

y

0 x
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_1 1
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0 x4
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Answers to Section 3.1 A35

2. (a) (b)

(c) (d)

3. (a) (b)

(c) (d)

4. (a) (b)
y

0 x1

422

_100

_3

y

0 x1

243

_100_3

y

0 x1

4

_1

y

0 x1

4

_2

_8

y

0 x_3 _9

27

y

0 x2

4

_2

_8

y

0 x
8

_32

_2 1

y

0 x

_16

_2 1

y

0 x

16

_2 1

y

0 x

16

_2 2

_16

(c) (d)

5. III 6. I 7. V 8. II 9. VI 10. IV
11. 12.

13. 14.

15. 16.

17. 18.
y

x2

2

3
3
4 −2

−1

−

y

0 x1 3

1

_1

_3

y

x
0 52

2

y

0 x2_2 2
3

3

20

12

_1

_15

y

x20

2
1
2

−1−3

−3

y

0 x

10

2 3−2

y

x
2

0

2

1
−2

y

0 x

1

1−2

y

0 x
4

1

32

y

0 x2

16

_16

_1
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A36 Answers to Exercises and Chapter Tests

19. 20.

21. 22.

23. 24.

25.

26. 27.
y

0 x1 2

1

_1

_1

y

x0 1

1
2

2

−1

P1x 2 � x21x � 1 2 1x � 2 2P1x 2 � �x12x � 1 2 1x � 1 2

y

0 x1

4
10

_1
_3

_10

P1x 2 � �x1x � 3 2 1x � 4 2

y

x0 2
−5

−2
−4

y

0 x4

3

4

_4

_2
_4

P1x 2 � x1x � 2 2 1x � 4 2P1x 2 � x1x � 2 2 1x � 3 2

y

x0 3−1

3

9

y

0 x1

10

_1

_30

3

y

x2

8

1−2 0

y

0 x4

4
3

_4

28. 29.

30.

31.

32.

33.
y

0 x2

5

16

_2

P1x 2 � 1x � 2 2 21x2 � 2x � 4 2

y

x0 2
� 3

2

72

20

P1x 2 � 1
8 1x � 2 2 212x � 3 2 21x2 � 2x � 4 2 2

y

0 x2
1
2

3

910

_2

_3
_20

P1x 2 � 12x � 1 2 1x � 3 2 1x � 3 2

y

x0

2

−12

4
−2−3

P1x 2 � 1x � 3 2 1x � 2 2 1x � 2 2

y

0 x1

1

_1

_1

y

x0 2

3

−20

20

−2

−3

P1x 2 � 1x � 1 2 21x � 1 2P1x 2 � x31x � 3 2 1x � 3 2
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Answers to Section 3.1 A37

34.

35.

36.

37. y � q as x � q, y � �q as x � �q
38. y � �q as x � q, y � q as x � �q
39. y � q as x � �q
40. y � �q as x � q, y � q as x � �q
41. y � q as x � q, y � �q as x � �q
42. y � �q as x � �q
43. (a) x-intercepts 0, 4; y-intercept 0 (b)
44. (a) x-intercepts 0, 4.5; y-intercept 0
(b)
45. (a) x-intercepts �2, 1; y-intercept �1
(b)
46. (a) x-intercepts 0, 4; y-intercept 0
(b)
47.

local maximum 14,  16 230

12_4

_50

13,  �3 21�1,  �2 2 , 11,  0 210,  0 2 , 13,  �3 2 12,  4 2

y

x0 1

10
1

−1

P1x 2 � 1x � 1 2 21x2 � x � 1 2 2
0 x1

2

2

_1 _2

_4

_2

y

P1x 2 � 1x2 � 1 2 1x � 2 2 1x � 2 2

y

x0 1

2−5

−16

−2

P1x 2 � 1x � 2 2 1x � 2 2 1x2 � 2x � 4 2 48. 49.

local minimum , local maximum ,
local maximum local minimum 

50. 51.

local minimum , local minimum 
local maximum 

52. 53.

local minima local maximum ,
and , local minimum 
local maximum 

54. 55. One local maximum,
no local minimum

local maximum ,
local minimum 

56. No local extremum
57. One local maximum, one local minimum
58. No local extremum
59. One local maximum, two local minima
60. Two local maxima, two local minima
61. No local extrema
62. One local minimum
63. One local maximum, two local minima
64. One local maximum, one local minimum

11.26,  1.24 210,  6 2−5

10

−3 3

10,  32 2 11,  1 213,  �49 2 1�1,  5 21�3,  �49 2

10

3_3

_5−100

100

−5 5

1�1,  �25 2 1�3,  �27 212,  �52 2

30

5_5

_30−60

30

−5 5

12,  �7 210,  0 2 1�2,  25 212,  �4 2

30

5_5

_30−10

10

−2 5
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A38 Answers to Exercises and Chapter Tests

65. 66.

Increasing the value of c Increasing the value of c
stretches the graph vertically. shifts the graph 

to the right.

67. 68.

Increasing the value of c Increasing the value of c
moves the graph up. makes the “bumps” in the

graph flatter.

69. 70.

Increasing the value of c The larger c gets, the 
causes a deeper dip in the flatter the graph is near 
graph in the fourth the origin, and the steeper
quadrant and moves the it is away from the
positive x-intercept to the origin.
right.

71. (a)

(b) Three (c)

72. � is y � x 4; � is y � x 2; � is y � x 6;
� is y � x 3; � is y � x 5

10,  2 2 , 13,  8 2 , 1�2,  �12 2

y

0 x3

10

_3

_10

−10

10

−2 2
c = 1

c = 3
c = 5

c = 710

4_2

_40

c=0
c=1

c=8
c=27

−10

10

c = 2

c = 0 c = −2

c = −4

−3 3

5

1.5_1.5

_3

c=2
c=1
c=0
c=_1

−1

2c = 0 c = 1

c = 2c = −1

−2 3

5

1_1

_5

c=5

c=2

c=1
2

c=1

73. (d) , where 
and 
74. (a) local maximum

local minimum

(b) local maximum

local minimum 

75. (a) Two local extrema 

76. (a) Three x-intercepts, two local extrema
(b) One x-intercept, no local extrema
(c) Three x-intercepts, two local extrema; one x-intercept,
no local extrema 77. (a) 26 blenders
(b) No; $3276.22 78. (a) 1380 rabbits, after 4.2 months
(b) After 8.4 months
79. (a) (b) 0 � x � 10
(c) Maximum volume � 1539.6 cm3 

80. (b) Domain {x � 0 � x � 18} (c) 1728 in3

Section 3.2 ■ page 270

1. 2.
3. 4.
5. 1x2 � 3 2 1x2 � x � 3 2 � 17x � 11 212x � 1 2 12x2 � x � 4 2 � 512x � 3 2 1x2 � 1 2 � 3

1x � 1 2 1x2 � 5x � 1 21x � 3 2 13x � 4 2 � 8

2000

180

1600

100
0

V1x 2 � 4x3 � 120x2 � 800x

10

61

−12

13.5,  4.4 211.8,  7.1 2
−10

10

−2 6

13.6,  �0.6 211.8,  2.1 2
−10

10

−2 6

PE1x 2 � �x2 � 5
PO1x 2 � x5 � 6x3 � 2xP1x 2 � PO1x 2 � PE1x 2
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Answers to Section 3.3 A39

6.

7. 8.

9. 10.

11. 12.

In answers 13–36, the first polynomial given is the 
quotient and the second is the remainder.
13. x � 2, �16 14. x 2 � x, 6 15. 2x 2 � 1, �2
16. , �1 17. x � 2, 8x � 1
18. 3x 2 � 8x � 1, 5x � 2 19. 3x � 1, 7x � 5
20. 3, 20x � 5 21. x 4 � 1, 0
22. , 23. x � 2, �2
24. x � 4, 0 25. 3x � 23, 138 26. 4x � 20, 97
27. x 2 � 2, �3 28. 3x 2 � 3x � 6, 31
29. x 2 � 3x � 1, �1 30. x 3 � x 2 � 3x � 5, 12
31. x 4 � x 3 � 4x 2 � 4x � 4, �2 32. x 2 � 6x � 9, 0
33. 2x 2 � 4x, 1 34. ,
35. x 2 � 3x � 9, 0 36. x 3 � 2x 2 � 4x � 8, 0 37. �3
38. 6 39. 12 40. 2 41. �7 42. 20 43. �483
44. �273 45. 2159 46. 100 47. 48.
49. �8.279 50. (a) 1 (b) 1 55.
56. �1, 3 57. x 3 � 3x 2 � x � 3
58. x 4 � 4x 3 � 4x 2 � 16x 59. x 4 � 8x 3 � 14x 2 � 8x � 15
60. x 5 � 5x 3 � 4x 61.
62. 2x 4 � 5x 3 � 5x � 2 63.
64. 65.
66.

Section 3.3 ■ page 279

1. �1, �3 2. �1, �2, �4, �8 3. �1, �2, �4, �8,

4. �1, �2, �3, �4, �6, �12, , , , , ,

5. �1, �7, , , ,

6. �1, �2, �4, �8, , , , , , , ,

7. (a) �1, (b) �1, 1, 8. (a) �1, �2, ,

(b) �1, 9. (a) �1, �3, , (b) , 1, 3

10. (a) �1, , (b) , 1 11. �2, 1 12. 1, 2, 4
13. �1, 2 14. �3, 2 15. 2 16. �3, 2 17. �1, 2, 3
18. �2, 1, 5 19. �1 20. 3 21. �1, �2 22. �2, 1, 2
23. 1, �1, �2, �4 24. �3, 2, 5 25. �2,
26. �1, 2 27. �2 28. �2, 29. �1, ,

30. �1, 1, 31. , , 1 32. �1, ,

33. , �1, 34. �2, , 35. �1, , 2

36. �1, , , 2 37. �3, �2, 1, 3 38. �2, �1, 2, 3

39. �1, , 2, 5 40. �3, 2, 41. �2,

42. 3, 43. �1, 4,
3 � 213

2
1 � 15

�1 � 121
2� 

1
3

1
2� 

1
3

1
2

1
2� 

1
3

3
2� 

5
2

1
2� 

3
4

1
2� 

3
2

3
2

1
2� 

1
2

1
2

� 
3
2

1
4� 

1
4� 

1
2

� 
1
2� 

3
2� 

1
2

2
3

� 
2
3� 

1
3

1
5� 

1
5

� 
1

12� 
1
6� 

1
4� 

8
3� 

4
3� 

2
3� 

1
3� 

1
2

� 
7
4� 

1
4� 

7
2� 

1
2

� 
1
6� 

4
3� 

2
3� 

1
3� 

3
2� 

1
2

� 
1
2

1x � 2 2 1x � 1 2 1x � 1 2 21x � 2 2 21x � 1 2 21x � 1 2 1x � 2 2 2 1x � 1 2 1x � 1 2 1x � 2 2� 
3
2 x3 � 3x2 � 15

2  x � 9

�1 � 16

49
64

7
3

7
96x3 � 6x2 � x � 1

3

19
2 x � 11

2  
x3 � x2 � 5

2  
x � 7

4

1
3  
x2 � 1

3  
x � 2

3

x3 � x � 1 �
�x � 2

x2 � x � 1
2x2 � x � 1 �

4x � 4

x2 � 4

2x2 � 3x �
5

3x � 4
2x �

1

2
�

 � 
15
2

2x � 1

x2 � 4x � 22 �
93

x � 4
x � 1 �

�11

x � 3

1x2 � 2 2 12x3 � 4x2 � 8 2 � 1�x � 13 2
44. �2, 1, 45. 3,

46. �1, 2, 47. ,

48. , 49. �1, ,

50. , 3,

51. (a) �2, 2, 3 (b)

52. (a) 2, �1, �3 (b)

53. (a) , 2 (b)

54. (a) �3, (b)

55. (a) �1, 2 (b) y

0 x2

5

_1
_5

y

x2

3

0

1
3

y

0 x2

20

_20

� 
1
2

y

x

2

10

y

0 x1

5

_1

�2 � 16

2
1
2

�3 � 110� 
1
21 � 13� 

1
3

1 � 13

2
1
22 � 12

1 � 15

2

�1 � 15

2
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A40 Answers to Exercises and Chapter Tests

56. (a) �2, (b)

57. (a) �1, 2 (b)

58. (a) �3, 1 (b)

59. 1 positive, 2 or 0 negative; 3 or 1 real
60. 3 or 1 positive, no negative; 1 or 3 real
61. 1 positive, 1 negative; 2 real
62. No positive, 4, 2, or 0 negative; 0, 2, or 4 real
63. 2 or 0 positive, 0 negative; 3 or 1 real (since 0 is a zero but
is neither positive nor negative) 64. 6, 4, 2, or 0 positive, no
negative; 6, 4, 2, or 0 real 69. 3, �2 70. 3, �2
71. 3, �1 72. 1, �1 73. �2, , �1

74. �2, ,

75. , 76. �1, 0, , 77. �2, 1, 3, 4

78. �2, , 1, 83. �2, 2, 3 84. �2, �1, 1, 2

85. , �1, 1, 4 86. �2 87. �1.28, 1.53 88. 3
89. �1.50 90. �1.71, �1.20, �0.80 93. 11.3 ft
94. 47 ft by 106 ft 95. (a) It began to snow again.
(b) No (c) Just before midnight on Saturday night
96. 5 cm by 10 cm by 30 cm or 3.49 cm by 13.03 cm by 33.03 cm
97. 2.76 m 98. (b) 1.45 ft by 1.34 ft or 2.31 ft by 0.53 ft
99. 88 in. (or 3.21 in.)

Section 3.4 ■ page 289

1. Real part 5, imaginary part �7 2. Real part �6, imaginary
part 4 3. Real part , imaginary part 4. Real part 2,
imaginary part 5. Real part 3, imaginary part 0 6. Real
part , imaginary part 0 7. Real part 0, imaginary part � 

2
3� 

1
2

7
2

� 
5
3� 

2
3

� 
3
2

2 � 12

2
3
4

5
3

1
2� 15� 

1
2

�5 � 217

2
� 

1
2

1
2

y

x2
6

0

y

0 x1

5

_1

_5

y

x2
−8

8

0

2 � 12 8. Real part 0, imaginary part 9. Real part ,
imaginary part 2 10. Real part 2, imaginary part 
11. 5 � i 12. 6 � i 13. 3 � 5i 14.
15. 6 � i 16. 1 17. 2 � 2i 18. �6 � 6i
19. �19 � 4i 20. �4 � 7i 21.
22. �1.1 � 2.5i 23. �4 � 8i 24. 2 � i 25. 30 � 10i
26. 8 � 2i 27. �33 � 56i 28. 29. 27 � 8i

30. 1 � 17i 31. �i 32. 33.

34. 35. �5 � 12i 36. 4 � 3i 37. �4 � 2i

38. 39. 40. 41. �i 42. 3 � i

43. �i 44. 16 45. 1 46. �1 47. 5i 48.

49. �6 50. 3i 51. 52. �i

53. 2 54. 55. 56. 57. �3i

58. 59. 2 � i 60. �1 � i 61.

62. 63. 64. 65.

66. 67. 68.

69. 1 � 3i 70.

Section 3.5 ■ page 298

1. (a) 0, �2i (b) 2. (a) 0, �3i

(b) 3. (a) 0, 1 � i

(b) 4. (a)

(b) 5. (a) �i

(b) 6. (a)

(b)

7. (a) �2, �2i (b)

8. (a) (b)

9. (a)

(b)

10. (a)

(b)

11. (a)

(b) 	

12. (a)

(b) 	

In answers 13–30, the factored form is given first, then 
the zeros are listed with the multiplicity of each in parentheses.
13. 1x � 5i 2 1x � 5i 2 ; �5i 11 2
Ax � 1

2 � 1
2 i 13B Ax � 1

2 � 1
2 i 13B1x � 1 2 1x � 2 2 Ax � 1 � i 13B Ax � 1 � i 13B�1, 2, �1 � i 13, 12 � 1

2 i 13

Ax � 1
2 � 1

2 i 13BAx � 1
2 � 1

2 i 13B Ax � 1
2 � 1

2 i 13B1x � 1 2 1x � 1 2 Ax � 1
2 � 1

2 i 13B�1, 12 � 1
2 i 13, � 

1
2 � 1

2 i 13

1x � 2 2 Ax � 1 � i 13B Ax � 1 � i 13B2, �1 � i 13

1x � 2 2 Ax � 1 � i 13B Ax � 1 � i 13B�2, 1 � i 13

Ax � i 13B2Ax � i 13B2�i 13

1x � 2 2 1x � 2 2 1x � 2i 2 1x � 2i 2Ax � 12B Ax � 12B 1x � i 2 1x � i 2� 12, �i1x � i 2 21x � i 2 2xAx � 1
2 � 1

2 i 13B Ax � 1
2 � 1

2 i 13B 0, � 
1
2 � 1

2 i 13x1x � 1 � i 2 1x � 1 � i 2x31x � 3i 2 1x � 3i 2x21x � 2i 2 1x � 2i 2
� 

1

4
�
115

4
 i

2 �
13

2
 i

�6 � 16 i

6
�2 � 2 12 i

� 

3

2
�
13

2
 i

1

2
�
15

2
 i1

2 � 1
2 i

3

2
�
13

2
 i

� 

1

2
�
13

2
 i� 

2
3 i

� 
7
2�i 12� 12 � 4 16i

A3 � 15B � A3 � 15Bi 3
2 i

1
3 � 1

5 i2 � 4
3 i2

13 � 3
13 i

11
25 � 23

25 i

8
5 � 1

5 i1
2 � 1

2 i

� 
2591

9 � 18i

� 
1
4 � 1

2 i

�2 � 7
3 i

� 15
1313
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Answers to Section 3.6 A41

14.

15.

16.

17.

18.
19.
20.
21.

22.

23.
24. 	

25.

26.

27.

28.

29.

30.

31.

32. x2 � 2x � 3 33.

34. x3 � x 35.

36. x3 � x2 � 4x � 6

37.

38. x4 � 13x2 � 36

39.

40. 4x5 � 6x4 � 4x3 � 4x2 � 2 41. �2, �2i

42. 3, 2 � i 43. 44.

45. 46. 47.

48. 49. �2, 1, �3i 50. 3, �1, �i

51. 52.

53. 3 (multiplicity 2), �2i 54. �1, 1 � i

55. 56.

57. 1 (multiplicity 3), �3i 58. 2, �i

59. (a) (b)

60. (a)

(b)

61. (a)

(b) 1x � 1 2 1x � 1 2 1x � 3i 2 1x � 3i 21x � 1 2 1x � 1 2 1x2 � 9 21x � 2 2 1x � 1 � i 2 1x � 1 � i 21x � 2 2 1x2 � 2x � 2 2 1x � 5 2 1x � 2i 2 1x � 2i 21x � 5 2 1x2 � 4 2
� 

1
2, 1, � 

1
2 � 1

2 i� 
1
2 1multiplicity 2 2 , �i

�2, �i, 1 � i 131, �2i, �i 13

3, 12 � 1
2 i 15

� 
3
2, �1 � i 122, �1 � i 122, 

1 � i 13

2

�3, �2 � i 121, 

1 � i 13

2

T1x 2 � 6x4 � 12x3 � 18x2 � 12x � 12

R1x 2 � x4 � 4x3 � 10x2 � 12x � 5

P1x 2 � x3 � 2x2 � x � 2

Q1x 2 � x3 � 3x2 � 4x � 12

P1x 2 � x2 � 2x � 2

�2 12 2 , 1 � i 13 12 21x � 2 2 2Ax � 1 � i 13B2Ax � 1 � i 13B2;xAx � i 13B2Ax � i 13B2; 0 11 2 , i 13 12 2 , �i 13 12 2x3Ax � i 17B Ax � i 17B; 0 13 2 , �i 17 11 2 2i 11 2 , �2i 11 21x � 1 2 1x � 1 2 1x � 2i 2 1x � 2i 2 ; 1 11 2 , �1 11 2 ,Ax � i 15B2Ax � i 15B2; �i 15 12 21x � i 2 21x � i 2 2; i 12 2 , �i 12 2 32 � 3
2 i 13 11 2 , � 

3
2 � 3

2 i 13 11 2Ax � 3
2 � 3

2 i 13B Ax � 3
2 � 3

2 i 13B; �3 11 2 ,1x � 3 2 1x � 3 2 Ax � 3
2 � 3

2 i 13B Ax � 3
2 � 3

2 i 13B1x � 1 2 1x � 3i 2 1x � 3i 2 ; �1 11 2 , 3i 11 2 , �3i 11 24 11 2 , �2 � 2i 13 11 21x � 4 2 Ax � 2 � 2i 13B Ax � 2 � 2i 13B; 32 11 2 , � 
3
2 11 2 , 32 i 11 2 , � 

3
2 i 11 216Ax � 3

2B Ax � 3
2B Ax � 3

2 iB Ax � 3
2 iB;1x � 5 2 1x � 5 2 1x � 5i 2 1x � 5i 2 ; �5 11 2 , �5i 11 21x � 1 2 1x � 1 2 1x � i 2 1x � i 2 ; 1 11 2 , �1 11 2 , i 11 2 , �i 11 2xAx � 1

2 � 1
2 i 13B Ax � 1

2 � 1
2 i 13B; 0 11 2 , 12 � 1

2 i 13 11 2x1x � 2i 2 1x � 2i 2 ; 0 11 2 , 2i 11 2 , �2i 11 21x � 4 � i 2 1x � 4 � i 2 ; 4 � i 11 2 , 4 � i 11 23x � 1�1 � i 2 4 3x � 1�1 � i 2 4 ; �1 � i 11 2 , �1 � i 11 212x � 3i 2 12x � 3i 2 ; � 
3
2 i 11 2 62. (a) (b)

63. (a)
(b) 	

64. (a)
(b)
65. (a) 4 real (b) 2 real, 2 imaginary (c) 4 imaginary
66. (a) (b) 0, i (c) �i (d)
68. (a) x4 � 2x3 � 3x2 � 2x � 2
(b)

Section 3.6 ■ page 312

1. (a) �3, �19, �199, �1999; 
5, 21, 201, 2001; 
1.2500, 1.0417, 1.0204, 1.0020; 
0.8333, 0.9615, 0.9804, 0.9980
(b)
(c) Horizontal asymptote y � 1
2. (a) �14, �86, �896, �8996; 
22, 94, 904, 9004; 
5.1250, 4.1875, 4.0918, 4.0090; 
3.2500, 3.8269, 3.9118, 3.9910
(b)
(c) Horizontal asymptote y � 4
3. (a) �22, �430, �40,300, �4,003,000; 
�10, �370, �39,700, �3,997,000; 
0.3125, 0.0608, 0.0302, 0.0030; 
�0.2778, �0.0592, �0.0298, �0.0030
(b)
(c) Horizontal asymptote y � 0
4. (a) 31, 1183, 128,803, 12,988,003; 
79, 1423, 131,203, 13,012,003; 
4.7031, 3.2556, 3.1238, 3.0120; 
2.0903, 2.7740, 2.8836, 2.9880
(b)
(c) Horizontal asymptote y � 3
5. x-intercept 1, y-intercept 6. x-intercept 0, y-intercept 0
7. x-intercepts �1, 2; y-intercept 8. no x-intercept,
y-intercept 9. x-intercepts �3, 3; no y-intercept
10. x-intercept �2, y-intercept 2 11. x-intercept 3,
y-intercept 3, vertical x � 2; horizontal y � 2
12. x-intercept 0, y-intercept 0, vertical x � �1, x � 2; 
horizontal y � 0 13. x-intercepts �1, 1; y-intercept ; 
vertical x � �2, x � 2; horizontal y � 1
14. x-intercepts �2, 2; y-intercept �6; horizontal y � 2
15. Vertical x � �2; horizontal y � 0
16. Vertical x � 1; horizontal y � 2
17. Vertical x � 3, x � �2; horizontal y � 1
18. Vertical x � �1; horizontal y � 0
19. Horizontal y � 0
20. Vertical x � 3, x � 4; horizontal y � 1
21. Vertical x � �6, x � 1; horizontal y � 0
22. Horizontal y � 3 23. Vertical x � 1
24. Vertical x � 2, x � �2

1
4

� 
1
2

1
3

� 
1
4

r1x 2 �q as x � 2�; r1x 2 �q as x � 2�

 r1x 2 � �q as x � 2�r1x 2 � �q as x � 2�;

r1x 2 � �q as x � 2�; r1x 2 �q as x � 2�

r1x 2 � �q as x � 2�; r1x 2 �q as x � 2�

x2 � 11 � 2i 2x � 1 � i

�1 � i 121
2 � 2i

x1x � 2 2 1x � 2 2 1x � 2i 2 1x � 2i 2x1x � 2 2 1x � 2 2 1x2 � 4 23x � A1 � i 13B 4 3x � A1 � i 13B 41x � 2 2 1x � 2 2 3x � A1 � i 13B 4 3x � A1 � i 13B 41x � 2 2 1x � 2 2 1x2 � 2x � 4 2 1x2 � 2x � 4 21x � 2i 2 21x � 2i 2 21x2 � 4 2 2
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A42 Answers to Exercises and Chapter Tests

25. 26.

27. 28.

29. 30.

31. 32.

33. x-intercept 1
y-intercept �2
vertical x � �2
horizontal y � 4

34. x-intercept �3
y-intercept 2
vertical 
horizontal y � � 

1
3

x � 1
2

y

x1

2

0

y

0
x4

5

_4
_5

y

x20

2

y

0 x2

−2

2

−3

y

x2

6

0

y

0 x2

5

y

x

2

10

y

0 x_1

5

y

x

2

0−2

y

0 x1

1

35. x-intercept 

y-intercept 

vertical x � �7
horizontal y � �3

36. x-intercept 

y-intercept 

vertical 
horizontal y � �1

37. y-intercept 2
vertical x � 3
horizontal y � 0

38. x-intercept 2
y-intercept �2
vertical x � �1
horizontal y � 0

39. x-intercept 2
y-intercept 2
vertical x � �1, x � 4
horizontal y � 0

40. x-intercept �2
y-intercept 
vertical x � �3, x � 1
horizontal y � 0

� 
2
3

y

x2

2

0

y

0 x1

5

y

x2

−2

−2 0

y

0 x3

10

x � � 
3
2

1
3

1
2y

x
1

1

0

4
7

4
3y

0 x
5

5

_10
_5
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Answers to Section 3.6 A43

41. y-intercept �1
vertical x � �1, x � 6
horizontal y � 0

42. x-intercept 2
y-intercept 2
vertical x � �2, x � 1
horizontal y � 0

43. x-intercept �2
y-intercept 
vertical x � �4, x � 2
horizontal y � 0

44. x-intercept 2
vertical x � 0, x � 4
horizontal y � 0

45. x-intercepts �2, 1
y-intercept 
vertical x � �1, x � 3
horizontal y � 1

46. x-intercepts 0, �2
y-intercept 0
vertical x � 1, x � 4
horizontal y � 2

y

x
−2

2

2
0

2
3

y

0 x6

6

_6

_6

y

x2

2

−2

0

� 
3
4

y

0
x3

2

y

x3

3

0

y

0 x
2

2

47. x-intercept 1
y-intercept 1
vertical x � �1
horizontal y � 1

48. x-intercept 0
y-intercept 0
vertical x � �1, x � 3
horizontal y � 4

49. x-intercepts �6, 1
y-intercept 2
vertical x � �3, x � 2
horizontal y � 2

50. x-intercepts 1, �2
vertical x � �1, x � 0
horizontal y � 2

51. x-intercepts �2, 3
vertical x � �3, x � 0
horizontal y � 1

52. x-intercepts 0, �3
y-intercept 0
vertical x � �2, x � 3,
horizontal y � 1

y

x2

2

0

y

0 x6

6

_6

_6

y

x2

5

0

y

0 x6

6

_6

_6

y

x4

2
0

y

0 x6

6

_6
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A44 Answers to Exercises and Chapter Tests

53. y-intercept �2
vertical x � �1, x � 3
horizontal y � 3

54. y-intercept 
vertical x � �2
horizontal y � 5

55. x-intercept 1
vertical x � 0, x � 3
horizontal y � 0

56. x-intercepts 0, 1
y-intercept 0
vertical x � �1, x � 2
horizontal y � 1

57. slant y � x � 2 
vertical x � 2

58. slant y � x � 3 
vertical x � 1

y

x5

5

−5

−5 0

y

0 x6

10

_6

_10

y

x3

2

0
−2

y

0 x
21

5
4y

x

5

−5

6

y

0 x6

10

_6

59. slant y � x � 2 
vertical x � 0

60. slant 
vertical x � 1

61. slant y � x � 8 
vertical x � 3

62. slant 
vertical x � �1,

63. slant y � x � 1 
vertical x � 2, x � �2

y

0 x6

30

_6

x � 1
2

y � 1
2 x � 1

4y

x5−5
−3

y

0 x10

30

_10

_30_4 _1

y � � 
1
2 x � 1y

x
5

5

−5

−5 0

y

0 x6

10

_6

_10
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Answers to Section 3.6 A45

64. slant y � 2x
vertical x � �1, x � 1

65. vertical x � �3

66. vertical x � 0, x � 2

67. vertical x � 2

68. vertical x � 1

69. vertical x � �1.5
x-intercepts 0, 2.5
y-intercept 0, local maxi-
mum 
local minimum 
end behavior: y � x � 4

70. vertical x � 0, x � 3
x-intercept 0.82, local
maximum 
local minima 

end behavior y � x 2 � 1
13.38,  14.76 2 1�0.80,  2.63 212.56,  4.88 2

−60

60

−8 8

10.9,  �0.6 21�3.9,  �10.4 2
10

10_10

_20

−10

2

−4 4

60

10_10

_30

−20

20

−20 20

30

10_10

_30

y

x5−5 0

10

−10

71. vertical x � 1 
x-intercept 0 
y-intercept 0 
local minimum 
end behavior: y � x 2

72. vertical x � �1.41, x � 1.41
x-intercept 0 
y-intercept 0 
local maximum 
local minima ,
end behavior y � x 2 � 2

73. vertical x � 3
x-intercepts 1.6, 2.7
y-intercept �2 
local maxima ,

,
local minima ,

end behavior y � x 3

74. vertical x � �1, x � 1
x-intercepts �1.6, 1.6 
y-intercept �4 
local maximum 
end behavior y � �x 2

75. (a) (b) It levels off at 3000.

76. (a) (b) It decreases to 0.

77. (a) 2.50 mg/L (b) It decreases to 0. (c) 16.61 h

78. The vertical asymptote 
represents the escape veloc-
ity from the earth’s gravita-
tional pull.

0

20,000,000

20,000

12

0 25

4000

300

10,  �4 2
−20

20

−10 10

13.4,  54.3 2 10.6,  �2.3 212.4,  3.8 2 1�0.4,  �1.8 2
100

5_5

_100

12,  8 21�2,  8 210,  0 2
−10

70

−8 8

11.4,  3.1 2
10

3_3

_5
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A46 Answers to Exercises and Chapter Tests

79. If the speed of the train
approaches the speed of 
sound, then the pitch increases
indefinitely (a sonic boom).

80. (a)

(b) y approaches 55 mm (c) y approaches q

Chapter 3 Review ■ page 316

1.

2.

3.

4. y

x
6

(3, 81)100

0

y

x1
_30(_1, _32)

200

_3

_200

y

x2

50

_3
_16

_50

y

0 x4

64

300

_4

_300

0

250

1000

y �
55x

x � 55

5000

4000

5.

6.

7. x-intercepts �2.1, 0.3, 1.9
y-intercept 1 
local maximum 
local minimum 
y � q as x � q
y � �q as x � �q

8. x-intercepts �0.5, 0.7, and 2.9 
y-intercept �2 
local maximum 
local minimum 
y � q as x � �q and
y � �q as x � q

9. x-intercepts �0.1, 2.1
y-intercept �1 
local minimum 
y � q as x � q
y � q as x � �q

10. x-intercepts �3.0, 1.3, and 1.9 
y-intercept 3 
local maxima and 

local minima and 

y � �q as x � �q and 
y � q as x � q

11. (a) (b) 0 � x � 10
(c) (d) 5.8 in.6000

100

S � 13.8x1100 � x2 2
11.6,  �1.6 2 1�0.6,  0.6 210.5,  5.0 2 1�2.4,  33.2 2

−50

50

−4 4

11.4,  �14.5 230

_20

3_2

10,  �2 212,  6 2
−10

10

−4 4

11.2,  �2.1 21�1.2,  4.1 210

_10

3_3

y

x1_2

200

0
_200

y

x1_1

100
31

_100

0
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Answers to Chapter 3 Review A47

12. (a) (b)
(c) 14.14 in. by 28.28 in.

In answers 13–20, the first polynomial given is the quotient and
the second is the remainder.
13. x � 1, 3 14. x � 4, 0 15. x 2 � 3x � 23, 94
16. x 2 � x � 3, �19 17. x 3 � 5x 2 � 17x � 83, 422
18. 2x 3 � 5x 2 � 20x � 80, 308 19. 2x � 3, 12
20. x 2 � x � 4, 12 21. 3 22. 21 25. 8 26. 0
27. (a) �1, �2, �3, �6, �9, �18
(b) 2 or 0 positive, 3 or 1 negative
28. (a) �1, �2, �4, , , , ,
(b) 0 positive, 0, 2, or 4 negative

29. (a) �4, 0, 4 (b)

30. (a) �1, 0, 4 (b)

31. (a) �2, 0 (multiplicity 2), 1 (b)

32. (a) �2, �1, 1, 2 (b) y

x2

4

_2
_2

0

y

x1

4

_2
_4

0

y

x4

10

_1

_20

0

y

x4

30

_4 _30
0

� 
1
6� 

4
3� 

2
3� 

1
3� 

1
2

0

6000

0 25

V1x 2 � 600x � x3 33. (a) �2, �1, 2, 3 (b)

34. (a) �2, 2 (b)

35. (a) , 1 (b)

36. (a) (multiplicity 2), 1 (multiplicity 3)

(b)

37. 3 � i 38. �3 � 2i 39. 8 � i 40. 2 � 8i
41. 42. 43. i 44. �2 � 2i 45. 2
46. �20 47. 4x 3 � 18x 2 � 14x � 12
48. x 4 � 8x 3 � 25x 2 � 72x � 144 49. No; since the 
complex conjugates of imaginary zeros will also be zeros,
the polynomial would have 8 zeros, contradicting the require-
ment that it have degree 4. 51. �3, 1, 5 52. �3, �1,
53. �1 � 2i, �2 (multiplicity 2) 54. �4, �1,
55. �2, 1 (multiplicity 3)
56. �3, 3, �3i 57. �2,

58. , (multiplicity 2) 59. 1, 3,

60. �3i, 61. x � �0.5, 3
62. x � �3, �2, 4 63. x � �0.24, 4.24 64. x � 1.34

�i 16

�1 � i 17

2
� 

1
3

1
2

�1 � i 13

�1 � 16

3
2

41
25 � 12

25 i6
5 � 8

5 i

y

x1

1

_

_2

01
3

� 
1
3

y

x1

10

_1
_10

� 
1
2

y

x2

20

_2
_20

y

x2

20

_2
_10

0
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A48 Answers to Exercises and Chapter Tests

65. 66.

67. 68.

69. 70.

71. x-intercept 3
y-intercept �0.5
vertical x � �3
horizontal y � 0.5
no local extrema

72. x-intercept 3.5
y-intercept �0.78
horizontal y � 0
local minimum

local maximum 

73. x-intercept �2
y-intercept �4
vertical x � �1, x � 2
slant y � x � 1
local maximum

local minimum14.216,  7.175 210.425,  �3.599 2
30

6_6

_30

18.11,  0.12 21�1.11,  �0.90 2
−2

2

−10 10

20

10_10

_20

y

x50

20

−5

y

0 x5
3

_5
_3

_9

2

y

x

10

5

y

0 x6

6

0.25

_6

_6

y

x2

5

−2−4 0

y

0 x5

4

310

_5

_20
_12

74. x-intercepts 0,
y-intercept 0; vertical x � �1
local maximum 
local minimums

,

end behavior 
y � 2x 2 � 3x � 3

75. , , ,

Chapter 3 Test ■ page 319

1.

2. (a) x 3 � 2x 2 � 2, 9 (b) ,

3. (a) �1, �3, , (b)
(c) �1, , 3
(d)

4. (a) 7 � i (b) �1 � 5i (c) 18 � i (d)
(e) 1 (f) 6 � 2i 5. 3, �1 � i
6. 7. x 4 � 2x 3 � 10x 2 � 18x � 9
8. (a) 4, 2, or 0 positive; 0 negative
(c) 0.17, 3.93 

(d) Local minimum 
9. (a) r, u (b) s (c) s (d) y

0 x6
2

6
25

6

_6
_3

_6

12.8,  �70.3 2

80

_80

5_3

1x � 1 2 21x � 2i 2 1x � 2i 2
6

25 � 17
25 i

y

0 x

10
1

1
2

21x � 3 2 Ax � 1
2B 1x � 1 2� 

3
2� 

1
2

15
2x3 � 2x2 � 1

2

y

x1

1940

_2

_40

0

15,  770 212,  68 211,  26 21�2,  �28 2
10.32,  �0.03 21�1.57,  17.90 2 10,  0 2

1
230

6_6

_10
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Answers to Section 4.1 A49

(e) x 2 � 2x � 5 

Focus on Modeling ■ page 323

1. (a) y � �0.275428x 2 � 19.7485x � 273.5523
(b)

(c) 35.85 lb/in2

2. (a) y � �0.0000002783333x 2 � 0.0184655x � 166.732
(b)

(c) � 135 bushels/acre 3. (a) y � 0.00203708x 3 �
0.104521x 2 � 1.966206x � 1.45576
(b)

(c) 43 vegetables (d) 2.0 s
4. (a) y � �55.908x 4 � 1414.88x 3 � 12199.1x 2 �
42577.2x � 25714.6
(b)

(c) Yes, since there are two peaks in sales.
5. (a) Degree 2

44000

130
0

22

300
0

144

5000015000
40

82

4625
48

60

10_10

_60

(b) y � �16.0x 2 � 51.8429x � 4.20714 

(c) 0.3 s and 2.9 s (d) 46.2 ft
6. (a) y � 0.0120536x 2 � 0.490357x � 4.96571
(b) (c) 19.0 min

Chapter 4

Section 4.1 ■ page 336

1. 2.000, 7.103, 77.880, 1.587
2. 0.577, 20.115, 59.439, 0.760
3. 0.885, 0.606, 0.117, 1.837
4. 0.668, 0.467, 0.833, 0.681
5. 6.

7. 8.

9. 10.
y

0 x2

4

−2

(−2, 5.44)

y

0 x_2 2

3

(2, 22.17)

y

0 x5

2

−5

(1, 1.1)

y

0 x_2 2

3

(_2, 9)

1

y

0 x1

5

(1, 8)

y

0 x

1

_2 2

2

(2, 4)

5.1

200
0

48

3.10

0
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A50 Answers to Exercises and Chapter Tests

11. 12.

13. 14.

15. 16. 17.

18. 19. III 20. V 21. I 22. VI
23. II 24. IV
25. 26.

27. 28.

29. 30.
y

0 x1

2

−1

(1, 3)

y

0 x5

1

_5

(_1, 6)

�, 1�q,  6 2 , y � 6�, 14,  q 2 , y � 4

y

0 x2

4

(3, 1)

y

0 x5

3

_5

_5

(1, _1)

�, 10,  q 2 , y � 0�, 1�3,  q 2 , y � �3

y

0 x1

4

−1

(−1, 10)
y

0 x_2 2
_1

(1, _3)

�, 10,  q 2 , y � 0�, 1�q,  0 2 , y � 0

f 1x 2 � A12B x f 1x 2 � A14Bxf 1x 2 � 5xf 1x 2 � 3x

y

y =

0 x

x

1

2

−1

( )2
3 y = x( )4

3

y

0 x_2 2

1
2

y=7˛
y=4˛

y

0 x3

1

1
3

−3

y=( )x

y=3_x

y

0 x2

1

−2

y=2x
y=2_x

31. 32.

33. 34.

35. 36.

37. 38.

39. 40.
41. (a) 42. (a)

(b) The graph of g is steeper (b) The graphs of and 
than that of f. are the same.g1x 2 f 1x 2

y

0 x1

2

−1

y

0 x_2 2

2

˝=3(2˛)

Ï=2˛

f 1x 2 � 5A13B xy � 312x 2

y

x1

5
(3, 5)

0

y

0 x1

1 (2, 1)

�, 14,  q 2 , y � 4�, 10,  q 2 , y � 0

y
0

x2

−4

−2

(−2, −7.39)

y

0 x_1 2

1
(_1, 1.72)

�, 1�q,  0 2 , y � 0�, 1�1,  q 2 , y � �1

y

0 x1

2

−1

−2
(1, −1.72)

y

0 x_2 1
_1

(1, _2.72)

�, 1�q,  1 2 , y � 1�, 1�q,  0 2 , y � 0

y

0 x1−1

−4
(−1, −5)

y

0 x_2 2

(_3, 1)

1000

�, 1�q,  0 2 , y � 0�, 10,  q 2 , y � 0
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Answers to Section 4.1 A51

44. 45.

46.

51. (a)

The graph of f ultimately increases much more quickly than g.
(b) 1.2, 22.4
52. (a)

(b) �0.80, 1.52, 7.17

100,000

0 20

g(x) = x4f(x) = 3x

5000

0 10

g(x) = x4
f (x) = 3x

20

0
4−4

g(x) = x4

f (x) = 3x

10(iii) •

500

˝=x∞

Ï=2˛

10¶

250

˝=x∞

Ï=2˛

(ii)20

50

˝=x∞ Ï=2˛

(i)

y

y = ex
y = sinh (x)

0 x1

1
2

y = − e−x1
2

2

−1

−2

y

0 x2

5

_2

y
g(x) = 3x

f (x) = x3

0 x2

200

53.

The larger the value of c, the more rapidly the graph increases.
54. 55.

The larger the value of c, the 
more rapidly the graph increases.
56. 57. (a)

The function approaches (b) The larger the value of a,
1/e as x � q. the wider the graph.
58. 59.

vertical asymptote x � 0 vertical asymptote x � 0 
horizontal asymptote y � 1 horizontal asymptote y � 0,

left side only
60. Local minimum 
61. Local minimum �
62. (a) Increasing on ; decreasing on 
(b)
63. (a) Increasing on , decreasing on 
(b) 64. 27.4 mg 65. (a) 13 kg (b) 6.6 kg
66. (a) 6 g (b) 1 g
1�q,  0.37 4 31.00,  q 21�q,  1.00 410,  1.78 4 30.50,  q 21�q,  0.50 410.27,  1.75 210.37,  0.69 2

20

5_5

_20

4

−1

5−5

f 1x 2

5

3_3

_1

a=2

a=1
a=1.5

a=0.51

0 20

y =

f(x) = 1 − x( )1
x

1
e

4

400

e

50

0
2

2
1

−1

c = 4

c = 2
c = 1
c =

4
1c =

5

3_3

_1

c=4 c=2
c=1

c=0.25

c=0.5

(i)

(iii)

(ii)
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A52 Answers to Exercises and Chapter Tests

67. (a) 0 (b) 50.6 ft/s, 68. (a) 2.7 lb (b) 4.9 lb
69.2 ft/s
(c) (c)

(d) 80 ft/s (d) 15 lb; yes
69. (a) 100 (b) 482, 999, 1168 (c) 1200
70. (a) 200
(b) (c) 11,200

71. 1.6 ft
72. (a) 5164
(b) (c) 6000

73. $5203.71, $5415.71, $5636.36, $5865.99, $6104.98,
$6353.71

74. $5256.25, $5525.39, $5808.08, $6104.98, $6416.79,
$6744.25

75. (a) $16,288.95 (b) $26,532.98 (c) $43,219.42
76. (a) $7,491.92 (b) $10,253.22 (c) $14,032.23
77. (a) $4,615.87 (b) $4,658.91 (c) $4,697.04
(d) $4,703.11 (e) $4,704.68 (f) $4,704.93
(g) $4,704.94 78. (a) $5,387.42 (b) $5,521.68
(c) $5,659.11 (d) $5,943.79 79. (i) 80. (i)
81. (a) $7,678.96 (b) $67,121.04 82. (a)
(b) (c) 18.28 yr
30,000

0 20

500011.092025 2 t

12,000

150

n‚=12,000

n‚=8000

n‚=2000
n‚=500

n‚=50

12,000

0 200

20

0 500

100

1000

Section 4.2 ■ page 349

1. Logarithmic form Exponential form

log8 8 � 1 81 � 8

log8 64 � 2 82 � 64

82/3 � 4

log8 512 � 3 83 � 512

2. Logarithmic form Exponential form

log4 64 � 3 43 � 64

41/2 � 2

43/2 � 8

3. (a) 52 � 25 (b) 50 � 1 4. (a) 10�1 � 0.1
(b) 83 � 512 5. (a) 81/3 � 2 (b) 6. (a) 34 � 81
(b) 82/3 � 4 7. (a) ex � 5 (b) e5 � y 8. (a) e2 � x � 1
(b) e4 � x � 1 9. (a) log5 125 � 3
(b) log10 0.0001 � �4
10. (a) log10 1000 � 3 (b)

11. (a) (b)

12. (a) (b) log7 343 � 3
13. (a) ln 2 � x (b) ln y � 3 14. (a) ln 0.5 � x � 1
(b) ln t � 0.5x 15. (a) 1 (b) 0 (c) 2 16. (a) 4 (b) 3
(c) 1 17. (a) 2 (b) 2 (c) 10 18. (a) 5 (b) 17 (c) 0
19. (a) �3 (b) (c) �1 20. (a) 3 (b) (c)
21. (a) 37 (b) 8 (c) 22. (a) p (b) 5 (c) 87
23. (a) (b) 4 (c) �1 24. (a) (b) (c)
25. (a) 32 (b) 4 26. (a) 625 (b) �1 27. (a) 5
(b) 27 28. (a) (b) 16 29. (a) 100 (b) 25
30. (a) 10 (b) 5 31. (a) 2 (b) 4 32. (a) 36 (b) 27
33. (a) 0.3010 (b) 1.5465 (c) �0.1761 34. (a) 1.6990
(b) 0.1505 (c) 0.6276 35. (a) 1.6094 (b) 3.2308
(c) 1.0051 36. (a) 3.2958 (b) 2.0001 (c) 4.0000
37. y � log5 x 38. y � log2 x 39. y � log9 x
40. y � log3 x 41. II 42. V 43. III 44. IV
45. VI 46. I

1
2

3
2� 

1
2

1
4� 

2
3

15

1
4

1
2

1
2

log4 0.125 � � 
3
2

log2  
1
8 � �3log8  

1
8 � �1

log81 9 � 1
2

2�3 � 1
8

4�5/2 � 1
32log4  

1
32 � �5

2

4�1/2 � 1
2log4  

1
2 � � 

1
2

4�2 � 1
16log4  

1
16 � �2

log4 8 � 3
2

log4 2 � 1
2

8�2 � 1
64log8  

1
64 � �2

8�1 � 1
8log8  

1
8 � �1

log8 4 � 2
3

57050_13_ans_A1-A132.qxd  08/04/2008  01:13 PM  Page A52



Answers to Section 4.2 A53

47. 48.

49. 50.

51. 52.

53. 54.

55. 56.
y

0 x2

2

(−1, 1)

y

0 x2

1
(1, 1)

1�q,  0 2 , �, x � 010,  q 2 , �, x � 0

0 x

y

2

−2

1

y

0 x1

1
(1, 2)

11,  q 2 , �, x � 110,  q 2 , �, x � 0

0 x5

−3

2

yy

0 x1

1

1�2,  q 2 , �, x � �21�q,  0 2 , �, x � 0

y

0 x5

2

−2

y

0 x1
_1

1

10,  q 2 , �, x � 014,  q 2 , �, x � 4

y
y = 3x

y = log3x

0 x5

5

−5

−5

y

0 x5_2

_2

5 y=4˛

y=ø› x

57. 58.

59. 60. 61.
62. 63. 64.
65. domain 

vertical asymptotes x � 1,
x � �1 
local maximum 

66. domain 
vertical asymptotes x � 0
and x � 1 
no local extrema

67. domain 
vertical asymptote x � 0 
no maximum or minimum

68. domain 
vertical asymptote none
local minimum 
local maximum 

69. domain 
vertical asymptote x � 0 
horizontal asymptote y � 0 
local maximum 
� 12.72,  0.37 2

10,  q 21

20_1

_3

10.14,  0.54 211,  0 210,  q 210

0
5−1

10,  q 23

3_1

_6

1�q,  0 2 � 11,  q 210

−10

10−10

10,  0 2
1�1,  1 21

2_2

_2

32,  10 210,  2 210,  1 2 1�q,  �1 2 � 11,  q 21�q,  4 21�3,  q 2

y

0 x5

2

−5

−5

y

0 x1

1

1�q,  0 2 � 10,  q 2 , �, x � 010,  q 2 , 30,  q 2 , x � 0
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A54 Answers to Exercises and Chapter Tests

70. domain 
vertical asymptote x � �10
local minimum 
�

71. The graph of f grows more slowly than g.
72. (b) 13.50
73. (a) (b) The graph of

is
the graph of

shifted upward 
log c units.

74. (a) (b) As c increases,
the graph of

stretches
vertically by a 
factor of c.

75. (a) (b) 76. (a)

(b) 77. (a)

(b) 78. 891.69 M 79. 2602 yr 80. 42.86 h
81. 11.5 yr, 9.9 yr, 8.7 yr 82. 0.58 h 83. 5.32, 4.32

Section 4.3 ■ page 356

1. 2. 5 3. 2 4. 5. 3 6. 2 7. 3 8. �2
9. 200 10. 99 11. 4 12. 200 13. 1 � log2 x
14. log3 5 � log3 y 15.
16. log5 x � log5 2 17. 10 log 6 18.
19. log2 A � 2 log2 B 20. 21.
22. 23.
24. 25.
26. 27. 3 log x � 4 log y � 6 log z
28.
29.
30. 31.
32. 33.
34.
35.
36.
37.
38.
39. log3 160 40. 41.

42. 43.

44. 45. 46. log5 

x2y4

z6ln15x21x2 � 5 2 3 2ln 

a2 � b2

c2

 log a x41x � 1 2 2
23 x2 � 1

blog51x � 1 2 log21AB/C2 2logA617Bx � 3 log x � log1x2 � 1 2 � log1x4 � 2 2 43 ln x � 1
2 ln1x � 1 2 � ln13x � 4 21

2 log x � 1
4 log y � 1

8 log z

1
2 3 log1x2 � 4 2 � log1x2 � 1 2 � 2 log1x3 � 7 2 4log x � 1

3 log11 � x 2 1
4 log1x2 � y2 2ln 3 � 2 ln x � 10 ln1x � 1 2 ln x � 1

2 1ln y � ln z 21
2 3 log51x � 1 2 � log51x � 1 2 4log2 x � log21x2 � 1 2 � 1

2  log21x2 � 1 22 log a � 14 log b � 1
2 log c 21

3 1ln 3 � 2 ln r � ln s 2 1
2 1ln a � ln b 22 loga x � 1loga y � 3 loga z 21

3  log51x2 � 1 2101log2 x � log2 y 2 log3 x � 1
2  log3 y1

4 log6 17

1
2 ln z

log2 x � log21x � 1 2� 
3
2

3
2

10, 1 2 f �11x 2 � log2 a x

1 � x
bf�11x 2 � eeex

1e,  q 2f�11x 2 � 102x11,  q 2
f 1x 2 � c log1x 26

c = 4

c = 3

c = 2

c = 1

0 30

f 1x 2 � log1x 2f 1x 2 � log1cx 22.6

100_10

_1

c=4
c=3
c=2
c=1

1�5.87,  �3.62 2
1�10,  q 210

−10

10−15

47. 48.

49. 2.321928 50. 0.430677 51. 2.523719 52. 2.523658
53. 0.493008 54. 3.503061 55. 3.482892 56. 0.368743
57. 58.

The graph of y � logc x is obtained from the graph of y � ln x
by either shrinking or stretching vertically by a factor of 1/(ln c)
depending on whether ln c � 1 or ln c � 1 (respectively).
60. log2 7 62. 30 63. (a) P � c/Wk (b) 1866, 64
64. (a) S � cAk 65. (a) M � �2.5 log B � 2.5 log B0

Section 4.4 ■ page 366

1. 1.3979 2. �0.6021 3. �0.9730 4. 0.8283
5. �0.5850 6. 1.2325 7. 1.2040 8. 0.1783 9. 0.0767
10. 0.0194 11. 0.2524 12. 1.6958 13. 1.9349
14. �29.3426 15. �43.0677 16. 0.0455 17. 2.1492
18. �3.1144 19. 6.2126 20. 0.5624 21. �2.9469
22. 0.6232 23. �2.4423 24. �1.3863 25. 14.0055
26. 9.2708 27. �1 28. 2, �1 29.

30. 31. ln 2 � 0.6931, 0 32. 1.0986

33. 34. 1.3863 35. e10 � 22026
36. 0.7183 37. 0.01 38. 1004 39. 40. �25
41. 3 � e2 � �4.3891 42. �2, 3
43. 5 44. 2, 4 45. 5 46. 4 47. 48. 5 49. 6
50. 1.7290 51. 52. 1, 0.0185, 53.9574
53. 54. 43,046,721
55. 2.21 56. 0.01, 1.47 57. 0.00, 1.14 58. �1.96, 1.06
59. �0.57 60. 1.38 61. 0.36 62. �0.89, 0.71
63. 2 � x � 4 or 7 � x � 9 64. 8 � x � 16
65. log 2 � x � log 5 66.
67. (a) $6435.09 (b) 8.24 yr 68. (a) $7328.73
(b) 3.46 yr 69. 6.33 yr 70. 2.34 yr 71. 8.15 yr
72. 9.25% 73. 8.30% 74. 5.65% 75. 13 days 76. 10 s
77. (a) 7337 (b) 1.73 yr 78. (a) 7.87 lumens
(b) 86.6 ft 79. (a) P � P0e

�kh (b) 56.47 kPa
80. (a) T � 200e�0.11t � 20 (b) 42.2 �F
81. (a) (b) 0.218 s

82. (a) (b) 23 months

(c) 25

2000

t � � 

1

k
 ln aM � P

C
bt � � 

5
13 ln11 � 13

60  
I 2

�12 � x � 12

1/15 � 0.4472

3
2

13
12

95
3

1
2 ln 3 � 0.5493

�1 � 15

2

0,  
4
3

3
y = log10x

y = log5x

y = log2x

y = ln x

−3

50

2

4_1

_3

loga 

bd c

srlog a13 2x � 1 21x � 4 2 / 1x4 � x2 � 1 2 b
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Answers to Chapter 4 Review A55

Section 4.5 ■ page 379

1. (a) 500 (b) 45% (c) 1929 (d) 6.66 h 2. (a) 1.2%
(b) 12.74 million (c) 76.36 yr
3. (a) (b) 34,137
(c)

4. (a) 233 million (b) 181 million
5. (a) (b) About 142,000 (c) 2008
6. (a) (b) 146 (c) 10.86 yr 7. (a) 20,000
(b) (c) About 48,000 (d) 2010
8. (a) (b) 24,000 (c) 42.6 min
9. (a) (b) About 11,600 (c) 4.6 h
10. (a) 104% (b) 50 (c) (d) 5400
(e) 6.64 h 11. (a) 2029 (b) 2049
12. (a) (b) 25.86 yr
(c) 40,429,000 13. 22.85 h 14. (a)
(b) 3.9 mg (c) 463.4 yr 15. (a)
(b) 1.6 g (c) 70 yr 16. (a) 8 g (b) 50 days (c) 25 days
17. 18 yr 18. 130 s 19. 149 h 20. (a) 3.82 days
(b) 9 days 21. 3560 yr 22. 4360 yr 23. (a) 210 �F
(b) 153 �F (c) 28 min 24. (a)
(b) 6 h 25. (a) 137 �F (b) 116 min
26. 63 �C

27. (a) 2.3 (b) 3.5 (c) 8.3 28. 7.5, basic
29. (a) 10�3 M (b) 3.2 	 10�7 M 30. (a) 2.5 	 10�5 M
(b) 5.0 	 10�8 M 31. 4.8 � pH � 6.4 32. 1.58 	 10�4 to
1.58 	 10�3 33. log 20 � 1.3 34. 2500 times
35. Twice as intense 36. 2.5 times 37. 8.2 38. 73 dB
39. 6.3 	 10�3 W/m2 40. 25 41. (b) 106 dB

Chapter 4 Review ■ page 383

1. 2.
y

0 x3

3

−3

y

0 x3

2

−3

�, 10,  q 2 , y � 0�, 10,  q 2 , y � 0

100

30
50

0

T1t 2 � 60 � 38.6e�0.1947t

n1t 2 � 10e�0.0231t
m1t 2 � 22e�0.000433t

n1t 2 � 10,586,223e0.0268t

n1t 2 � 50e1.04t
n1t 2 � 8600e0.1508t
n1t 2 � 1500e0.023t

n1t 2 � 20,000e0.1096t
n1t 2 � 85e0.18t
n1t 2 � 112,000e0.04t

n(t)

t2002

20,000

2004 2006 2008

40,000

60,000

n1t 2 � 18,000e0.08t

3. 4.

5. 6.

7. 8.

9. 10.

11.
y

0 x5

1

10,  q 2 , �, x � 0

y

0 x2

1,( )1
2

4

−2

y

0
x1

1

�, 10,  q 2 , y � 0�, 1�1,  q 2 , y � �1

y

0 x2

(−3, 3)

2

y

0 x1

1

(1, 2)

1�4,  q 2 , �, x � �410,  q 2 , �, x � 0

y

0 x−2

1

y

0 x5

1

_1

1�q,  0 2 , �, x � 011,  q 2 , �, x � 1

y

0 x2

10

−10

−2

y

0 x3

4

−3

�, 1�5,  q 2 , y � �5�, 13,  q 2 , y � 3
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A56 Answers to Exercises and Chapter Tests

12.

13. 14. 15.
16. 17. 210 � 1024 18. 6x � 37
19. 10 y � x 20. e17 � c 21. log2 64 � 6 22.
23. log 74 � x 24. ln m � k 25. 7 26. 0 27. 45
28. �6 29. 6 30. 31. �3 32. 13 33. 34. 49
35. 2 36. 37. 92 38. 3 39. 40. 2
41. log A � 2 log B � 3 log C 42.
43.
44.
45.
46.

47. log 96 48. 49.

50. 51.

52. 53. �15 54. 2.60
55. 56. 601303.64
57. 58. �1.66 59. 3 60. 3.00 61. �4, 2
62. 0.77 63. 0.430618 64. 2.602452 65. 2.303600
66. �0.614023
67. vertical asymptote 

x � �2 
horizontal asymptote 

y � 2.72
no maximum or minimum

68. vertical asymptote x � 0
one local minimum 

�

69. vertical asymptotes 
x � �1, x � 0, x � 1

local maximum 
� 1�0.58,  �0.41 2

1.5

2.5_1.5

_1.5

10.5,  1.19 215

3−1
−1

10

20_20
_1

4
3 ln 10 � 3.07

1
3 15 � log5 26 2 � 0.99
ln 21x � 4 2 1x2 � 4x 2 5

log a x2 � 4

2x2 � 4
blog5 a 21x � 1 2

23 3x � 7
b

log2 a 1x � y 2 3/21x2 � y2 2 2 blog1x3y4 2
1
3 ln1x4 � 12 2 � 3 ln1x � 16 2 � 1

2 ln1x � 3 2 42 log5 x � 3
2 log511 � 5x 2 � 1

2    
log51x3 � x 2log 4 � 3 log x � 32 log y � 5 log1x � 1 2 41

2 3 ln1x2 � 1 2 � ln1x2 � 1 2 4 log2 x � 1
2 log21x2 � 1 22

3
5
2

1
2

3
2

log49  
1
7 � �1

2

1�q,  0 2 � 10,  q 2 1�q,  �2 2 � 12,  q 21�1,  2 2A�q,  
1
2B

y

0 x2

2

1�q,  0 2 � 10,  q 2 , �, x � 0 70. horizontal asymptote y � 0
one local minimum 

�

71. 2.42 72. �0.64, 2 73. 0.16 � x � 3.15
74. 75. Increasing on4 and 3 , decreasing on 3 4
76. 77. 1.953445 78.

79. log4 258 80. ; domain ,
range 81. (a) $16,081.15 (b) $16,178.18
(c) $16,197.64 (d) $16,198.31 82. (a) $5664.98 (b) 4 yr
83. (a) (b) 55 (c) 19 yr 84. (a) 45 min
(b) 156,250 85. (a) 9.97 mg (b) 1.39 	 105 yr
86. (a) 5 days (b) 19% 87. (a)
(b) 97.0 mg (c) 2520 yr 88. (a) 12 g
(b) (c) 7.1 g (d) 25 days
89. (a) (b) 7940 90. 43 min
91. 7.9, basic 92. 1.26 	 10�2 M 93. 8.0
94. 2.51 	 1010

Chapter 4 Test ■ page 385

1. 2. , x � �1 

3. (a) (b) 3 (c) (d) 2
4.

5. 6. (a) 4.32 (b) 0.77 (c) 5.39 (d) 2

7. (a) (b) 22,627 (c) 1.3 h

(d)

8. (a)

(b) $14,195.06 (c) 9.249 yr

A1t 2 � 12,000 a1 �
0.056

12
b 12t

y

0 x

10,000

1 2

n1t 2 � 1000e2.07944t

ln a x23 � x41x2 � 1 2 2 b
1
3 3 log1x � 2 2 � 4 log x � log1x2 � 4 2 42

3
3
2

y

0 x1

2

−2

y

0 x5_2

_2

5
y=2˛

y=ø¤ x

1�1,  q 2 , �

n1t 2 � 1500e0.1515t
m1t 2 � 12e�0.173t

n1t 2 � 150e�0.0004359t

n1t 2 � 30e0.15t

1�q,  q 2 11,  q 2f�11x 2 � log31log2 x 2 25 10 � x � 100y �
a

ea � 1
 1x � 1 2 0,  1.101.10,  q 21�q,  0

1�q,  �0.41 2 � 10.71,  4.31 2

1�0.5,  �0.13 22

1−2
−1
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Answers to Focus on Modeling A57

9. (a) (b) x � 0, y � 0
(c) Local minimum �

(d)
(e) �0.85, 0.96, 9.92

Focus on Modeling ■ page 393

1. (a)

(b) y � abt, where a � 1.180609 	 10�15, b � 1.0204139, and
y is the population in millions in the year t (c) 515.9 million
(d) 207.8 million (e) No
2. (a)

(b) y � atb, where a � 4.9622 and b � 2.0027 (c) 44.792 m
3. (a) Yes (b) Yes, the scatter plot appears linear.

(c) ln E � 4.494411 � 0.0970921464t, where t is years since
1970 and E is expenditure in billions of dollars
(d) E � 89.51543173eat, where a � 0.0970921464
(e) 3948.2 billion dollars
4. (a)

(b) y � abt, where a � 4.79246 and b � 0.99642 (c) 192.8 h
5. (a) I0 � 22.7586444, k � 0.1062398
(b) (c) 47.3 ft14

0 45

5.5

0
-10 50

7.5

4
−1 32

5.5

0 1.2

290

0
20201780

1�q,  0 2 � 30.74,  q 213.00,  0.74 25

10_5

_5

6. (a) y � atb, where a � 49.70030 and b � �0.15437; 
y � abt, where a � 44.82418 and b � 0.99317
(b) (c) The power function

7. (a) y � abt, where a � 301.813054, b � 0.819745, and t is
the number of years since 1970
(b) y � at 4 � bt 3 � ct 2 � dt � e, where a � �0.002430,
b � 0.135159, c � �2.014322, d � �4.055294,
e � 199.092227, and t is the number of years since 1970
(c) From the graphs we see that the fourth-degree 
polynomial is a better model.

(d) 202.8, 27.8; 184.0, 43.5

8. y � abx, where a � 2.414 and b � 1.05452
9. (a)

(b)

(c) Exponential function
(d) y � abx where a � 0.057697 and b � 1.200236
10. (a)

(b) 6.75

3
0

3
2100

6.75

4.6

850

0 100

−3

.5

0 18

−3

.5

0 3

1.2

0 17

300

0 25

70

y = abt

y = atb

1250
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A58 Answers to Exercises and Chapter Tests

(c) The power function
(d) y � axb, where a � 0.893421326 and b � 1.50983

11. (a) , where a � 49.10976596,

b � 0.4981144989, and c � 500.855793 (b) 10.58 days
12. (a) y � a � b ln t where a � �7154.888, b � 1061.007,
and y is metric tons of coal produced in the year t
(b) 915 metric tons

Chapter 5

Section 5.1 ■ page 406

7. 8. 9. 10. 11.
12. 13. 14.
15. 16.
17. 18.
19. ; ; 

; ; 
; ; 

; 

20. ; ; ; 

; ; ; 

; ; 

; ; 
; 

21. 22. 23. 24.

25. 26. 27.

28. 29. 30.

31. (a) (b) (c) (d)

32. (a) (b) (c)

(d)
33. (a) p/4 (b) p/3 (c) p/3 (d) p/6
34. (a) p/6 (b) p/6 (c) p/3 (d) p/4
35. (a) 2p/7 (b) 2p/9 (c) p � 3 � 0.14
(d) 2p � 5 � 1.28
36. (a) p/5 (b) 2p/7 (c) 2p � 6 � 0.28
(d) 7 � 2p � 0.72
37. (a) p/3 (b)

38. (a) p/3 (b)

39. (a) p/4 (b)
40. (a) p/3 (b)
41. (a) p/3 (b)

42. (a) p/6 (b)
43. (a) p/4 (b)

44. (a) p/6 (b)

45. (a) p/6 (b)

46. (a) p/4 (b)

47. (a) p/3 (b)

48. (a) p/6 (b)

49. (a) p/3 (b) A� 
1
2,  �13/2BA�13/2,  � 

1
2BA12,  13/2BA12/2,  12/2BA�13/2,  � 
1
2BA13/2,  

1
2BA�12/2,  �12/2BA�13/2,  

1
2BA� 

1
2,  �13/2BA12,  13/2BA�12/2,  12/2BA� 
1
2,  �13/2BA� 
1
2,  13/2B

A�3
4,  �17/4B A�3

4,  17/4BA34,  17/4BA34,  �17/4B A35,  
4
5BA� 

3
5,  � 

4
5BA35,  � 

4
5BA� 

3
5,  

4
5B A13/2,  � 

1
2BA�12/2,  �12/2B10,  �1 2 A� 

1
2,  13/2BA12,  �13/2BA12,  �13/2B A�13/2,  � 

1
2BA� 13/2,  

1
2B10,  �1 210,  1 2 t � 2p, 11,  0 2t � 11p/6, A13/2,  � 

1
2Bt � 5p/3, A12,  �13/2Bt � 3p/2, 10,  �1 2 t � 4p/3, A� 

1
2,  �13/2Bt � 7p/6, A�13/2,  � 

1
2B t � p, 1�1,  0 2t � 5p/6, A�13/2,  

1
2Bt � 2p/3, A� 

1
2,  13/2B t � p/2, 10,  1 2t � p/3, A12,  13/2Bt � p/6, A13/2,  

1
2B t � 2p, 11,  0 2t � 7p/4, A12/2,  �12/2B t � 3p/2, 10,  �1 2t � 5p/4, A�12/2,   �12/2Bt � p, 1�1,  0 2t � 3p/4, A� 12/2,  12/2B t � p/2, 10,  1 2t � p/4, A12/2,  12/2B PA�2

5,  121/5BPA� 12/3,  �17/3BPA2 15/5,  �15/5BPA� 15/3,  
2
3B PA2 12/3,  � 

1
3BP A45,  

3
5B15/3

3 15/7121/5�2 12/324
25� 

4
5

y �
c

1 � ae�bx

50. (a) p/4 (b) 51.
52. 53. 54.

Section 5.2 ■ page 416

1. t � p/4, ; t � p/2, sin t � 1,
cos t � 0; t � 3p/4, ; 
t � p, sin t � 0, cos t � � 1; t � 5p/4,

; t � 3p/2, sin t � �1,
cos t � 0; t � 7p/4, ; 
t � 2p, sin t � 0, cos t � 1
2. ;

;

t � p, sin t � 0, cos t � �1;
;
;

t � 2p, sin t � 0, cos t � 1
3. (a) (b) �1/2 (c)
4. (a) 1/2 (b) (c)
5. (a) �1/2 (b) �1/2 (c) �1/2
6. (a) 1/2 (b) 1/2 (c) 1/2
7. (a) (b) (c)
8. (a) (b) (c)
9. (a) (b) (c)
10. (a) 1/2 (b) 2 (c) 11. (a) �1 (b) 0 (c) 0
12. (a) 1 (b) 0 (c) 0 13. (a) 2 (b) (c) 2
14. (a) (b) (c) �2
15. (a) (b) /3 (c)
16. (a) (b) (c)
17. (a) (b) (c) �1
18. (a) (b) (c) 1
19. (a) �1 (b) 1 (c) �1 20. (a) �1 (b) �1 (c) 1
21. (a) 0 (b) 1 (c) 0 22. (a) 1 (b) 0 (c) 0
23. sin 0 � 0, cos 0 � 1, tan 0 � 0, sec 0 � 1,
others undefined
24. sin p/2 � 1, cos p/2 � 0, cot p/2 � 0, csc p/2 � 1,
others undefined
25. sin p � 0, cos p � �1, tan p � 0, sec p � �1,
others undefined
26. sin 3p/2 � �1, cos 3p/2 � 0, cot 3p/2 � 0,
csc 3p/2 � �1, others undefined
27. 28. 29.

30. 31.

32. 33. 34.

35. 36. 37. (a) 0.8 (b) 0.84147
38. (a) 0.7 (b) 0.69671 39. (a) 0.9 (b) 0.93204
40. (a) 0.3 (b) 0.28366 41. (a) 1 (b) 1.02964
42. (a) �3.6 (b) �3.60210 43. (a) �0.6 (b) �0.57482
44. (a) 0.9 (b) 0.88345 45. Negative 46. Negative

� 7
25, 

24
25, �

7
24

21
29, �

20
29, �

21
20

2 15/5, 15/5, 2�12
13, �

5
13, 

12
5

9
41, 

40
41, 

9
40

113/7, �6/7, �113/6�2 12/3, �1/3, 2 12

�111/4, 15/4, �155/54
5, �

3
5, �

4
3

4
5, 

3
5, 

4
3

�12�12/2
�1212/2

�13/3�13/3�13/3
�13/313�13/3

�2 13/3�13/2
�2 13/3

�13
13/32 13/313/2
�12/2�12/212/2
12/2�12/2�12/2

�13/3�13/2
�1313/2

t � 11p/6, sin t � � 
1
2, cos t � 13/2;

t � 5p/3, sin t � �13/2, cos t � 1
2;

t � 3p/2, sin t � �1, cos t � 0;
t � 4p/3, sin t � � 13/2, cos t � � 

1
2

t � 7p/6, sin t � � 
1
2, cos t � � 13/2

t � 5p/6, sin t � 1
2, cos t � �13/2;

t � 2p/3, sin t � 13/2, cos t � �1
2;

t � p/2, sin t � 1, cos t � 0;
t � p/3, sin t � 13/2, cos t � 1

2

t � p/6, sin t � 1
2, cos t � 13/2

sin t � � 12/2, cos t � 12/2
sin t � � 12/2, cos t � � 12/2

sin t � 12/2, cos t � � 12/2
sin t � 12/2, cos t � 12/2

1�0.6,  �0.9 210.5,  �0.9 21�0.8,  0.6 2 10.5,  0.8 2A12/2,  �12/2B
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Answers to Section 5.3 A59

47. Negative 48. Positive 49. II 50. III 51. II 52. II
53. 54.

55. 56.

57. 58.

59. 60.

61. 62.

63.

64.

65.

66.

67.

68.

69.

70.

71. Odd 72. Even 73. Odd 74. Neither 75. Even
76. Even 77. Neither 78. Even
79.

80. (a) 87 mmHg (b) 82.7 mmHg (c) 80 mmHg
(d) 73.9 mmHg 81. (a) 0.49870 amp (b) �0.17117 amp
82.

Section 5.3 ■ page 429

1. 2.

3. 4.
y

0 x−π π

1

2

3

y

0 x

−1

1

π

y

0 x

2

−π π

y

0 x

1

−π π

H112 2 � 58.8 m
H16 2 � 100 m, H18 2 � 150.3 m,H14 2 � 38.6 m,

H10 2 � 175 m, H11 2 � 150.4 m, H12 2 � 100 m,

y10.75 2 � 2.828, y11.00 2 � �4, y11.25 2 � 2.828
y10 2 � 4, y10.25 2 � �2.828, y10.50 2 � 0,

csc t � 117/4, sec t � � 117, cot t � � 
1
4

sin t � 4 117/17, cos t � � 117/17,

sec t � �4 115/15, cot t � 115
cos t � � 115/4, tan t � 115/15, csc t � �4,

csc t � �2 13/3, cot t � � 13/3
sin t � � 13/2, cos t � 1

2, tan t � � 13,

sin t � � 
3
5, cos t � 4

5, csc t � � 
5
3, sec t � 5

4, cot t � � 
4
3

csc t � � 117, sec t � � 117/4, cot t � 4
sin t � � 117/17, cos t � �4 117/17,

csc t � � 
3
4 12, cot t � � 12/4

sin t � �2 12/3, cos t � 1
3, tan t � �2 12,

sin t � �3
5, tan t � 3

4, csc t � �5
3, sec t � �5

4, cot t � 4
3

cos t � � 
4
5, tan t � � 

3
4, csc t � 5

3, sec t � � 
5
4, cot t � � 

4
3

sec2t sin2t �
1 � cos2t

cos2t
tan2t � 1sin2t 2 / 11 � sin2t 2

sin t � � 

 2sec2t � 1

sec t
tan t � 2sec2t � 1

csc t � � 21 � cot2tsec t � � 21 � tan2t

tan t � � 

 21 � cos2t

cos t
tan t � 1sin t 2 /21 � sin2t

cos t � 21 � sin2 tsin t � 21 � cos2 t
5. 6.

7. 8.

9. 10.

11. 12.

13. 14.

15. 1, p 16. 1, p
y

0 x

−1

1

π
4

y

0 x

−1

−
π

1
2

1
2

π
2

y

0 x

1

2

−π π

y

0 x

1

2

−π π

y

0 x

2

−π π

y

0 x

3

−π π

y

0 x

−1

1

−π π

y

0 x

−1

1

−π π

y

0 x

−2

2

−π π

y

0 x

−3

3

−π π

y

x−π π

−2

y

0 x−π π

−2
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A60 Answers to Exercises and Chapter Tests

17. 3, 2p/3 18.

19. 10, 4p 20. 5, 8p

21. 22. 4, p

23. 2, 1 24. 3, 2 

25. 26.

27. 1, 2p, p/2 28. 2, 2p, p/3 

7π
3

y

0 xπ
3

_2

2

5π
2

y

0 x

1

π
2

_1

y

0

_3

x1
4

1
2

y

0 1 2 x

1
2

1, 12
1
2, 2

y

0 x

_3

3

1
2

y

0 x

_2

2

1
4

y

0 x

_4

4

π
4

y

0 x

_1

1

3π 6π

1
3

1
3, 6p

y

0 x

_5

1

4π 8π

y

0
x

_10

10

π
2

y

0 x

−1

1

π
4

π
2

y

0 x

−3

3

π
6

π
2

1
2, p/2 29. 2, 2p, p/6 30. 3, 2p, �p/4 

31. 4, p, �p/2 32. 1, 4p, �p/4 

33. 5, 2p/3, p/12 34. 2, 3p, p/4 

35. , p, p/6 36. 1, 2p/3, �p/6 

37. 38. 2, 2p/3, �1 

2π
3

y

0 x

3

π
3

_1
_ 1 _ 1

3
2

y

0 x

3

_3

1
2_

3, 2, � 
1
2

y

0

2

_
xπ

6
π
6

π
2

7π
6

y

0

1

xπ
6

1
2

13π
4

y

0 x

2

π
4

_2

3π
4

y

0 x

5

π
12

_5

3π
4

π
4

11π
4

15π
4

y

0 x

1

_1

_

y

0
xπ

4
π
4

_4

_

4

9π
4

y

0 x

π
4

_3

3

13π
6

y

0 x

2

π
6

_2
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Answers to Section 5.3 A61

39. 1, 2p/3, �p/3 40. 1, 2p, p/2 

41. (a) 4, 2p, 0 (b) y � 4 sin x
42. (a) 2, p, 0 (b) y � 2 cos 2x
43. (a) (b)
44. (a) 3, 4p, 0 (b)
45. (a) (b)
46. (a) (b)
47. (a) (b)
48. (a) 5, 1, (b)
49. 50.

51. 52.

53. 54.

55. 56.
4

0.2_0.2

_1

1.2

0.5_0.5

_0.2

10

0.1_0.1

_10

3

0.2_0.2

_3

1

5000

_1

1.5

250_250

_1.5

4

0.1_0.1

_4

1.5

0.1_0.1

_1.5

y � 5 sin 2pAx � 1
4B�1

4

y � 4 sin 4p3  Ax � 1
2B4, 32, � 

1
2

y � � 
1

10 cos 21x � 3p/4 21
10, p, � 

3p
4

y � � 
1
2 cos 21x � p/3 21

2, p, � 
p
3

y � 3 sin 12  
x

y � 3
2 cos 3x3

2, 
2p
3 , 0

y

0 x

1

π
2

5π
2

_1

π
3

y

0 x

1

_1

π
3_

57. 58.

59. y � x2 sin x is a sine curve
that lies between the graphs
of y � x2 and y � �x2

60. y � x cos x is a cosine curve
that lies between the graphs
of y � x and y � �x

61. is a sine
curve that lies between the
graphs of and

62.
is a cosine 

curve that lies between the

graphs of and 

63. y � cos 3px cos 21px is a
cosine curve that lies
between the graphs of 
y � cos 3px and 
y � �cos 3px

64. y � sin 2px sin 10px is a
sine curve that lies between
the graphs of y � sin 2px
and y � �sin 2px

2

2_2

_2

1.5

0.5_0.5

_1.5

y � � 

1

1 � x2

y �
1

1 � x2

y �
cos 2px

1 � x2

2

4_4

_2

y � �1x
y � 1x

y � 1x sin 5px2.8

7.5_0.5

_2.8

10

6_6

_10

225

15_15

_225

2

6_6

_2

7

6.28_6.28

_7
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A62 Answers to Exercises and Chapter Tests

65. Maximum value 1.76 when x � 0.94, minimum value
�1.76 when x � �0.94 (The same maximum and minimum
values occur at infinitely many other values of x.)
66. Maximum value 6.97 when x � 5.24, minimum value
�0.68 when x � 1.05 (The same maximum and minimum 
values occur at infinitely many other values of x.)
67. Maximum value 3.00 when x �1.57, minimum value
�1.00 when x � �1.57 (The same maximum and minimum
values occur at infinitely many other values of x.)
68. Maximum value 0.58 when x � 5.76 (exact value is 
x � 11p/6; Minimum value �0.58 when x � 3.67 (exact value
is x � 7p/6) (The same maximum and minimum values occur
at infinitely many other values of x.)
69. 1.16 70. 1.11 71. 0.34, 2.80 72. 0.74
73. (a) Odd (b) 0, �2p, �4p, �6p, . . .
(c) (d) approaches 0

(e) approaches 0

74. (a) Even
(b) 0, �p/4, �2p/4, �3p/4, . . .
(c) (d) approaches 0

(e) approaches 2

75. (a) 20 s (b) 6 ft
76. (a) s (b) 440 (c)

77. (a) min (b) 80
(c) (d) ; it is higher than 

normal

140
90y

0 x

140

1
80

115

90

1
80

y

0 x
880

0.7

_0.7

_
1

880
1

1
440

f 1x 2f 1x 22.5

6_6

_1

f 1x 2f 1x 21

20_20

_1

78. (a) 312 days (b) 10, 5.8 (c)

Section 5.4 ■ page 441

1. II 2. III 3. VI 4. I 5. IV 6. V
7. p 8. p

9. p 10. p

11. p 12. p

13. 2p 14. 2p
y

0 x_π

1

_1

π
2

y

0 x_π

2

π
2

y

0 x

_10

5

_ π
2

π
2

y

0 x

_5

_ π
2

π
2

5

y

0 xπ

_5

_π

5

y

0 xπ

_5

_π

5

y

0 x

5

_π π

_5

y

0 xπ

_5

_π

5

y

0

5

312 x
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Answers to Section 5.4 A63

15. 2p 16. 2p

17. p 18. p

19. 2p 20. 2p

21. p 22. 2p

23. 2p 24. 2p
y

0 x

6

_π π
_3

y

0 xπ
6

0.5 7π
6

5π
6_

y

0 x4π
3

2

_ 2π
3

π
3

y

0 x

_ π
4

π
4

5

5π
4

1

_5

y

0 x

3π
4

1

_1

_ π
4

y

0 x_π

1

π

y

0 x_ π
4

π
4

5π
4

1

5

_5

y

0 x
_ π

2
π
2

2

0

3

y

x_π π

y

0 x_π

3

π

25. p/2 26. 2p

27. 4 28. 2 

29. p 30. 2p/3 

31. p 32. 4p

33. 34. 2 
y

0 x2

5

y

0 x

5

_ 1 1
3

_5
3

1
3

y

0 x

1

_π π

y

0 x

1

π
4

y

0 x

5

_ π
3

π
3

y

0 x

1

π
2_ π

2
_1

y

0 x1

1

_1

y

0 x4

1

_4

y

0 x

4

_ π
2

_4

π
2

y

0 x

1

π
2_ π

2 _1
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A64 Answers to Exercises and Chapter Tests

35. 36. 1

37. p/2 38. p

39. p/2 40. p

41. p/2 42. 1

43. 2 44. 4p
y

0 x

2

2

_ π
3_

_

4π
3

2π
3

8π
3

y

x

2

5
6

11
6_ 1

6

y

0 x

4

_

_1 1

4

y

0 x

4

_ π
2

_4

π
2

y

0 x

1

_1

_ π
2

π
2

y

0 x

4

_ π
2

_4

π
2

y

0 x
_ π

2

_1

1

π
2

y

0 x

4

_ π
2

_4

π
2

y

0 x

5

1
2

1
2_

y

0 x

5

1
3

1
3_

4
3 45. 2p/3 46. 1

47. 3p/2 48. 2p

49. 2 50. 2p/3

51. p/2 52. 2p/3

55. (a) 1.53 mi, 3.00 mi, 18.94 mi
(b)

(c) approaches qd1t 2

y

0 x
2

5

1

y

0 x

1

_1

_1_
2π
3 _ 1π

3 _ 1
π
3 _ 1

y

0 x

4

π
6

2π
3_ π

3

y

0 x

1

_1

_ π
6

π
6

y

0 x

3

0.5

_3

y

0 x

5

_5

3π
4

7π
4_ 5π

4 _ π
4

y

0 x

1

π
4

7π
4_ 5π

4

y

0 x

1

_1

_ 1
2

1
2

y

0 x

5

π
6_ π

3
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Answers to Section 5.5 A65

56. (a) ,
S(12) is undefined
(b)

(c) 3, 9; 9:00 A.M., 3:00 P.M.
(d) The shadow gets increasingly longer.

Section 5.5 ■ page 451

1. (a) 2, 2p/3, 2. (a) 3, 4p,
(b) (b)

3. (a) 1, 20p/3, 4. (a) 2.4, 5p/9,
(b) (b)

5. (a) , 4p/3, (b)

6. (a) , 10p, (b) y

0 t

1

15

1/ 110p 23
2

14π
9

y

0.25

2π
9

_0.25

0 t

3/ 14p 21
4

y

0 t

2

_2

5π
9

10π
3

y

1

_1

20π
3

0 t

9/ 15p 23/ 120p 2

y

0 t

3

π

y

2

π
6

_2

0 t

1/ 14p 23/ 12p 2

y

0 x

5

126

S12 2 � 10.39 ft, S18 2 � 3.46 ft, SA11 
3
4B � 91.54 ft 7. (a) 5, 3p, (b)

8. (a) 1.6, 2p, (b)

9. 10. y � 24 sin(pt) 11.

12. y � 1.2 sin(pt) 13. 14.
15. 16. y � 6.25 cos(120pt)
17. (a) y � 2e�1.5t cos 6pt (b)

18. (a)
(b)

19. (a)

(b) y

100

_100

8 160 t

y � 100e�0.05t cos 
p

2
 t

y

0 t

10

_10

10

y � 15e�0.25t cos11.2pt 2

y

2

_2

1 20 t

y � 2.4 cos11500pt 2 y � 35 cos114pt 2y � 60 cos14pt 2 y � 6 sin110t 2y � 10 sin a 2p

3
 t b

y

0 t

1

_1

1.8
1.8+2π

1/ 12p 2

y

0
t

9
8_

5

_5

9
83π-

1/ 13p 2
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A66 Answers to Exercises and Chapter Tests

20. (a)
(b)

21. (a) y � 7e�10t sin 12t (b)

22. (a) (b)

23. (a) y � 0.3e�0.2t sin(40pt)
(b)

24. (a)
(b) y

0 t

12

2

_12

y � 12e�0.01t sin116pt 2

y

0 t

0.3

_0.3

0.6

y

0 t

0.5

_0.5

2

y � e�t sin12pt 2

y

3

_3

π
6

π
3

0 t

y

0 t

0.75

_0.75

2

y � 0.75e�3t cosA23tB 25. (a) 10 cycles per minute
(b) (c) 0.4 m

26. 1.09 	 10�8, 9.15 	 107

27. (a) 8900 (b) about 3.14 yr
28. (a) 25, 0.0125, 80 (b)

(c) The period decreases and the frequency increases.

29. 30.

31.

32. y � �2 cos 2pt 33.

34. (a) (b)

(c) The frequency decreases; slower
(d) The frequency increases; faster

35. 36.

37.

38. , where R is measured in 

millions of miles and t is measured in days
39. , 219.2 V

40.

41. (a) 45 V (b) 40 (c) 40 (d)
42. (a) 553.9 Hz; 455.6 Hz (b) ,

43. 44. (a) f1t 2 � 6e�2.8t cos 4ptf1t 2 � e�0.9t sin pt
y � A sin1911.2pt 2 y � A sin11107.8pt 2E1t 2 � 45 cos180pt 2f 1t 2 � 10 sin a p

12
 1t � 8 2 b � 90

E1t 2 � 310 cos1200pt 2
R1t 2 � 20 � 1.5 sin a 2p

5.4
 t b

y � 3.8 � 0.2 sin ap
5

 t b
f1t 2 � 10 sin pty � 11 � 10 sin a pt

10
b

1

2pB
k

m
f 1t 2 � 5 cos aB 3

10
 t by � 5 cos12pt 2

y (feet)

0 t
(hours)

21

3

12

_21

6 9

y � 21 sin ap
6

 t b
y � �6 sin ap

6
 t bd1t 2 � 5 sin15pt 2

y

0 t

90

140

80
1

y

0 t

7.8

8

8.2

10
1
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Answers to Chapter 5 Review A67

(b) 45.

46. (a) (b)

Chapter 5 Review ■ page 455

1. (b) 2. (b)
3. (a) p/3 (b)
(c)

4. (a) p/3 (b) (c)

5. (a) p/4 (b)
(c)

6. (a) p/6 (b)
(c)

7. (a) (b) 8. (a) (b)
9. (a) 0.89121 (b) 0.45360 10. (a) 0.80902 (b) 0.80902
11. (a) 0 (b) Undefined 12. (a) 0.43388 (b) 2.30476
13. (a) Undefined (b) 0 14. (a) 0 (b) Undefined
15. (a) (b) 16. (a) (b)

17. 18.

19. 20.

21.
22.

23.

24.

25. 26. 27. 3 28. 1

29. (a) 10, 4p, 0 30. (a) 4, 1, 0
(b) (b)

31. (a) 1, 4p, 0 32. (a) 2, 2p, p/4
(b) (b) y

0 x

2

_2

_ 4
7π

4
9π

_ 4
π

4
π

y

0 x

1

_1

_4π _π 4ππ

y

0 x

4

_4

_1 1

y

0 x

10

_10

_2π 2π 4π

� 
119
120116 � 117 2 /4

sin t � 4
5, tan t � � 

4
3, csc t � 5

4, sec t � � 
5
3, cot t � �3

4

tan t � �2, sec t � � 15
 t � � 15/5,sin t � 2 15/5, cos

csc t � �2, sec t � 2 13/3, cot t � � 13
cos t � 13/2, tan t � � 13/3,
tan t � � 

5
12, csc t � 13

5 , sec t � � 
13
12, cot t � � 

12
5

1

�21 � sin2t
1sin t 2 /21 � sin2t

1 � cos2t

cos3t
1sin t 2 / 11 � sin2t 2

1
2

1
2� 13� 13/3

� 1313� 12/212/2
csc t � 2, sec t � �2 13/3, cot t � � 13

sin t � 1
2, cos t � � 13/2, tan t � � 13/3,

A�13/2,  
1
2Btan t � 1, csc t � � 12, sec t � � 12, cot t � 1

sin t � � 12/2, cos t � � 12/2,
1�12/2,  �12/2 2sec t � 2, cot t � � 13/3tan t � � 13, csc t � �2 13/3,

sin t � � 13/2, cos t � 1
2,A12,  �13/2B sec t � �2, cot t � � 13/3

sin t � 13/2, cos t � � 
1
2, tan  t � � 13, csc t � 2 13/3,

A� 
1
2,  13/2B � 

4
5, 

3
5, � 

4
3

1
2, � 13/2, � 13/3

f 1t 2 � 3e�0.8t cos 330ptc �
1

2
 ln 5 � 0.80

e �
1

3
 ln 4 � 0.46

ln  12

2.8
� 0.88 s

33. (a) 3, p, 1 34. (a) 1, p, p/2
(b) (b)

35. (a) 1, 4, 36. (a) 10, p, p/4
(b) (b)

37. y � 5 sin 4x 38.
39. 40.
41. p 42. 1

43. p 44. 4p

45. p 46. p
y

x

5

5

_

_

0 π
3

π
6

y

0 x

4

π
4

π
4_ 3π

4
_4

x

y

0

1

1

_2π

_

2π

y

0 x

2

π
2

y

0 x

5

5

_

_

2
1

2
1

y

0 x

5

_π π

y � 4 sin 32 1x � p/3 2y � 1
2 sin 2pAx � 1

3B y � 2 sinAp2xB

y

0 x

10

_10

_ 4
3π

4
5π_ 4

π
4
π

y

0
x

1

_1

_ 3
13

3
11_3

1

� 
1
3

y

0 x

1

_1

2π_2π π_π

y

0 x

3

_3

1-π

1+π

1
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A68 Answers to Exercises and Chapter Tests

47. 2p 48.

49. (a) 50. (a)

(b) Period p (b) Period 2p
(c) Even (c) Even
51. (a) 52. (a)

(b) Not periodic (b) Period 2p
(c) Neither (c) Even
53. (a) 54. (a)

(b) Not periodic (b) Not periodic
(c) Even (c) Neither

55. y � x sin x is a sine 
function whose graph lies
between those of y � x
and y � �x

15

15_15

_15

4

100

_4

5

5_5

_5

4

_1

10_10

1.5

50_50

_1.5

2

_2

10_10

1.5

6.28_6.28

_0.5

y

x

4

0
_ 1

8
1
8

y

x

1

π
4

5π
4

1
2 56. y � 2�x cos 4px is a cosine

function whose graph lies
between the graphs of 
y � 2�x and y � �2�x

57. The graphs are related by
graphical addition.

58. The graphs are related by
graphical addition.

59. 1.76, �1.76 60. 1.25, �1 61. 0.30, 2.84 62. 0.390
63. (a) Odd (b) 0, �p, �2p, . . .
(c) (d) approaches 0

(e) approaches 0

64. (a)

(b) y1 has period p, y2 has period 2p
(c) , for all x 65.
66. y � �50 cos(9pt) 67.
68. (a) y � 16e�0.72t cos 2.8pt
(b) (c) 0.012 cmy

16

_16

3 60 t

y � 4 cos 1p6  t 2y � 50 cos116pt 2sin1cos x 2 � cos1sin x 2

1.5

_1.5

8

y¤

y⁄

_8

f 1x 2f 1x 21

20_20

_1

1.5

10_10

_0.5

y=sin™x

y=cos™x

y=sin™x+cos™x

3.5

3.1_3.14

_3.5

40

5_5

_40
y=2–˛cos 4πx

y=2–˛

y=_2–˛
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Answers to Focus on Modeling A69

Chapter 5 Test ■ page 458

1. 2. (a) (b) (c) (d)
3. (a) (b) (c) (d) �1

4. 5.
6. (a) 5, p/2, 0 7. (a) 2, 4p, p/3
(b) (b)

8. p 9. p/2

10.
11. (a) (b) Even

(c) Minimum value �0.11 
when x � �2.54, maximum 
value 1 when x � 0

12.
13. y � 16e�0.1t cos 24pt

Focus on Modeling ■ page 463

1. (a) and (c)
2

y

0 t

_2

1 14

y=2.1 cos(0.52t)

18

10

_18

y � 5 sin14pt 2

1.2

9.42_9.42

_0.4

y � 2 sin 21x � p/3 2

y

0 x

1

π
4_1

y

x

1 π
4

_1
3π
4

0

13π
3

y

0 x

2

π
3

_2

y

0 x

5

_5

π
2

π
4

� 
2

15tan t � �1sin t 2 /21 � sin2t

13�12/2� 
1
2

� 
5
3� 

4
3� 

3
5

4
5y � � 

5
6

(b)
(d) (e) The formula of
(d) reduces to . Same as (b),
correct to one decimal.
2. (a) and (c)

(b)
(d) (e) The formula
of (d) reduces to . Close,
but not identical, to (b).
3. (a) and (c)

(b)
(d) (e) The formula of
(d) reduces to . Close,
but not identical, to (b).
4. (a) and (c)

(b)
(d) (e) The formula of
(d) reduces to . Same as
(b), correct to one decimal.
5. (a) and (c)

80

y

0 t

50

40

60

70

1 11

y=22.9 cos(0.52(t-6))+62.9

y � 0.33 cos11.021t � 0.52 22 � 0.29
y � 0.33 sin11.02t � 2.12 2 � 0.29
y � 0.365 cos11.051t � 0.5 22 � 0.265

y=0.365 cos(1.05(t+0.5))+0.265

0.7
y

0 t

0.4
0.5
0.6

0.3

0.1
0.2

5 63 41 2

y � 11.72 cos15.051t � 0.26 22 � 12.96
y � 11.72 sin15.05t � 0.24 2 � 12.96
y � 12.05 cos15.21t � 0.3 22 � 13.05

25
y

0 t

5

0.1 1.0 1.5
y=12.05 cos(5.2(t-0.3))+13.05

y � 49.70 cos10.02t � 0.52 2 � 149.13
y � 49.70 sin10.02t � 2.09 2 � 149.13
y � 52.5 cos10.021t � 25 22 � 147.5

200
y

0 t

100

300

y=52.5 cos(0.02(t+25))+147.5

200100

 cos10.50t � 0.02 2 � 0.01y � 2.05
y � 2.05 sin10.50t � 1.55 2 � 0.01
y � 2.1 cos10.52t 2
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A70 Answers to Exercises and Chapter Tests

(b) , where y is temperature
(�F) and t is months (January � 0)
(d)
6. (a) and (c)

(b) , where y is the body 
temperature (�C) and t is hours since midnight
(d)
7. (a) and (c)

(b) where y is the owl population in
year t (d)
8. (a) and (c)

(b) , where y is the salmon
population (	 1000), and t is years since 1985
(d)
9. (a) and (c)

(b) , where y is the average
daily sunspot count, and t is the years since 1975
(d) y � 67.65 sin10.62t � 1.65 2 � 74.5

y � 74.5 cos10.571t � 4.5 22 � 83.5

y

t

100

10
0 105 20

Years since 1975
15

y=74.5 cos(0.57(t-4.5))+83.5

2925

y � 17.8 sin10.52t � 3.11 2 � 42.4

y � 20.5 sin10.521t � 6 22 � 42.5

70
y

0 t

20

60

50

40

30

15

y=20.5 sin(0.52(t-6))+42.5

10
Year since 1985
5

y � 25.8 sin10.52t � 0.02 2 � 50.6
y � 30 sin10.52t 2 � 50

80

y

0 t

20

1 12

y=30 sin(0.52t)+50

y � 0.37 sin10.26t � 2.62 2 � 37.0

y � 0.4 cos10.261t � 16 22 � 37

38
y

0 t

36

37

24

y=0.4 cos(0.26(t-16))+37

12

y � 23.4 sin10.48t � 1.36 2 � 62.2

y � 22.9 cos10.521t � 6 22 � 62.9 Chapter 6

Section 6.1 ■ page 474

1. 2p/5 � 1.257 rad 2. 3p/10 � 0.942 rad
3. �p/4 � �0.785 rad
4. �p/3 � �1.047 rad
5. �5p/12 � �1.309 rad 6. �5p/3 � �5.236 rad
7. 6p � 18.850 rad 8. 22p � 69.115 rad
9. 8p/15 � 1.676 rad 10. p/12 � 0.262 rad
11. p/24 � 0.131 rad 12. 9p/8 � 3.534 rad
13. 210� 14. 660� 15. �225� 16. �270�
17. 540/p � 171.9� 18. �360/p � 114.6�
19. �216/p � 68.8� 20. 612/p � 194.8�
21. 18� 22. 50� 23. �24� 24. �195�
25. 410�, 770�, �310�, �670� 26. 495�, 855�, �225�, �585�
27. 11p/4, 19p/4, �5p/4, �13p/4 28. 23p/6, 35p/6,
�p/6, �13p/6 29. 7p/4, 15p/4, �9p/4, �17p/4
30. 315�, 675�, �405�, �765� 31. Yes 32. Yes 33. Yes
34. No 35. Yes 36. No 37. 13� 38. 1� 39. 30�
40. 260� 41. 280� 42. 190� 43. 5p/6 44. 5p/3
45. p 46. 10 � 2p � 3.717 rad 47. p/4 48. 3p/2
49. 55p/9 � 19.2 50. 360/p � 114.6� 51. 4
52. 5p/2 � 7.85 m 53. 4 mi 54. 216/p � 68.8�, 1.2 rad
55. 2 rad � 114.6� 56. 6.88 ft 57. 36/p � 11.459 m
58. 16/(3p) � 1.698 ft 59. (a) 35.45 (b) 25 60. (a) 5.855
(b) 3.028 61. 50 m2 62. 4.7 mi2 63. 4 m 64. 57.3�
65. 6 cm2 66. p/4 ft2 67. 13.9 mi 68. 672
69. 330p mi � 1037 mi 70. 110p mi � 346 mi
71. 1.6 million mi 72. 3979 mi, 25,000 mi 73. 1.15 mi
74. 70,000p � 219,911 ft2 75. 360p in2 � 1130.97 in2

76. 3750p ft2 � 11,781 ft2 77. 32p/15 ft/s � 6.7 ft/s
78. (a) 90p rad/min (b) 1440p in./min � 4523.9 in./min
79. (a) 2000p rad/min (b) 50p/3 ft/s � 52.4 ft/s
80. 1039.6 mi/h 81. 39.3 mi/h 82. (a) 1100 rad/min
(b) 175 83. 2.1 m/s 84. (a) 160 rad/min
(b) 2080p ft/min � 74.26 mi/h 85. (a) 10p cm � 31.4 cm
(b) 5 cm (c) 3.32 cm (d) 86.8 cm3

86. (b)

(c) 5.13 rad 88. 11.5p � 36.128 rad,

Section 6.2 ■ page 484

1.
2.

3.
4.

cot u � 8
15sec u � 17

8 ,csc u � 17
15,tan u � 15

8 ,
cos u � 8

17,sin u � 15
17,cot u � 9

40sec u � 41
9 ,csc u � 41

40,
tan u � 40

9 ,cos u � 9
41,sin u � 40

41,cot u � 24
7sec u � 25

24,
csc u � 25

7 ,tan u � 7
24,cos u � 24

25,sin u � 7
25,cot u � 3

4

sec u � 5
3,csc u � 5

4, tan u � 4
3,sin u � 4

5, cos u � 3
5,

23p

24
� 3.011 rad

100

0
6.3
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Answers to Section 6.3 A71

5.

6.

7. (a) (b) (c)
8. (a) (b) (c)
9. 10. 11. 12. 13. 16.51658
14. 31.30339 15. x � 28 cos u, y � 28 sin u
16. x � 4 tan u, y � 4 sec u
17.

18.

19.

20.

21.

22.

23. 24. 1 25. 1 26. 1 27.
28. 1

4 12 � 13 2 1
211 � 13 2 /2

¨

12

13

sec u � 13
5 , cot u � 5

12sin u � 12
13, cos u � 5

13, tan u � 12
5 ,

¨ 2
7csc u � 715/15, cot u � 215/15

sin u � 315/7, cos u � 2
7, tan u � 315/2,

¨

1

2
œ∑3

sec u � 2, cot u � 13/3
sin u � 13/2, cos u � 1

2, csc u � 213/3,

¨

1

1

csc u � 12, sec u � 12
sin u � 12/2, cos u � 12/2, tan u � 1,

¨ 9
40

sec u � 40
9 , cot u � 9131/217

sin u � 7131/40, tan u � 7131/9, csc u � 40131/217,

¨

5
3

cos u � 4
5, tan u � 3

4, csc u � 5
3, sec u � 5

4, cot u � 4
3

4131313/2121225
2

7133/33, 7133/334133/33, 4133/334
7, 

4
7

134/5, 134/53
5, 

3
53134/34, 3134/34

csc u � 8
7, sec u � 8115/15, cot u � 115/7

sin u � 7
8, cos u � 115/8, tan u � 7115/15,

csc u � 113/2, sec u � 113/3, cot u � 3
2

sin u � 2113/13, cos u � 3113/13, tan u � 2
3, 29. 30.

31. 32.

33. 34.

35. 36.

37. sin u � 0.45, cos u � 0.89, tan u � 0.50, csc u � 2.24,
sec u � 1.12, cot u � 2.00 38. sin 40� � 0.64,
cos 40� � 0.77, tan 40� � 0.83, csc 40� � 1.56,
sec 40� � 1.39, cot 40� � 1.20 39. 230.9 40. 98.1
41. 63.7 42. 5.8 43. x � 10 tan u sin u 44. a � sin u,
b � tan u, c � sec u, d � cos u 45. 1026 ft
46. (a) 93,431 ft (b) 86,628 ft 47. (a) 2100 mi (b) No
48. 471 ft 49. 19 ft 50. 72.5�, 19 ft 51. 38.7� 52. 544 ft
53. 345 ft 54. 104.5 ft 55. 415 ft, 152 ft 56. 11,379 ft
57. 2570 ft 58. 3.7 mi 59. 5808 ft 60. 473 m
61. 91.7 million mi 62. (a) 89.05� (b) 236,000 mi
63. 3960 mi 64. 2.53 	 1013 mi 65. 0.723 AU

Section 6.3 ■ page 495

1. (a) 30� (b) 30� (c) 30� 2. (a) 60� (b) 30� (c) 60�
3. (a) 45� (b) 90� (c) 75� 4. (a) 81� (b) 19� (c) 1�
5. (a) p/4 (b) p/6 (c) p/3 6. (a) p/3 (b) p/4
(c) p/6 7. (a) 2p/7 (b) 0.4p (c) 1.4 8. (a) 0.3p
(b) 0.84 (c) 0 9. 10. 11.
12. 13. 14. 2 15. 1 16. 17.
18. �2 19. 20. 21. 22.
23. �1 24. 25. 26. 27. 2 28.
29. �1 30. 31. Undefined 32. � 

1
212/2

�12�13/31
2

1
2

�13/213/21
213/3

�13/213�131
2

�12/2�12/21
2

106
180.34

145.90

3π
10

π
5

41.74

72.383.48

π
3

π
6

30.95 33.5

12.82

3π
8

π
8

374.61

927.181000

22*

68*

52*

38*

56.8544.79

35

26.79

100103.52 15*

75*
45*

45*

16œ∑2Å22.63
16

16

162.64

392.65

425 3π
8

π
8
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A72 Answers to Exercises and Chapter Tests

33. III 34. IV 35. IV 36. II

37. 38.

39. 40.

41. 42.
43.

44.

45.
46.

47.

48.

49.

50.
51. (a)

(b) (c) 52. 30.0 53. 19.1 54. 43.3
55. 66.1� 56. 57.
58.
61. (b)

62. (b)

(c) 60� 63. (a) A(u) � 400 sin u cos u
(b)

(c) width � depth � 14.14 in. 64. S(u) � 8000 k cos u sin2u

65. (a) (b) 23.982 ft,
3.462 ft 66. 15.8 s
67. (a) (b) 0.946 rad or 54�10

0
3

913/4 ft � 3.897 ft, 9
16 ft � 0.5625 ft

300

1.570

200

0
1.6

120p � 3613 � 439.3
14p/3 2 � 13 � 2.46196 cm � 9.8 cm

3
4, 0.889671

2, 13/4
13/2, 13sec u � �117, cot u � � 

1
4

sin u � 4117/17, cos u � �117/17, csc u � 117/4,
sec u � � 

7
2, cot u � �215/15

sin u � 315/7, tan u � �315/2, csc u � 715/15,
csc u � �117/4, sec u � �117

sin u � �4117/17, cos u � �117/17, tan u � 4,
sec u � 213/3, cot u � 13

sin u � 1
2, cos u � 13/2, tan u � 13/3,

csc u � �516/12, cot u � �16/12
sin u � �216/5, cos u � 1

5, tan u � �216,
sec u � 5

4, cot u � � 
4
3sin u � � 

3
5, cos u � 4

5, csc u � � 
5
3,

sec u � �12/7, cot u � 7195/95
sin u � �195/12, tan u � 195/7, csc u � �12195/95,

cot   u � � 
4
3

cos u � � 
4
5, tan u � � 

3
4, csc u � 5

3, sec u � � 
5
4,

csc u � �21 � cot2 usec u � �21 � tan2 u

sec u �
1

21 � sin2 u
cos u � 21 � sin2 u

cot u � � 

21 � sin2 u

sin u
tan u � �21 � cos2 u/cos u

68. (b) (c) 21.07 69. 42�

Section 6.4 ■ page 506

1. 318.8 2. 25.4 3. 24.8 4. 40.3� 5. 44� 6. 144.9
7. �C � 114�, a � 51, b � 24
8. �B � 50�, a � 1.31, c � 2.57
9. �A � 44�, �B � 68�, a � 8.99
10. �B � 31.0�, �C � 69�, c � 6.2
11. �C � 62�, a � 200, b � 242

12. �C � 47�, a � 26.7, b � 64.2

13. �B � 85�, a � 5, c � 9

14. �C � 63�, b � 1116.9, c � 999.0

15. �A � 100�, a � 89, c � 71

16. �A � 70�, a � 109.7, b � 20.3

17. �B � 30�, �C � 40�, c � 19
18. �B1 � 89.6�, �C1 � 53.4�, b1 � 49.8; 
�B2 � 16.4�, �C2 � 126.6�, b2 � 14.1 19. No solution

10*100*

115A B

C

29*

44

A B

51*

C

95*22*

420

A B

C

30*

10

A B

65*

C

110*23*
50A B

C

50*

230
A B

68*

C

40

1.570

u 20� 60� 80� 85�

h 1922 9145 29,944 60,351
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Answers to Focus on Modeling A73

20. �A1 � 100.7�, �B1 � 41.3�, a1 � 67.0; 
�A2 � 3.3�, �B2 � 138.7�, a2 � 3.9
21. �A1 � 125�, �C1 � 30�, a1 � 49; 
�A2 � 5�, �C2 � 150�, a2 � 5.6
22. �B1 � 41.8�, �C1 � 108.2�, c1 � 142.5; 
�B2 � 138.2�, �C2 � 11.8�, c2 � 30.7 23. No solution
24. �B � 34.4�, �C � 10.6�, c � 25.9
25. �A1 � 57.2�, �B1 � 93.8�, b1 � 30.9; 
�A2 � 122.8�, �B2 � 28.2�, b2 � 14.6
26. �A1 � 49.7�, �C1 � 72.3�, a1 � 65.7; 
�A2 � 14.3�, �C2 � 107.7�, a2 � 21.3
27. (a) 91.146� (b) 14.427� 28. 5.25 31. (a) 1018 mi
(b) 1017 mi 32. (a) 3.77 mi (b) 2.00 mi 33. 219 ft
34. 678.5 ft 35. 55.9 m 36. 161.1 ft 37. 175 ft
38. 155 m 39. 192 m 40. 48.2� 41. 0.427 AU, 1.119 AU
42. (b) 12 cm (c) A plane

Section 6.5 ■ page 513

1. 28.9 2. 26.8 3. 47 4. 8.2 5. 29.89� 6. 111�
7. 15 8. 130.54� 9. �A � 39.4�, �B � 20.6�, c � 24.6
10. �A � 63.0�, �B � 15.5�, �C � 101.5�
11. �A � 48�, �B � 79�, c � 3.2
12. �B � 80.5�, �C � 29.5�, a � 57.2
13. �A � 50�, �B � 73�, �C � 57�
14. �A � 38.6�, �B � 48.5�, �C � 92.9�
15. �A1 � 83.6�, �C1 � 56.4�, a1 � 193; 
�A2 � 16.4�, �C2 � 123.6, a2 � 54.9 16. No such triangle
17. No such triangle 18. �A � 36�, b � 109.4, c � 124.1
19. 2 20. 12.2 21. 25.4 22. 21.3� 23. 89.2�
24. 126.5� 25. 24.3 26. 1180.8 27. 54 28. 0.97
29. 26.83 30. 549.6 31. 5.33 32. 9.798 33. 40.77
34. 2.46 35. 3.85 cm2 37. 2.30 mi 38. 7.3, 3.8
39. 23.1 mi 40. 56.0 mi 41. 2179 mi 42. 28 mi
43. (a) 62.6 mi (b) S 18.2� E 44. (a) 232.5 mi
(b) N 50� E 45. 96� 46. 31� 47. 211 ft 48. 161 ft
49. 3835 ft 50. 1679 ft 51. $165,554

Chapter 6 Review ■ page 516

1. (a) p/3 (b) 11p/6 (c) �3p/4 (d) �p/2
2. (a) 2p/15 (b) �11p/6 (c) 25p/6 (d) p/36
3. (a) 450� (b) �30� (c) 405� (d) (558/p)� � 177.6�
4. (a) (b)
(c) 330� (d) 108� 5. 8 m 6. 1.4 rad � 80.2�
7. 82 ft 8. 21,609 9. 0.619 rad � 35.4� 10. 25 m2

11. 18,151 ft2 12. 0.4 rad � 22.9�
13. 300p rad/min � 942.5 rad/min,
7539.8 in./min � 628.3 ft/min
14. (a) 7000p rad/min � 21,991 rad/min
(b) 7777.8p rad/min � 24,434.6 rad/min
(c) 268,780 in./min � 255 mi/h
15.

16.
csc u � 10

3 , sec u � 10191/91, cot u � 191/3
sin u � 3

10, cos u � 191/10, tan u � 3191/91,
csc u � 174/5, sec u � 174/7, cot u � 7

5

sin u � 5/174, cos u � 7/174, tan u � 5
7,

1450/p 2° � 143.24°11440/p 2° � 458.37°

17. x � 3.83, y � 3.21 18. x � 2.44, y � 1.40
19. x � 2.92, y � 3.11 20. x � 3.46, y � 1.73
21.

22. 23. a � cot u, b � csc u 24. 550 m
25. 48 m
26.
27. 1076 mi 28. 14,400 ft
29. 30.
31. 1 32. 33.
34. 35. 36. �2

37. 38. 39. 40. �1
41.

42. 43. 60�
44.

45.

46. 47.

48.

49.
50.
51.

52. ,

53. 54. 55. 1 56. 57. 5.32
58. 1.46 59. 148.07 60. 9.17 61. 77.82 62. 3.3
63. 77.3 mi 64. 1160 ft 65. 3.9 mi 66. 80.8 mi
67. 32.12 68. 14.98

Chapter 6 Test ■ page 520

1. 11p/6, �3p/4 2. 240�, �74.5�
3. (a) 240p rad/min � 753.98 rad/min
(b) 12,063.7 ft/min � 137 mi/h 4. (a)
(b) (c) 2 (d) 1 5.
6. a � 24 sin u, b � 24 cos u 7.

8. 9. 10. 19.6 ft
11. 9.1 12. 250.5 13. 8.4 14. 19.5 15. (a) 15.3 m2

(b) 24.3 m 16. (a) 129.9� (b) 44.9 17. 554 ft

Focus on Modeling ■ page 523

1. 1.41 mi 2. 1.31 mi
3. 14.3 m 4. 119.2 m
5. (c) 2349.8 ft 6. 4194 ft
7.

150 ft

84.0 ft

91.9 ft

120.2 ft

149.5 ft

151.7 ft

128.0 ft

173.2 ft 19
5.0

 ft

tan u � �2sec2u � 1� 
13
12

14 � 312 2 /4
A26 � 6113B/3913/3

12/2

�13/213�15/5
cot u � 5

12

 csc u � �13
12,sin u � �12

13, cos u � � 5
13, tan u � 12

5

cot u � � 
4
3

sec u � � 
5
4,cos u � � 

4
5, tan u � � 

3
4, csc u � 5

3,
sin u � � 9

41, cos u � 40
41, tan u � � 9

40, cot u � �40
9

sin u � 17/4, cos u � 3
4, csc u � 417/7, cot u � 317/7

csc2u cos2u �
1

sin2 u
� 1

tan2u � sin2u/ 11 � sin2u 2sec u � �1/21 � sin2u

tan u � �21 � cos2u/cos u
csc u � �15, sec u � �15/2, cot u � 2

sin u � �15/5, cos u � �215/5, tan u � 1
2,

1
2csc u � 13

12, sec u � � 
13
5 , cot u � � 

5
12

sin u � 12
13, cos u � � 

5
13, tan u � � 

12
5 ,

�13213/3213/3

�12/212/2
�13/3� 13/2

12�12/2

h � 264 � 4 cos2 u � 2 sin u

20

4034.64

30*

60*

20*
2.819

70*
1.026

3
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A74 Answers to Exercises and Chapter Tests

Chapter 7

Section 7.1 ■ page 533

1. sin t 2. cot t 3. tan u 4. sec u 5. �1 6. tan x
7. csc u 8. 1 9. tan u 10. sec u 11. 1 12. cos x
13. cos y 14. sin x 15. sin2x 16. sin x 17. sec x
18. 1 19. 2 sec u 20. 1 21. cos2x 22. sin A � cos A
23. cos u 24. 1 � sin x

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41. LHS �
1

cos t � cos t
1

cos t

# cos t

cos t
�

1 � cos2t

1
� RHS

� 1sin2x � 2 sin x cos x � cos2x 2 2 � RHS

LHS � 3 1sin x � cos x 2 2 4 2 � 
1sin x � cos x 2 1sin x � cos x 21sin x � cos x 2 1sin x � cos x 2 � RHS

 LHS �
1sin x � cos x 2 21sin x � cos x 2 1sin x � cos x 2 �

sin x � cos x

sin x � cos x

LHS � cos2x � sin2x � RHS

LHS � 1 � cos2b � sin2b � RHS
LHS � sin2x � 2 sin x cos x � cos2x � RHS

 � 
1

cos u sin u
� RHS

 LHS �
sin u

cos u
�

cos u

sin u
�

sin2u � cos2u

cos u sin u

LHS � csc2x � sin x csc x � csc2x � 1 � RHS

 � 
�1

sin a
� RHS

 LHS � � 

cos a

sin a
   cos a � sin a �

�cos2a � sin2a

sin a

LHS � cos x � 1�sin x 2 � RHS

 � 
sin2B � cos2B

sin B
�

1

sin B
� RHS

 LHS � sin B � cos B  

cos B

sin B

LHS � cos √ # cos √
sin √

�
1 � sin2√

sin √
� RHS

LHS �
sin y

cos y
  sin y �

1 � cos2y

cos y
� sec y � cos y � RHS

LHS �
cos x

sin x
# 1

cos x
# sin x � RHS

LHS � cos u  

1

cos u
 cot u � RHS

LHS �
sin x

cos x
# cos x � RHS

LHS � sin u  

cos u

sin u
� RHS

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

 � RHS

 � 
sin2t � cos2t

sin t cos t
�

2 sin t cos t

sin t cos t
�

1

sin t cos t
� 2

 LHS �
sin2t � 2 sin t cos t � cos2t

sin t cos t

�
sin „
cos „

sin „
cos „ � cos „

cos „
� RHSLHS �

sin „
sin „ � cos „

#
1

cos „
1

cos „

LHS �
sin x � 1

sin x � 1
# sin x � 1

sin x � 1
�

sin2x � 11sin x � 1 2 2 � RHS

�
cos2u

sin2u
�

cos2u sin2u

sin2u
� RHS

LHS �
cos2u

sin2u
 cos2u �

cos2u11 � sin2u 2
sin2u

�
sin2u11 � cos2u 2

cos2u
�

sin2u sin2u

cos2u
� RHS

LHS �
sin2u

cos2u
�

sin2u cos2u

cos2u

LHS � 1 � tan2a � sec2a � RHS

�
1 � cos2a

sin a11 � cos a 2 �
sin2a

sin a11 � cos a 2 � RHS

LHS �
1 � cos a

sin a
# 1 � cos a

1 � cos a

� sin2y � cos2y � RHS

LHS � a sin y

cos y
�

cos y

sin y
b  sin y cos y

LHS � 211 � sin2x 2 � 1 � 2 � 2 sin2x � 1 � RHS

LHS � cos2x � 11 � cos2x 2 � 2 cos2x � 1 � RHS

LHS � sin2x a1 �
cos2x

sin2x
b � sin2x � cos2x � RHS

� 1sin2u � cos2u 2 1sin2u � cos2u 2 � RHS
LHS � 1sin2u 2 2 � 1cos2u 2 2 � 

�sin2x

sin x
� RHS

 � 
cos2x

sin x
�

cos x

sin x
�

cos x

sin x
�

1

sin x
�

cos2x � 1

sin x

 LHS � cot x cos x � cot x � csc x cos x � csc x

LHS �
1

sin x
� sin x �

1 � sin2x

sin x
�

cos2x

sin x
� RHS

LHS �
1

cos2y
� sec2y � RHS

� 1sec x � tan x 2 2 � RHS

� sec2x � 2 sec x tan x � tan2x

 � 
1

cos2x
�

2 sin x

cos2x
�

sin2x

cos2x

 LHS �
1 � sin x

1 � sin x
# 1 � sin x

1 � sin x
�

1 � 2 sin x � sin2x

1 � sin2x
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Answers to Section 7.1 A75

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69. LHS �
sin2u

cos2u
�

sin2u cos2u

cos2u
�

sin2u

cos2u
 11 � cos2u 2 � RHS

LHS �
1

sec2x
� cos2x � RHS

 � 
cos x

sin x
� RHS

 LHS �

1
sin x � cos x

sin x

1
cos x � 1

# sin x cos x

sin x cos x
�

cos x11 � cos x 2
sin x11 � cos x 2

�
211 � cos x 2

sin x11 � cos x 2 � RHS

 � 
1 � 2 cos x � cos2x � sin2x

sin x11 � cos x 2 �
2 � 2 cos x

sin x11 � cos x 2
 LHS �

1 � cos x

sin x
# 1 � cos x

1 � cos x
�

sin x

1 � cos x
# sin x

sin x

 � 1sin x � cos x 2  cos x sin x

sin x � cos x
� RHS

 LHS �
sin x � cos x

1
cos x � 1

sin x

�
sin x � cos x

sin x � cos x
cos x sin x

�
1

sin A
�

cos A

sin A
�

cos A

sin A
� RHS

 � 
sin A11 � cos A 2

sin2A
�

cos A

sin A

�
sin A11 � cos A 2

1 � cos2A
� cot A

LHS �
sin A

1 � cos A
# 1 � cos A

1 � cos A
� cot A

 � 
sec2√ � tan2√
sec √ � tan √

� RHS

LHS � 1sec √ � tan √ 2 # sec √ � tan √
sec √ � tan √

LHS �

1
cos x � 1

sin x

sin x
cos x � cos x

sin x

# sin x cos x

sin x cos x
�

sin x � cos x

sin2x � cos2x
� RHS

 � 
sec x1sec x � tan x 2

sec2x � tan2x
� RHS

 LHS �
sec x

sec x � tan x
# sec x � tan x

sec x � tan x

LHS �
1 � sec2x

sec2x
�

1

sec2x
� 1 � cos2x � 1 � RHS

LHS �
1 � sin2u

cos2u

1 � sin2u
cos2u

# cos2u

cos2u
�

cos2u � sin2u

cos2u � sin2u
� RHS

�
1

cos2t
�

1

sin2t
� RHS

LHS �
1

cos t
# 1

sin t
# a sin t

cos t
�

cos t

sin t
b 70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

�
1 � tan x

1 � tan x
� RHS

LHS �
cot x � 1

cot x � 1
# tan x

tan x
�

tan x cot x � tan x

tan x cot x � tan x

LHS �

1
cos u � 1

1
cos u � 1

# cos u

cos u
� RHS

� sec2x � csc2x � RHS
LHS � 1sec2x � 1 2 � 1csc2x � 1 2 � 1tan2x � 1 2 � 1cot2x � 1 2 � RHS
 LHS � tan2x � 2 tan x cot x � cot2x � tan2x � 2 � cot2x

 � 
4 sin x

cos2x
� 4  

sin x

cos x
# 1

cos x
� RHS

�
1 � 2 sin x � sin2x � 1 � 2 sin x � sin2x

1 � sin2x

 LHS �
11 � sin x 2 2 � 11 � sin x 2 211 � sin x 2 11 � sin x 2

 � 
2 sec x

sec2x � tan2x
� RHS

 LHS �
sec x � tan x � sec x � tan x1sec x � tan x 2 1sec x � tan x 2

� 2 

1

cos x
# sin x

cos x
� RHS

LHS �
11 � sin x 2 � 11 � sin x 211 � sin x 2 11 � sin x 2 �

2 sin x

1 � sin2x
�

2 sin x

cos2x

 � �1 � sec2t � RHS

 LHS �
�sin2t � tan2t

sin2t
� �1 �

sin2t

cos2t
# 1

sin2t

LHS �
1 � sin x

cos x

1 � sin x
cos x

# cos x

cos x
�

cos x � sin x

cos x � sin x
� RHS

 � 
cos2u

cos u1sin u � 1 2 � LHS

 RHS �
sin u � 1

sin u

cos u � cos u
sin u

�

sin2u � 1
sin u

cos u sin u � cos u
sin u

�
cos u11 � sin u 2

cos2u
� RHS

LHS �
cos u

1 � sin u
# 1 � sin u

1 � sin u
�

cos u11 � sin u 2
1 � sin2u

LHS � 1sec2x � tan2x 2 1sec2x � tan2x 2 � RHS

�
tan √ sin √ 1tan √ � sin √ 2

sin2√ tan2√
� RHS

 � 
tan √ sin √ 1tan √ � sin √ 2

sin2√ 1sec2√ � 1 2
�

tan √ sin √ 1tan √ � sin √ 2
tan2√ � sin2√

 LHS �
tan √ sin √

tan √ � sin √
# tan √ � sin √
tan √ � sin √
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A76 Answers to Exercises and Chapter Tests

83.

84.

85.

86.

87.

88.

89. tan u 90. sec u 91. tan u 92.
93. 3 cos u 94. sin u
95. Yes

96. No10

4.7_4.7

_10

f(x)

g(x)

1.5

6.28_6.28

_1.5

1
8 

 
cot2u cos u

 � 1cos a � 1 2 1sin a � 1 2 � RHS

� cos a a1 �
1

cos a
b  sin a a1 �

1

sin a
b

 � sin a a1 �
1

cos a
b # cos a a1 �

1

sin a
b

 LHS � a sin a �
sin a

cos a
b  a cos a �

cos a

sin a
b

 � a 1

sin x cos x
b 4

� RHS

 LHS � a sin x

cos x
�

cos x

sin x
b 4

� a sin2x � cos2x

sin x cos x
b 4

�
sin x sin y

cos x cos y
� tan x tan y � RHS

	 a sin x sin y

cos x sin y � sin x cos y
b

 LHS �

sin x
cos x �

sin y
cos y

cos x
sin x � cos y

sin y

 � a sin x cos y � cos x sin y

cos x cos y
b

 � 
11 � sin x 2 2

cos2x
� a 1 � sin x

cos x
b 2

� RHS

 LHS �
1 � sin x

1 � sin x
# 1 � sin x

1 � sin x
�
11 � sin x 2 2
1 � sin2x

 � 
sin √ cos √

sin2√ � cos2√
� RHS

�
1

tan √ � cot √
�

1
sin √
cos √ � cos √

sin √

# sin √ cos √
sin √ cos √

 LHS �
tan √ � cot √1tan √ � cot √ 2 1tan √ � cot √ 2

 � sin2x � sin x cos x � cos2x � RHS

 LHS �
1sin x � cos x 2 1sin2x � sin x cos x � cos2x 2

sin x � cos x

97. No

98. Yes

Section 7.2 ■ page 539

1. 2. 3.

4. 5. 6.

7. 8. 9.

10. 11. 12.

13. 14. 0 15. 16. 17. 18.

19.

20.

21.

22.

23.
24.
25.
26. LHS � cos x cos p � sin x sin p � RHS

LHS � sin x cos p � cos x sin p � RHS
LHS � cos x cos p2 � sin x sin p2 � RHS
LHS � sin x cos p2 � cos x sin p2 � RHS

�
1

cos u
� RHS

 LHS �
1

sinAp2 � uB �
1

sin p2  cos u � cos p2  sin u

 � 
1

sin u
� RHS

 LHS �
1

cosAp2 � uB �
1

cos p2  cos u � sin p2  sin u

�
sin u

cos u
� RHS

LHS �
cosAp2 � uB
sinAp2 � uB �

cos p2  cos u � sin p2  sin u

sin p2  cos u � cos p2  sin u

 � 
cos u

sin u
� RHS

 LHS �
sinAp2 � uB
cosAp2 � uB �

sin p2  cos u � cos p2  sin u

cos p2   cos u � sin p2  sin u

� 
1
21313/31

212/2

�A2 � 13B� 

16 � 12

4
� 

16 � 12

4

13 � 2
12 � 16

4
� 

16 � 12

4

13 � 22 � 13� 

12 � 16

4

12 � 16

4

16 � 12

4

16 � 12

4

1.5

6.28_6.28

_1.5

3

6.28_6.28

_1
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Answers to Section 7.2 A77

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

 � sin z 3cos x cos y � sin x sin y 4 � RHS

 � cos z 3sin x cos y � cos x sin y 4 � sin1x � y 2  cos z � cos1x � y 2  sin z
 LHS � sin1 1x � y 2 � z 2 � cos2x � sin2y cos2x � sin2y cos2x � sin2y � RHS

� cos2x 11 � sin2y 2 � 11 � cos2x 2  sin2y

 � cos2x cos2y � sin2x sin2y

1cos x cos y � sin x sin y 21cos x cos y � sin x sin y 2 LHS �

 � 
2 cos x sin y

2 cos x cos y
� RHS

sin x cos y � cos x sin y � 1sin x cos y � cos x sin y 2
cos x cos y � sin x sin y � cos x cos y � sin x sin y

 LHS �

LHS � 1 �
sin x sin y

cos x cos y
�

cos x cos y � sin x sin y

cos x cos y
� RHS

LHS �
sin x

cos x
�

sin y

cos y
�

sin x cos y � cos x sin y

cos x cos y
� RHS

�
cot x cot y � 1

cot x � cot y
� RHS

�
1 � 1

cot x 
1

cot y
1

cot x � 1
cot y

# cot x cot y

cot x cot y

LHS �
1

tan1x � y 2 �
1 � tan x tan y

tan x � tan y

 � 
1 � 1

cot x 
1

cot y
1

cot x � 1
cot y

# cot x cot y

cot x cot y
� RHS

 LHS �
1

tan1x � y 2 �
1 � tan x tan y

tan x � tan y

� sin x sin y � RHS

LHS � cos x cos y � sin x sin y � cos x cos y

 � 1sin x cos y � cos x sin y 2 � RHS

 LHS � sin x cos y � cos x sin y

LHS �
tan x � tan p4

1 � tan x tan p4
� RHS

 � 13
2  cos x � 1

2 sin x � 1
2  sin x � 13

2   cos x �  RHS

 LHS � cos x cos p6 � sin x sin p6 � sin x cos p3 � cos x sin p3

 RHS � sin ap
2

� x b � sin 
p

2
  cos x � cos 

p

2
  sin x � cos x

 LHS � sin ap
2

� x b � sin 
p

2
  cos x � cos 

p

2
  sin x � cos x

LHS �
tan x � tan p

1 � tan x tan p
� RHS 40.

41. 42.

43. 44.

45. (a)

(b)

46. (a)

(b)

49. 50. (c) 3p/4

51. (a)

sin2 a x �
p

4
b � sin2 a x �

p

4
b � 1

3

6.28_6.28

_3

tan g � 17
6

11π
12

y

0 x

2

π
12_

g1x 2 � 2 sin 2 a x �
p

12
b

y

0 x

1

π
4

f 1x 2 � 12 sin a x �
p

4
b

6 sin pAx � 1
3B5 12 sin a2x �

7p

4
b

12 sin a x �
p

4
b2 sin a x �

5p

6
b � 0 � tan1x � y 2  tan1y � z 2  tan1x � z 2 � RHS

 	 tan1y � z 2  tan1x � z 2 � tan1x � z 2 � tan1x � z 2 � tan1x � y 2 	 tan1y � z 2  tan1x � z 2 � tan1x � z 2 � tan1z � x 2 � tan1x � y 2� tan1z � x 2 � tan1x � z 2 31 � tan1x � y 2  tan1y � z 2 4� tan1z � x 2 LHS � tan1x � y � y � z 2 31 � tan1x � y 2  tan1y � z 2 4
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A78 Answers to Exercises and Chapter Tests

52. (a)

53. p/2
54. (a)

(b) , f � p/4
55. (b)

Section 7.3 ■ page 548

1. 2. 3.

4. 5. 6.

7. 8. 9.

10.

11.

12.

13.

14.

15. 16. 17.

18. 19. 20.

21. 22. 23.

24. 25. 26.
27. (a) (b)
28. (a) (b)
29. (a) (b)
30. (a) (b)
31. (a) (b)
32. (a) (b)
35. 36.

37.

38.

39.

40.

41. 42. 1
2 1cos 4x � cos 6x 21

2 1sin 5x � sin x 2� 
1
2 2A26 � 5 126B/13, �5 � 126

1
2 2A26 � 5 126B/13,

16/6, � 130/6, � 15/5

1
2 22 � 12, 12 22 � 12, 12 � 1

2A3 � 2 12B/6, 2A3 � 2 12B/6, 3 � 2 12

3 110/10, � 110/10, �3110/10, 3 110/10, 13

sin 4usin 15°
tan 2utan 4°

sin ucos u
cos 10ucos 68°
tan 14utan 14°
sin 6usin 36°

1
222 � 13� 

1
222 � 122 � 13

1
222 � 131

222 � 1212 � 1

� 
1
222 � 12� 

1
222 � 131

222 � 13

12 � 12 � 131
222 � 13

1
16 13 � 7 cos 2x � cos 4x � cos 2x cos 4x 21
32A34 � cos 4x � 1

4 cos 8xB1
16 11 � cos 4x � cos 2x � cos 2x cos 4x 21
16 11 � cos 2x � cos 4x � cos 2x cos 4x 21
2A34 � cos 2x � 1

4 
 
cos 4xB 1

2A34 � cos 2x � 1
4 

  
cos 4xB12

13, � 
5

13, � 
12
5� 

3
5, 

4
5, � 

3
4

� 13/2, � 
1
2,1324

25, 
7
25, 

24
7� 115/8, 78,� 115/7

� 
24
25, 

7
25, � 

24
7� 

24
25, � 

7
25, 

24
7

120
169, 

119
169, 

120
119

k � 10 13, f � p/6
k � 5 12

10

6.28_6.28

_10

� 
1
2 3cos1x � p 2 � cos1x � p 2 4 � cos x

1.5

6.28_6.28

_1.5

43. 44.

45. 46.

47. 2 sin 4x cos x 48.

49. 2 sin 5x sin x 50.

51. 52.

53. 54. 55.

56. 57. 58.
59. LHS � � RHS
60. LHS � � RHS
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73. LHS �
2 sin 5x cos 5x

2 sin 5x cos 4x
� RHS

LHS �
2 sin 5x cos 2x

�2 sin 5x sin1�2x 2 �
cos 2x

sin 2x
� RHS

LHS �
2 sin 3x cos 2x

2 cos 3x cos 2x
�

sin 3x

cos 3x
� RHS

 � 
1 � 1�sin x 2
1 � 1�sin x 2 � RHS

 LHS �
1 � cos 2Ax2 � p

4 B
1 � cos 2Ax2 � p

4 B �
1 � cosAx � p

2 B
1 � cosAx � p

2 B
 � cos2x � sin2x � RHS

 LHS � 1cos2x � sin2x 2 1cos2x � sin2x 2� 4 � 312 sin x cos x 2 2 � RHS� 4 � 12 sin2x cos2x
 � 4 31 � 3 sin2x cos2x1sin2x � cos2x 2 4 LHS � 4 3 1sin2x � cos2x 2 3 � 31sin4x cos2x � sin2x cos4x 2 4 � 

2 tan x � tan x11 � tan2x 2
1 � tan2x � 2 tan x tan x

� RHS

 � 
2 tan x

1 � tan2x � tan x

1 � 2 tan x
1 � tan2x  tan x

LHS � tan12x � x 2 �
tan 2x � tan x

1 � tan 2x tan x

LHS �
1

tan 2x
�

1
2 tan x

1 � tan2x

� RHS

 � 2 sin x cos x � RHS

 � 
2

sin x
cos x � cos x

sin x

# sin x cos x

sin x cos x
�

2 sin x cos x

sin2x � cos2x

 LHS �
21tan x � cot x 21tan x � cot x 2 1tan x � cot x 2 �

2

tan x � cot x

LHS �
1 � 2 sin x cos x

2 sin x cos x
� 1 �

1

2 sin x cos x
� RHS

 LHS �
2 sin 2x cos 2x

sin x
�

212 sin x cos x 2 1cos 2x 2
sin x

� RHS

LHS �
2 tan x

sec2x
� 2 # sin x

cos x
 cos2x � 2 sin x cos x � RHS

� 1 � 2 sin x cos x � RHS
 LHS � sin2x � 2 sin x cos x � cos2x

sin12 # 4x 2cos12 # 5x 2 16/212/216/2

1
4A12 � 1B3

4A12 � 13BA12 � 13B/2

2 sin 
7x

2
 cos 

x

2
�2 cos 92 x sin 52 x

2 cos 
11x

2
 cos 

7x

2

�2 cos 
5x

2
 sin 

3x

2

11
2 a sin 

3x

4
� sin 

x

4
b3

2 1cos 11x � cos 3x 2 1
2 1cos 8x � cos 2x 21

2 1sin 5x � sin 3x 2
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Answers to Section 7.4 A79

74.

75.

76.

81.

83. (a)

84. (a) cos 2x � 2 sin2x � 1

85. (a)

(c) The graph of 
lies between the two
other graphs.

87. (a) (b)
90. (b) 25 cm2 (c) 7.07 cm 	 3.54 cm

Q1t 2 � 16t5 � 20t3 � 5tP1t 2 � 8t4 � 8t2 � 1

y � f1x 22.5

9.42_9.42

_2.5

2.5

9.42_9.42

_2.5

2

6.28_6.28

_2

sin 3x

sin x
�

cos 3x

cos x
� 2

5

6.28_6.28

_5

 � 
sin 3x12 cos 2x � 2 cos x � 1 2
cos 3x12 cos 2x � 2 cos x � 1 2 � RHS

 � 
2 sin 3x cos 2x � 2 sin 3x cos x � sin 3x

2 cos 3x cos 2x � 2 cos 3x cos x � cos 3x

 LHS �
1sin x � sin 5x 2 � 1sin 2x � sin 4x 2 � sin 3x1cos x � cos 5x 2 � 1cos 2x � cos 4x 2 � cos 3x

�
sin x

cos x
� tan x�

2 sinAx�y�x�y
2 B cosAx�y�x�y

2 B
2 cosAx�y�x�y

2 B cosAx�y�x�y
2 B

sin1x � y 2 � sin1x � y 2
cos1x � y 2 � cos1x � y 2

 � 
sinAx � y

2 B
cosAx � y

2 B � RHS

 LHS �
2 sinAx � y

2 B cosAx � y
2 B

2 cosAx � y
2 B cosAx � y

2 B
� tan 3x

�
2 sin 3x cos 2x � sin 3x

2 cos 3x cos 2x � cos 3x
�

sin 3x12 cos 2x � 1 2
cos 3x12 cos 2x � 1 2

sin x � sin 3x � sin 5x

cos x � cos 3x � cos 5x
�

sin x � sin 5x � sin 3x

cos x � cos 5x � cos 3x

93. (a) and (c)

The graph of f lies between the graphs of y � 2 cos t and 
y � �2 cos t. Thus, the loudness of the sound varies between 
y � �2 cos t.
94. (a) y � sin 1540pt � sin 2418pt
(b) y � 2 sin 1979pt cos 439pt
(c)

Section 7.4 ■ page 557

1. (a) p/6 (b) p/3 (c) Not defined
2. (a) p/3 (b) p/6 (c) 5p/6
3. (a) p/4 (b) p/4 (c) �p/4
4. (a) p/3 (b) �p/3 (c) Not defined
5. (a) p/2 (b) 0 (c) p
6. (a) p/4 (b) �p/4 (c) 0
7. (a) p/6 (b) �p/6 (c) Not defined
8. (a) 0 (b) p/2 (c) 2p/3
9. (a) 0.13889 (b) 2.75876
10. (a) 1.25364 (b) 1.53269
11. (a) 0.88998 (b) Not defined
12. (a) 1.83085 (b) �0.25168
13. 14. 15. 5 16. Not defined
17. p/3 18. p/6 19. �p/6 20. p/6
21. �p/3 22. p/4 23. 24. 0 25.
26. 1 27. p/3 28. p/6 29. 30.
31. 32. 33. 34. 35.
36. 37. 38. 39. 1 40.

41. 42. 43.

44. 45. 46.

47. 0 48.

49. (a)

Conjecture: y � p/2 for �1 � x � 1

3

3.14_3.14

_3

x 21 � x2 � 1

21 � x2

2x 21 � x21 � x2

1 � x21/21 � x2

x/21 � x2x/21 � x221 � x2

24
25

65
72

24
2515/2

15/525
24

13
5126/2612

13

4
3

4
5

1
213/3

3
2

1
4

2.5

_2.5

0 0.006

2.5

π_π

_2.5
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A80 Answers to Exercises and Chapter Tests

50. (a)

Conjecture:

51. (a) 0.28 (b)
52. (a) 0.71 (b)
53. (a) h � 2 tan u (b)

54. (a) (b) u � 68.2�

55. (a) (b) u � 0.826 rad

56. (a) (b) s � 7920 u

(c) (d) 1761.5 mi

(e) 197.3 mi
57. (a) 54.1� (b) 48.3�, 32.2�, 24.5�. The function sin�1 is
undefined for values outside the interval 3�1, 14.
Section 7.5 ■ page 568

1. 2. 3.

4. 5. 6.

7. 8. 9.

10. 11.

12. 13.

14. 15.

16. 17. 18.

19.

20. 21.

22. 23. No solution

24.

25. 26.
p

3
� kp, 

2p

3
� kp

7p

18
�

2kp

3
, 

11p

18
�

2kp

3

p

2
� 2kp, 

7p

6
� 2kp, 

11p

6
� 2kp

kp, 
p

6
� kp, 

5p

6
� kp

3p

2
� 2kp

p

2
� 2kp, 

7p

6
� 2kp, 

11p

6
� 2kp

p

3
� 2kp, 

5p

3
� 2kp

kp, 
3p

4
� kp

p

2
� kp

p

6
� kp, 

5p

6
� 2kp

� 

p

3
� kp

p

4
� 2kp, 

7p

4
� 2kp

p

2
� kp, 

7p

6
� 2kp, 

11p

6
� 2kp

p

4
� kp, 

3p

4
� kp

p

3
� kp, 

2p

3
� kp

p

6
� kp, 

5p

6
� kp

12k � 1 2p
4

p

4
� kp, 

3p

4
� kp

p

3
� kp, 

2p

3
� kp

3p

4
� kp

5p

6
� kp

p

4
� 2kp, 

7p

4
� 2kp

p

6
� 2kp, 

5p

6
� 2kp

3p

2
� 2kp12k � 1 2p

s � 7920 cos�1 a 3960

h � 3960
b

u � cos�1 a 3960

h � 3960
bu � sin�11h/680 2u � tan�1 a 50

s
b u � tan�11h/2 212/2

A�3 � 117B/4

y � e p/2, x � 0

�p/2, x � 0

π

6.28_6.28

_π

27. 28.

29. 30. 31. 4kp

32. 4p � 6kp, 5p � 6kp 33.

34. 2kp 35.

36.

37.

38. 39. 40. kp

41. 42.

43. 44.

45. 46.

47. 48.

49. (a) 1.15928 � 2kp, 5.12391 � 2kp
(b) 1.15928, 5.12391
50. (a) 1.41815 � kp (b) 1.41815, 4.55974
51. (a) 1.36944 � 2kp, 4.91375 � 2kp
(b) 1.36944, 4.91375
52. (a) 1.16590 � kp (b) 1.16590, 4.30750
53. (a) 0.46365 � kp, 2.67795 � kp
(b) 0.46365, 2.67795, 3.60524, 5.81954
54. (a) 0.25268 � 2kp, 1.57080 � kp, 2.88891 � 2kp
(b) 0.25268, 1.57080, 2.88891, 4.71239
55. (a) 0.33984 � 2kp, 2.80176 � 2kp
(b) 0.33984, 2.80176
56. (a) 1.10715 � kp, 1.24905 � kp, 1.89255 � kp,
2.03444 � kp
(b) 1.10715, 1.24905, 1.89255, 2.03444, 4.24874, 4.39064,
5.03414, 5.17604

57. 58.

y

x

2

_2

_

π
4

π
4

3π
4

y

x

1

π

a 3p

4
� kp, �1 b112k � 1 2p, �2 2

0, 
p

6
, 

5p

6
, p, 

7p

6
, 

11p

6
0, 

2p

3
, 

4p

3

p

3
, 

5p

3
, p

p

3
, 

2p

3
, 

4p

3
, 

5p

3

p

4
, 

3p

4
, 

5p

4
, 

7p

4

p

6
, 

3p

4
, 

5p

6
, 

7p

4

p

3
, 

2p

3

p

9
, 

5p

9
, 

7p

9
, 

11p

9
, 

13p

9
, 

17p

9

p

8
�

kp

2
, 

3p

8
�

kp

2

kp

2

p

6
� 2kp, 

2p

3
� 2kp, 

5p

6
� 2kp, 

4p

3
� 2kp

p

4
� kp, 

p

6
� kp, 

5p

6
� kp

kp

3

4 a 2p

3
� kp b

p

6
�

kp

3

1

2
ap

6
� kp b

5p

18
�

1

3
 kp

1

4
ap

3
� 2kp b , 

1

4
a� 

p

3
� 2kp b
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Answers to Chapter 7 Review A81

59.

60.

61. 62.

63. 64.

65. 66. 67. 0

68. 69. 70.

71. 72.

73. 0, �0.95 74. �2.94, �2.66, 1.17 75. 1.92
76. 0, �0.93 77. �0.71 78. 0

79. 0.94721� or 89.05279� 80.

81. 44.95� 82.
83. (a) 34th day (February 3rd), 308th day (November 4th)
(b) 275 days
84. (a) 0� (b) 60�, 120� (c) 90�, 270� (d) 180�
85. (b) 1.047 � 60�

Chapter 7 Review ■ page 571

1.

2. LHS � sec2u � 1 � RHS
3.

 � �sin2x 
1

sin x
� RHS

� csc x � sin2x csc x � csc x
 LHS � 11 � sin2x 2  csc x � csc x

 � 
cos2u � sin2u

cos u
� RHS

 LHS � sin u a cos u

sin u
�

sin u

cos u
b � cos u �

sin2u

cos u

u1 � sin�1 1√1/√2 20, 
1

2
, 1, 

3

2
, . . .

12k � 1 2p
8

p

9
�

2kp

3
, 
p

2
� kp, 

5p

9
�

2kp

3

kp

6

kp

2

p

8
, 

3p

8
, 

5p

8
, 

7p

8
, 

9p

8
, 

11p

8
, 

13p

8
, 

15p

8

0, 
p

2
, 

3p

2

p

2
, 

7p

6
, 

3p

2
, 

11p

6

0, 
p

2
, p, 

3p

2

p

9
, 

2p

9
, 

7p

9
, 

8p

9
, 

13p

9
, 

14p

9

p

3
, 

5p

3

p

8
, 

3p

8
, 

5p

8
, 

7p

8
, 

9p

8
, 

11p

8
, 

13p

8
, 

15p

8

y

0 x

2

_1

_π π

1p � 2kp, �1 2 , ap
2

� 2kp, 0 b

y

0 x

5

_5

π
2

ap
3

� kp, 13 b 4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

 � 1 �
1

cos x
� 1 � RHS

 LHS � 1 �
sin x

cos x
# 1 � cos x

sin x
� 1 �

1 � cos x

cos x

� csc x � 1csc x � cot x 2 � RHS

LHS � csc x �
1 � cos x

sin x

 � 12 12 sin2x � 2 sin2y 2 � RHS

� 1
2 31 � 2 sin2y � 11 � 2 sin2x 2 4 � 12 1cos 2y � cos 2x 2� cos11x � y 2 � 1x � y 224 LHS � 1
2 3cos11x � y 2 � 1x � y 22�
2 sin x cos y

2 cos x cos y
� RHS

LHS �
2 sinA 1x�y 2 � 1x�y 2

2 B cosA 1x�y 2 � 1x�y 2
2 B

2 cosA 1x�y 2 � 1x�y 2
2 B cosA 1x�y 2 � 1x�y 2

2 B
LHS �

1 � cos x

sin x
�

1

sin x
�

cos x

sin x
� RHS

�
cos x cos y

cos x sin y
�

sin x sin y

cos x sin y
�

cos y

sin y
�

sin x

cos x
� RHS

LHS �
cos x cos y � sin x sin y

cos x sin y

LHS �
2 sin x cos x

1 � 2 cos2x � 1
�

2 sin x cos x

2 cos2x
�

2 sin x

2 cos x
� RHS

� a 1

cos x sin x
b 2

� RHS

LHS � a sin x

cos x
�

cos x

sin x
b 2

� a sin2x � cos2x

cos x sin x
b 2

LHS � sin2x 
cos2x

sin2x
� cos2x 

sin2x

cos2x
� cos2x � sin2x � RHS

� 2 �
1

cos x sin x
� RHS

 � 2 � a cos x

sin x
�

sin x

cos x
b � 2 �

cos2x � sin2x

cos x sin x

� 2 � 1cot x � tan x 2 LHS � 1 � cot x � tan x � tan x cot x

LHS �
cos x

1
cos x 11 � sin x 2 �

cos x
1

cos x � sin x
cos x

� RHS

�
1 � cos2x

1 � cos x
� RHS

LHS �
1

sec x
� 1 � 1 � cos x � 11 � cos x 2 # 1 � cos x

1 � cos x

LHS �
cos2x

sin2x
�

tan2x

sin2x
� cot2x �

1

cos2x
� RHS

LHS �
1

cos2x
� sec2x � RHS
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A82 Answers to Exercises and Chapter Tests

18.

19.

20.

21.

22.

23.

24.

25. (a) (b) Yes

26. (a) (b) No2

4.71_3.14

_2

1.5

3.14_3.14

_1.5

�
1 � cos x

sin x
� RHS

LHS �
1

cos x � 1

sin x 1
cos x

� a 1

cos x
� 1 b  

cos x

sin x

LHS �
tan x � tan p4

1 � tan x tan p4
� RHS

� 21cos x cos y � sin x sin y 2 � RHS
 � 1cos2x � sin2x 2 � 1sin2y � cos2y 2� sin2x � 2 sin x sin y � sin2y

 LHS � cos2x � 2 cos x cos y � cos2y

 � 2 cos x � 2 cos x �
1

cos x
� RHS

 LHS �
2 sin x cos x

sin x
�

2 cos2x � 1

cos x

�
2 sin 5x sin 2x

2 sin 5x cos 2x
� RHS

LHS �
�2 sin A3x�7x

2 B sinA3x�7x
2 B

2 sin A3x�7x
2 B cosA3x�7x

2 B �
�2 sin 5x sin1�2x 2
2 sin 5x cos1�2x 2

� 1 � sinA2 # x2B � RHS

LHS � cos2
  
x
2 � 2 sin x

2 cos x
2 � sin2

  
x
2

 � 1 � sin 2x � sin 2x � RHS
 � sin2x � cos2x � 2 sin x cos x � sin 2x

 � 1cos x � sin x 2 1sin x � cos x 2 � sin 2x

 � 
1cos2x � sin2x 2 1sin x � cos x 2

cos x � sin x
� sin 2x

 �
cos 2x 1sin x � cos x 2

cos x � sin x
� sin 2x

 � 
cos 2x 1sin x � cos x 2 � sin 2x 1cos x � sin x 2

cos x � sin x

 � 
sin x cos 2x � cos x sin 2x � cos x cos 2x � sin x sin 2x

cos x � sin x

 LHS �
sin1x � 2x2 � cos1x � 2x 2

cos x � sin x

27. (a) (b) No

28. (a) (b) Yes

29. (a) 2 sin2 3x � cos 6x � 1

30. (a)

31. 0, p 32. 33. 34.

35. 36. 37.

38. 39.

40. 41.

42. 43. 44.

45. 1.18 46. 2.22 47. (a) 63.4� (b) No (c) 90�

48. t � 0.25k, k � 0, 1, 2, . . . 49.

50. 51. 52. 53.

54. 55. 56. 57.

58. 59. 60.

61. 62. 63.

64. 65. p/3 66. p/6 67. 68.

69. 70. 71. 72. 63
65

7
9155/82/121

1
2

1
23 � 2 12

2A3 � 2 12B/64 15/92
3 A12 � 15B 1

9 A412 � 15B2 

110 � 1

9B
2 � 12

2

12 � 13

4
12/212/213

12/21
212 � 1

12 � 16

4

1
2 22 � 13

p

6
, 

5p

6

p

6

p

4
, 

3p

4
, 

5p

4
, 

7p

4
, 

2p

3
, 

4p

3

p

6
, 

p

2
, 

5p

6
, 

7p

6
, 

3p

2
, 

11p

6

p

4
, 

3p

4
, 

5p

4
, 

7p

4

p

3
, 

2p

3
, 

3p

4
, 

4p

3
, 

5p

3
, 

7p

4

p

6
, 

3p

2
, 

5p

6

2p

3
, 

4p

3

p

4
, 

3p

4
, 

5p

4
, 

7p

4

p

3
, 

5p

3

0, 

p

4
, 

5p

4

p

6
, 

5p

6
0, 
p

6
, 

5p

6
, p

sin x cot x
2 � cos x � 13

6.28_6.28

_2

1.5

3.14_3.14

_1.5

2

3.14_3.14

_2

4

6.28_6.28

_4
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Answers to Section 8.1 A83

73. 74. 75.

76.

77. (a) (b) 286.4 ft

78. (a) (b) 400 ft

Chapter 7 Test ■ page 574

1. (a)

(b)

(c)

2. tan u

3. (a) (b) (c)

4.
5. (a) (b) 6. �2
7.

8. (a) (b)

9. (a) (b)

10. 0.57964, 2.56195, 3.72123, 5.70355 11.

Focus on Modeling ■ page 578

1. (a) (b)

(c) √ � p/4 Yes, it is a traveling wave.

7

y
5

1

_5

0 x

y � �5 sin ap
2

  t b
40
41

p

6
, 

p

2
, 

5p

6
, 

3p

2

2p

3
, 

4p

3

u � cos�1
 

3
x

u � tan�1
 

x

4

Domain 3�1, 1 4Domain �

y

0 x

1

_1

π
2

π
2_

y

0 x1

π
2

_1

π
2_

�2 cos 72   
x sin 32   

x1
2 1sin 8x � sin 2x 2A10 � 2 15B/15

1
2 22 � 13

12 � 16

4
1
2

LHS �
2 tan x

sec2x
�

2 sin x

cos x
# cos2x � 2 sin x cos x � RHS

 � 
sin x
cos x 11 � cos x 2

sin2x
�

1

sin x
# 1 � cos x

cos x
� RHS

 LHS �
tan x

1 � cos x
# 1 � cos x

1 � cos x
�

tan x11 � cos x 2
1 � cos2x

LHS �
sin u

cos u
 sin u � cos u �

sin2u � cos2u

cos u
� RHS

u � tan�1 a 420
x
b � tan�1 a 380

x
b

u � tan�1 a 10
x
b

u � tan�1 a x

2
b

u � cos�1 a x

3
b1

21 � x2
x/21 � x2

2. (a) 3, 6, 9, 12, . . .
(b)

Yes, this is a standing wave.
3.
4. (a)
(b)

5.
6.
7. (a) 1, 2, 3, 4
(b) 5:

(c) 880p
(d) ;

;
;

8. (a) p, 3p, 5p, 7p, 9p, 11p; no (b) 25 Hz

Chapter 8

Section 8.1 ■ page 586

1. 2.
O

(1, 0)!4, @π
4

π
4

O

y1x, t 2 � sin14t 2  cos1880pt 2y1x, t 2 � sin13t 2  cos1880pt 2y1x, t 2 � sin12t 2  cos1880pt 2y1x, t 2 � sin t cos1880pt 2

y1x, t 2 � 7 sin 2x cos  
1
2 t

y1x, t 2 � 0.6 sin1px 2  cos140pt 2

2

y

4

_4

0 x

y1x, t 2 � 5 sin13x � 1.5t 2y1x, t 2 � 2.7 sin10.68x � 4.10t 2
2 4 8 10

y

0.4

_0.4

0 x

y � 0.4 sin11.047x 2  cos10.524t 2 ;

6:
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A84 Answers to Exercises and Chapter Tests

3. 4.

5. 6.

7.

8.

9.

10.

11.

12.

13. Q 14. R 15. Q 16. P 17. P 18. Q 19. P
20. S 21. 22.

23. 24. 25.

26. 27. 28. 29.

30. 31. 32.

33. 34. 35.

36. 37.

38. 39. 40.
41. u � p/4 42. r � 3 43. r � tan u sec u
44. r � 5 csc u 45. r � 4 sec u 46. r 2 � sec 2u
47. x 2 � y 2 � 49 48. y � 0 49. x � 6

50. 51. x2 � y2 �
y

x
1x � 3 2 2 � y2 � 9

A13,  3p/2B16,  p 2A15,  2p � tan�11�2 2 BA5,  tan�1 

  
4
3BA2 12,  7p/6B 14,  p/4 216,  11p/6 2A12,  3p/4B A13/2,  

3
2BA3 16,  �3 12B10,  0 2 1�5,  0 210,  �1 211,  �1 2A�3,  3 13B A2 13,  2Ba�3 13

2
,  1 ba� 

5

2
,  � 

5 13

2
b 13,  3p/2 2A3 12,  3p/4B

13, 1 � 2p 2 , 1�3, 1 � p 2(3, 1) 

1

O

1�5,  2p 2 , 15,  p 2
O

(_5, 0)

a�2,  

5p

3
b , a2,  

2p

3
b

O

!_2, 

_

_   @π
3

   π
3

a�1,  � 

5p

6
b , a1,  

p

6
b!_1,      @7π

67π
6

O

a�2,  

7p

4
b , a2,  

11p

4
b

O

!2,    @3π
4

   3π
4

a�3,  

3p

2
b , a3,  

5p

2
b!3,    @π

2

π
2

O

!_5, _     @17π
6

_     17π
6

!_2,      @4π
3

4π
3

O

!3, _
   

@2π
3

_   2π
3

O!6, _     @7π
6

7π
6

O

_

52. x 4 � 2x 2 y 2 � y 4 � 2xy � 0 53. y � x � 1
54. x 2 � 2y � 1 � 0 55.
56. x 2 � 3y 2 � 16y � 16 � 0 57. x � 2
58. 59.
60. y � 0

Section 8.2 ■ page 594

1. VI 2. III 3. II 4. IV 5. I 6. V
7. Symmetric about u � p/2
8. Symmetric about the polar axis
9. Symmetric about the polar axis
10. Symmetric about the pole
11. Symmetric about u � p/2
12. Symmetric about the polar axis
13. All three types of symmetry
14. Symmetric about the pole and about u � p/2
15. 16.

17. 18.

19. 20.

21. 22.

O (2, 0)

!2,    @π
2

!0,      @3π
4O 1

(_2, 0)

O (1, 0)

!0,    @π
2

O 1

!6,    @π
2

O 1

O 1

O (1, 0)

!1,    @π
2

!1,      @3π
2

(1, π)O 1 (2, 0)

!2,    @π
2

!2,      @3π
2

(2, π)

y � � 13 x1x2 � y2 � x 2 2 � 41x2 � y2 2x2 � y2 � 1x2 � y2 � x 2 2
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Answers to Section 8.2 A85

23. 24.

25. 26.

27. 28.

29. 30.

31. 32.

O 21O

O 2O 1

0.2

0.2

! ,    @π
2

2
π

! ,    @π1
π ! ,      @2π1

2π

O 10

(π, π)

O 1
(0, 0)

x

!_

(_2, π)

1,    @π
2

!_1, @3π
2

O 1

(_3, π)(_3, 0)

!_6,    @π
2

O

1

!

(1, π) (1, 0)

2,    @π
2

!0, @3π
2

O 1

(4, π)

!2,    @π
2

!2,      @3π
2

33. 34.

35. 36.

37. 0 � u � 4p 38. 0 � u � 10p

39. 0 � u � 4p 40. 0 � u � 2p

41. The graph of r � 1 � sin nu has n loops.
42. As c increases, the “dimple” of the graph becomes 
an inner loop. 43. IV 44. I 45. III 46. II
47. 48.

1

1

O 1

1

1.5

1.5_1.5

_1.5

3

1.5_3.5

_3

1.5

1.5_1.5

_1.5

1

1.25_1.25

_1

O

1

O 1

(3, 0)

O

(3, π) (_1, 0)

!1,    @π
2

!1, @3π
2

O 1 (2, 0)(2, π)

!3,    @π
2

!1,      @3π
2
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A86 Answers to Exercises and Chapter Tests

49. 50.

51.

52. (a)

(b) y � x 2

53. (a) Elliptical 

(b) p; 540 mi
54. (a) Spiral 

(b) 2.1 rad

Section 8.3 ■ page 603

1. 4 2. 3 

3. 2 4. 6 Im

0 Re6

i

Im

0 Re

i

_2

Im

0 Re1_1

_3i

Im

0 Re1

i

_1

4i

7000

12000_9000

_7000

7000

12000_9000

_7000

9

3_3

_1

a a

2
,  

b

2
b , 
2a2 � b2

2

O 1

1

1

1 5. 6.

7. 2 8.

9. 1 10. 1 

11. 12.

13. 14.

15. 16. Im

0 Re_1 1

i
z1=_1+i

z1z2=1+5i

z2=2-3i
z1+z2=1-2i

Im

0 Re1

i
z⁄=2+i

z¤=2-i

4

z⁄+z¤=4

z⁄ z¤=5

Im

0 Re_5

i

_5+6i

_5 _ 6i

Im

0 Re2

i

8+2i

8-2i

8

Im

0 Re1

i

_1

œ∑31-i

œ∑3_0.5+0.5i

œ∑3i_2+2

œ∑3_1+i

Im

0 Re1

i

_1
0.5+0.5i

1+i

2+2i

_1-i

Im

0 Re1

i

_1

œ∑_ 2+
2

œ∑2i

Im

0 Re1

i
0.6+0.8i

Im

0 Re1

i

_1

_1- iœ∑3
3

Im

0 Re1

i œ∑3+i

2 13/3

Im

0 Re

7-3i

1
_i

Im

0 Re1

i
5+2i

158129
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Answers to Section 8.3 A87

17. 18.

19. 20.

21. 22.

23. 24.

25. 26.

27. 28.

29. 30.

31. 32.

33. 34.

35. 36.

37. 38.

39.

40. 41.

42. 43. 8 a cos 
p

6
� i sin 

p

6
b2 12 a cos 

7p

4
� i sin 

7p

4
b

3 12 a cos 
3p

4
� i sin 

3p

4
b2 12 a cos 

p

4
� i sin 

p

4
b5 3cosAtan�1

  
4
3B � i sinAtan�1

  
4
3B 42 a cos 

p

6
� i sin 

p

6
b201cos p � i sin p 2

8 a cos 
p

2
� i sin 

p

2
b8 a cos 

11p

6
� i sin 

11p

6
b

41cos 0 � i sin 0 25 12 a cos 
p

4
� i sin 

p

4
b

6 a cos 
4p

3
� i sin 

4p

3
b3 a cos 

3p

2
� i sin 

3p

2
b

12 a cos 
3p

4
� i sin 

3p

4
b4 a cos 

11p

6
� i sin 

11p

6
b

12 a cos 
7p

4
� i sin 

7p

4
b2 a cos 

7p

4
� i sin 

7p

4
b

2 a cos 
p

3
� i sin 

p

3
b12 a cos 

p

4
� i sin 

p

4
b

Im

0 Re1_1

i

Im

0 Re1

i

Im

0 Re6

6i
Im

0 Re1

i

Im

0 Re1

2i

Im

0 Re1

i

Im

0 Re1

i

_1

Im

0 Re1

i

_1

44.

45.

46. 47.

48.

49.

50. z1z2 � cos p � i sin p

51.

52.

53.

54.

55.

56.

57.

58.

 
1
z1

�
1

2
a cos 

7p

4
� i sin 

7p

4
b

 
z1

z2
� 121cos 0 � i sin 0 2

 z1z2 � 2 12 a cos 
p

2
� i sin 

p

2
b

 z2 � 12 a cos 
7p

4
� i sin 

7p

4
b

 z1 � 2 a cos 
7p

4
� i sin 

7p

4
b

 
1
z1

�
1

2
a cos 

p

6
� i sin 

p

6
b

 
z1

z2
� cos 

p

6
� i sin 

p

6

 z1z2 � 4 a cos 
p

2
� i sin 

p

2
b

 z2 � 2 a cos 
p

3
� i sin 

p

3
b

 z1 � 2 a cos 
p

6
� i sin 

p

6
b z1/z2 � 41cos 130° � i sin 130° 2 z1z2 � 4

 25 
1cos 180° � i sin 180° 2 z1/z2 � 4

 25 
1cos 50° � i sin 50° 2 z1z2 � 1001cos 350° � i sin 350° 2 z1/z2 � 1

3 1cos 15° � i sin 15° 2 z1z2 � 61cos 135° � i sin 135° 2 z1/z2 � 21cos 90° � i sin 90° 2 z1z2 � 81cos 150° � i sin 150° 2 z1/z2 � 7
2 1cos p � i sin p 2 z1z2 � 14 a cos 

5p

4
� i sin 

5p

4
b

 
z1

z2
�

3

5
a cos 

7p

6
� i sin 

7p

6
b

 z1z2 � 15 a cos 
3p

2
� i sin 

3p

2
b

 
z1

z2
� cos 

p

2
� i sin 

p

2

z1z2 � cos 
4p

3
� i sin 

4p

3
  

z1

z2
� cos 

2p

3
� i sin 

2p

3

p a cos 
3p

2
� i sin 

3p

2
b

2 a cos 
p

4
� i sin 

p

4
b2 13 a cos 

p

6
� i sin 

p

6
b

15 3cosAtan�1
  
1
2B � i sinAtan�1

  
1
2B 4

3 12 a cos 
5p

4
� i sin 

5p

4
b
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A88 Answers to Exercises and Chapter Tests

59.

60.

61.

62.

63.

 
1
z1

� 1
 20 
1cos p � i sin p 2

 
z1

z2
� 10 a cos 

5p

6
� i sin 

5p

6
b

 z1z2 � 40 a cos 
7p

6
� i sin 

7p

6
b

 z2 � 2 a cos 
p

6
� i sin 

p

6
b z1 � 201cos p � i sin p 2 

1
z1

�
1

8
a cos 

11p

6
� i sin 

11p

6
b

 
z1

z2
� cos 

4p

3
� i sin 

4p

3

 z1z2 � 64 a cos 
p

3
� i sin 

p

3
b

 z2 � 8 a cos 
p

2
� i sin 

p

2
b

 z1 � 8 a cos 
11p

6
� i sin 

11p

6
b

 
1
z1

�
12

10
a cos 

p

4
� i sin 

p

4
b

 
z1

z2
�

5 12

4
a cos 

p

4
� i sin 

p

4
b

 z1z2 � 20 12 a cos 
p

4
� i sin 

p

4
b z2 � 41cos 0 � i sin 0 2 z1 � 5 12 a cos 

p

4
� i sin 

p

4
b

 
1
z1

�
12

2
a cos 

3p

2
� i sin 

3p

2
b

 
z1

z2
�
12

6
a cos 

p

6
� i sin 

p

6
b

 z1z2 � 6 12 a cos 
5p

6
� i sin 

5p

6
b

 z2 � 6 a cos 
4p

3
� i sin 

4p

3
b

 z1 � 12 a cos 
3p

2
� i sin 

3p

2
b

 
1
z1

�
1

4
a cos 

11p

6
� i sin 

11p

6
b

 
z1

z2
� 2 12 a cos 

13p

12
� i sin 

13p

12
b

 z1z2 � 4 12 a cos 
7p

12
� i sin 

7p

12
b

 z2 � 12 a cos 
3p

4
� i sin 

3p

4
b

 z1 � 4 a cos 
11p

6
� i sin 

11p

6
b 64.

65. �1024 66.

67.

68. 16 69. �1 70. 71. 4096

72. 1 73. 74.

75. 76.

77. ,

78. ,

,

79. ,

,

,

80. ,

,

,

2 a cos 
8p

5
� i sin 

8p

5
b

2 a cos 
6p

5
� i sin 

6p

5
b

2 a cos 
4p

5
� i sin 

4p

5
b

„‚

i

1

Im

0 Re

„¤

„⁄

„›

„‹

2, 2 a cos 
2p

5
� i sin 

2p

5
b

3 a cos 
15p

8
� i sin 

15p

8
b

3 a cos 
11p

8
� i sin 

11p

8
b

3 a cos 
7p

8
� i sin 

7p

8
b

„‚

i

1

Im

0 Re

„¤

„⁄

„‹

3 a cos 
3p

8
� i sin 

3p

8
b

2 a cos 
25p

18
� i sin 

25p

18
b

2 a cos 
13p

18
� i sin 

13p

18
b „‚

i

1

Im

0 Re

„⁄

„¤

2 a cos 
p

18
� i sin 

p

18
b

2 12 a cos 
13p

12
� i sin 

13p

12
b i

1

Im

0 Re

„⁄

„¤

2 12 a cos 
p

12
� i sin 

p

12
b

1
 16 

1
 2048 
A�13 � iB 721�1 � 13 i 281�1 � i 2 1

 2048 
1�1 � 13 i 25121�13 � i 216 � 16 13 i

 
1
z1

� 1
5 3cos10.927 2 � i sin10.927 2 4

 
z1

z2
�

5 12

4
3cos14.57 2 � i sin14.57 2 4 z1z2 � 10 12 3cos10.142 2 � i sin10.142 2 4 z2 � 2 12 a cos 

7p

4
� i sin 

7p

4
b z1 � 5 3cos10.927 2 � i sin10.927 2 4
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81.

82. ,

,

83.

84. , , ,

,

85.
„‚

i

1

Im

0 Re

„¤

„⁄

„‹

� 

12

2
�
12

2
 i

„‚

i

1

Im

0 Re

„¤

„›

„⁄

„‹

cos 
17p

10
� i sin 

17p

10
cos 

13p

10
� i sin 

13p

10

cos 
9p

10
� i sin 

9p

10
cos 
p

2
� i sin 

p

2
cos 
p

10
� i sin 

p

10

„‚

i

1

Im

0 Re

„¤

„⁄

13

2
�

1

2
 i, � 

13

2
�

1

2
 i, �i

21/6 a cos 
17p

12
� i sin 

17p

12
b

21/6 a cos 
9p

12
� i sin 

9p

12
b „‚

i

1

Im

0 Re

„⁄

„¤

21/6 a cos 
p

12
� i sin 

p

12
b

„‚

i

1

Im

0 Re

„¤

„⁄„‹

„›

„fi

„fl
„‡

�1, �i, � 

12

2
�
12

2
 i 86. , ,

, ,

87.

88. , , ,

, ,

, ,

89. , ,

90.

91. , ,

92.

Section 8.4 ■ page 615

1. 2.

_4

_3

y

0 x

_v

2

_2

y

0 x

2u

1, � 

1

2
�
13

2
 i

21/6 a cos 
21p

12
� i sin 

21p

12
b
21/6 a cos 

13p

12
� i sin 

13p

12
b21/6 a cos 

5p

12
� i sin 

5p

12
b

�1, � 

1

2
 � 

13

2
 i

2 a cos 
25p

18
� i sin 

25p

18
b

2 a cos 
13p

18
� i sin 

13p

18
b2 a cos 

p

18
� i sin 

p

18
b

cos 
29p

16
� i sin 

29p

16

cos 
25p

16
� i sin 

25p

16
cos 

21p

16
� i sin 

21p

16

cos 
17p

6
� i sin 

17p

16
cos 

13p

16
� i sin 

13p

16

cos 
9p

16
� i sin 

9p

16
cos 

5p

16
� i sin 

5p

16
cos 
p

16
� i sin 

p

16

� 

12

2
�
12

2
 i

„‚

„›

i

1

Im

0 Re

„⁄

„‹

„¤

2 a cos 
28p

15
� i sin 

28p

15
b

2 a cos 
22p

15
� i sin 

22p

15
b2 a cos 

16p

15
� i sin 

16p

15
b
2 a cos 

2p

3
� i sin 

2p

3
b2 a cos 

4p

15
� i sin 

4p

15
b
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A90 Answers to Exercises and Chapter Tests

3. 4.

5. 6.

7. �3, 3� 8. ��5, 3� 9. �3, �1� 10. �2, �3� 11. �5, 7�
12. �8, 8� 13. ��4, �3� 14. ��5, �4� 15. �0, 2�
16. �7, 5� 17. �4, 14�, ��9, �3�, �5, 8�, ��6, 17�
18. ��4, 10�, ��6, 24�, �0, �3�, ��14, 47�
19. �0, �2�, �6, 0�, ��2, �1�, �8, �3�
20. 2 i, 6 j, i � 2 j, 3 i � 8 j
21. 4 i, �9 i � 6 j, 5 i � 2 j, �6 i � 8 j
22. 2 i � 2 j, �3 i � 3 j, 2 i, �i � 7 j
23.

24.

25.

26.

27. 28. 29.

30. 800 cos 125� i � 800 sin 125�j � �458.86i � 655.32 j
31. 4 cos 10� i � 4 sin 10�j � 3.94 i � 0.69 j

32. 33. 5, 53.13� 34. 1, 225� 35. 13, 157.38�

36. 41, 12.68� 37. 2, 60� 38. 39.
40. 469.85 mi/h, 171.01 mi/h 41. 2i � 3j

42. 43. (a) 40 j (b) 425 i

(c) 425 i � 40 j (d) 427 mi/h, N 84.6� E

44. (a) (b)

(c) �568.44, 588.57� (d) 818 mi/h, N 44�E
45. 794 mi/h, N 26.6�W 46. N 2.1�W
47. (a) 10 i (b) 10 i � 17.32 j (c) 20 i � 17.32 j
(d) 26.5 mi/h, N 49.1�E 48. N 30�W
49. (a) 22.8 i � 7.4 j (b) 7.4 mi/h, 22.8 mi/h
50. 25.08 mi/h, N 4.57�W 51. (a) �5, �3� (b) ��5, 3�
52. (a) �0, 0� (b) None 53. (a) �4 j (b) 4 j

h 765 12

2
,  

765 12

2
ih 55

2
,  

55 13

2
i

a 512

2
� 3 b i � a 5 12

2
b j

1513, �1512, 45°

13

2
 i �

3

2
 j

� 

12

2
 i �
12

2
 j�25i � 2513 j2013i � 20 j

612, 15, 1212, 15/2, 189, 163, 612 � 15

1101, 212, 21101, 12, 173, 1145, 1101 � 212

113, 15, 2113, 15/2, 12, 134, 113 � 15

15, 113, 215, 12113, 126, 110, 15 � 113

5

_1

y

0 x

2u+v

_2

7

y

0 x

v-2u

_1
_5

y

0 x

u-v

7

1

y

0 x

u+v
54. (a) j (b) �j 55. (a) ��7.57, 10.61�
(b) �7.57, �10.61� 56. (a) �2, �4� (b) ��2, 4�
57. T1 � �56.5 i � 67.4 j, T2 � 56.5 i � 32.6 j
58. T1 � �14,116 i � 5,789 j, T2 � 14,116 i � 12,488 j

Section 8.5 ■ page 624

1. (a) 2 (b) 45� 2. (a) 0 (b) 90� 3. (a) 13 (b) 56�
4. (a) �12 (b) 180� 5. (a) �1 (b) 97�
6. (a) 4 (b) 60.3� 7. (a) (b) 30�
8. (a) 0 (b) 90� 9. Yes 10. Yes 11. No 12. Yes
13. Yes 14. No 15. 9 16. 9 17. �5 18. �10
19. 20. 21. �24 22.
23. (a) �1, 1� (b) u1 � �1, 1�, u2 � ��3, 3�
24. (a) �4, 2� (b) u1 � �4, 2�, u2 � �3, �6�
25. (a) (b)

26. (a) �9, 6� (b) u1 � �9, 6�, u2 � �2, �3�
27. (a) (b)

28. (a) (b)

29. �28 30. 80,400 31. 25 32. 280 38. u � v
39. 16 ft-lb 40. 82 ft-lb 41. 8660 ft-lb 42. 260,000 ft-lb
43. 1164 lb 44. (a) 2822 lb (b) 2779 lb 45. 23.6�
46. 54.6 lb

Chapter 8 Review ■ page 627

1. (a) 2. (a)

(b) (b)

3. (a) 4. (a)

(b) (b)

5. (a) 6. (a)

(b) (b) 1�6,  6 2A213,  6B
_    π

4
O

!_6  @π
4œ∑2, _!4 @

_    5π
3

_    5π
3

O

œ∑3,

a 13

2
,  � 

3

2
ba�312

2
,  

312

2
b

!_ 
2

   @2π
3

   2π
3

O

œ∑3,

!_3,  @

7π
4

7π
4

O

A�412,  �412BA613,  6B !8, _    @3π
4

_    3π
4

O!12,    @π
6

π
6

O

u1 � 825,  � 
1
5 9, u2 � 835,  

6
5 9825,  � 

1
5 9 u1 � 8� 

18
5 ,  

24
5 9, u2 � 828

5 ,  
21
5 98� 

18
5 ,  

24
5 9

u1 � 8� 
1
2,  

3
2 9, u2 � 832,  

1
2 98� 

1
2,  

3
2 9

28
512� 

12
5

513
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Answers to Chapter 8 Review A91

7. (a) 8. (a)

(b)

(c)

9. (a) 10. (a)

(b)

(c)

11. (a)
(b)

(c)

12. (a)
(b)

(c)

13. (a) (b) y

0 x

4

4

r �
4

cos u � sin u

a�412,  

3p

4
b

a412,  

7p

4
by

0 x2

_2

Ó4, _4)

a�213,  � 

p

6
b

a213,  

5p

6
by

0 x3

1

_3

Ó_3, œ∑3Ô

a�12,  

p

4
b

a12,  

5p

4
b

y

0 x1

1

Ó3œ∑3, 3)
y

0 x_8

_8
Ó_6œ∑ 2Ô2, _6œ∑

a�812,  

5p

4
b

a812,  

p

4
b

y

0 x1

1

_1

 œ∑6ÔÓ_œ∑2,

y

0 x8

8 (8, 8)

14. (a) r 2 � 2 csc 2u 15. (a)

(b) (b)

16. (a) r 2 � sin 2u (b)

17. (a)

(b)

18. (a)

(b)

19. (a)

(b) 1x2 � y2 2 3 � 16x2y2

O 2

x2 � Ay � 3
2B2 � 9

4

0 1 2

1

2

!3,    @π
2

1x2 � y2 � 3x 2 2 � 91x2 � y2 2
1

(6, 0)

!3,    @π
2

!3,      @3π
2

O

O 1

1

y

0 x

2

2

y

0 x2

2

r � 41cos u � sin u 2

(b)

(c) a�2 12,  

5p

3
b

a212,  

2p

3
b

(b)

(c) a�6,  

7p

6
b

a6,  

p

6
b
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A92 Answers to Exercises and Chapter Tests

20. (a)

(b)

21. (a)

(b) x 2 � y 2 � 1

22. (a)

(b)

23. (a)

(b) x 2 � y 2 � x � y

24. (a)

(b)
Ax � 4

3B2
64
9

�
y2

16
9

� 1

O 2

!2,    @π
2

!2, @3π
2

! , 0@4
3

O (1, 0)

!1,    @π
2

1x2 � y2 2 2 � 8xy

O 2

O
(1, 0)(1, π)

1x2 � y2 2 2 � 4x3 � 12xy2

O 2

25. 0 � u � 6p 26. 0 � u � 8p

27. 0 � u � 6p 28. �6p � u � 6p

29. (a)

(b) (c)

30. (a)

(b) (c)

31. (a)

(b) (c) 134 3cosAtan�1
 
3
5B � i sinAtan�1

 
3
5B 4134, tan�1A35B

Im

0 Re1

i

5+3i

10 a cos 
3p

2
� i sin 

3p

2
b10, 

3p

2

Im

0 Re2

_10i

412 a cos 
p

4
� i sin 

p

4
b412, 

p

4

Im

0 Re1

i

4+4i

20

20_ 20

_20

5

6_4

_5

1.5

1.5_1.5

_1.5

1

1.25_0.75

_1
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Answers to Chapter 8 Test A93

32. (a)

(b) (c)

33. (a)

(b) (c)

34. (a)

(b) 20, p (c)

35. 36. 16 37.

38. 39.

40.

41.

42.

43. , �6, 4�, ��10, 2�, ��4, 6�, ��22, 7�
44. , 3 i � j, i � 3 j, 4 i � 2 j, 4 i � 7 j
45. 3 i � 4 j 46. 47. 48. �68.2�
49. (a) (b) 4.8 	 104 lb, N 85.2� E
50. (a) 830013 � 25, 300 � 2513914.8 i � 0.4 j 2 	 104

110, �2 210 i � 10 13 j
15
113

cos 
25p

16
� i sin 

25p

16
, cos 

29p

16
� i sin 

29p

16

cos 
17p

16
� i sin 

17p

16
, cos 

21p

16
� i sin 

21p

16
,

cos 
9p

16
� i sin 

9p

16
, cos 

13p

16
� i sin 

13p

16
,

cos 
p

16
� i sin 

p

16
, cos 

5p

16
� i sin 

5p

16
,

�1, �1
2 �
13

2
 i

2 a cos 
13p

9
� i sin 

13p

9
b

2 a cos 
7p

9
� i sin 

7p

9
b ,2 a cos 

p

9
� i sin 

p

9
b ,

�2 1211 � i 21
2A�1 � i 13B � 

1
32A1 � i13B8A�1 � i13B201cos p � i sin p 2

Im

0 Re

5

_20

12 a cos 
3p

4
� i sin 

3p

4
b12, 

3p

4

Im

0 Re1

i

_1

_1+i

2 a cos 
p

3
� i sin 

p

3
b2, 

p

3

œ∑3i1+

Im

0 Re

i

(b) 602.1 mi/h, N 55.2� E 51. 5, 25, 60 52. 13, 169, 2
53. , 8, 0 54. 10, 100, �30 55. Yes
56. No, 82.2� 57. No, 45� 58. Yes 59. (a)
(b) (c)
60. (a) (b) ��1, �1�
(c) u1 � ��1, �1�, u2 � ��7, 7�
61. �6 62. 40.5�

Chapter 8 Test ■ page 629

1. (a) (b)

2. (a) circle

(b)

3. (a)

(b) (c) �512 4. �8,

5. �3i,

6. (a) �6 i � 10 j (b)
7. (a) �19, �3� (b) (c) 0 (d) Yes
8. (a)

(b) 8,
5p

6

y

0 1

1

x

u

512
2134

„‚

3

Im

0 Re

„¤

„⁄

_3i

3 a� 

13

2
�

1

2
 i b

13 � i2 a cos 
p

3
� i sin 

p

3
b

Im

0 Re1

i

1+œ∑3i

1x � 4 2 2 � y2 � 16

O 8

A413,  5p/6B, A�413,  11p/6BA�412,  �412B
�12

u1 � 8102
37 ,  � 

17
37 9, u2 � 8 937,  

54
37 98102

37 ,  � 
17
37 9 17137/37

2 12
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A94 Answers to Exercises and Chapter Tests

9. (a) (b) 17.4 mi/h, N 53.4� E
10. (a) 45� (b) (c) 11. 90

Focus on Modeling ■ page 632

1. (a) R � 18/p � 5.73 (b) 691.2 mi 2. 31.48 in.
3. (a) x � �12.23, y � 6.27 (b) x � 3.76, y � 8.43
(c) x � 15.12, y � �3.85 (d) x � �4.31, y � �2.42
4. (a) 10 (b) (10.66, 151.2�) 5. (a) 1.14 (b) 1.73
(c) 36.81 6. (a) 1.06 (b) 1.31 (c) 5.76 7. (a) 1.48
(b) 1.21 (c) 1.007 8. (a) 1.49 (b) 1.22 (c) 1.01

Chapter 9

Section 9.1 ■ page 642

1. 2. 3.

4. 5.

6. 7.

8. 9. 10. 11.

12.

13.

14.

15.

16.

17. 18. 19.

20. 21.

22. 23. 24.

25. 26. 27.

28. 29. No solution 30.

31.

32. No solution 33.

34. 35.

36.

37. 38.

39.

40.

41.

42.

43.

44.

45.

46. 47. 12 cm by 15 cm
48. 7 ft by 24 ft 49. 15, 20 50. in. by in.
51. , 447.77 m 52. 2p by 600/p
53. 112, 8 21400.50,  200.25 2 8 154 15
1�1.19,  3.59 2 , 11.19,  3.59 21�2.30,  �0.70 2 , 10.48,  �1.19 21�2.22,  1.40 2 , 1�1.88,  �0.72 2 , 13.45,  �2.99 2 , 14.65,  4.31 211.23,  3.87 2 , 1�0.35,  �4.21 212,  �3.61 2 , 12,  3.61 21�4.51,  2.17 2 , 14.91,  �0.97 210.35,  �1.30 2 , 15.65,  9.30 212.00,  20.00 2 , 1�8.00,  0 213,  6 21�0.33,  5.33 2A�12,  �12B, A�12,  12 B, A12,  �12B, A12,  12BA15,  

1
3B1�2,  1 2 , 12,  1 2 A3,  � 
1
2B, A�3,  � 

1
2BA15,  2B, A15,  �2B, A�15,  2B, A�15,  �2BA�16,  6B14,  6 2 , 1�4,  �6 2 16,  2 2 , 1�2,  �6 21�2,  0 2 , 12,  0 21�2,  �2 2 10,  0 2 , 11,  1 214,  0 210,  0 2 , A3,  13 B, A3,  �13B10,  0 2 , 11,  �1 2 , 1�2,  �4 210,  �2 2 , 15,  3 2 12,  4 2 , A� 

5
2,  

7
4B13,  �1 21�2,  3 21�1,  0 2 , A2,  � 13B, A2,  13BA�1,  12B, A�1,  � 12B, A12,  27

2B, A12,  � 27
2Ba�5 12

2
,  �3 b , a 5 12

2
,  �3 b , a�3 12

2
,  1 b , a 3 12

2
,  1 b1�2,  �1 2 , 1�2,  1 2 , 12,  �1 2 , 12,  1 2A�111,  �4B, A111,  �4B 1�3,  4 2 , 13,  4 212,  �1 211,  2 21�2,  3 2 , 12,  3 2 1�25,  5 2 , 1�25,  �5 21�3,  0 2 , 12,  5 2 12,  �2 2 , 1�2,  2 2A�15,  �2 15B, A15,  2 15B14,  16 2 , 1�3,  9 214,  �1 213,  1 2

5
2 i � 1

2 j126/2
14 i � 613 j Section 9.2 ■ page 649

1. 2.

3. No solution 4. No solution 

5. Infinitely many solutions 6. Infinitely many solutions 

7. 8. 9. 10. 11.
12. 13. 14. 15.
16. 17. 18. 19. No solution
20. 21. No solution 22. No solution
23. 24. No solution 25.

26. 27. 28. 29.

30. 31. 32. 33. No solution

34. 35. 36.

37. 38.

39. 40.

41. 42. 43. 22, 12

44. 6, 18 45. 5 dimes, 9 quarters 46. 1500 children,
700 adults 47. Plane’s speed 120 mi/h, wind speed 30 mi/h
48. boat speed 14 mi/h, current 6 mi/h 49. Run 5 mi/h,
cycle 20 mi/h 50. 400 mL of 5% solution, 600 mL of 
20% solution 51. 200 g of A, 40 g of B 52. 2.5 lb of

a 1

a2 � ab
,  

1

b2 � ab
ba 1

a � b
,  

1

a � b
b

a b

b � a
,  

a

a � b
ba� 

1

a � 1
,  

1

a � 1
b 12.85,  1.36 2161.00,  20.00 2 1�0.71,  �1.72 213.87,  2.74 2Ax,  

1
5 x � 8B 11,  3 215,  10 215,  21 2 Ax,  5 � 5

6 xB125,  1 21�3,  �7 2Ax,  
1
3 x � 4

3B Ax,  3 � 3
2 xBAx,  

1
3 x � 5

3B110,  �12 2 1�6,  3 2110,  �9 2112,  4 2 11,  3 21�2,  �12 213,  5 214,  3 2 12,  1 214,  �6 213,  �1 214,  1 212,  2 2

y

x20

2

y

0 x2

2

y

x50

5

y

0 x
5

5

_5

_5

y

x50

5

y

0 x1

1

15.2,  0.6 212,  2 2
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Answers to Section 9.5 A95

Kenyan, 0.5 lb of Sri Lankan 53. 25%, 10%
54. $14,000 at 5%, $6,000 at 8% 55. $16,000 at 10%,
$32,000 at 6% 56. John , Mary 57. 25 58. 6

Section 9.3 ■ page 657

1. Linear 2. Nonlinear 3. Nonlinear 4. Linear
5. 6. 7. 8.
9. 10.

11. 12.

13. 14.

15. 16. 17. 18.
19. 20. 21.
22. 23. No solution 24. No solution
25. No solution 26. No solution 27.
28. 29.
30. 31. 32.
33. $30,000 in short-term bonds, $30,000 in intermediate-term
bonds, $40,000 in long-term bonds 34. $10,000 in short-term,
$45,000 in intermediate-term, $45,000 in long-term
35. Impossible 36. I1 � 0.39, I2 � 0.29, I3 � 0.68
37. 250 acres corn, 500 acres wheat, 450 acres soybeans

Section 9.4 ■ page 673

1. 3 	 2 2. 2 	 4 3. 2 	 1 4. 3 	 1 5. 1 	 3
6. 2 	 2

7. (a) Yes (b) Yes (c)

8. (a) Yes (b) No (c)

9. (a) Yes (b) No (c)

10. (a) Yes (b) Yes (c)

11. (a) No (b) No (c)

12. (a) Yes (b) Yes (c)

13. (a) Yes (b) Yes (c) dx � 3y �  „ � 0

z � 2„ � 0

0 � 1

0 � 0

• x � 1

y � 2

z � 3

• x      � 0

0 � 0

y � 5z � 1

• x � 7z � 0

y � 3z � 0

0 � 1

• x � 2y � 8z � 0

y � 3z � 2

0 � 0

e x � 3y � �3

         y � 5

e x � �3

y � 5

1�1,  1,  �1,  1 211,  �1,  1,  2 21�2t � 2,  t,  1 2 A2 � 2t,  � 
2
3 � 4

3 t,  tB17t � 1,  4t � 1,  t 2 13 � t,  �3 � 2t,  t 21�2,  0,  3 2 11 � 3t,  2t,  t 21�1,  �2,  4 210,  1,  2 2 1�1,  1,  2 215,  0,  1 211,  �3,  2 211,  2,  1 2
• x � 4y �  z �   3

y � 3z �  10

 z � �6

•2x �  y � 3z �  2

x � 2y �  z �  4

 3y � 7z � 14

• x �  y � 3z � 3

 5y � 5z � 8

x �  y � 2z � 0

• x � 2y � z � 4

�y � 4z � 4

2x � y � z � 0

A� 
7
2,  1,  8BA5,  2,  � 

1
2B 14,  3,  4 214,  0,  3 213,  2,  �1 211,  3,  2 2

2 
1
2 h2 

1
4 h 14. (a) No (b) No (c)

15. 16. 17. 18.

19. 20. 21. 22.

23. 24. 25. No solution

26. No solution 27.

28. 29. No solution

30. 31. 32.

33. 34. No solution

35. 36. 37. 38.

39. 40. 41.

42. 43.

44.

45.

46.
47. 2 VitaMax, 1 Vitron, 2 VitaPlus
48. 40 mL of 10% acid, 50 mL of 20% acid, 10 mL of 
40% acid 49. 5-mile run, 2-mile swim, 30-mile cycle
50. 20 in room A, 50 in room B, 30 in room C
51. Impossible 52. x � t � 50, y � 170 � t, z � 430 � t,
„ � t, where 50 � t � 430

Section 9.5 ■ page 684

1. No 2. Yes 3. 4.

5. 6. Impossible 7. Impossible

8. 9.

10. 11. 12. Impossible

13. No solution 14. 15.

16. 17. 18. Impossible

19. 20.

21. 22. Impossible

23. 24.

25. Impossible 26. Impossible 27. c3 1
2 5

1 �1 3
d

314 �14 4c�14 �8 �30

�6 10 �24
d

c13 � 
7
2 15

3 1 3
d

c10 �25

0 35
dc�1 �3 �5

�1 3 �6
d
c5 �2 5

1 1 0
dc�2 � 

7
3

1
3

1
3

d
£ 0 �5

�25 �20

�10 10

§£4 7

7 4

2 2

§
c�1 � 

1
2

1 2
d£71

7

§
c5 2 1

7 10 �7
dc1 2

7 64
d

£ 3 6

12 �3

3 0

§
c�2 0 2

0 �2 2
dc1 3

1 5
d

120 � 12t,  31 � 19t,  �2 � 2t,  t 2x � 1
3 s � 2

3 t, y � 1
3 s � 1

3 t, z � s, „ � t

A�2t � 6,  
5
2 t � 9,  

9
2 t � 9,  tBA74 � 7

4 t,  � 
7
4 � 3

4 t,  
9
4 � 3

4 t,  tB1�2,  1,  0,  3 2 1�1,  0,  0,  1 211,  3,  0,  �2 210,  �3,  0,  �3 2 1�2,  1,  3 21�9,  2,  0 21�1,  3,  5 21�2,  1,  3 2x � � 
1
2 s � t � 6, y � s, z � t

1t,  5,  t 21�2t � 5,  t � 2,  t 213t � 2,  t,  4 2A�4t � 10,  
1
2 t � 7

2,  tB12 � 3t,  3 � 5t,  t 211,  1,  �2 2110,  3,  �2 2 13,  1,  1 21�1,  5,  0 213,  1,  2 21�1,  0,  1 2 1�2,  3,  3 211,  0,  1 21�1,  4,  0 211,  1,  2 2
dx � 3y �  „    � 0

y � 4„    � 0

„ � u � 2

„    � 0
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A96 Answers to Exercises and Chapter Tests

28. 29. 30.

31. 32. 33.

34. 35. Impossible 36.

37. Impossible 38. 39. x � 2, y � �1

40. x � 2, y � �3 41. x � 1, y � �2 42. x � 5, y � 1

43.

44.

45.

46.

47. Only ACB is defined. ACB �

48. (b) No 49. (a) (b) Total rev-
enue in Santa Monica, Long Beach, and Anaheim, respectively.

50. (a) (b) $42,000 (c) $71,600

51. (a) (b) The first entry is the total
amount (in ounces) of tomato sauce produced, and the second
entry is the total amount (in ounces) of tomato paste produced.

52. (a)

Amy’s stand sold $97 of produce on Saturday.

Beth’s stand sold $46.50.

Chad’s stand sold $41.

(b)

Amy’s stand sold $70 of produce on Sunday. 
Beth’s stand sold $33.50. 
Chad’s stand sold $48.50.

(c)
This represents the melons, squash, and 
tomatoes they sold during the weekend.

(d)
During the weekend Amy’s stand sold $167,
Beth’s stand sold $80, and Chad’s stand sold
$89.50 of produce.

£167.00

80.00

89.50

§
£220 110 90

75 45 50

120 55 50

§
£70.00

33.50

48.50

§
£97.00

46.50

41.00

§
3105,000 58,000 4
£$32,000 $18,000

$42,000 $26,800

$44,000 $26,800

§
34,690 1,690 13,210 4c�3 �21 27 �6

�2 �14 18 �4
d

≥ 1 �1 1

4 �2 �1

1 1 5

�1 �1 �1

¥  £ xy
z
§ � ≥ 2

2

2

2

¥
£3 2 �1 1

1 0 �1 0

0 3 1 �1

§  ≥ x1

x2

x3

x4

¥ � £05
4

§
£6 �1 1

2 0 1

0 1 �2

§  £ xy
z
§ � £12

7

4

§
c2 �5

3 2
d  c x

y
d � c7

4
d

c 13

�7
d

£1 0 0

0 1 0

0 0 1

§338 �11 35 4
c8 �335

0 343
dc4 �45

0 49
d£�1

8

�1

§
328 21 28 4328 21 28 4£ 5 �3 10

6 1 0

�5 2 2

§ 53.

(a)

(b)

(c)

(d)

(e) The letter E

Section 9.6 ■ page 697

5. 6. 7.

8. 9. 10.

11. No inverse 12. 13.

14. 15.

16. 17. No inverse

18. 19. £� 
9
2 �1 4

3 1 �3
7
2 1 �3

§£�1 �1 2

3 2 �4

� 
1
2 0 1

2

§
£ 26 7 �25

�3 �1 3

�27 �7 26

§
£�4 �4 5

1 1 �1

5 4 �6

§£ 3 �2 �5

�1 1 1

�3 2 6

§
c 1 2

� 
1
2

2
3

dc 12 �1

�15 3
2

d
c� 

5
3 � 

4
3

� 
8
3 � 

7
3

dc 13 5

�5 �2
dc�9 4

7 �3
d

c 2 �3

�3 5
d£�1 1 �1

2 �2 1

�2 5
2 �1

§c1 �2

� 
3
2

7
2

d

F3 3 3 3 3 3

3 0 3 3 0 3

3 0 3 3 0 3

3 0 0 0 0 3

3 0 3 3 0 3

3 0 3 3 0 3

V
F2 3 2 3 2 2

3 0 3 2 1 2

2 1 3 3 0 3

2 0 1 0 1 3

3 0 3 3 1 2

2 1 3 2 0 2

V
F2 1 2 1 2 2

1 3 1 2 3 2

2 3 1 1 3 1

2 3 3 3 3 1

1 3 1 1 3 2

2 3 1 2 3 2

V
F1 0 1 0 1 1

0 3 0 1 2 1

1 2 0 0 3 0

1 3 2 3 2 0

0 3 0 0 2 1

1 2 0 1 3 1

V
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Answers to Section 9.8 A97

20. 21.

22. No inverse 23. x � 8, y � �12 24. x � �10, y � 10
25. x � 126, y � �50 26.
27. x � �38, y � 9, z � 47 28. x � 8, y � �1, z � �8
29. x � �20, y � 10, z � 16 30. x � �1, y � 5, z � �1,
„ � �3 31. x � 3, y � 2, z � 1 32. x � �1, y � 2, z � 3
33. x � 3, y � �2, z � 2 34. x � 6, y � 12, z � 24
35. x � 8, y � 1, z � 0, „ � 3
36. x � 8, y � 4, z � 2, „ � 1

37. 38. 39.

40.

41. ; inverse does not exist for x � 0

42. ; inverse exists for all x

43. ; inverse exists for all x

44. ; inverse does not exist for x � 0,
x � 1

45. ; inverse exists for all x

46. ;

inverse does not exist for 

47. (a) (b) 1 oz A, 1 oz B, 2 oz C

(c) 2 oz A, 0 oz B, 1 oz C (d) No
48. No, since the inverse does not exist in this case.

49. (a)

(b) £1 1 2

2 1 1

1 2 1

§  £ xy
z
§ � £675

600

625

§
• x �  y � 2z � 675

2x �  y �  z � 600

x � 2y �  z � 625

£ 0 1 �1

�2 3
2 0

1 � 
3
2 1

§
x �
12n � 1 2p

2
c sec x �tan x

�tan x sec x
d

c cos x �sin x

sin x cos x
d

≥ 1

x2 � 

x � 1

x2

x � 1
x

x � 1
x

¥
1
2 £ 1 e�x 0

e�x �e�2x 0

0 0 1

§
1
2 c e�x  e�2x

�e�2x e�3x d
≥ 1 � 

1
x

� 

1
x

2

x2

¥
≥ 1

a 0 0 0

0 1
b 0 0

0 0 1
c 0

0 0 0 1
d

¥
1

2a
c 1 1

�1 1
d£� 

39
2 �39

15 30
33
2 33

§c 7 2 3

10 3 5
d

x � � 
400
3 , y � � 

700
3

≥ 0 0 �2 1

�1 0 1 1

0 1 �1 0

1 0 0 �1

¥£ 1 0 �1

1 0 � 
3
2

�6 1 13
2

§ (c)

He earns $125 on a standard set, $150 or a deluxe set, and $200
on a leather-bound set.

Section 9.7 ■ page 713

1. 6 2. 2 3. �4 4. 1 5. Does not exist
6. Does not exist 7. 8. 2.9 9. 20, 20 10. 5, 5
11. �12, 12 12. 0, 0 13. 0, 0 14.
15. 4, has an inverse 16. 2, has an inverse
17. �6, has an inverse 18. �4, has an inverse
19. 5000, has an inverse 20. 0, does not have an inverse
21. �4, has an inverse 22. 92, has an inverse
23. �18 24. �1183 25. 120 26. 32 27. (a) �2
(b) �2 (c) Yes 28. (b) �46 (c) No other solutions
(d) Yes, since 
 0 29. 30.

31. 32. 33. 34.

35. 36. 37. 38.

39. 40. 41.

42. 43. 44.
45. abcde 46. a 5 47. 0, 1, 2 48. 1 49. 1, �1
50. a, b 51. 21 52. 53. 54. 33

56. (a)

(b) 8 apples, 6 peaches, 4 pears

57. (a)

(b) y � �0.05x 2 � 3x
58. 7 million ft2

Section 9.8 ■ page 720

1. 2.

3. 4.

5. 6.

7. 8.

9.

10.

11. 12.
1

x � 1
�

1

x � 1

1

x � 1
�

1

x � 1

A

x � 1
�

B1x � 1 2 2 �
C

x � 1
�

Dx � E

x2 � x � 1

�
Ex � F

x2 � 2x � 5
�

Gx � H1x2 � 2x � 5 2 2
A

x
�

B

2x � 5
�

C12x � 5 2 2 �
D12x � 5 2 3

A

x
�

B

x2 �
Cx � D

x2 � 4
�

Ex � F1x2 � 4 2 2Ax � B

x2 � 1
�

Cx � D

x2 � 2

A

x � 1
�

B

x � 1
�

Cx � D

x2 � 1

A

x � 3
�

Bx � C

x2 � 4

A

x
�

B

x2 �
C

x3 �
D

x � 1

A

x � 2
�

B1x � 2 2 2 �
C

x � 4

A

x � 1
�

B

x � 4

A

x � 1
�

B

x � 2

• 100a � 10b � c � 25  

225a � 15b � c � 33 
3
4

1600a � 40b � c � 40  

• x �   y �   z �   18

75x � 90y � 60z � 1380

�75x � 90y � 60z �  180

63
2

19
2

1�1,  2,  0,  3 2A12,  
1
4,  

1
4,  �1BA22

5 ,   
24
25,  � 

66
25B A189

29 ,  � 
108
29 ,  

88
29B12,  �1,  3 210,  �1,  1 2 1�1,  5,  0 211,  3,  2 211,  �2, �5 214,  2,  �1 2 A25,  �1B14,  �1 21�2,  6 210.6,  �0.4 2 A32,  2B1�2,  5 20M 0

7
2, � 

7
2

1
8

A�1 � £� 
1
4

3
4 � 

1
4

� 
1
4 � 

1
4

3
4

3
4 � 

1
4 � 

1
4

§
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A98 Answers to Exercises and Chapter Tests

13. 14.

15. 16.

17. 18.

19. 20.

21. 22.

23.

24. 25.

26.

27. 28.

29. 30.

31.

32.

33.

34.

35. 36.

37. 38.

39. 40.

41. 42.

43.

44. A � a, B � b, C � �a, D � �b

Section 9.9 ■ page 726

1. 2.
y

y = −2

x20

2

y

0 x1

1

x = 3

A �
a � b

2
, B �

a � b

2

x � 1 �
21x � 2 2 2 �

x

x2 � 2
x2 �

3

x � 2
�

x � 1

x2 � 1

2

x2 � 4
�

11x2 � 4 2 21

x2 � 1
�

x � 21x2 � 1 2 2 �
1
x

2x � 1

2x2 � 1
�

x

x2 � 1

2x � 5

x2 � x � 2
�

5

x2 � 1

� 

2

x2 � 2
�

3

x � 1

x � 1

x2 � 3
�

1
x

� 

1

x � 2
�

21x � 2 2 2 �
1

x � 2
�

11x � 2 2 2
3

x � 2
�

11x � 2 2 2 �
11x � 3 2 2

1

x � 1
�

1

x � 1
�

11x � 1 2 3
4

x � 2
�

4

x � 1
�

21x � 1 2 2 �
11x � 1 2 3

1
x

�
2

x2 �
4

x3 �
3

x4

2
x

�
1

x3 �
2

x � 2

1
2

2x � 5
�

3
212x � 5 2 21

2x � 3
�

312x � 3 2 2
�135

64

3x � 2
�

109
64

x � 2
�

9
81x � 2 2 2

2

x � 1
�

1
x

�
1

x2

�3

x � 2
�

1

2x � 3
�

1

x � 3

2

x � 2
�

3

x � 2
�

1

2x � 1

1
x

�
2

x � 3
�

1

x � 1

� 
1
2

2x � 1
�

3
2

4x � 3

3
x

�
2

2x � 1

3

x � 4
�

2

x � 2

1

x � 2
�

1

x � 1

1

x � 2
�

1

x � 2

3
x

�
2

x � 4

2

x � 3
�

2

x � 3

2
x

�
1

x � 3

1

x � 1
�

1

x � 4
3. 4.

5. 6.

7. 8.

9. 10.

11. 12.
y

x10

1

x2 + y2 = 9

y

0 x1

1

y = x2 + 1

y

x50

5

−x2 + y = 10

y

0 x1

1

4x + 5y = 20

y

x10

1

3x + 4y + 12 = 0

y

0 x1

1

2x − y = 8

y

0 x1

1

y = _x + 5

y

0 x1

1

y = 2x + 2

y

x1

1

0

y = x + 2y

0 x1

1
y = x
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Answers to Section 9.9 A99

13. 14.

15. 16. y � x 2 � 2
17. x 2 � y 2 � 4
18. y � x 3 � 4x
19. 20.

not bounded not bounded
21. 22.

not bounded not bounded
23. 24.

bounded not bounded

y

x100

5

−5

2x − 4y = 8

(28, 12)

(2, −1)

x = 2
y = 12

y

0 x1

1
3x + 5y = 15

, 2

3x + 2y = 9

( )5
3

y

x5

5

4 + y = 2x

(4, 4)

x − y = 0

y

0 x3

(4, 3)1
4

3
y =

y = 2x − 5

x + 2

y

x1

75
11

0

1

6
112x + 3y = 12 , −

3x − y = 21

( )

y

0 x3

3

x + y = 4

y = x

(2, 2)

y � 1
2 x � 1

y

x1−1 0

2

x2 + (y − 1)2 = 1

y

0 x2

2

x2 + y2 = 25

25. 26.

bounded not bounded
27. 28.

bounded bounded
29. 30.

bounded bounded
31. 32.

not bounded not bounded

y

x4−4

2

−4

3x + 2y = 12

x − 2y = 2

(0, 6)

y = x + 6

7
2

3
4,( )

y

x2

2

x − y = 2

3x − y = 0

x + 2y = 14
(6, 4)

(−1, −3)

y

x2−2 0

2

−2

2x + y2 = 1

(−2, −   5)

x2 + y2 = 9

(−2,   5)

y

0 x1

5
x2 − y = 0

2x2 + y = 12

(2, 4)(−2, 4)

y

x5−5 0

5
x + y = 10

x2 + y2 = 9

y

0 x1

1

(−   2, −   2)

x2 + y2 = 4

x − y = 0

(   2,    2)

y

x5−5 0

5

y = x2

(−3, 9)

(2, 4)

x + y = 6

y

0 x1

1

y = 9 − x2

y = x + 3

(2, 5)

(−3, 0)
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A100 Answers to Exercises and Chapter Tests

33. 34.

bounded bounded
35. 36. No solution

bounded
37. 38.

bounded not bounded
39. 40.

bounded bounded
41. 42.

(6, 12)

(12, 0)

(3, 9)

15

−5

15−5

10

−4

13−5

(11, 8)
(−1, 8)

y

x2−2 0

4

−4
x + y = 0

y = x3

y = 2x + 4

−

(2, 8)

4
3

4
3,( )

y

0 x2

2

(0, 3)

,( )−3   2
2

3   2
2

x + y = 0

x2 + y2 = 9

y

x2−2 0

4

−4

x2 − y = 0

x + y = 6

x − y = 6

(2, 4)

(−3, 9)
y

0 x1

1

(2, 2)

x2 + y2 = 8
x = 2

(2   2, 0)

y

0 x3

3
x + 1 = 0

x + 2y = 12

y = x + 1

10
3

13
3,( )13

2−1,( )

y

x2−2 0

2

−2

2x + y = 8

(2, 4)

y

0 x1

1

x + y = 7

x = 5

(5, 2)

43. 44.

45. x � number of fiction books
y � number of nonfiction

books

46. x � number of chairs
y � number of tables

47. x � number of standard 
packages

y � number of deluxe 
packages

48. x � oz of fish
y � oz of beef

Chapter 9 Review ■ page 728

1. 2. 3.
4. 1�2,   0 2 , 12,   4 2 A� 

1
2,   

7
4B, 12,   �2 21�2,   14 2 , 14,   �4 212,  1 2

•12x � 6y � 60

 3x � 9y � 45

  x � 0, y � 0

y

x100

10
y = 10 − 2x

y = 5 −    x

(3, 4)

1
3

•  
1
4 x � 5

8 y � 80

 
3
4 x � 3

8 y � 90

 x � 0, y � 0

y

0 x50

(70, 100)
(0, 128)

(120, 0)

50

•3y � 2x � 12

  y � 2x � 8

 x � 0, y � 0

y

x30

3
3y + 2x = 12

y + 2x = 8

(3, 2)

• x � y � 100

20 � y, x � y

 x � 0, y � 0

y

x50

50

0

(50, 50)

(80, 20)
(20, 20)

(−1.5, 3)

(0, 0)

(2.2, 10.3)

12

−2

8−6

10

−6

10−4

(0.6, 3.4)

(6.4, −2.4)
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Answers to Chapter 9 Review A101

5. 6.

7. x � any number 8. No solution 

9. No solution 10. No solution 

11.
12.

13. 14.
15. 16.
17.
18.
19. (a) 2 	 3 (b) Yes (c) No

(d)

20. (a) 2 	 3 (b) Yes (c) Yes

(d)

21. (a) 3 	 4 (b) Yes (c) Yes

(d)

22. (a) 3 	 4 (b) No (c) No

(d) • x � 3y � 6z � 2

2x � y � 5

z � 0

•  x � 8z �    0

y � 5z � �1

0 � 0

e x � 6

y � 0

e x � 2y � �5

y �    3

1�1.45,  �1.35 2 , 11,  6 2 , 11.51,  12.93 2111.94,  �1.39 2 , 112.07,  1.44 2161.04,  �105.73 2121.41,  �15.93 21�16,  2 2 , 116,  2 2A  16 

7 ,  � 
 14 

3 BA�1 � 13,  1 � 13B, A�1 � 13,  1 � 13B1�3,  3 2 , 12,  8 2

7x − 2y = 14

2x + 5y = 9

−x + 3y = 1

y

x31−1 0

1

−1

y

0 x1

1

y

x10

_1

y

0 x5

5

_5

_5

y � 2
7 x � 4

y

x5−5 0

6

−5

y

0 x1

1

1�1,  4 212,  1 2 23. (a) 3 	 4 (b) No (c) No

(d)

24. (a) 4 	 4 (b) No (c) No

(d)

25. 26.
27. No solution 28.
29. 30. 31. No solution
32. 33.
34.
35. x � �4t � 1, y � �t � 1, z � t 36. No solution
37. 38.

39. 40.

41. 42. No solution 43. No solu-
tion 44. No solution 45. 46. No solution
47. $3000 at 6%, $6000 at 7%
48. 12 nickels, 30 dimes, 8 quarters
49. $11,250 in bank A, $22,500 in bank B, $26,250 in bank C
50. 160 haddock, 340 sea bass, 60 red snapper
51. Impossible

52. 53. 54. Impossible

55. 56. Impossible 57.

58. 59.

60. 61. 62.

65. 66. 67.

68. Impossible 69. 70.

71. 72. 73. 0, no inverse

74. 0, no inverse 75.

76. 77.

78. 0, no inverse 79. 80. 81.

82. 83. 84. 85. A� 
87
26,  

21
26,  

3
2B18,  �4 2A15,  

9
5B110,  20,  �5 2 A� 

1
12,  

1
12,  

1
12B16,  7 2165,  154 2

24, ≥ 1 0 0 � 
1
4

0 1
2 0 � 

1
4

0 0 1
3 � 

1
4

0 0 0 1
4

¥1, £�1 3 �2

�2 0 1

2 �1 0

§
�1, £ 3 2 �3

2 1 �2

�8 �6 9

§
�8, c 38 1

4
1
8 � 

1
4

d1, c 9 �4

�2 1
d

c 4 �8

�7 14
dc 2 �2 6

�4 5 �9
d
c 7

2 �2

0 8
dc6 �2

2 12
d1

3 c�1 �3

�5 2
d

£�12 12

4 2

20 34

§£� 
1
2

11
2

15
4 � 

3
2

� 
1
2 1

§£�2 14
3
2 � 

3
2

27
2

57
2

§
c 30 22 2

�9 1 �4
d£� 

11
2 4 2

�1 11
2 8

�4 �3 �8

§
c� 

7
2 10

1 � 
9
2

d310 0 �5 4
£4 18

4 0

2 2

§£� 
1
2 �1

2 5
2

�4 1

§

11,  t � 1,  t,  0 21s � 1,  2s � t � 1,  s,  t 2 12 � t, 1 � t, t 2A� 
4
3 t � 4

3,  
5
3 t � 2

3,  tB A 2
 11 

,  
48
11,  � 

60
11,  � 

40
11Bx � 6 � 5t, y � 1

2 17 � 3t 2 , z � t

12,  1,  �1,  �1 2 11,  0,  1,  �2 21�2t � 4,  �t � 2,  t 212,  1,  1 21�8,  �7,  10 2 11,  0,  �1,  2 213,  1,  0 211,  1,  2 2
µ x � 8y � 6z � �4

y � 3z � 5

2z � �7

x � y � z � 0

• y � 3z � 4

x � y � 7

x � 2y � z � 2
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A102 Answers to Exercises and Chapter Tests

86. 87. 11 88.

89. 90.

91. 92.

93. 94.

95. x � y 2 � 4 96. x 2 � y 2 � 8
97. 98.

99. 100.

101. 102.

103. 104.
y

x2−2

4

−2

y

0 x1

1

y

x0

2

2

y

0 x1

1

y

x20

1

x = 4 + y2

y

0 x1

1

x2 + y2 = 9

y

x20

2

y = x2 − 3
y

0 x1

1

3x + y = 6

2

x � 1
�

3

x � 1
�

x

x2 � 2

�1
x

�
x � 2

x2 � 1

x � 1

x2 � 4
�

1

x � 2

�4
x

�
4

x � 1
�

�21x � 1 2 2
�2
x

�
1

x � 2
�

1

x � 2

2

x � 5
�

1

x � 3

51
2A860

41 ,  � 
540
41 ,  

10
41B 105. 106.

bounded bounded

107. 108.

bounded not bounded

109. 110.

111. 2, 3 112.

Chapter 9 Test ■ page 733

1. (a) Linear (b) 2. (a) Nonlinear
(b)
3.
4. Wind 60 km/h, airplane 300 km/h
5. (a) Row-echelon form (b) Reduced row-echelon form
(c) Neither 6. (a) (b) No solution

7.
8. Coffee $1.50, juice $1.75, donut $0.75
9. (a) Incompatible dimensions
(b) Incompatible dimensions

(c) (d) (e)

(f) B is not square (g) B is not square (h) �3

10. (a) (b)

11.

12.

13. (a) (b) � 

1
x

�
x � 2

x2 � 3

1

x � 1
�

11x � 1 2 2 �
1

x � 2

15,  �5,  �4 2
0 A 0 � 0, 0 B 0 � 2, B�1 � £1 �2 0

0 1
2 0

3 �6 1

§
170, 90 2c4 �3

3 �2
d c x

y
d � c10

30
d

c 2 � 
3
2

�1 1
d£36 58

0 �3

18 28

§£ 6 10

3 �2

�3 9

§

A� 
3
5 � 2

5 t,  
1
5 � 1

5 t,  tBA52,  
5
2,  0B

1�0.55,  �0.78 2 , 10.43,  �0.29 2 , 12.12,  0.56 211,  �2 2 , A53,  0B 1�2,  3 2
1
5

11, �1, 1 2x �
b � c

2
, y �

a � c

2
, z �

a � b

2

y

x15

5 x + y = 24

x = 2y + 12

(4, 20)

(20, 4)

0

y

0 x4

4

,( )4
3

16
3

x + 2y = 12

y = x + 4

y

x5−5

8 y − x2 = 4

y = 20

0

y

0 x2

2,( )−3   2
2

3   2
2

,( )−3   2
2

3   2
2

x2 + y2 = 9

x + y = 0
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Answers to Section 10.1 A103

14. (a) (b)

Focus on Modeling ■ page 739

1. 198, 195 2. 42, 40.375
3. maximum 161

minimum 135

4. maximum 1028
minimum 350

5. 3 tables, 34 chairs 6. 0 colonial, 90 ranch; 10 lots vacant
7. 30 grapefruit crates, 30 orange crates 8. (a) 120 standard,
80 scientific (b) 100 standard, 170 scientific 9. 15 Pasadena
to Santa Monica, 3 Pasadena to El Toro, 0 Long Beach to Santa
Monica, 16 Long Beach to El Toro 10. 5 sheets from east-side
to customer A, 70 sheets from east-side to customer B, 45
sheets from west-side to customer A, 0 sheets from west-side to
customer B 11. 90 standard, 40 deluxe 12. 3 oz type I,
0 type II 13. $7500 in municipal bonds, $2500 in bank 
certificates, $2000 in high-risk bonds 14. $47.50
15. 4 games, 32 educational, 0 utility
16. (a) (b)

(c) 14,  4 2

y

x2

2

x + y = 10

x + 2y = 12

x = y

(4, 4) (8, 2)

0

y

x10

4

x + y = 5

x + 2y = 18

(10, 4)

0

y

0 x3

3

2x + y = 10

2x + 4y = 28

y

0 x1

1(_2, 1)

y = 2x + 5

x2 + y = 5

y

0 x1

1

(2, 4)

2x + y = 8

x − y = −2

x + 2y = 4

Chapter 10

Section 10.1 ■ page 751

1. III 2. V 3. II 4. I 5. VI 6. IV

Order of answers: focus; directrix; focal diameter
7. 8.

9. 10.

11. 12.

13. 14.

15. 16.
y

x

−1

1

0 5

y

0 x3_3 _1

FA 1
28,  0B; x � � 

1
28; 

1
7FA0,  � 

3
2B; y � 3

2; 6

y

x
−1

0

1

1

y

0 x

1

_10
_1

FA12,  0B; x � � 
1
2; 2FA� 

1
32,  0B; x � 1

32; 
1
8

y

x2−2 0

−3

y

0 x1

4

_1

FA0,  � 
1
8B; y � 1

8; 
1
2FA0,  

1
20B; y � � 

1
20; 

1
5

y

x

−2

0

2

1

y

0 x2

1

_2

FA34,  0B; x � � 
3
4; 3FA0,  

9
4B; y � � 

9
4; 9

y

x2−2 0

2

y

0 x1

2

_2

FA0,  
1
4B; y � � 

1
4; 1F11,  0 2 ; x � �1; 4

y

x2

2

x + 4y = 40
x + 4y = 36
x + 4y = 32
x + 4y = 28

0
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A104 Answers to Exercises and Chapter Tests

17. 18.

19. 20.

21. 22.

23. 24.

25. x 2 � 8y 26. x 2 � �2y 27. y 2 � �32x 28. y 2 � 20x
29. y 2 � �8x 30. x 2 � �24y 31. x 2 � 40y 32.
33. y 2 � 4x 34. x 2 � �24y 35. x 2 � 20y 36. x 2 � �8y
37. x 2 � 8y 38. y 2 � 8x 39. y 2 � �16x 40. x 2 � �12y
41. y 2 � �3x 42. x 2 � 10y 43. x � y 2 44. y 2 � 16x
45. 46.
47. (a) , 1, 4, and 8
(b) The closer the directrix to the 
vertex, the steeper the parabola.

0
3_3

_1

p=8

p=4

p=1 p=1
2

x2 � �4py, p � 1
2

x2 � 2A15 � 1Byx2 � �4 12 y

y2 � 1
2 x

6−1

4

−4

4

_4

1_2

16−1

2

−2

1

_1

1_3

4−4

−3

0.51

_0.5

3_3

y

x2−2 0
−2

y

x

2

_1

_2

0

FA0,  � 
3
8B; y � 3

8; 
3
2FA� 

5
12,  0B; x � 5

12; 
5
3

48. (a)

(b) The larger the focal diameter, the wider the parabola.
49. (a) y 2 � 12x (b) 50. 25 ft
51. x 2 � 600y 52. 659.63 in.

Section 10.2 ■ page 759

1. II 2. IV 3. I 4. III

Order of answers: vertices; foci; eccentricity; major axis and
minor axis
5. 6.

7. 8.

9. 10.

y

x2−2 0

4

−4

y

0 x4

2

_4

_2

13/2; 8, 413/2; 8, 4
V10,  �4 2 ; FA0,  �2 13B;V1�4,  0 2 ; FA�2 13,  0B;

y

x50

2

−2

y

0 x2

2

_2

_2

121/5; 10, 415/3; 6, 4
V1�5,  0 2 ; FA� 121,  0B;V10,  �3 2 ; FA0,  � 15B;

y

x4−4 0

5

−5

y

0 x5

3

_5

_3

0.6; 10, 84
5; 10, 6

V1�5,  0 2 ; F10,  �3 2 ;V1�5,  0 2 ; F1�4,  0 2 ;

8 115 � 31 cm

6−6
0

36

y = x21
8

y = x21
4

y = x21
2

y = x2
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Answers to Section 10.2 A105

11. 12.

13. 14.

15. 16.

17. 18.

19. 20. 21.

22. 23. 24.
x2

4
�

3y2

16
� 1

x2

256
�

y2

48
� 1

x2

7
�

y2

16
� 1

x2

4
�

y2

8
� 1

x2

4
�

y2

25
� 1

x2

25
�

y2

16
� 1

y

x1−1 0

1

y

0 x1

1

_1

_1

2 15/5; 15, 11/12; 2, 12
VA0,  � 15/2B; F10,  �1 2 ;V10,  �1 2 ; FA0,  �1/12B;

y

x1−1 0

2

−2

y

0 1

2

_ 1

_2

12/2; 4, 2 1213/2; 2 12, 12
V1�2,  0 2 ; FA� 12,  0B;VA0,  � 12B; FA0,  � 13/2B;

y

x0.5−0.5 0

0.2

−0.2

y

0 x1

1

_1

_1

15/3; 1, 2313/2; 2, 1
VA0,  � 

1
2B; FA0,  � 15/6B;V1�1,  0 2 ; FA� 13/2,  0B;

y

x1−1 0

1

y

0 x2

2

_2

_2

16/6; 2 16, 2 151/12; 2 13, 16
VA� 16,  0B; F1�1,  0 2 ;VA0,  � 13B; FA0,  � 13/2B; 25. 26.

27. 28.

29. 30. 31.

32. 33. 34.

35. 36. 37.

38. 39.

40.

41. 42.

43. 44. (a) x 2 � y 2 � 4

45. (a) (b) Common major
axes and vertices;
eccentricity increases
as k increases.

6

_1

12_12

k=4

k=10
k=25

k=50

y

0 x1

1

_1

1�1,  0 2

y

x2−2 0

2

−2

−

− − −

12
5

12
5,( )

12
5

12
5,( )

12
5

12
5,( )

12
5

12
5,( )

y

0 x3

2

_3

_2

A� 
12
5 ,  � 

12
5 B10,  �2 2x2 �

y2

4
� 1

64x2

225
�

64y2

81
� 1

x2

320
�

y2

324
� 1

x2

25
�

y2

5
� 1

x2

25
�

y2

9
� 1

x2

100
�

y2

91
� 1

x2

36
�

y2

11
� 1

x2

9
�

y2

13
� 1

x2

9
�

y2

4
� 1

x2 �
y2

4
� 1

x2

16
�

y2

25
� 1

x2

25
�

y2

9
� 1

3−3

−3

37

7_7

_7

4−4

−4

45

6_6

_5
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A106 Answers to Exercises and Chapter Tests

47.

48. Perihelion 3.87 	 109 km; aphelion 6.45 	 109 km

49. 50. 8 ft; 6.92 ft apart

51.

Section 10.3 ■ page 768

1. III 2. IV 3. II 4. I

Order of answers: vertices; foci; asymptotes
5. 6.

7. 8.

9. 10.

y

x5−5

5

−5

y

x3

3

_3

_3

y � � 
3
2 xy � �x

V1�2,  0 2 ; FA� 113,  0B;V1�1,  0 2 ; FA� 12,  0B;

y

x5−5

5

−5

y

x5

2

_5

_2

y � � 

1

12
 xy � � 

1
5 x

VA� 12,  0B; FA� 13,  0B;V10,  �1 2 ; FA0,  � 126B;

y

x5−5

5

−5

y

0 x3

3

_3

_3

y � � 
3
4 xy � �2x

V10,  �3 2 ; F10,  �5 2 ;V1�2,  0 2 ; FA�2 15,  0B;

5 139/2 � 15.6 in.

x2

1,455,642
�

y2

1,451,610
� 1

x2

2.2500 	 1016 �
y2

2.2491 	 1016 � 1
11. 12.

13. 14.

15. 16.

17. 18. 19.

20. 21. 22.

23. 24.

10−10

−10

108

_8

8_8

y2

9
� x2 � 1

x2

9
�

4y2

9
� 1

x2

12
�

y2

48
� 1

y2

16
�

x2

16
� 1

y2

144
�

x2

25
� 1

x2

4
�

y2

12
� 1

y

x1−1

1

−1

y

x3

2

_3

_2

y � � 
3
4 xy � � 

1
2 x

VA� 
1
3,  0B; FA� 

5
12,  0B;VA0,  � 

1
2B; FA0,  � 15/2B;

y

x5−5

5

−5

y

x5

5

_5

_5

y � � 

12

2
 xy � � 

1
2 x

VA� 13,  0B; FA� 23
2,  0B;VA�2 12,  0B; FA� 110,  0B;

y

x5−5

5

−5

y

x5_5

_5

5

y � �xy � � 
3
5 x

V10,  �2 2 ; FA0,  �2 12B;V10,  �3 2 ; FA0,  � 134B;
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Answers to Section 10.4 A107

25. 26.

27. 28.

29. 30.

31. 32.

33. 34.

35. 36.

37. 38.

39. (b) x 2 � y 2 � c 2/2 40. (b) They both have asymptotes
. 42. (a)

(c)
43. (b)

As k increases, the
asymptotes get
steeper.

44. (a) 490 mi (b) (c) 10.1 mi

45. x 2 � y 2 � 2.3 	 1019

Section 10.4 ■ page 781

1. Center ; 2. Center ; 
foci ; foci ; 
vertices ; vertices ;
major axis 6, minor axis 4 major axis 8, minor axis 2 

y

x7−1 0

−4

y

0
x5

3

_1

V11�1,  �3 2 , V217,  �3 2V11�1,  1 2 , V215,  1 2 FA3 � 115,  �3BFA2 � 15,  1B C13,  �3 2C12,  1 2

y2

60,025
�

x2

2475
� 1

10

5_5
0

k=12

k=8

k=4

k=1

d1P, F1 2 � 16
3 , d1P, F2 2 � 34

3

a � 3, b � 4, c � 5; F115,  0 2 , F21�5,  0 2y � � 
1
2 x

4y2 �
4x2

3
� 1

x2

9
�

y2

16
� 1

x2

8
� y2 � 1

x2

16
�

y2

16
� 1

y2

36
�

x2

20
� 1

5y2

64
�

5x2

256
� 1

y2

36
�

x2

324
� 1x2 �

y2

25
� 1

x2

4
�

y2

32
� 1y2 �

x2

3
� 1

y2

64
�

x2

36
� 1

x2

9
�

y2

16
� 1

20−20

−20

208

_8

8_8

3. Center ; 4. Center ; 
foci ; foci ; 
vertices ; vertices ; 
major axis 10, minor axis 6 major axis 4, minor axis 2 

5. Vertex ; 6. Vertex ; 
focus ; focus ; 
directrix y � �3 directrix 

7. Vertex ; 8. Vertex ; 
focus ; focus ; 
directrix directrix 

9. Center ; 10. Center ; 
foci ; foci ; 
vertices ; vertices ; 
asymptotes asymptotes y � �x � 2,

y � x � 14 
y

x50

−5

y

0 x1

1

y � � 
4
3 1x � 1 2 � 3

V117,  �6 2 , V219,  �6 2V11�4,  3 2 , V212,  3 2 FA8 � 12,  �6BF11�6,  3 2 , F214,  3 2 C18,  �6 2C1�1,  3 2

y

x50

−5

5

y

0 x1_1

_2

x � � 
7
2y � 1

16

FA92,  0BFA� 
1
2,  � 

1
16B VA12,  0BVA� 
1
2,  0B

y

x2−2 0

−5

y

0 x
3

3

_2
_3

x � 7
2

FA12,  �5BF13,  1 2 V12,  �5 2V13,  �1 2

y

x−2 0

−1

1

y

0 x3_3

_5

V11�4,  0 2 , V210,  0 2V110,  0 2 , V210,  �10 2 FA�2 � 13,  0BF110,  �1 2 , F210,  �9 2 C1�2,  0 2C10, �5 2
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A108 Answers to Exercises and Chapter Tests

11. Center ; 12. Center ; 
foci ; foci ; 
vertices ; vertices ; 
asymptotes asymptotes y � �5x � 14,

y � 5x � 16 

13. 14.

15.

16.

17.

18.

19. Ellipse; 20. Parabola; 
; 

major axis 6,
minor axis 4 

21. Hyperbola; 22. Parabola; 

; asymptotes 

y

x−3

−5

y

0 x4

4

y � 3y � � 
1
2 1x � 1 2 � 2

F1�3,  �3 2 ;VA1 � 15,  2B V1�3,  0 2 ;C11,  2 2 ; F1A� 
3
2,  2B, F2A72,  2B;

y

x50

5

y

0 x1

1

x � �5
F1�3,  4 2 ;V1�4,  4 2 ;V12,  �3 2FA2,  � 15B;C12,  0 2 ;

1x � 4 2 2
4

�
3y2

16
� 1

1y � 1 2 2 � x2 � 1

1x � 2 2 2
4

�
1y � 3 2 2

9
� 1

1x � 5 2 2
25

�
y2

16
� 1

y2 � 241x � 6 2x2 � � 
1
4 1y � 4 2

y

x−5 0

−15

5

y

x2

2

y � � 
1
2 1x � 1 2 V11�3,  �4 2 , V21�3,  6 2V1�1,  �1 2 FA�3,  1 � 126BFA�1,  � 15B C1�3,  1 2C1�1,  0 2 23. Ellipse; 24. Ellipse; 

; ;
major axis 10, major axis ,
minor axis 4 minor axis 2 

25. Hyperbola; 26. Parabola; 
; 

asymptotes 

27. Degenerate conic 28. Hyperbola; 
(pair of lines),

; 
asymptotes y � x,
y � �x � 10 

29. Point 30. No graph 
y

0 x1

1

(1, 3 )

11,  3 2

y

x5

5

y

0 x

4

4

V114,  5 2 , V216,  5 2y � � 
1
2 1x � 4 2 FA5 � 12,  5B;C15,  5 2 ;

x

y

10

1

y

0 x
1

1

y � � 
4
3 1x � 3 2 VA12,  1B; FA12,  

3
2B; y � 1

2V13,  �4 2F13,  �5 2 ; C13,  0 2 ;

y

x2−2

2

−1

y

0 x3

_5

2 12
VA0,  1 � 12BV11�2,  �5 2 , V118,  �5 2 F110,  0 2 , F210,  2 2 ;C10,  1 2 ;FA3 � 121,  �5B;C13,  �5 2 ;
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Answers to Section 10.5 A109

31. 32.

33. 34.

35. (a) F � 17 (b) F � 17 (c) F � 17

36.

37. (a)

(c) The parabolas become narrower.
38.

39.

Section 10.5 ■ page 790

1. 2. 3.

4. 5. 6.

7.

8.
9. 7Y 2 � 48XY � 7X 2 � 40X � 30Y � 0
10. 34X 2 � 41Y 2 � 24XY � 400 11. X 2 � Y 2 � 2

12.

13. (a) Hyberbola (b) X 2 � Y 2 � 16
(c) f � 45� y

Y

0 x

X

6

6

_6

_6

AX � 12B2
2

�
Y 2

2
� 1

X 2 � Y 2 � 2XY � 312 X � 12 Y � 2 � 0

X 2 � 13 XY � 2 � 0

15,  3 211.6383,  1.1472 211.9319,  �0.5176 2 A0,  �2 13Ba1 �
13

2
,  1 �

13

2
bA12,  0B

1x � 150 2 2
18,062,500

�
y2

18,040,000
� 1

1x � 800 2 2 � �2001y � 3200 2

6

6_6

_6

p=1

p=
p=2

p=-2
p=-

p=-1

1
2p=

3
2

1
2

3
2

p=-

x2

25
�
18y � 399 2 2

160,801
� 1

2−6

−3

58

_12

6_2

4−4

−2

63

4_2

_9

14. (a) Hyperbola

(b)

(c) f � 45�

15. (a) Parabola 16. (a) Ellipse
(b)

(b)(c) f � 45�

(c) f � 30�

17. (a) Hyberbola 18. (a) Ellipse
(b) Y 2 � X 2 � 1

(b)(c) f � 30�

(c) f � 60�

19. (a) Hyberbola 20. (a) Parabola

(b)
(b) X � Y 2

(c) f � 53�

(c) f � 23�

y

0 x

Y

X

6

6
y

x

Y

X

4

4

_4

_4

X 2

4
� Y 2 � 1

y

Y
x

X

3

3

y

0 x

Y

X

5

5

_5

_5

X 2

4
�

Y 2

9
� 1

y
Y

0 x

X

2_2

_2

2

y

x

Y X

6

6

_6

X 2 �
Y 2

4
� 1

Y � 12 X 2

y

Y

x

X

2

2

Y 2

8
�

X 2

8
� 1
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A110 Answers to Exercises and Chapter Tests

21. (a) Hyberbola 22. (a) Ellipse
(b)

(b)(c) f � 30�

(c) f � 37�

23. (a) Hyberbola 24. (a) Parabola
(b)

(b)(c) f � 60�

(c) f � 37�

25. (a) Ellipse 26. (a) Parabola

(b)
(b)

(c) f � 53�

(c) f � 74�

27. (a) Parabola
(b)

28. (a) Ellipse
(b) 4

4_4

_4

6

_4

6_2

y

x

Y

X

6

3

y

x

Y

X

1

1

X 2 � �AY � 1
25B

X 2 �
1Y � 1 2 2

4
� 1

y

x

Y X

2

2

y

x

Y

X

6

6

_6

_6

4

5
 AX � 24

5 B � AY � 14
5 B21X � 1 2 2 � 3Y 2 � 1

y

x

Y

X

3

3

y

x

Y

X

6

6

_6

_6

X 2 �
Y 2

9
� 1

3X 2 � Y 2 � 2 13
29. (a) Hyperbola 30. (a) Parabola
(b) (b)

31. (a)
(b) XY-coordinates:

; 
xy-coordinates:

(c)

32. (a)

(b) XY-coordinates: ; xy-coordinates:

(c)

33. X � x cos f � y sin f; Y � �x sin f � y cos f

34.

Section 10.6 ■ page 799

1.

2.

3.

4.

5.

6.

7.

8.

9. II 10. III 11. VI 12. I 13. IV 14. V

15. (a) 3, hyperbola 16. (a) 1, parabola

(b) (b)

O

3π
2

@π
2

! , 0@4
3

! ,8
3

@! ,8
3

O
(_2,π)(1,0)

r � 2.8/ 11 � 0.4 cos u 2r � 10/ 11 � sin u 2r � 1.2/ 11 � 0.6 sin u 2r � 20/ 11 � 4 cos u 2r � 4/ 12 � sin u 2r � 2/ 11 � sin u 2r � 12/ 13 � 4 cos u 2r � 6/ 13 � 2 cos u 2
Y 2 � 12 aX �

12

4
b

Y � � 

65

16
; y � x �

65 12

16

V a 3 12

2
,  � 

5 12

2
b , F a 47 12

32
,  � 

79 12

32
bV1�1,  �4 2 , FA�1,  � 
63
16B41X � 1 2 2 � Y � 4

Y � �1X � 5 2 ; 7x � y � 25 � 0, x � 7y � 25 � 0

F2A4 � 4
5 12, 3 � 3

5 12B � 3
5 12B,F1A4 � 4

5 12,  3C14,  3 2 ; V1A24
5 ,  

18
5 B, V2A16

5 ,  
12
5 B;

C15,  0 2 ; V116,  0 2 , V214,  0 2 ; FA5 � 12,  0B1X � 5 2 2 � Y 2 � 1

6

3_3

_6

10

_15

15_10
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Answers to Section 10.7 A111

17. (a) 1, parabola 18. (a) , ellipse
(b) (b)

19. (a) , ellipse 20. (a) , hyperbola
(b) (b)

21. (a) , hyperbola 22. (a) , ellipse
(b) (b)

23. (a) , directrix 

(b)

24.

25. The ellipse is nearly circular 
when e is close to 0 and becomes 
more elongated as e � 1�. At e � 1,
the curve becomes a parabola. 

e=0.4 e=1.0

e=0.8
e=0.6

10

10_10

_10

1

_0.5

_0.5 1

r �
1

4 � 3 cos a u �
p

3
b

x � � 
1
3e � 3

4

O

! @,

(2, 0)

π
2

8
3

! , @3π
2

8
3

O

7
3!_   ,    @π

2

!1,      @3π
2

1
3

5
2

O

@π
2

!1,
!_5,

3π
2 @

(3, 0)
O

!2,    @π
 2

!6,      @3π
 2

3
2

1
2

O

@π
2

!2,

!10,

3π
2 @

! , 010
3 @

O
(1,π)

!2, @3π
2

!2, @π
2

2
3

26. (a) As d increases, the 
parabolas get flatter while the 
vertex moves farther from 
the focus at the origin. 

(b) As e increases, the 
conics change from ellipses 
to a parabola, and finally to 
hyperbolas, with the vertices 
getting closer to the directrix 
(shown as dashed line). 

27. (b)
28. (b) 1.468 	 108 km, 1.520 	 108 km 29. 0.25

Section 10.7 ■ page 807

1. (a) 2. (a)

(b) x � 2y � 12 � 0 (b) 2y � x � 4, y � 0
3. (a) 4. (a)

(b) (b)

5. (a) 6. (a)

(b) (b) y � x 2 � 1, x � 0x � 11 � y

0 x

y

3

1

_3

y

0 x3

1

_3

y �
1

4
 x2x � 1y � 2 2 2

y

0 x1

1

y

0 x4

1

16

y

0 x5

5

y

0 x6

6

_6

r � 11.49 	 108 2/ 11 � 0.017 cos u 2

10

10_10

_10

1
2e=

e=1

e=5

10

d=10

d=2
d=

10_10

_10

1
2
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A112 Answers to Exercises and Chapter Tests

7. (a) 8. (a)

(b) (b)

9. (a) 10. (a)

(b) x 3 � y 2 (b) y � , x � 0
11. (a) 12. (a)

(b) x 2 � y 2 � 4, x � 0 (b)

13. (a) 14. (a)

(b) y � x 2, 0 � x � 1 (b) x � 1 � y 2, �1 � y � 1

y

0 x_1

1

1
2

y

0 x1

1

x2

4
�

y2

9
� 1

y

0 x2

3

y

0 x1

1

_1

_1

0 1 � x 0

y

0 x1

1

y

0 x3

3

_3

_3

y �
x � 1

x
y �

1
x

� 1

y

0 x3

2

_3

_3

y

0 x3

3

_3

_3

15. (a) 16. (a)

(b) y � 2x 2 � 1, �1 � x � 1 (b) x 2 � y 2 � 1
17. (a) 18. (a)

(b) x 2 � y 2 � 1, x � 1, y � 0 (b) y 2 � x 2 � 1, y � 1
19. (a) 20. (a)

(b) xy � 1, x � 0 (b) x � y 2 � 1, y � 0
21. (a) 22. (a)

(b) x � y � 1, 0 � x � 1 (b) x 2/3 � y 2/3 � 1
23.
24. x � �10 � t, y � �20 � 2t
25. x � 6 � t, y � 7 � t 26.
27. x � a cos t, y � a sin t 28. x � a cos t, y � b sin t

x � t, y � 7
12 t

x � 4 � t, y � �1 � 1
2 t

y

0 x1_1

_1

1

y

0 x1

1

y

0 x1

1

y

0 x1

1

y

0 x1

2

y

0 x1

1

y

0 x1

1

y

0 x1

1
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Answers to Section 10.7 A113

31. 32.

33. 34.

36. (a) 64 s (b) 21.5 mi
(c) 16,384 ft � 3.1 mi
37. 38.

39. 40.

41. 42.
3.5

3.5_3.5

_3.5

1.2

1_1

_1.2

1.5

1.5_1.5

_1.5

6

3.5_3.5

_6

1.5

2.5_2.5

_1.5

2.5

1.25_1.25

_2.5

y

0 x2

2

_2

y

0 x3

3

_3

_3

y

x1

1

_1

y

0 x2

3

_2

_3

43. (a) x � 2t/12 cos t, y � 2t/12 sin t
(b)

44. (a) ,
(b)

45. (a)

(b)

46. (a) x � 2sin t cos t, y � 2sin t sin t
(b)

47. III 48. IV 49. II 50. I
51. 52.

53. (b) x 2/3 � y 2/3 � a 2/3 y

0 xa

a

10_10

_2

4

20_20

_1

6

2.7_2.7

_1

2.5

3

5_2

_3

x �
4 cos t

2 � cos t
, y �

4 sin t

2 � cos t

3.3_1.3

_1

2

y � 1sin t � 2 cos t 2sin tx � 1sin t � 2 cos t 2cos t

2.5

2.5_2.5

_2.5
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A114 Answers to Exercises and Chapter Tests

54.

55.
56. (a) x � a cos u, y � b sin u
(b)

(c)

57. (a) x � a sec u, y � b sin u
(b)

58. (b)

59.

60. (a)

(b) R � 5

2

3_3

_2

2

3_3

_2

5

7.5_7.5

_5

5

7.5_7.5

_5

y � a � a cos a x � 22ay � y2

a
b

8

20_20
_0.5

3

10_10

_3

x2

a2 �
y2

b2 � 1

4_4

_3

3

x � a1sin u cos u � cot u 2 , y � a11 � sin2u 2y � 1a � b 2sin t � b sin a a � b

b
b t

x � 1a � b 2cos t � b cos a a � b

b
b t,

61. (b)

Chapter 10 Review ■ page 810

1. 2.

3. 4.

5. 6.

7. 8.

y

x20

−2

2

y

0 x_1

2

_2

y � �4
VA32,  � 

3
4B; FA32,  0B; y � � 

3
2V1�2,  �3 2 ; F1�2,  �2 2 ;

y

x5−5 0

−5

y

0 x2

2

_2

_2

y � � 
19
40x � � 

9
4

VA� 
3
2,  � 

11
10B; FA� 

3
2,  � 

69
20B;V1�2,  2 2 ; FA� 

7
4,  2B;

y

x20

−2

2

y

0 x
2

2

_2

_2

V10,  0 2 ; FA12,  0B; x � � 
1
2V10,  0 2 ; F10,  �2 2 ; y � 2

y

x20

−2

2

y

0 x1

2

_2

V10,  0 2 ; F13,  0 2 ; x � �3V10,  0 2 ; F11,  0 2 ; x � �1

15

23_23

_15

R � 0.5 R � 1

R � 3 R � 5
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Answers to Chapter 10 Review A115

9. 10.

11. 12.

13. 14.

15. 16.

y

x2 4−4 −2 0

2

−2

3_3

y

0 x

1

axes 4 12,  4
F111,  0 2 , F211,  �4 2 ;FA� 15,  2B; axes 6, 4

C11,  �2 2 ; VA1,  �2 � 2 12B;C10,  2 2 ; V1�3,  2 2 ;

y

x7−3 0

1

−7

y

x1

_4

4

F215,  �3 2 ; axes 10, 8
V217,  �3 2 ; F11�1,  �3 2 ,FA3,  � 17B; axes 8, 6

C12,  �3 2 ; V11�3,  �3 2 ,C13,  0 2 ; V13,  � 4 2 ;

y

x0.5−0.5 0

0.2

−0.2

y

0 x4

1

_4

FA0,  � 
1
6 15B; axes 1, 23FA�2 13,  0B; axes 8, 4

C10,  0 2 ; VA0,  � 
1
2B;C10,  0 2 ; V1�4,  0 2 ;

y

x5−5 0
1

y

0 x2_2
_2

2

FA�2 110,  0B; axes 14, 6axes 10, 6
C10,  0 2 ; V1�7,  0 2 ;C10,  0 2 ; V10,  �5 2 ; F10,  �4 2 ; 17. 18.

19. 20.

21. 22.
; 

asymptotes y � �x, y � x � 4 

23. 24.
;

asymptotes y � x � 3,
y � �x � 3 

y

x5−5 0

5

−5

10
y

0 x3

2

_3

_2

y � � 
1
3 x � 2

asymptotes y � 1
3 x,

FA�3,  �1 � 2 15B; V210,  6 2 ; FA0,  3 � 3 12BVA�3,  �1 � 12B; C10,  3 2 ; V110,  0 2 ,C1�3,  �1 2 ;

y

x6−6

4

−8

y

0 x1

1

4

_4

asymptotes y � �1x � 4 2 F11�2,  �2 2 , F216,  �2 2V210,  0 2 ; FA�4 � 4 12,  0B; C12,  �2 2 ; VA2 � 2 12,  �2B;C1�4,  0 2 ; V11�8,  0 2 ,

y

x5−5

5

−5

y

0 x3

3

_3

_3

y � � 
1
2 xy � � 

1

12
 x

FA0,  �2 15B; asymptotesFA�2 16,  0B; asymptotes
C10,  0 2 ; V10,  �2 2 ;C10,  0 2 ; V1�4,  0 2 ;

y

x6−6

6

−6

y

x2

2

y � � 

4 12

7
 x

y � � 
4
3 x

F1�9,  0 2 ; asymptotesF10,  �5 2 ; asymptotes 
C10,  0 2 ; V1�7,  0 2 ;C10,  0 2 ; V10,  �4 2 ;
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A116 Answers to Exercises and Chapter Tests

25. y 2 � 8x 26. 27.

28. 29.

30.
31. Parabola; 32. Ellipse; 

33. Hyperbola; 34. Hyperbola; 

35. Ellipse; 36. Parabola; 

37. Parabola; 38. Hyperbola;

y

x5−5 0

5

−5

y

0 x

5

_60

_5

FA1,  � 13B; VA1,  � 12BFA� 
255
4 ,  8B; V1�64,   8 2

y

x5−5

5

10

y

0 x3_3

3

FA1,  � 
5
3B; VA1,  � 

13
6 BVA1,  4 � 2 15BFA1,  4 � 115B;

y

x−5−10

5

−5

y

0
x18

18

_18

_18

V11�6,  0 2 , V210,  0 2FA�3 � 110,  0B;FA0,  � 12 12B; V10,  �12 2

y

x5−5 0

5

y

0 x3

3

_3

_3

V110,  0 2 , V210,  12 2F10,  �2 2 ; V10,  1 2 FA0,  6 � 133B;1x � 1 2 2 � y2 � 1

1x � 4 2 2
16

�
1y � 2 2 2

4
� 11y � 4 2 2 � �41x � 4 2

y2

16
�

x2

9
� 1

x2

144
�

y2

25
� 1

39. Ellipse; 40. Hyperbola; 

41. Has no graph
42. Ellipse; 

43. x 2 � 4y 44. 45.

46. 47.

48. 49.

50. 51. (a) 91,419,000 mi
(b) 94,581,000 mi 52.
53. (a) 54. (a)

(b) (c) As k
increases, the focus gets 
closer to the vertex.

55. (a) Hyperbola (b) 3X 2 � Y 2 � 1
(c) f � 45� y

x
2

2

_2

_2

XY

F A0,  
1
4 kB 10−10

0

50
k = 4 k = 2

k = 1 k = 1
2

10

10_10

_10

k=8
k=4

k=1

k=2

140,  41.5 2y2 � 41x � 1 2
41x � 7 2 2

225
�
1y � 2 2 2

100
� 11y � 5 2 2 � 201x � 5 2

1x � 1 2 2
3

�
1y � 2 2 2

4
� 1

1y � 4 2 2
4

�
1x � 2 2 2

5
� 1

y2

4
�

x2

16
� 1

x2

9
�
1y � 4 2 2

25
� 1

y

x2 4 6−2 0

2

4

−2

−4

F11�1,  0 2 , F215,  0 2 ; VA2 � 2 13,  0B

y

x5−5

5

y

0 x3

_3

V2 A32,  �1BV1 A� 
1
2,  �1B,V113,  �4 2 , V213,  �2 2 F A12 � 110,  �1B;FA3,  �3 � 1/12B;
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Answers to Chapter 10 Review A117

56. (a) Ellipse (b)

(c) f � 45�

57. (a) Ellipse 58. (a) Parabola
(b) (b) X � �1

(c) f � 30� (c) f � 53�

59. Ellipse 60. Hyperbola

61. Parabola 62. Ellipse

63. (a) e � 1, parabola
(b)

O

!   , π@1
2

1

_2

2

3_3

20

15_15

_10

_10

10

6_6

_5

5

5_5

y

x

X

Y

1

1

y

x1

1 XY

1X � 1 2 2 � 4Y 2 � 1

y

x

XY

1

1

X 2

6
�
1Y � 1 2 2

3
2

� 1
64. (a) , ellipse
(b)

65. (a) e � 2, hyperbola 66. (a) e � 4, hyperbola

67. (a) 68. (a)

(b) x � 2y � y 2 (b) y � x � 2, x � �1

69. (a) 70. (a)

(b) , (b)
1 � x � 2, 0 � y � 1
71. 72.

73. x � 1
2 11 � cos u 2 , y � 1

2 1sin u � tan u 2

1

1_1

_1

1.25

1.25_1.25

_1.25

y � 21x � 2 2 2, x � 5
21x � 1 2 2 � 1y � 1 2 2 � 1

y

0 x2

1

y

0 x1

1

y

0 x_1

2

y

0 x
_2

2

_2

O

! , π @12
5

(_4, 0)

O 1

!_4,      @3π
2

!   ,    @π
2

4
3

O

!2, @3π
2

! , 0@2
3

! , @2
5

π
2

e � 2
3
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A118 Answers to Exercises and Chapter Tests

Chapter 10 Test ■ page 814

1. 2.

3.

4. y 2 � �x 5. 6.

7. 8.

9.

10. 11. x 2 � 4x � 8y � 20 � 0

12. 13. (a) Ellipse (b)
X 2

3
�

Y 2

18
� 13

4 in.

y2

9
�

x2

16
� 1

y

0 x4

2

_4

_4

1y � 4 2 2 � �21x � 4 2

y

0 x_2

4

y

0 x6

3

_3

1x � 2 2 2
8

�
1y � 4 2 2

9
� 1

1x � 3 2 2
9

�
Ay � 1

2B2
4

� 1

1x � 2 2 2 �
y2

3
� 1

x2

16
�
1y � 3 2 2

9
� 1

y

0 x8

8

_8

_8

V10,  �3 2 ; F10,  �5 2 ; y � � 
3
4 x

y

0 x4

2

_4

_2

y

0 x4

2

_4

_2

V1�4,  0 2 ; FA�2 13,  0B; 8, 4F10,  �3 2 , y � 3
(c) f � 27�

(d)

14. (a) (b) Ellipse

15. (a)

(b)

Focus on Modeling ■ page 818

1.

2. (a)

(b) 26.5 ft, 1.77 s
3. (a) 5.45 s (b) 118.7 ft (c) 5426.5 ft

y

x5

5

0

x � 15t, y � 4 � 15 13 t � 16t2

y � � a g
2√2

0 cos2u
b x2 � 1tan u 2x

1x � 3 2 2
9

�
y2

4
� 1, x � 3

y

0 x2

2

_2

1

1

r �
1

1 � 0.5 cos u

A�3 22/5,  6 22/5B, A3 22/5,  �6 22/5B

y

x2

2

_2

_2

X

Y
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Answers to Section 11.1 A119

(d)

4. (a) 32.08� or 115.85�

(b) 32.08�

5. 6.

7. No, u � 23� 8. (b) Same spot; the projectile fired with 
u � 30� lands first. (c) Increases the maximum height by a
factor of 4.

Chapter 11

Section 11.1 ■ page 830

1. 2, 3, 4, 5; 101 2. 5, 7, 9, 11; 203 3.
4. 2, 5, 10, 17; 10,001 5.
6. 7. 0, 2, 0, 2; 2 8.
9. 1, 4, 27, 256; 100100 10. 3, 3, 3, 3, 3
11. 3, 2, 0, �4, �12 12. �8, �4, �2, �1,
13. 1, 3, 7, 15, 31 14. 15. 1, 2, 3, 5, 8
16. 1, 1, 1, 3, 5
17. (a) 7, 11, 15, 19, 23, 27, 31, 35, 39, 43
(b)

18. (a) 2, 6, 12, 20, 30, 42, 56, 72, 90, 110
(b) 120

110

45

110

1, 12, 
2
3, 

3
5, 

5
8

� 
1
2

1
2, � 

2
3, 

3
4, � 

4
5; � 

100
1011, 14, 

1
9, 

1
16; 

1
10,000

�1, 14, � 
1
9, 

1
16; 

1
10,000

1
2, 

1
3, 

1
4, 

1
5; 

1
101

x � 1√0 cos u � „ 2 t, y � 1√0 sin u 2 t � 1
2 gt2

√2
0 sin2u

2g

y

x4000

1000

0

y
(feet)

x
(feet)

1000

100

0

19. (a)
(b)

20. (a) 6, 2, 6, 2, 6, 2, 6, 2, 6, 2
(b)

21. (a)
(b)

22. (a) 1, 3, 2, �1, �3, �2, 1, 3, 2, �1
(b)

23. 2n 24. 25. 3n � 2 26.

27. 28. 29.

30. 31. 1, 4, 9, 16, 25, 36
32. 1, 5, 14, 30, 55, 91 33.

34. �1, 0, �1, 0, �1, 0 35.

36.

37.
38. �log 2, �log 3, �log 4, �log 5; 
39. 10 40. 30 41. 42. 0 43. 8 44. 90 45. 31
46. 34 47. 385 48. 15,550 49. 46,438 50. 0.153146
51. 22 52. �0.688172 53.
54.
55.

56. 6 9 � 7 10 � 8 11 � 9 12
57. x 3 � x 4 � . . . � x 100

58. x � x2 � x3 � . . . � 1�1 2 n�1xn

####
14 � 15 � 16 � 17 � 18 � 19 � 110
�1 � 1

3 � 3
5 � 5

7 � 7
9

11 � 12 � 13 � 14 � 15

11
6

Sn � �log1n � 1 21 � 12, 1 � 13, �1, 1 � 15; Sn � 1 � 1n � 1

1
6, 

1
4, 

3
10, 

1
3; Sn �

1

2
�

1

n � 2

2
3, 

8
9, 

26
27, 

80
81; Sn � 1 �

1

3n

1
3, 

4
9, 

13
27, 

40
81, 

121
243, 

364
729

an � n1�12n�1

1 � 1�1 2 nan �
n � 2

n � 3
12n � 1 2/n2

an � 1�1 2 n�1
 5nan �

1�1 2 n
3n

4

−4

0 11

3

110

2, 12, 2, 12, 2, 12, 2, 12, 2, 12

8

110

14

110

12, 6, 4, 3, 12
5 , 2, 12

7 , 32, 
4
3, 

6
5
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A120 Answers to Exercises and Chapter Tests

59. 60. 61. 62.

63. 64. 65.

66. 67.

68.

69. (a) 2004.00, 2008.01, 2012.02, 2016.05, 2020.08, 2024.12
(b) $2149.16 70. (a) 0, 0.50, 1.50, 3.01, 5.03, 7.55
(b) $977.00 71. (a) 35,700, 36,414, 37,142, 37,885, 38,643
(b) 42,665 72. (b) $9088.67 73. (b) 6898
74. (a) (b) $382,524
75. (a) (b) $38,000
76. (a) (b) 8.6 g/L

Section 11.2 ■ page 837

1. (a) 5, 7, 9, 11, 13 (b) 2
(c)

2. (a) 3, �1, �5, �9, �13 (b) �4
(c)

1 3 4 5 n

an

0

_10

_5

5

1

10

15

5

n

an

0

Cn � 1.1Cn�1, C0 � 4
Sn � Sn�1 � 2000
Pn � 240,00011.06 2 n

212n�12/2n

a
100

k�1
1�1 2 k�1

 kxk�1

a
100

k�0
xk

a
n

k�1

1k

k2a
999

k�1

1

k1k � 1 2
a
100

k�2

1�1 2 k
k ln ka

10

k�1
k2

a
10

k�1
2ka

100

k�1
k

3. (a) (b) �1
(c)

4. (a) (b)
(c)

5.
6.
7.
8.
9. Arithmetic, 3 10. Not arithmetic 11. Not arithmetic
12. Arithmetic, 2 13. Arithmetic,
14. Arithmetic, ln 2 15. Arithmetic, 1.7
16. Not arithmetic
17. 11, 18, 25, 32, 39; 7; 
18. 6, 8, 12, 20, 36; not arithmetic
19. ; not arithmetic

20.
21. �4, 2, 8, 14, 20; 6; 
22. 2, 5, 0, 7, �2; not arithmetic
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33. 34. 48 35. �100, �98, �96
36. 37. 30th
38. Yes, the 2985th term
39. 100 40. 168 41. 460 42. 660 43. 1090 44. 165
45. 20,301 46. 310.5 47. 832.3 48. �505 49. 46.75
50. �399 52. 1019 53. Yes 54. 55. 50 56. 31
57. $1250 58. 234 59. $403,500 60. 840 61. 20
62. (a) 576 ft (b) 16n 2 ft 63. 78

15
4

an � 44 � 31n � 1 21
2

3, a5 � �t � 12, an � �t � 31n � 1 2 , a100 � �t � 297
s, a5 � 2 � 4s, an � 2 � 1n � 1 2s, a100 � 2 � 99s
�2.7, a5 � 4.2, an � 15 � 2.71n � 1 2 , a100 � �252.3
1.5, a5 � 31, an � 25 � 1.51n � 1 2 , a100 � 173.5

1
2, a5 � 19

6 , an � 7
6 � 1

2 1n � 1 2 , a100 � 152
3

4, a5 � 4, an � �12 � 41n � 1 2 , a100 � 384
�3, a5 � �1, an � 11 � 31n � 1 2 , a100 � �286
5, a5 � 24, an � 4 � 51n � 1 2 , a100 � 499
4, a5 � 17, an � 1 � 41n � 1 2 , a100 � 397
3, a5 � 14, an � 2 � 31n � 1 2 , a100 � 299

an � �4 � 61n � 1 23
2, 2, 52, 3, 72; 

1
2; an � 3

2 � 1
2 1n � 1 21

3, 
1
5, 

1
7, 

1
9, 

1
11

an � 11 � 71n � 1 2
� 

3
2

an � 13 � 131n � 1 2 , a10 � 10 13
an � 5

2 � 1
2 1n � 1 2 , a10 � �2

an � �6 � 31n � 1 2 , a10 � 21
an � 3 � 51n � 1 2 , a10 � 48

1 32 4 5 n

an

0

1

2

3

1
20, 12, 1, 32, 2

1

1

n

an

0

_1

5
2, 

3
2, 

1
2,� 

1
2, � 

3
2

n Gn

1 1
2 1
3 2
4 3
5 5
6 8
7 13
8 21
9 34

10 55
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Section 11.3 ■ page 844

1. (a) 5, 10, 20, 40, 80 (b) 2
(c)

2. (a) 3, �12, 48, �192, 768 (b) �4
(c)

3. (a) (b)
(c)

4. (a) 1, 3, 9, 27, 81 (b) 3
(c)

5. an � 3 � 5n�1, a4 � 375 6. an � �6 � 3n�1, a4 � �162
7. 8.
9. Geometric, 2 10. Not geometric 11. Geometric,
12. Geometric, 13. Not geometric 14. Geometric, e 2

15. Geometric, 1.1 16. Not geometric 17. 6, 18, 54, 162,
486; geometric, common ratio 3; an � 6 � 3n�1

18. 7, 13, 31, 85, 247; not geometric
19. ; geometric, common ratio 
20. �2, 4, �8, 16, �32; geometric, common ratio �2,

21. 0, ln 5, 2 ln 5, 3 ln 5, 4 ln 5; 
not geometric 22. 1, 4, 54, 256, 3125; not geometric
23. 3, a5 � 162, an � 2 � 3n�1 24. 2

3, a5 � 112
81 , an � 7 A23Bn�1

an � �2 # 1�2 2 n�1

1
4; an � 1

4 A14Bn�11
4, 

1
16, 

1
64, 

1
256, 

1
1024

� 
1
3

1
2

an � 13A13Bn�1, a4 � 9an � 5
2 A� 

1
2Bn�1, a4 � � 

5
16

1 32 4 5 n

an

0

20

40

60

80

1

1

n

an

0

_1

� 
1
2

5
2, � 

5
4, 

5
8, � 

5
16, 

5
32

1 32 4 5 n

an

0

_200

200

400

600

800

1

40

60

20

n

an

0

80

25.
26.

27.

28.

29.

30.

31.

32. 33. 34. 35.

36. 37. 11th 38. Yes, the 7th term 39. 315

40. 41. 441 42. 0.7488 43. 3280 44. 45.

46. 47. 48. 49. 50. 51. 52. 2

53. 54. 55. 56. 57. 58.

59. 60. 61. 10, 20, 40 62.

63. (a) (b) 4th year
64. 32,768 65. 19 ft, 66.
67. 68. 64 69. (a) ft (b)
70. $10,737,418.23, 37 days 71. 2801 72. (a) 99.90 mg
(b) 100 mg 73. 3 m 74. s
75. (a) 2 (b) 76. 2pR 2 77. 1

Section 11.4 ■ page 853

1. $13,180.79 2. $12,966.59 3. $360,262.21
4. $13,435.19 5. $5,591.79 6. $572.34 7. $245.66
8. $13,007.94 9. $2,601.59 10. $3,679.09 11. $307.24
12. $643.70, $811.41 13. $733.76, $264,153.60
14. $80,783.21 15. (a) $859.15 (b) $309,294.00
(c) $1,841,519.29 16. $9020.60 17. $341.24 18. 12.80%
19. 18.16% 20. 15.84% 21. 11.68%

Section 11.5 ■ page 859

1. Let denote the statement
.

Step 1 is true since .
Step 2 Suppose is true. Then

Induction 
hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

2. Let denote the statement

.

Step 1 is true since .1 �
113 # 1 � 1 2

2
P11 2

1 � 4 � 7 � . . . � 13n � 2 2 �
n13n � 1 2

2

P1n 2 P1n 2P1k 2P1k � 1 2 � 1k � 1 2 1k � 2 2 � k1k � 1 2 � 21k � 1 22 � 4 � . . . � 2k � 21k � 1 2P1k 2 2 � 111 � 1 2P11 22 � 4 � . . . � 2n � n1n � 1 2P1n 2

8 � 4 12
2 � 12 � 3.41

18 � A13Bn�317 
8
9

64
25, 

1024
625 , 5 A45Bn 7347, an � 5000 # 11.08 2 n80 A34BnVn � 160,00010.80 2 n�1

a # 1 � a9

1 � a
� 55b123

999
112
999

10,457
4950

1
33

251
990

7
912 � 1� 

1000
117

1
648

2
3

3
4

2
3

3
2

4655
32

6141
1024

341
512

80
81

16
81, 

8
27, 

4
9

25
4

16
27

1
25c, a5 � 54c�1, an � 5 # 15c 2 n�1

s2/7, a5 � s8/7, an � s21n�12/7t/2, a5 � t5/16, an � t1t/2 2 n�1

32/3, a5 � 311/3, an � 312n�12/31
4, a5 � � 

1
32, an � �8 A14Bn�1

� 
1
12, a5 � 1

144, an � 144 A� 
1

12Bn�1

an � A12Bn�112, a5 � 4,
�0.3, a5 � 0.00243, an � 10.3 2 1�0.3 2 n�1
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Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

3. Let denote the statement

.

Step 1 is true since 

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

4. Let denote the statement

.

Step 1 is true since .

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

5. Let denote the statement

.1 # 2 � 2 # 3 � . . . � n1n � 1 2 �
n1n � 1 2 1n � 2 2

3

P1n 2 P1n 2P1k 2P1k � 1 2 � 
1k � 1 2 3 1k � 1 2 � 1 4 321k � 1 2 � 1 4

6

 � 
1k � 1 2 32k2 � 7k � 6 4

6

Induction 
hypothesis � 

k1k � 1 2 12k � 1 2
6

� 1k � 1 2 212 � 22 � . . . � k2 � 1k � 1 2 2P1k 2 12 �
111 � 1 2 12 # 1 � 1 2

6
P11 2

12 � 22 � . . . � n2 �
n1n � 1 2 12n � 1 2

6

P1n 2 P1n 2P1k 2P1k � 1 2 � 
1k � 1 2 331k � 1 2 � 7 4

2

 � 
3k2 � 13k � 10

2

Induction 
hypothesis � 

k13k � 7 2
2

� 13k � 5 25 � 8 � . . . � 13k � 2 2 � 331k � 1 2 � 2 4P1k 2 5 �
113 # 1 � 7 2

2
P11 2

5 � 8 � . . . � 13n � 2 2 �
n13n � 7 2

2

P1n 2 P1n 2P1k 2P1k � 1 2 � 
3k2 � 5k � 2

2
�
1k � 1 2 331k � 1 2 � 1 4

2

Induction 
hypothesis � 

k13k � 1 2
2

� 331k � 1 2 � 2 41 � 4 � 7 � . . . � 13k � 2 2 � 331k � 1 2 � 2 4P1k 2
Step 1 is true since .

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

6. Let denote the statement

.

Step 1 is true since .

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

7. Let denote the statement

.

Step 1 is true since .

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.P1n 2P1k 2P1k � 1 2 � 

1k � 1 2 21k � 2 2 2
4

 � 
1k � 1 2 2 3k2 � 41k � 1 2 4

4

Induction 
hypothesis � 

k21k � 1 2 2
4

� 1k � 1 2 3
13 � 23 � . . . � k3 � 1k � 1 2 3P1k 2 13 �

12 # 11 � 1 2 2
4

P11 2
13 � 23 � . . . � n3 �

n21n � 1 2 2
4

P1n 2 P1n 2P1k 2P1k � 1 2
 � 
1k � 1 2 3 1k � 1 2 � 1 4 321k � 1 2 � 7 4

6

 � 
1k � 1 2 12k2 � 13k � 18 2

6

Induction 
hypothesis � 

k1k � 1 2 12k � 7 2
6

� 1k � 1 2 3 1k � 1 2 � 2 41 # 3 � 2 # 4 � . . . � k1k � 2 2 � 1k � 1 2 3 1k � 1 2 � 2 4P1k 2 1 # 3 �
111 � 1 2 12 # 1 � 7 2

6
P11 2

1 # 3 � 2 # 4 � . . . � n1n � 2 2 �
n1n � 1 2 12n � 7 2

6

P1n 2 P1n 2P1k 2P1k � 1 2
 � 
1k � 1 2 1k � 2 2 1k � 3 2

3

Induction 
hypothesis � 

k1k � 1 2 1k � 2 2
3

� 1k � 1 2 1k � 2 21 # 2 � 2 # 3 � . . . � k1k � 1 2 � 1k � 1 2 1k � 2 2P1k 2 1 # 2 �
1 # 11 � 1 2 # 11 � 2 2

3
P11 2
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8. Let denote the statement
.

Step 1 is true since .
Step 2 Suppose is true. Then

Factor (see Sec. 3.3)

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

9. Let denote the statement
.

Step 1 is true since .
Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

10. Let denote the statement

.

Step 1 is true since .

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

11. Let denote the statement
.

Step 1 is true since .1 # 2 � 2 31 � 0 4P11 21 # 2 � 2 # 22 � . . . � n # 2n � 2 31 � 1n � 1 22n 4P1n 2 P1n 2P1k 2P1k � 1 2 � 
k2 � 2k � 11k � 1 2 1k � 2 2 �

k � 1

k � 2

Induction 
hypothesis � 

k

k � 1
�

11k � 1 2 3 1k � 1 2 � 1 4
1

1 # 2 �
1

2 # 3 � . . . �
1

k1k � 1 2 �
11k � 1 2 3 1k � 1 2 � 1 4

P1k 2
1

1 # 2 �
1

1 � 1
P11 2

1

1 # 2 �
1

2 # 3 � . . . �
1

n1n � 1 2 �
n

n � 1

P1n 2 P1n 2P1k 2P1k � 1 2 � 21k � 1 2 21k � 2 2 2 � 1k � 1 2 212k2 � 8k � 8 2 Induction hypothesis � 2k21k � 1 2 2 � 321k � 1 2 4 323 � 43 � . . . � 12k 2 3 � 321k � 1 2 4 3P1k 2 23 � 2 # 1211 � 1 2 2P11 223 � 43 � . . . � 12n 2 3 � 2n21n � 1 2 2P1n 2 P1n 2P1k 2P1k � 1 2 � 1k � 1 2 2 321k � 1 2 2 � 1 4 � 1k � 1 2 1k � 1 2 12k2 � 4k � 1 2 � 2k4 � 8k3 � 11k2 � 6k � 1

Induction hypothesis � k212k2 � 1 2 � 12k � 1 2 313 � 23 � . . . � 12k � 1 2 3 � 12k � 1 2 3P1k 2 13 � 1212 # 12 � 1 2P11 213 � 33 � . . . � 12n � 1 2 3 � n212n2 � 1 2P1n 2 Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

12. Let denote the statement
1 � 2 � 22 � . . . � 2n�1 � 2n � 1.

Step 1 is true since 1 � 21 � 1.
Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

13. Let denote the statement n 2 � n is divisible by 2.

Step 1 is true since 12 � 1 is divisible by 2.
Step 2 Suppose is true. Now

But k 2 � k is divisible by 2 (by the induction hypothesis) and
is clearly divisible by 2, so is

divisible by 2. So follows from . Thus, by the
Principle of Mathematical Induction, holds for all n.

14. Let denote the statement that 5n � 1 is 
divisible by 4.

Step 1 is true since 51 � 1 � 4.
Step 2 Suppose is true. We have

Now 5k � 1 is divisible by 4 (induction hypothesis), and so is 4,
and hence is also divisible by 4. So 
follows from . Thus, by the Principle of Mathematical
Induction, holds for all n.

15. Let denote the statement n 2 � n � 41 is odd.

Step 1 is true since 12 � 1 � 41 is odd.
Step 2 Suppose is true. Now

But k 2 � k � 41 is odd (by the induction hypothesis) and 2k is
clearly even, so their sum is odd. So follows from

. Thus, by the Principle of Mathematical Induction,
holds for all n.

P1n 2P1k 2 P1k � 1 2
1k � 1 2 2 � 1k � 1 2 � 41 � 1k2 � k � 41 2 � 2k

P1k 2P11 2P1n 2P1n 2
P1k 2 P1k � 1 2515k � 1 2 � 4

5k�1 � 1 � 515k � 1 2 � 4

P1k 2P11 2
P1n 2 P1n 2P1k 2P1k � 1 2 1k � 1 2 2 � 1k � 1 221k � 1 2

 � 1k2 � k 2 � 21k � 1 21k � 1 2 2 � 1k � 1 2 � k2 � 2k � 1 � k � 1

P1k 2P11 2P1n 2 P1n 2P1k 2P1k � 1 2 � 2 # 2k � 1 � 2k�1 � 1

Induction hypothesis � 12k � 1 2 � 2k

1 � 2 � 22 � . . . � 2k�1 � 2k

P1k 2P11 2
P1n 2 P1n 2P1k 2P1k � 1 2 � 2 � 2k2k�1 � 211 � k2k�1 2 � 2 � 1k � 1 22k�1 � 1k � 1 2 # 2k�1

Induction 
hypothesis � 2 31 � 1k � 1 22k 4 � 1k � 1 2 # 2k�1

1 # 2 � 2 # 22 � . . . � k # 2k � 1k � 1 2 # 2k�1

P1k 2
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16. Let denote the statement that n 3 � n � 3 is divisible
by 3.

Step 1 is true since 13 � 1 � 3 � 3.
Step 2 Suppose is true. We have

Now k 3 � k � 3 is divisible by 3 (induction hypothesis), and 
so is . So follows from . Thus, by the
Principle of Mathematical Induction, holds for all n.

17. Let denote the statement 8n � 3n is divisible by 5.

Step 1 is true since 81 � 31 is divisible by 5.
Step 2 Suppose is true. Now

which is divisible by 5 because 8k � 3k is divisible by 5 (by the
induction hypothesis) and 5 � 3k is clearly divisible by 5. So

follows from . Thus, by the Principle of Mathe-
matical Induction, holds for all n.

18. Let denote the statement that 32n � 1 is divisible by 8.

Step 1 is true since 32�1 � 1 � 8.
Step 2 Suppose is true. We have

Now 32k � 1 is divisible by 8 (induction hypothesis), and so is
8, and hence is also divisible by 8. So 
follows from . Thus, by the Principle of Mathematical
Induction, holds for all n.

19. Let denote the statement n � 2n.

Step 1 is true since 1 � 21.
Step 2 Suppose is true. Then

Induction hypothesis

Because 1 � 2k

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

20. Let denote the statement that 
for all n � 3.

Step 1 is true since .
Step 2 Suppose is true. Then

Induction hypothesis

Because 2k � 1 � 0 for k � 3

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.P1n 2P1k 2P1k � 1 2 � 21k � 1 2 2 � 2k2 � 4k � 2

 � 2k2 � 21k � 1 2 � 1

3 1k � 1 2 � 1 4 2 � 1k � 1 2 2 � 21k � 1 2 � 1

P1k 2 13 � 1 2 2 � 2 # 32P13 2
1n � 1 2 2 � 2n2P1n 2 P1n 2P1k 2P1k � 1 2  � 2 # 2k � 2k�1

 � 2k � 2k

 k � 1 � 2k � 1

P1k 2P11 2P1n 2P1n 2
P1k 2 P1k � 1 29132k � 1 2 � 8

321k�12 � 1 � 9132k � 1 2 � 8

P1k 2P11 2P1n 2 P1n 2P1k 2P1k � 1 2
 � 8 # 8k � 18 � 5 2 # 3k � 8 # 18k � 3k 2 � 5 # 3k

8k�1 � 3k�1 � 8 # 8k � 3 # 3k

P1k 2P11 2P1n 2 P1n 2 P1k 2P1k � 1 231k2 � k 2
1k � 1 2 3 � 1k � 1 2 � 3 � k3 � k � 3 � 31k2 � k 2P1k 2P11 2

P1n 2 21. Let denote the statement for 
x � �1.

Step 1 is true since .
Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

22. Let denote the statement that 100n � n2 for all 
n � 100.

Step 1 is true since .
Step 2 Suppose is true. Then

Induction hypothesis

Because 100 � 2k � 1 for k � 100

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

23. Let denote the statement an � 5 � 3n�1.

Step 1 is true since a1 � 5 � 30 � 5.
Step 2 Suppose is true. Then

Definition of ak�1

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

24. an � 4 for all n.
Let denote the statement an � 4.

Step 1 is true since a1 � 4.
Step 2 Suppose is true. Then

Definition of ak

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

25. Let denote the statement x � y is a factor of xn � yn.

Step 1 is true since x � y is a factor of x 1 � y 1.
Step 2 Suppose is true. Now

� xk1x � y 2 � 1xk � yk 2yxk�1 � yk�1 � xk�1 � xky � xky � yk�1

P1k 2P11 2P1n 2 P1n 2P1k 2P1k � 1 2  � 4

 � 3 # 4 � 8

 ak�1 � 3ak � 8

P1k 2P11 2P1n 2
P1n 2P1k 2P1k � 1 2  � 5 # 3k

 � 3 # 5 # 3k�1

ak�1 � 3 # ak

P1k 2P11 2P1n 2 P1n 2P1k 2P1k � 1 2 � 1k � 1 2 2 � k2 � 2k � 1

 � k2 � 100

1001k � 1 2 � 100k � 100

P1k 2 1001100 2 � 1100 2 2P1100 2
P1n 2 P1n 2P1k 2P1k � 1 2 � 1 � 1k � 1 2x � 1 � 1k � 1 2x � kx2

� 11 � x 2 11 � kx 211 � x 2 k�1 � 11 � x 2 11 � x 2 kP1k 2 11 � x 2 1 � 1 � 1 # xP11 2
11 � x 2 n � 1 � nxP1n 2
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But is clearly divisible by x � y and is
divisible by x � y (by the induction hypothesis), so their sum is
divisible by x � y. So follows from . Thus, by the
Principle of Mathematical Induction, holds for all n.

26. Let denote the statement that x � y is a factor of 
x 2n�1 � y 2n�1.

Step 1 is obviously true.
Step 2 Suppose is true. Then

The first term in this sum is obviously divisible by x � y and
the second term is divisible by x � y by the induction hypothe-
sis, so the sum is also divisible by x � y. Thus, by the Principle
of Mathematical Induction, holds for all n.

27. Let denote the statement F3n is even.

Step 1 is true since F3�1 � 2, which is even.
Step 2 Suppose is true. Now, by the definition of the
Fibonacci sequence

But F3k is even (by the induction hypothesis) and 2 � F3k�1 is
clearly even, so is even. So follows from .
Thus, by the Principle of Mathematical Induction, holds
for all n.

28. Let denote the statement
.

Step 1 is true since F1 � 1 and F1�2 � 2.
Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

29. Let denote the statement
.

Step 1 is true since F 2
1 � F1 � F2 (because F1 � F2 � 1).

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.P1n 2P1k 2P1k � 1 2 � Fk�1

# Fk�2

Definition of the
Fibonacci sequence

 � Fk�11Fk � Fk�1 2 Induction hypothesis � Fk
# Fk�1 � F 2

k�1

F 2
1 � F 2

2 � . . . � F 2
k � F 2

k�1

P1k 2P11 2F 2
1 � F 2

2 � . . . � F 2
n � Fn
# Fn�1

P1n 2 P1n 2P1k 2P1k � 1 2
Definition of the
Fibonacci sequence

� 1Fk�2 � Fk�1 2 � 1 � Fk�3 � 1

� 1Fk�2 � 1 2 � Fk�1

Induction 
hypothesis

F1 � F2 � . . . � Fk � Fk�1

P1k 2P11 2F1 � F2 � . . . � Fn � Fn�2 � 1
P1n 2

P1n 2 P1k 2P1k � 1 2F31k�12
 � F3k � 2 # F3k�1

 � F3k�1 � F3k � F3k�1

 F31k�12 � F3k�3 � F3k�2 � F3k�1

P1k 2P11 2P1n 2 P1n 2
x21k�12�1 � y21k�12�1 � x2k�11x2 � y2 2 � 1x2k�1 � y2k�1 2y2

P1k 2P11 2
P1n 2 P1n 2 P1k 2P1k � 1 2 1xk � yk 2yxk1x � y 2 30. Let denote the statement

Step 1 is true since F1 � F2�1

Step 2 Suppose is true. Then

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

31. Let denote the statement .

Step 1 is true since .

Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n � 2.

32. for all n.

Let denote the statement .

Step 1 is true since .

Step 2 Suppose is true. Then

Definition of ak

Induction hypothesis

Definition of Fibonacci sequence

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.P1n 2P1k 2P1k � 1 2

 � 
Fk�1

Fk�2

Multiply numerator and 
denominator by Fk�1

 � 
Fk�1

Fk�1 � Fk

 � 
1

1 �
Fk

Fk�1

 ak�1 �
1

1 � ak

P1k 2
F1

F1�1
�

1

1
� 1 � a1P11 2

an �
Fn

Fn�1
P1n 2
an �

Fn

Fn�1

P1n 2P1k 2P1k � 1 2
Definition of the
Fibonacci sequence � cFk�2 Fk�1

Fk�1 Fk

d
 � cFk�1 � Fk Fk�1

Fk � Fk�1 Fk

d
 � cFk�1 Fk

Fk Fk�1
d c1 1

1 0
d

 c1 1

1 0
d k�1

� c1 1

1 0
d k c1 1

1 0
dP1k 2 c1 1

1 0
d 2 � c2 1

1 1
d � cF3 F2

F2 F1
dP12 2

c1 1

1 0
d n � cFn�1 Fn

Fn Fn�1
dP1n 2 P1n 2P1k 2P1k � 1 2 � F21k�12

� F2k�2

Induction
hypothesis F1 � F3 � . . . � F2k�1 � F2k�1 � F2k � F2k�1

P1k 2P11 2F1 � F3 � . . . � F2n�1 � F2n

P1n 2

Definition of
Fibonacci
sequence
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33. Let denote the statement Fn � n.

Step 1 is true since F5 � 5 (because F5 � 5).
Step 2 Suppose is true. Now

Definition of the Fibonacci sequence

Induction hypothesis

Because Fk�1 � 1

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n � 5.

34. 100n � n 3 for n � 10.
Let denote the statement that 100n � n 2.

Step 1 is true since .
Step 2 Suppose is true. Then

Induction hypothesis
Because 100 � 3k2 � 3k � 1 
for k � 10

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n � 10.

Section 11.6 ■ page 868

1. x 6 � 6x 5y � 15x 4y 2 � 20x 3y 3 � 15x 2y 4 � 6xy 5 � y 6

2. 16x 4 � 32x 3 � 24x 2 � 8x � 1

3.

4. x 5 � 5x 4y � 10x 3y 2 � 10x 2y 3 � 5xy 4 � y 5

5. x 5 � 5x 4 � 10x 3 � 10x 2 � 5x � 1
6. a 3 � 6a 5/2b 1/2 � 15a 2b � 20a 3/2b 3/2 � 15ab 2 �
6a 1/2b 5/2 � b 3

7. x 10y 5 � 5x 8y 4 � 10x 6y 3 � 10x 4y 2 � 5x 2y � 1
8. 9. 8x 3 � 36x 2y � 54xy 2 � 27y 3

10. 1 � 3x 3 � 3x 6 � x 9

11.

12.
13. 15 14. 56 15. 4950 16. 252 17. 18 18. 100
19. 32 20. 0 21. x 4 � 8x 3y � 24x 2y 2 � 32xy 3 � 16y 4

22. 1 � 5x � 10x 2 � 10x 3 � 5x 4 � x 5

23.

24. 16A 4 � 32A 3B 2 � 24A 2B 4 � 8AB 6 � B 8

25. x 20 � 40x 19y � 760x 18y 2

26. x 15 � 30x 29/2 � 435x 14 � 4060x 27/2 27. 25a 26/3 � a 25/3

28. x 40 � 40x 38 � 780x 36 29. 48,620x 18 30. 4845a 16b 16

31. 300a 2b 23 32. �4060A 3B 27 33. 100y 99 34. �25x 47

35. 13,440x 4y 6 36. 37. 495a 8b 8 38. 17,920
39. 40. 41. 12a � b 2 33 1x � 1 2 � 1 4 5 � x51x � y 2 4 3520 12y3

1 �
6
x

�
15

x2 �
20

x3 �
15

x4 �
6

x5 �
1

x6

32 � 40x � 20x2 � 5x3 � 5
8x

4 � 1
32x

5

1

x5 �
5

x7/2
�

10

x2 �
10

x1/2
� 5x � x5/2

99 � 70 12

x4 � 4x2 � 6 �
4

x2 �
1

x4

P1n 2P1k 2P1k � 1 2 � 1k � 1 2 3 � k3 � 3k2 � 3k � 1

 � k3 � 100

1001k � 1 2 � 100k � 100

P1k 2 100110 2 � 103P110 2P1n 2
P1n 2P1k 2P1k � 1 2� k � 1

� k � Fk�1

 Fk�1 � Fk � Fk�1

P1k 2P15 2P1n 2 42. 43. 3x 2 � 3xh � h 2

44. 4x 3 � 6x 2h � 4xh 2 � h 3

Chapter 11 Review ■ page 870

1. 2. 3.
4. 1, 3, 6, 10; 55 5. 1, 3, 15, 105; 654,729,075
6. 1, 3, 6, 10; 55 7. 1, 4, 9, 16, 25, 36, 49
8. 9. 1, 3, 5, 11, 21, 43, 85

10. 31/2, 33/4, 37/8, 315/16, 331/32, 363/64, 3127/128

11. (a) 7, 9, 11, 13, 15
(b) (c) Arithmetic, common 

difference 2

12. (a)
(b) (c) Geometric, common 

ratio 

13. (a)
(b) (c) Geometric, common 

ratio 

14. (a)
(b) (c) Arithmetic, common 

difference 2

15. Arithmetic, 7 16. Neither 17. Arithmetic,
18. Geometric, 19. Arithmetic, t � 14 12

5 12

1 32 4 5 n

an

0

1

2

4

3

7
2, 3, 52, 2, 32

3
2

1

2

3

1

n

an

0

4

3
4, 

9
8, 

27
16, 

81
32, 

243
64

1
2

1 32 4 5 n

an

0

1

2

3

5
2, 

5
4, 

5
8, 

5
16, 

5
32

1

10

15

5

n

an

0

1, 12, 
1
6, 

1
24, 

1
120, 

1
720, 

1
5040

0, 14, 0, 1
32; 1

500�2, 2, � 
8
3, 4; 512

5
1
2, 

4
3, 

9
4, 

16
5 ; 100

11

1x2 � y 2 4
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20. Geometric, 21. Geometric, 22. Geometric,

23. 2i 24. 25. 5
26. 27. 28.
29. (a)
(b) $32,000, $33,600, $35,280, $37,044, $38,896.20,
$40,841.01, $42,883.06, $45,027.21
30. (a) (b) $43,400
31. 12,288 34. (a) Yes (b) Yes 35. (a) 9 (b)
36. (a) 7, 12 (b) 22/3171/3, 21/3172/3

37. 126 38. 39. 384 40.
41. 02 � 12 � 22 � . . . � 92 42.

43.

44. 12 � 21 � 22 � 22 � 32 � 23 � 42 � 24 � . . . � 102 � 210

45. 46. 47. 48.

49. Geometric; 4.68559 50. Arithmetic, 71.5
51. Arithmetic, 52. Arithmetic, 1650
53. Geometric, 9831
54. Geometric,
55. 13 56. 4 57. 65,534 58. $30,324.28 59. $2390.27
60. (a) $482.77 (b) $608.56 61. 62.

63. 64.

65. Let denote the statement

.

Step 1 is true since .

Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

66. Let denote the statement

.
1

1 # 3 �
1

3 # 5 � . . . �
112n � 1 2 12n � 1 2 �

n

2n � 1

P1n 2 P1n 2P1k 2P1k � 1 2 � 
1k � 1 2 331k � 1 2 � 1 4

2

 � 
1k � 1 2 13k � 2 2

2

 � 
3k2 � k � 6k � 2

2

 � 
k13k � 1 2

2
� 33k � 1 4

1 � 4 � 7 � . . . � 13k � 2 2 � 331k � 1 2 � 2 4P1k 2 1 �
113 # 1 � 1 2

2
P11 2

1 � 4 � 7 � . . . � 13n � 2 2 �
n13n � 1 2

2

P1n 2
a

1 � b2
1
2A3 � 13B 1

9
5
7

5467 � 1092 15 � 7908.8

5050 15

a
999

k�1

1

k1k � 1 2a
100

k�1
k2k�2

a
100

k�1
k2

a
33

k�1
3k

3

22 �
32

23 �
33

24 � . . . �
350

251

1
1 � 1

2 � 1
3 � . . . � 1

99

121
3

596
105

�6 12
An � 35,000 � 12001n � 1 2
An � 32,00011.05 2 n�1

an � 6A53Bn�181
4an � 1 � 51n � 1 2an � 211 � i 2 n�1

1

a3
4

27

1

t
Step 1 is true since .

Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

67. Let denote the statement
.

Step 1 is true since .
Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

68. Let denote the statement that 7n � 1 is 
divisible by 6.

Step 1 is true since 71 � 1 � 6.
Step 2 Suppose is true. We have

Now 7k � 1 is divisible by 6 (induction hypothesis), and so is 6,
and hence is also divisible by 6. So 
follows from . Thus, by the Principle of Mathematical
Induction, holds for all n.

69. Let denote the statement an � 2 � 3n � 2.

Step 1 is true since a1 � 2 � 31 � 2 � 4.
Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

70. Let denote the statement that F4n is divisible by 3.

Step 1 is true since F4 � 3.P11 2P1n 2 P1n 2P1k 2P1k � 1 2 � 2 # 3k�1 � 2

 � 312 # 3k � 2 2 � 4

 ak�1 � 3ak � 4

P1k 2P11 2P1n 2P1n 2
P1k 2 P1k � 1 2717k � 1 2 � 6

7k�1 � 1 � 717k � 1 2 � 6

P1k 2P11 2
P1n 2 P1n 2P1k 2P1k � 1 2 � 1k � 1 2 � 1

 � 1k � 1 2 a1 �
1

k � 1
b

a1 �
1

1
b a1 �

1

2
b  . . . a 1 �

1

k
b a 1 �

1

k � 1
bP1k 2 A1 � 1

1B � 1 � 1P11 2A1 � 1
1B A1 � 1

2B  . . . A1 � 1
nB � n � 1

P1n 2 P1n 2P1k 2P1k � 1 2
 � 

2k2 � 3k � 112k � 1 2 12k � 3 2 �
k � 1

2k � 3

 � 
k

2k � 1
�

112k � 1 2 12k � 3 2
1

1 # 3 �
1

3 # 5 � . . . �
112k � 1 2 12k � 1 2 �

112k � 1 2 12k � 3 2
P1k 2

1

1 # 3 �
1

2 # 1 � 1
P11 2
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Step 2 Suppose is true. Then F4k is divisible by 3. Using
the definition of the Fibonacci sequence repeatedly, we get

The first term is clearly divisible by 3, and so is the second by
the induction hypothesis. So follows from . 
Thus, by the Principle of Mathematical Induction, holds
for all n.

71. Let denote the statement n! � 2n for n � 4.

Step 1 is true since 4! � 24.
Step 2 Suppose is true. Then

Induction hypothesis

Because k � 1 � 2

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n � 4.

72. 100 73. 255 74. 32 75. 12,870
76. 1 � 6x 2 � 15x 4 � 20x 6 � 15x 8 � 6x 10 � x 12

77. 16x 4 � 32x 3y � 24x 2y 2 � 8xy 3 � y 4 78. 1540a 3b 19

79. b�40/3 � 20b�37/3 � 190b�34/3 80. 17,010A 6B 4

Chapter 11 Test ■ page 873

1. 0, 3, 8, 15; 99 2. �1 3. (a) 3
(b) (c) 104

4. (a) (b) (c) 3/48

5. (a) (b)

6. (a) (b) 60
8. (a)

(b)

9. (a) (b)

10. Let denote the statement

.

Step 1 is true since .12 �
111 � 1 2 12 # 1 � 1 2

6
P11 2

12 � 22 � . . . � n2 �
n1n � 1 2 12n � 1 2

6

P1n 2 2 � 1258,025
59,049

1�1 2 321 � 1�1 2 422 � 1�1 2 523 � 1�1 2 624 � 10
11 � 52 2 � �50

11 � 12 2 � 11 � 22 2 � 11 � 32 2 � 11 � 42 2 �
� 

8
9, �78

58 � 1

12,500
1
5, 

1
25

an � 12A14Bn�11
4

an � 2 � 1n � 1 23

P1n 2P1k 2P1k � 1 2  � 2k�1

 � 2k1k � 1 2 1k � 1 2 ! � k!1k � 1 2P1k 2P14 2P1n 2
P1n 2P1k 2P1k � 1 2

 � 3F4k�1 � 2F4k

 � 3 1F4k�1 � F4k 2 � F4k�1 4 � 1F4k�1 � F4k 2 � 1F4k�2 � F4k�1 2 � 1F4k�1 � F4k 2 F41k�12 � F4k�4 � F4k�3 � F4k�2

P1k 2 Step 2 Suppose is true. Then

Induction hypothesis

So follows from . Thus, by the Principle of 
Mathematical Induction, holds for all n.

11. 32x 5 � 80x 4y 2 � 80x 3y 4 � 40x 2y 6 � 10xy 8 � y 10

12.

13. (a) (b) 3.09 lb (c) Geometric

Focus on Modeling ■ page 877

1. (a) An � 1.0001An�1, A0 � 275,000 (b) A0 � 275,000,
A1 � 275,027.50, A2 � 275,055.00, A3 � 275,082.51,
A4 � 275,110.02, A5 � 275,137.53, A6 � 275,165.04,
A7 � 275,192.56 (c)
2. (a) (b) T1 � 5, T2 � 6.5,
T3 � 8, T4 � 9.5, T5 � 11, T6 � 12.5
(c) , arithmetic (d) On the 41st day
(e) 802.5 min � 13 h 22.5 min
3. (a) An � 1.0025An�1 � 100, A0 � 100 (b) A0 � 100,
A1 � 200.25, A2 � 300.75, A3 � 401.50, A4 � 502.51
(c) (d) $603.76
4. In each part P0 � 4000. (a) Pn � 1.2Pn�1, P5 � 9953
(b) Pn � 1.2Pn�1 � 600, P5 � 5488 (c) Pn � 1.2Pn�1 � 250,
P5 � 11,814 (d) Pn � 1.2Pn�1 � 0.1Pn�1 � 300, P5 � 8274
5. (b) A0 � 2400, A1 � 3120, A2 � 3336, A3 � 3400.8,
A4 � 3420.2 (c)
(d) 3427.8 tons, 3428.6 tons
(e)

6. (a)
(b) U0 � 5000, U1 � 5775,

U2 � 6670.13, U3 � 7703.99, U4 � 8898.11
(c) (d) $21,124.67Un � 500011.155 2 n1.155Un�1, U0 � 5000

Un � Un�1 � 0.05Un�1 � 0.11Un�1 � 0.05Un�1 2 �

3600

200

An � 3428.611 � 0.3n�1 2
An � 100 3 11.0025n�1 � 1 2/0.0025 4
Tn � 5 � 1.51n � 1 2Tn � Tn�1 � 1.5, T1 � 5

An � 1.0001n1275,000 2

an � 10.85 2 11.24 2 n13x 2 31�2 2 7 � �414,720x3a10

3
b

P1n 2P1k 2P1k � 1 2 � 
1k � 1 2 3 1k � 1 2 � 1 4 321k � 1 2 � 1 4

6

 � 
1k � 1 2 12k2 � 7k � 6 2

6

 � 
1k � 1 2 3k12k � 1 2 � 61k � 1 2 4

6

 � 
k1k � 1 2 12k � 1 2 � 61k � 1 2 2

6

 � 
k1k � 1 2 12k � 1 2

6
� 1k � 1 2 212 � 22 � . . . � k2 � 1k � 1 2 2P1k 2
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7. (b) In the 35th year
8. (a)
(b) T0 � 170, T10 � 143.7, T20 � 124.4, T30 � 110.1,
T40 � 99.6, T50 � 91.8, T60 � 86.1
(c) It approaches 70�F.

9. (a) R1 � 104, R2 � 108, R3 � 112, R4 � 116, R5 � 120,
R6 � 124, R7 � 127 (b) It approaches 200.

Chapter 12

Section 12.1 ■ page 889

1. 2. 0.2 3. 4. 1 5. 1 6. 0 7. �1 8. 1.5
9. 0.51 10. 0.1667 11. 12. 0.6667 13. (a) 2 (b) 3
(c) Does not exist (d) 4 (e) Not defined 14. (a) 3
(b) 4 (c) 2 (d) Does not exist (e) 3
15. (a) �1 (b) �2 (c) Does not exist (d) 2 (e) 0
(f) Does not exist (g) 1 (h) 3 16. (a) 2 (b) �1 (c) 1
(d) 1 (e) 2 (f) Does not exist 17. �8 18. Does not
exist 19. Does not exist 20. �0.22 21. Does not exist
22. Does not exist
23. (a) 4 (b) 4 (c) 4 

24. (a) 2 (b) 1 (c) Does not exist 

1

1

x

y

0

1

1

x

y

0

4

2

1
2

1
3

1
4

250

500

200

2000

Tn � Tn�1 � 0.031Tn�1 � 70 2 , T0 � 170
25. (a) 4 (b) 3 (c) Does not exist 

26. (a) 6 (b) 6 (c) 6 

Section 12.2 ■ page 897

1. (a) 5 (b) 9 (c) 2 (d) (e) (f) 0 (g) Does
not exist (h) 2. (a) 2 (b) Does not exist (c) 0
(d) Does not exist (e) 16 (f) 2 3. 75 4. �174 5.
6. 7. �3 8. 4 9. 5 10. 11. 2 12. 13.
14. 15. 12 16. 32 17. 18. 19. 20. 1
21. 4 22. 48

23. 24.

25. (a) 0.667 1

_1

1_1

4

_0.5

2_0.5

1

_3

1_3

8
5� 

3
2

50

46
1_1

5

_1

2_1

� 
1
16

1
9

1
6

1
2

6
5

3
2

3
5

4
9

1
2

� 
6

11

� 
3
8� 

1
3

1_1

1

x

y

0

1

1

x

y

0

4

2
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(b) 0.667

(c)
26. (a) 0.29

(b) 0.2887

(c)
27. 0 28. Does not exist 29. Does not exist
30. Does not exist 31. Does not exist 32. 0
33. (a) 1, 2 (b) Does not exist
(c)

34. (a) 0, 0, 1, 4, 6, does not exist
(b)

Section 12.3 ■ page 906

1. 3 2. �2 3. �11 4. �4 5. 24 6. � 
2
3

2

2

x

y

0

1

1

x

y

0

1/ 12 13 2

0.4

_0.1

1_1

2
3

7. y � �x � 1 8. y � �x � 2 

9. y � �x � 4 10. y � 2x � 3 

11. 12.

13. 14. 15.
16. 17. 18.
19. 20.

21. 22.

23. (a)
(b) y � �2x � 4, y � x � 2, y � 10x � 12
(c)

24. (a) (b) ,

y � �2x �1, y � �2x � 3
(c) 2

_2

2_1

y � � 

2

9
 x �

5

9
g¿ 1a 2 �

�212a � 1 2 2

20

_20

3_3

f¿ 1a 2 � 3a2 � 2

f¿ 1a 2 � 1/ A2 1a � 2Bf¿ 1a 2 �
11a � 1 2 2

f¿ 1a 2 � 2
a3f¿ 1a 2 � 2a � 2

G¿ 14 2 � 1
2F¿ 14 2 � � 

1
16g¿ 11 2 � 7

g¿ 11 2 � 4f¿ 1�1 2 � �5f¿ 12 2 � �12

2

1

0 x

y
y = x +

y =

1
3

5
3

1 + 2x

2

1

0 x

y y = x +

y =

1
4

7
4

x + 2

y � 1
3 x � 5

3y � 1
4 x � 7

4

2

1

x

y

0

y = 1
x™ y = 2x + 3

2

2

0 x

y

y =

y = −x + 4

x
x-1

2

2

x

y

0
y = 2x − x£

y = −x + 2

2

2

x

y

0

y = x + x2

y = −x − 1

x

0.1 0.71339
0.01 0.67163
0.001 0.66717
0.0001 0.66672

f1x 2 x

�0.1 0.61222
�0.01 0.66163
�0.001 0.66617
�0.0001 0.66662

f1x 2

x

�0.1 0.29112
�0.01 0.28892
�0.001 0.28870
�0.0001 0.28868

f1x 2 x

0.1 0.28631
0.01 0.28843
0.001 0.28865
0.0001 0.28867

f1x 2
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Answers to Chapter 12 Review A131

25. �24 ft/s 26. (a) 56.34 m/s (b) 58 � 1.66a m/s
(c) 69.88 s (d) �58 m/s 27. 12a2 � 6 m/s, 18 m/s,
54 m/s, 114 m/s 28. 16p ft/s 29. 0.75�/min
30. (a) 71 heartbeats/min, 66 heartbeats/min
(b) 68.5 heartbeats/min 31. (a) �38.3 gal/min,
�27.8 gal/min (b) �33.3 gal/min 32. 16 million/yr

Section 12.4 ■ page 915

1. (a) �1, 2 (b) y � �1, y � 2 2. (a) 3, �2 (b) y � 3,
y � �2 3. 0 4. 0 5. 6. 7. 8. 0 9. 2 10. 4
11. Does not exist 12. �2 13. 7 14. Does not exist
15. 16. 0.1667 17. 0 18. 403.4288 19. 0 20. 5
21. Divergent 22. 0 23. 0 24. 0 25. Divergent
26. Divergent 27. 28. 15 29. 8 30. 3
31. (b) 30 g/L
32. (a) 1.2 (b) 0.56 s

Section 12.5 ■ page 924

1. (a) 40, 52 

(b) 43.2, 49.2
2. (a) 86.6, 70.6 

(b) Overestimate (c) Underestimate
3. 5.25 4. 5. 6. 15.1875
7. (a) , underestimate (b) , overestimate

0.5

1.0

1.5

2 3 4

y

x0 1 5

0.5

1.0

1.5

2 3 4

y

x0 1 5

25
12

77
60

223
35

29
4

4

8

4 8 x0

y

12

4

8

4 8 x0

y

12

y=Ï y=Ï

y

x0 5

5

y=Ï

10

y

x0 5

5

y=Ï

10

1.3

_0.5

2_0.5

3
2

� 
1
4

4
3�3

4
2
5

8. (a) 70, underestimate (b) 95, overestimate 

9. (a) 8, 6.875 (b) 5, 5.375 

10. (a) 0.5712, 1.5529 

(b) 0.75655, 1.25655 

11. 37.5 12. 10 13. 8 14. 15. 166.25 16. 609
17. 133.5 18.

Chapter 12 Review ■ page 925

1. 1 2. 0.5 3. 0.69 4. 2 5. Does not exist 6. �1
7. (a) Does not exist (b) 2.4 (c) 2.4 (d) 2.4 (e) 0.5
(f) 1 (g) 2 (h) 0 8. (a) 2 (b) 1 (c) Does not exist
(d) 4 (e) 4 (f) 4 (g) 0 (h) 25 9. �3 10. 4 11. 7
12. 13. 2 14. 15. �1 16. 17. 2 18. 0
19. Does not exist 20. Does not exist
21. 22. 23.
24. 25. (a) (b) �2, �2f¿ 1a 2 � �2f¿ 11 2 � 1

4

f¿ 116 2 � 1
8g¿ 1�1 2 � �4f¿ 14 2 � 3

� 
1
2

1
6

4
3

22
3

5
6

1

2

2 3 4

y

x0 1

1

2

2 3 4

y

x0 1

1

2

2 3 4

y

x0 1

1

2

2 3 4

y

x0 1

y

x0 1

2

y

x0 1

2

y

x0 1

2

y

x0 1

2

5

10

15

20

25

2 43 5

y

x0 1

5

10

15

20

25

2 43 5

y

x0 1

57050_13_ans_A1-A132.qxd  08/04/2008  01:15 PM  Page A131



A132 Answers to Exercises and Chapter Tests

26. (a) (b) 1, �7

27. (a) (b)

28. (a) (b) �1, �1 29. y � 2x � 1

30. 31. y � 2x 32. y � 4x �7
33. 34. 35. (a) �64 ft/s
(b) �32a ft/s (c) (d) �202.4 ft/s
36. (a) P � 100/T (b) 37. 38. 1 39.
40. Divergent 41. Divergent 42. 0 43. 3.83 44. 7.25
45. 10 46. 12 47. 48. 3.75

Chapter 12 Test ■ page 928

1. (a) (b) 2

_1

1.5_1.5

1
2

5
6

1
2

1
5� 

1
900

140 � 6.32 s
y � 1

4 x � 5
4y � � 

1
4 x � 1

y � 1
2 x � 1

2

f¿ 1a 2 � � 

4

a2

1/ A4 12B, 1/4f¿ 1a 2 � 1/ A2 2a � 6Bf¿ 1a 2 � 2a � 3 2. (a) 1 (b) 1 (c) 1 (d) 0 (e) 0 (f) 0 (g) 4 (h) 2
(i) Does not exist 3. (a) 6 (b) �2 (c) Does not exist
(d) Does not exist (e) (f) 2 4. (a)
(b) �4, 0, 2 5. 6. (a) 0 (b) Does not exist
7. (a) (b)

Focus on Modeling ■ page 931

1. 2. 40 ft-lb 3. (b) Area under the graph of
between x � 0 and x � 4 (c) 3000 lb

(d) 1500 lb 4. (b) 90.625 ft 5. (a) 1625.28 heating-degree
hours (b) 70�F (c) 1488 heating-degree hours (d) 75�F
(e) The day in part (a)

p1x 2 � 375x
57,333 

1
3 ft-lb

11
3

89
25

y � 1
6 x � 3

2

f¿ 1x 2 � 2x � 21
4
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