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1 Preliminaries

1. The sum of a rational number and an irrational number must be

Answer: irrational

Difficulty: 2  Section: 1

2. Give an example of irrational numbers whose product is irrational and an example whose
product is rational.

Answer: Varies. For the first question, v/2 and /3 work, and for the second question

V2 and /8 work.
Difficulty: 2  Section: 1

4

3. Find a rational number between % and 5
. . 31
Answer: Varies. The average is o

Difficulty: 1  Section 2

4. Change the repeating decimal 1.163636363 ... to a ratio of two integers.
A T —.
nSwer: -
Difficulty: 2  Section: 2

5. Find the best decimal approximation to 959 _ 5% that your calculator allo
. —_— WS.
PP 5 _ Tz Y

Answer: Depends on calculator. About —0.0154299.
Difficulty: 2  Section 2

6. Find the solution set for the inequality 2z — 11 < 4z - 1.
Answer: (—5,00).

Difficulty: 1  Section: 3

7. Find the solution set for the inequality 5z — 11 < 15z — 22.

11
A R .
nswer <10, oo)

Difficulty: 1  Section: 3
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8. Find the solution set for the inequality 3z — 10 > 5z + 2.

Answer: (—oc, —6)
Difficulty: 1  Section: 3

9. Find the solution set for the inequality z2 — 92 +20 > 0.
Answer: (—c0,4)U (5,00).
Difficulty: 2  Section: 3

10. Find the solution set for the inequality (z — 1)2 > 16.
Answer: (—o0, —3]U [3,00).

Difficulty: 2  Section: 3

11. Find the solution set for the inequality z2 +z —2 < 0.
Answer: (—2,1).
Difficulty: 2  Section: 3.

12. Find the solution set for the inequality 22 — z — 8 < 4.

Answer: (—3,4).
Difficulty: 2  Section: 3

13. Find the solution set for the inequality (z — 5) (z — 2) > —2.

Answer: (—00,3]U[4,00).
Difficulty: 2  Section: 3

1
14. Find the solution set for the inequality ;% <2

Answer: (—00,4)U[9,00).
Difficulty: 2  Section: 3

. 1
15. Find the solution set for the inequality z—+6 < 0.

Answer: (—1,6).
Difficulty: 2  Section: 3

-4
16. Find the solution set for the inequality %ﬁ <0.

Answer: (—5,4].
Difficulty: 2 Section: 3
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r+1

17. Find the solution set for the inequality 4' 3 > 0.
$ —
3
Answer: (—o0,-1)U (Z,oo> .
Difficulty: 2  Section: 3
18. Find the solution set for the inequality - : > <1
Answer: [0,2).
Difficulty: 2  Section: 3
. . . . (z—-3)?
19. Find the solution set for the inequality ~~——— > 0.
2z +1

1
Answer: (—5,00) .

Difficulty: 2  Section: 3

20. Find the solution set for the inequality |3z + 1] < 7.
8
A : -=,2].
nswer [ 3 ]

Difficulty: 2  Section: 4
21. Find the solution set for the inequality |10z + 17| < 45.
Answer: (—371, -1—4) .
3 5
Difficulty: 2  Section: 4

22. Find the solution set for the inequality |3z + 16| < 8.

8
Answer: (—8, —§) .

Difficulty: 2  Section: 4

23. Find the solution set for the inequality |5z + 17| < 7.

24
Answer: <_€’ —2) .

Difficulty: 2  Section: 4

24. Describe the interval [—5,5] by means of an inequality involving absolute values.
Answer: |z| < 5.

Difficulty: 1  Section: 4
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25. Describe the interval (0,6) by means of an inequality involving absolute values.
Answer: |z - 3| < 3.

Difficulty: 1  Section: 4

26. Describe the interval (—2,4) by means of an inequality involving absolute values.
Answer: |z - 1| < 3.

Difficulty: 1  Section: 4

27. Find the distance between the points (—1,1) and (2, -1).
Answer: V13.

Difficulty: 1  Section: 5

28. Find the distance between the points (—4,6) and (-3, -1).
Answer: 5v/2.

Difficulty: 1  Section: 5

29. Find the distance between the points (-5, —1) and (3,1).
Answer: 2V/17.

Difficulty: 1  Section: 5

30. Find the distance between the points (3,6) and (1, -5).
Answer: 5\/5.

Difficulty: 1  Section: 5

31. Find the distance between the points (1, —1) and (3,1).
Answer: 2v/2.

Difficulty: 1  Section: 5
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32. Write the equation of the circle with radius 7 and center (-3.7).
Answer: (z +3)%+ (v — 7)% = 49.
Difficulty: 1  Section: 5

33. Write the equation of the circle with radius 1 and center (0,1).
Answer: 2+ (y— 1)2 = 1.
Difficulty: 1  Section: 5

34. Write the equation of the circle with radius 2 and center (2, -3).
Answer: (z —2)*+ (y+3)* = 4.
Difficulty: 1  Section: 5

35. Write the equation of the circle with radius ?1 and center (0,0).
Answer: 2 +y% = S
: 6
Difficulty: 1  Section: 5
36. Write the equation of the circle with radius 3 and center (-1.3).
Answer: (z+ 12+ (y —3)° = 0.
Difficulty: 1  Section: 5

37. Write the equation of the circle with diameter AB for A(-4,2) and B (2,-2).
Answer: (z +1)* +3% = 13.
Difficulty: 2  Section: 5

38. Give the center and radius of the circle 2z2 + 2y? = 4y — 6z — 6.

3 1
S =21). =
Answer ( 5 ),2

Difficulty: 2 Section: 5

39. Give the center and radius of the circle 3z2 + 3y% — 12z = 6 — 8.
4
Answer: (2, —§> , @

Difficulty: 2  Section: 5

40. Give the center and radius of the circle 3z2 + 3y? — 12z + 78y + 492 = 0.
Answer: (2,-13),3.
Difficulty: 2  Section: 5
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41. Show that the locus of 2 + y% — 2z + 2y + 2 = 0 is a degenerate circle.
Answer: The equation is (z — 1)* + (y + 1) = 0.
Difficulty: 2  Section: §

42. Show that the locus of 2 + 3 + 2z — 2y + 7 =0 is empty.
Answer: The equation is (z + 1)2 + (y — 1)° = -5.
Difficulty: 2  Section: 5

43. Write the equation of the line through the points (0,1) and (2,3).
Answer: y =z + 1.

Difficulty: 1  Section: 6

44. Write the equation of the line through the points (-3,2) and (0, 3).

1
Answer: y = §:L‘ + 3.
Difficulty: 1  Section: 6

45. Write the equation of the line through the points (2,-3) and (1, -2).
Answer: y = —r — 1.

Difficulty: 1  Section: 6

46. Write the equation of the line through the points (0,3) and (1,0).
Answer: y = -3z + 3.
Difficulty: 1  Section: 6

47. What is the slope of the line with equation 2z — 3y = 57

Answer: m = —.

3
Difficulty: 1  Section: 6

48. What is the slope of the line with equation % -+ % =57
4
Answer: m = ~z

Difficulty: 1  Section: 6

49. What is the slope of the line with equation —3z + 4y = 7?

Answer: m = 1

Difficulty: 1  Section: 6
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50. What is the slope of the line with equation % % =27
3
Answer: m = ~5

Difficulty: 1  Section: 6

51. Find the equation of the vertical line passing through (3, 2).
Answer: z = 3.

Difficulty: 1  Section: 6

52. Find the equation of the vertical line passing through (—1,0).
Answer: r = —1.

Difficulty: 1  Section: 6

53. Find the equation of the vertical line passing through (-6,7).
Answer: z = —6.

Difficulty: 1  Section: 6

54. Write an equation of the line that is parallel to —3z — 2y + 2 = 0 and that passes through
(4,3).

3
Answer: y = —5% +9.

Difficulty: 2  Section: 6

55. Write an equation of the line that is parallel to 2y — 3z = 0 and that passes through (-4, -7).
Answer: y = g:l: -1.

Difficulty: 2 Section: 6

1
56. Write an equation of the line that is parallel to —3z +y = 0 and that passes through (5, —2) .
Answer: y = 3z - 3.

Difficulty: 2 Section: 6

57. Write an equation of the line that is parallel to z — 3y = 3 and that passes through (6. -35).
1
Answer: y = §:r -T.

Difficulty: 2  Section: 6
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58. Write an equation of the line perpendicular to 5z + 2y = —4 and passing through (9.-4).

2 38
Answer: y = —5:5 -5

Difficulty: 2 Section: 6

T . <
59. Write an equation of the line perpendicular to 3 + % = 1 and passing through (-5,4).

Answer: y = 4z + 24.

Difficulty: 2 Section: 6

60. Write an equation of the line perpendicular to 2z 4+ 3y = 7 and passing through 4,7).

Answer: y = %:c +1.

Difficulty: 2 Section: 6

61. Write an equation of the line perpendicular to —3z = 7y + 2 and passing through (3,1).

Answer: g:r - 6.

Difficulty: 2 Section: 6

62. Sketch the graph of £ = 2 + y2.

Answer:

v
A

- [ V] W r-3
Y

Difficulty: 1  Section: 7
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63. Sketch the graph of 4z + y* = 4.

Answer:

Difficulty: 2  Section: 7

64. Sketch the graph of y = V/z.

Answer:

Difficulty: 2  Section: 7

65. Sketch the graph of y = %

Answer:

Difficulty: 2 Section: 7
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66. Sketch the graph of y = (z — 1) (z +2) (z - 3).

Answer:
A’
10
5
2.5
-6 -4 7] 2 4 6
-2.5
-5
-7.s
l -10

Difficulty: 3  Section: 7
67. Sketch the graphs of y = 72 +2z+ 1 and y = £+ 3 on the same coordinate plane and give the

points of intersection.

Answer: Points are (—2,1) and (1,4).
y

-1
-2
-3

Difficulty: 2  Section: 7
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2 Functions and Limits

1. If f(z) = 222 — 3z — 4, find f(o);f(3).
Answer: 13
Difficulty: 1  Section: 1

h(6) — h(4)

2. If h(z) =322+ 4z -7, find 1

Answer: 17

Difficulty: 1  Section: 1

3. If f (z) = 522 + 2z — 10, find f6)-13)
Answer: 35.25
Difficulty: 1  Section: 1

4. Find the natural domain of the function f (z) = gz + é
Answer: All z except =3
Difficulty: 1  Section: 1
. . . 2z +1
5. Find the natural domain of the function f (z) = .
3z +2
Answer: All z except £ = —§
Difficulty: 1  Section: 1
. : . 2 +5
6. Find the natural domain of the function f(z) = )
Answer: All z except z = +3
Difficulty: 1  Section: 1
T+5

7. Find the natural domain of the function f (z) = 227 g’
x —_—
Answer: All T except z = 2

Difficulty: 1  Section: 1

8. Find the natural domain of the function g (z) = v/5 — 10z.
Answer: All £ withz < %
Difficuity: 2  Section: 1
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4z

9. Find the natural domain of the function I (z) = —\/T_ﬁ

Answer: All z with z > —4
Difficulty: 2  Section: 1

1
2+ 1

10. Find the natural domain of the function f(z) =

Answer: All real numbers

Difficulty: 2  Section: 1

1
r—4

11. Find the range of the function f(z) =

Answer: All y withy #0
Difficulty: 1  Section: 1

12. Find the range of the function g(z) = v2z — 10.
Answer: All y withy >0
Difficulty: 1  Section: 1

13. Find the range of the function h(z) = 4 + (z — 2.
Answer: All y with y > 4
Difficulty: 2  Section: 1

14. Find the range of the function g (z) = v/3z + 2.
Answer: All y withy >0
Difficulty: 2  Section: 1

15. Find the domain and range of the function

-1 for -3<t<0
f(t)_{t for t>0

Answer: The domain is (-3, oc) and the range is {1} U [0, oc)

Difficulty: 2  Section: 1

16. Find the domain and range of the function

2sinf@ for —-7w<0<27
f(o)_{cose for 27 <8 < 4w

Answer: The domain is (—7,47) and the range is [-2,2].

Difficulty: 3  Section: 1
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17. Find the domain and range of the function

g(s)={ \gs' for s>4

for 0<s<4

Answer: The domain is [0,00) and the range is {0} U [2, o).

Difficulty: 2 Section: 1

18. Find the domain and range of the function

2 for -1<z<0
h(z) = 1 for 0<z<?2
6—z% for z>2

Answer: The domain is [-1,00) and the range is (—o0, 2].

Difficulty: 2 Section: 1

19. Determine whether the graph shown is the graph of a function.

Al

Answer: Yes

Difficulty: 1  Section: 1

20. Determine whether the graph shown is the graph of a function.

y

Answer: No

Difficulty: 1  Section: 1
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21. Determine whether the graph shown is the graph of a function.

4

2
-
-4 -2 2 4
-2
-3

Answer: No

Difficulty: 1  Section: 1

22. Determine whether the graph shown is the graph of a function.

A

- |

-3

Answer: No

Difficulty: 1  Section: 1

23. Determine whether the graph shown is the graph of a function.
A

2

Answer: No

Difficulty: 1  Section: 1
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24. Determine whether the graph shown is the graph of a function.

A7
! |
3
2 |
|
-2 -1 1 i2 3 4 S :.v
-1
2 I
3 I
-4 ]

Answer: Yes

Difficulty: 1  Section: 1

25. Determine whether the function y = ¥z is even, odd or neither.
Answer: Odd
Difficulty: 1  Section: 1

26. Determine whether the function f (z) = Vz? + 9 is even, odd, or neither.
Answer: Even

Difficulty: 2 Section: 1

27. Determine whether the function f (z) = |2z — 5] is even, odd or neither.
Answer: Neither
Difficulty: 2 Section: 1
f(z+h) - f(z)

1
28. Let f(z) = P Find and simplify - .

-1
(z+h-1)(z-1)
Difficulty: 2 Section: 1

Answer:

29. If F(z) = vz — 1 and G (z) = 3z + 2, give a formula for (F o G)(z).
Answer: 3z + 1

Difficulty: 2  Section: 2

30. If F(z) =2z + 5 and G (z) = z? — 3z, give a formula for (G o F)(z).
Answer: 4z% + 14z + 10
Difficulty: 2  Section: 2
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31. If F(z) = vz? + 1 and G (z) = 3z — 2, give a formula for (F o G)(z).

Answer: 922 — 122 + 5

Difficulty: 2  Section: 2

32.If F(z) = |:1:2 — z| and G(z) = 3z — 1, give a formula for (¥ o G)(z).

Answer: 'E).’r2 -9z + 2|
Difficulty: 2 Section: 2

33. If F(z) = :1:-11:-2

3z
9z + 2
Difficulty: 3  Section: 2

Answer:

34. If F(z) = —

2z +1

Answer:

Difficulty: 2  Section: 2

35. If F(z) =3z +5 and G(z) =

8r +10
T+2

Difficulty: 2 Section: 2

Answer:

2z

36. If F(z) = =

A :
nswer yr—

Difficulty: 3  Section: 2

3 and G (z) =

and G (z) = %, give a formula for (F o G)(x).

T and G (z) = 2z + 1, give a formula for (F o G)(z).

%4_2, give a formula for (F o G)(z).

z—i—l-, give a formula for (F o G)(z).

37. Let f(z) = 2z — 3 and g (z) = £2 — 3z — 28. Write a formula for (f + g) (z) and (f - g) ()

and state the domain of each.

Answer: (f+g)(z) = 2% —z — 31 and (f - g) () = 223 — 922 — 47z + 84.
Domain consists of all real numbers in both cases.

Difficulty: 2 Section: 2
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38. Let f(z) = 2z - 3 and g(z) = /3z + 1. Write a formula for (f + g) (z) and (f - g) (z) and

state the domain of each.

Answer: (f +9)(z) =2z -3+ 3z + 1 and (f - g)(z) = V622 — Tz — 3.

. . 3] .
Domain consists of { z : z > — » in both cases.

Difficulty: 2  Section: 2

39. Let f(z) =z — 1 and g(z) = z°> — 1. Write a formula for (f - g) (z) and (f / g) (z) and state
the domain of each.

+1
Domain consists of all reals in the first case and all reals except £ = %1 in the second
case.

Difficulty: 2  Section: 2

Answer: (f-g)(z) =23 -z> -2+ 1and (f/g)(z) =

40. Graph the following functions of the same coordinate axes:

Y=VI,y=vr+2,y=3+yT.y-3=Vz+2

Answer:
y
6 v=3=Vx+2
/ %’f
(-2.3) 0.3) y=xel
2
v=yv
(-2.0) | 2 4

Difficulty: 2  Section: 2

41. Graph the following functions o

f the same coordinate axes:
1
y=1",y=2% y=-2* y=—51°

Answer:

Difficulty: 2  Section: 2
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42. Convert 75° to radian measure.

5T
Answer: E

Difficulty: 1  Section: 3

43. Convert 20° to radian measure.

e
Answer: —
9

Difficulty: 1  Section: 3

44. Convert 40° to radian measure.
2n
Answer: —
9
Difficulty: 1  Section: 3
45. Convert 220° to radian measure.
117

A T —
nswer 5

Difficulty: 1  Section: 3

46. Convert 320° to radian measure.
16
Answer: TW

Difficulty: 1  Section: 3

47. Convert 14° to radian measure.
T
A T —
nswer 9%

Difficulty: 1  Section: 3

48. Convert 100° to radian measure.

5
Answer: —

9
Difficulty: 1 Section: 3

om
49, Convert 3 to degree measure.

Answer: —300°
Difficulty: 1  Section: 3

om
50. Convert > to degree measure.

Answer: 450°
Difficulty: 1  Section: 3
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2
51. Convert —% to degree measure.

Answer: —120°

Difficulty: 1  Section: 3

4
52. Convert ?w to degree measure.

Answer: 80°
Difficulty: 1  Section: 3

5
53. Convert 1_78r_ to degree measure.

Answer: 50°

Difficulty: 1  Section: 3

11
54. Convert _Tr to degree measure.

Answer: —220°
Difficulty: 1  Section: 3

47
55. Convert —?T to degree measure.
Answer: —240°

Difficulty: 1  Section: 3

56. Use the right triangle to determine sin 8, cos §,and tan 6.

6

12
. 12
Answer: sinf = I cosf =

Difficulty: 2  Section: 3

57. Use the right triangle to determine sin 6, cos, and tan#é.

24

. 7 24 7
Answer: sinf = 25" cosf = 25 tané = 21

Difficulty: 2 Section: 3
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58. Use the right triangle to determine siné, cosf,and tané.

Jn
NE)

8

)|

ve
3

2
11’
Difficulty: 2 Section: 3

3
Answer: sind = cosd = ——, tanf
V1l

59. Use the right triangle to determine sin 8, cosf,and tané.

NG 0
2
™
. 3 2 V3
Answer: sinf = \/;, cosf = W, tanf = -
Difficulty: 2  Section: 3
60. Find the value of sin® (%) + cos? (g) .
Answer: 1
Difficulty: 1  Section: 3
61. Evaluate sint, cost, and tant for ¢t = %
Answer: [:i, l, V3
22
Difficulty: 2  Section: 3
62. Evaluate sint, cost, and tant for t = 7.
Answer: 0,-1,0
Difficulty: 2  Section: 3
63. Evaluate sint, cost, and tant for ¢t = —%.
Answer: —\/75, ?, -1

Difficulty: 2 Section: 3
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64. Find the value of csct if sint = —g.

Answer: — §
4

Difficulty: 1  Section: 3

65. Verify that sint = v/1 — cos?? is not an identity.
. 3 .
Answer: Varies. t = ?ﬂ- is a counterexample.

Difficulty: 2  Section: 3

66. Find the signs of sint and cost if t = 7.
Answer: Both are positive.
Difficulty: 2  Section: 3

7
67. Find the signs of sint and cost if t = —%.

Answer: sint > 0 and cost < 0.
Difficulty: 2  Section: 3

68. Sketch the graphs of y = sint, y = 2sint, and y = —2sint on {0, 27]

Answer:

2

Difficulty: 2  Section: 3

1
69. Sketch the graph of 2cos §t on [0,27].

Answer:
.“

y=cos(t/2)

-2

Difficulty: 3  Section: 3
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70. Let f (z) = 3 — z°. Evaluate the limit 1im2f (z).

T——

Answer: 11
Difficulty: 1  Section: 4

71. Let g(z) = ; Evaluate the limit ierlsg (z).

Answer: The limit does not exist.

Difficulty: 1  Section: 4

72. Let s(z) = |z — 5| . Evaluate the limit limss (z)-
T —
Answer: 10

Difficulty: 1  Section: 4

¢ -4
z+2

73. Let g(z) = . Evaluate the limit ling (x).-
T

Answer: —4

Difficulty: 2  Section: 4

74. Let t (z) = cos 3z. Evaluate the limit lim ¢ (z).

z—nx/3
Answer: —1

Difficulty: 2 Section: 4

75. Let f (z) = 6 — z. Evaluate the limit lirréf (z).-
z—
Answer: V3
Difficulty: 1  Section: 4

76. Let f(z) = 2co:I

Evaluate the limit 1im/ \ f(z)-

I ) I—7
Answer: The limit does not exist.

Difficulty: 2 Section: 4

1

77. Let g(IB) = l—x———llTi'

. Evaluate the limit lim1 g(z).
T——

Answer: l

3
Difficulty: 2 Section: 4
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r for 0<€z<1 T
78. Let f(z) = { Vi for 51 . Evaluate the limit il_‘ml f(z).

Answer: 1

Difficulty: 2 Section: 4

ve—-1 for z2>1
T

for z<1 ° Evaluate the limit il_.ml f(z).

79. Let f(z) = {

Answer: The limit does not exist.

Difficulty: 2  Section: 4

80. Let g(z) = % Evaluate the limit limsg (z).
T——

Answer: -1

Difficulty: 2 Section: 4
M
T
Answer: The limit does not exist.

81. Let g(z) = —. Evaluate the limit lir%g ().

Difficulty: 2  Section: 4

82. Evaluate lim +/z+5.

z—-5

Answer: 0

Difficulty: 2  Section: 4

83. Evaluate lim +z +5.

z—=5"

Answer: The left limit does not exist.

Difficulty: 2  Section: 4

84. Evaluate lim Iil

=0+ T

Answer: 1
Difficulty: 2  Section: 4
|z|

85. Evaluate lim —.
z—0- T

Answer: —1

Difficulty: 2  Section: 4
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86. Evaluate lim 1-
z—0+ 1—1=z

Answer: 1

Difficulty: 2  Section: 4

87. Evaluate lim 1- \/5
z—0- 1—=x

Answer: The left limit does not exist.
Difficulty: 2  Section: 4

in2
88. Use a calculator to evaluate lim s?n a:-
z—0sin 3z
Answer 2
n : =
3

Difficulty: 2 Section: 4

89. Let || denote the greatest integer less than or equal to . Evaluate lim iz} .

z—-2
Answer: —2
Difficulty: 2  Section: 4

90. Let |z| denote the greatest integer less than or equal to z. Evaluate lim |zf.

T——2"

Answer: —3
Difficulty: 2 Section: 4

91. Let |z] denote the greatest integer less than or equal to z. Evaluate lim !m_||
z—-3- T
4
Answer: —
wer: o

Difficulty: 2 Section: 4

92. Give an ¢, 6 proof that lirr.;3 z? =9,
r—
Answer: Choose 6 = min (1, 'Ei) .If0<|z-3| <6 then
2 _ql — _ _ €Y =
|22 - 9| = |z +3||z -3 < 7|z - 3] <7(7) e
Difficulty: 2  Section: 5

93. Give an ¢, § proof that lin:l; z3 = 27.
I—

3
,3—7).If0<|z—3|<6then

|$3_27|=|x2+3$+g||$—3|<37|:c—3|<37(-3€—7) =

Answer: Choose 6 = min (1

Difficulty: 2 Section: 5
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94. Give an ¢, 6 proof that lir% 3z +2)=8.
T—

Answer: Choose § =

Ll m

If 0 < |z — 2| < 6 then |(3z+2) — 8 = |3z — 6] = 3|z - 2| <3(§) =
Difficulty: 2  Section: 5

95. Give an ¢, 6 proof that lirr:13 (2 - 57) = -13.
r—

Answer: Choose § = % If 0 < |z — 3| <6 then
(2 — 5z) — (—13)| = |15 -5z = 5|3 — 2| =5z - 3| < 5(%) =c.
Difficulty: 2  Section: 5

96. Let [|z|] denote the greatest integer less than or equal to z. Give an ¢, 6 argument that lirrb z|
T—
does not exist.

Answer: Suppose that lir% lz) = L. Let e = % Then there is a § > 0 such that |[z] — L| < %
r—

whenever 0< |z| < 8. If L >0,z = —g violates this inequality and if L < 0, z =

violates the inequality.
Difficulty: 3  Section: 5

N O

97. Let £ > 0 be given. Find the largest é that will “work” for lirr}4 3z = 12.
T—

£
Answer: 3

Difficulty: 1  Section: 5

1
98. Let £ > 0 be given. Find the largest é that will “work” for lin%3 3T= 2.
N T—

Answer: 3¢

Difficulty: 1  Section: 5

81 + zt
99. Evaluate lim s .
z—-1 9412
41
Answer: —
nswer 1

Difficulty: 2  Section: 6

1 4
100. Evaluate lim 81+z ]
z——9 941

Answer: The limit does not exist.

Difficulty: 2  Section: 6
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2r+c for <2
101. Let f(x)—{ (o5 for 232
What is the value of ¢ if lin}‘2 f(z)=97
r—

Answer: 5

Difficulty: 2  Section: 6

[@+h)-f@)

102. Let f(r) = 2z — 3. Determine 'llin?) h

Answer: 2

Difficulty: 3  Section: 6

f(9+h)-f(9)
- .

103. Let f (z) = /. Find 'llir%

1
Answer: =

6
Difficulty: 3  Section: 6

104. Let |z| denote the greatest integer less than or equal to z. Evaluate lim/ Izl .
T——1/2
Answer: —1 '

Difficulty: 2  Section: 6

105. If lim f(z) = M and lim g (z) = N, find

I—a

L 2@ - ()
z—a 1+ f(z)g(z)
2M%? - N

1+ MN
Difficulty: 2  Section: 6

if MN # -1.

Answer:

-1 if <1
z2 if z>1

106. Let f(z) = {

. Evaluate lim f(x).
=1~

Answer: 0

Difficulty: 2  Section: 6

107. Evaluate li%l (2-z)cosz.
z—0~

Answer: 2

Difficulty: 2  Section: 6
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108. Evaluate: lim v/z2 - 3z.

z—4t

Answer: 2
Difficulty: 2 Section: 6

109. Evaluate lim vz° — 3z.

T—3-

Answer: The left limit does not exist.

Difficulty: 2  Section: 6

110. Find the value of k if lim

=0~

Answer: 8

Difficulty: 2  Section: 6

3+ 441

111. Evaluate lim

z—-1 (1-zx)?

1
Answer: -
wer 1

Difficulty: 2  Section: 6

112. Evaluate lim z cot z.

T—

Answer: 1
Difficulty: 2  Section: 7

sindzx

113. Evaluate lim — .
z—0 sin 3x

4
Answer: =

3
Difficulty: 2  Section: 7

in3
114. Evaluate lim Sin I.
z—m /6 COS 2T

Answer: 2
Difficulty: 2  Section: 7

T + sin (z?)

115. Evaluate lim
z—0 T

Answer: 1

Difficulty: 2  Section: 7
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116. Evaluate lim ———.
z—01 —cosZT

Answer: The limit does not exist.

Difficulty: 3  Section: 7

117. Evaluate lim r_.
z—0 tan 3T

A t =
nswer 3

Difficulty: 2  Section: 7

1—cosz
118. Evaluate lim ———.
z—0 T

Answer: 0
Difficulty: 2 Section: 7

z? - 5z

119. Evaluate lim .
=0+ tanc

Answer: —9

Difficulty: 2 Section: 7

sinz f 0
120. Let f(z) = 2T or 2>V Evaluate lim f(z).
cos2z for <0 =07
1
A _—
nswer: g

Difficulty: 2 Section: 7

sinzx £ 0
121. Let f(z) ={ 25 °OF T2
cos2z for <0

Answer: 1

Difficulty: 2  Section: 7

122. Evaluate lim [tanz — 7].
I—7T

Answer: —m
Difficulty: 2  Section: 7

123. Evaluate lim tan (a: - —7[) .
z——rf4 2

Answer: 1
Difficulty: 2 Section: 7
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124. Evaluate lim anz

z—=wf2 T

Answer: 2
T

Difficulty: 1  Section: 7

3 _
125. Evaluate lim 7—2:—42;15
z—oc 313 — 14z

7
A T =
nswer 3

Difficulty: 1  Section: 8

127. Evaluate lim 2:1:+3.
z—o0 2 — 3z

2
A P -
nswer: —z

Difficulty: 1  Section: 8

2_7z-5
128. Evaluate lim 4—'7:-—3—
z——0c0 13z +6

Answer: —oc
Difficulty: 2  Section: 8
) -2
129. Evaluate lim (—— +2>.
z—4+ \T — 4
Answer: —oc¢
Difficulty: 2  Section: 8

130. Evaluate lim <;2— +2>.
r—4

T—4~
Answer: oo

Difficulty: 2  Section: 8

131. Evaluate lim [ z -4 ] .

—2(z2 -8z +7)

z—1"
Answer: 0o

Difficulty: 2  Section: 8

132. Evaluate lim [ z—4 ] .
e A

7+ | -2(z2 -8z +7T)
Answer: —oo

Difficulty: 2  Section: 8
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1 .
133. Determine all points at which f (z) = p B is continuous.

Answer; All real numbers

Difficulty: 2  Section: 9

sin 2z

. . . — for z#0 . .
134. Determine all points at which f(z) = 21 is continuous.

2 for z=0
Answer: All real numbers except 0

Difficulty: 3  Section: 9

135. Determine all points at which f (z) = V/z — 5 is continuous.
Answer: > 5
Difficulty: 2  Section: 9
T—2

136. Determine all points at which f (z) = I-z_2l is continuous.

Answer: Continuous at every point in the domain. Note that 2 is not in the domain of f.
Difficulty: 2  Section: 9

. . . > . .
137. Determine all points at which f (z) = { vz for z20 is continuous.

z2—zx for <0
Answer: All real numbers

Difficulty: 2  Section: 9

2z% 4 5z i
138. Determine all points at which f(z) = z or £#0 s continuous.
5 for =0
Answer: All real numbers
Difficulty: 2  Section: 9
z? -
139. Determine all points at which f(z) = r—3 for z#3 is continuous.
3 for z=3

Answer: All real numbers except 3.

Difficulty: 2  Section: 9

1 if x is an integer

0 otherwise . Determine all points at which f is continuous.

140. Let f (z) = {

Answer: Continuous at all real numbers that are not integers.

Difficulty: 2  Section: 9
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-1
141. The function f () = a; 1 is continuous at every point of the domain. Define f (1) so that

f is continuous at every real number.
Answer: f(1) =3
Difficulty: 2 Section: 9

. sint . . . .
142. The function g () = —— is continuous at every point of its domain. Define g (0) so that
g is continuous at every real number.

Answer: g(0) = %

Difficulty: 3  Section: 9

143. Let f(z) = 23 + z — 1. Show that f(z) = 0 for some z in the interval [0, 1].
Answer: f(0) = —1, f(1) = 1. Use the Intermediate Value Theorem.
Difficulty: 2 Section: 9

144. Let f(z) = 2sin(z — 1) + 1. Show that f () = O for some z in the interval [0, g] .

Answer: f(0) <O, f (g) > 0. Use the Intermediate Value Theorem.
Difficulty: 2  Section: 9
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3 The Derivative

1. For the position function s = t? — 1, calculate the instantaneous velocity at time tp = 4.
Answer: 8
Difficulty: 1  Section: 1

2. For the position function s = 7t — 2, calculate the instantaneous velocity at time tg = 9.

Answer: 7

Difficulty: 1  Section: 1

3 .
3. Find the equation of the tangent line to the graph of y = o at the point where z = —2.

Answer: y = —2 (I+2)—g

Difficulty: 2 Section: 1

4. Find the equation of the tangent line to the graph of y = \/z at the point where r = 9.
1
Answer: y = g (z-9)+3

Difficulty: 2  Section: 1

5. Let f (x) = —5z2. Use the limit definition of derivative to compute f’ (z) and then find f'(-5).
flz+h)—f(z) _

Answer: f'(z) = 'llin%) 3 = —10z;50.

Difficulty: 2 Section: 2

1
6. Let f(z) = - Use the limit definition of derivative to compute f’(z) and then find f'(-7).

Answer: f’(x)=££1%)f(m+h}2—f(m) = %’:11_9

Difficulty: 2  Section: 2

7. Use the limit definition of derivative to find p’ (¢) if p =1 — ¢°.

@+ -[1-
Answer: p'(q) = }ltlr% 7 = —-2q.

Difficulty: 2  Section: 2
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8. Use the limit definition of derivative to find v’ (t) if v = ¢t — ¢3.

[(t+h) —(t+ h)3] —t-#]
Answer: V' (t) = lim = =1-3t

Difficulty: 2  Section: 2

0 if <0
2z+1 if >0
JO+R) =) . o FO+H) =1 (0)
h h—0- h

Difficulty: 2  Section: 2

9. Letf(z)={

. Prove that f(z) is not differentiable at z = 0.

Answer: lim =0.
h—0

10. Examine the graph of f (z) = |5z + 12| and determine the points (if any) where f'(z) does
not exist.

12
A D ——
nswer z

Difficulty: 2  Section: 2

11. Examine the graph of f (z) = [z], where [z] = greatest integer < z, and determine the points
(if any) where f'(z) does not exist.

Answer: The derivative does not exist at any integer value of z.

Difficulty: 2  Section: 2

12. Give an example of a function f (z), defined for all real numbers, such that f'(z) = 0 for all
zT.

Answer: f () = c for any constant c.

Difficulty: 2 Section: 2

13. Find D,y if y = 52° — 2271
Answer: 25z° + 2272

Difficulty: 1  Section: 3

14. Find Dyy ify =zt —z - 72
Answer: 423 — 1 +2273
Difficulty: 1  Section: 3

15. Find D,y if y = ¥z + = - 10.

1
Answer: gx'z/a +1

Difficulty: 2  Section: 3
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16. Let f (t) = (2t° — t) (£* + 1) . Compute f’(¢) and simplify.

Answer: 16¢7 +10t% — 43 -1
Difficulty: 2  Section: 3

17. Let y = (z2 + 2z — 5) (23 - 1) . Compute Dy using the product rule and simplify.

Answer: 5% + 823 — 1522 — 21 — 2

Difficulty: 2  Section: 3

18. Let f(z) = z -1 Find f' (z)

. Le =TT .
Answer: _41:___2
(z2+1)

Difficulty: 2  Section: 3

1
19. Let y = 7 T _ 473 Find D.y.
Answer: 5 = 12z2
(1-2z)

Difficulty: 2 Section: 3

2 +1
-3
r? -6z -1

(z - 3)
Difficulty: 2  Section: 3

20. Let f(z) = . Compute f’(z) and simplify.

Answer:

T+
9 _
2?2+ 2242

(2 - 22’
Difficulty: 2  Section: 3

1
5. Compute g’ () and simplify.

21. Let g(x) = p

Answer:

t3-1
22. L )= ————_Find {’ 3 ify.
et f(t) 32 Find f'(t) and simplify
t4+6t3—6t2+2t+3
Answer: =
(243t —2)

Difficulty: 2  Section: 3
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23. Find an equation of the tangent line to the graph of the functiony = 1+z ' +z 4z 2 413
at the point (1,4).

Answer: y+6z—10=20
Difficulty: 2  Section: 3

24. Find an equation of the tangent line to the graph of the function f(z) = -3+ 1 iz + i.;
at the point (1, -2). ToE o
Answer: y+2r =0
Difficulty: 2  Section: 3

25. Find an equation of the tangent line to f (z) = v/ + 5 at the point (9,8).
Answer: £ —6y+39=0
Difficulty: 2  Section: 3

2

3
26. Find an equation of the tangent line to f (z) = :tl +:r at the point (0, 3).

Answer: 3z —y+3=0
Difficulty: 2  Section: 3

27. What is the point on the graph of y = —2z% — 9z — 5 at which the tangent line is perpendicular
to the line y =z — 107

Answer: (—2,5)
Difficulty: 3  Section: 3

28. If f(z) = % + cos, find the value of f'(z).
Answer: —:—1:1—2 — sin (z)

Difficulty: 1  Section: 4

29. Let s = —5tcsc(t). Find Dys.
Answer: 5csc(t) [tcot (t) — 1]
Difficulty: 2 Section: 4

30. Let f (z) = 3tan(z) — 2sec(z) + 3z%. Find f'(z).
Answer: 3sec? (z) — 2sec (z)tan (z) + 6z

Difficulty: 2 Section: 4

31. Let y = 2 cos(z) . Find Dzy.
Answer: 2z cosT — z2sin (z)
Difficulty: 2  Section: 4
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32. Let g (k) = (k®+2k) [1 — cos (k)]. Find ¢’ (k).
Answer: (k? + 2k) [sin (k)] + 2[1 — cos (k)] (k + 1)

Difficulty: 2  Section: 4

sin (z) + cos (z)

33. Let f(z) = p . Find f'(z) and simplify.

_ zcos(z) — zsin () — 2sin (z) — 2cos (z)

Answer 3
I

Difficulty: 2  Section: 4

. s
34. Find the equation of the tangent line to the curve y = cot (z) at the point where z = 1

Answer: y+2z-1— g =0
Difficulty: 2  Section: 4

35. Find the equation of the tangent line to the graph of y = 2tan (z) at the point where z = g

Answer: y — 23 =8 (:r - g)

Difficulty: 2  Section: 4

36. Find the equation of the tangent line to the graph of y = v/3sec(z) — 2 at the point where
Fis

.'Ezg.

Answer: y = 2—\3/5 (:c - %)

Difficulty: 2  Section: 4

37. Let y = (z +1)°. Find D,y.
Answer: 5 (z + 1)*
Difficulty: 1  Section: 5

38. Let f(z) = (z° -z +5)4. Find f'(z).

Answer: 4(2z - 1) (z2 -z + 5)3
Difficulty: 2  Section: 5

39. Let g(x) = (1 - 3z)~2. Find ¢ (z).
Answer: 6 (1 — 3z)73

Difficulty: 2  Section: 5
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40. Let g(z) = <:r2 +x—12 . Find ¢’ (z).

. 1\? 1
Answer: 6 ( z + = -3
T T

Difficulty: 2  Section: 5

z
41. Let f(z) = (1:2 3
524 (3 - z?)
(z2 +3)°
Difficulty: 2  Section: 5

5
) . Find f’(z) and simplify.

Answer:

1+z\* . ; ..
42. Let f(z) = ) - Find f’'(z) and simplify.
8(1+1z)°
(1-2)°
Difficulty: 2 Section: 5

Answer:

43. Let f(z) = i +cos2z. Find f'(z).

1
Answer: — (—2 + 2sin 2:5)
T

Difficulty: 2  Section: 5

44. Let r = t* — sec?(t). Find Dyz.
Answer: 413 — 2sec?ttant

Difficulty: 2  Section: 5

45. Let y = cos(sin2z). Find D.y.
Answer: —2sin (sin 2z) cos 2z

Difficulty: 2  Section: 5

46. Let y = zcos(sinz). Find D.y.
Answer: cos (sinz) — zsin(sinz)cosz

Difficulty: 2  Section: 5

47. If the equation of motion of a particle is z = (2t? — 7t)3 , what is the velocity of the particle
whent =17
Answer: —225
Difficulty: 2  Section: 5
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48. Find an equation of the tangent line to the graph of y = (32% + 5z - 1)7 at the point where
z=0.

Answer: y —35z+1=0
Difficulty: 2  Section: 5

. ™
49. Find the slope of the line tangent to the graph of y = z2 cos 2z at the point where z = 5

Answer: —m

Difficulty: 2 Section: 5

50. Making the usual assumptions, write a formula for the derivative of the function sin? [f (z)].
Answer: 4sin®[f (z)] cos [f (z)] f' (z)
Difficulty: 3 Section: 5

51. Making the usual assumptions, write a formula for the derivative of the function f [tan2z].
Answer: 2sec? (2z) f' [tan 2z]
Difficulty: 3 Section: 5

dy
52. Let y = (z2+1)°. Find =Z.
et y = (*+1)”. Fin I
Answer: 10z (z? + 1)4
Difficulty: 1  Section: 6

dy

53. Let y = (z® - 2)5. Find =

Answer: 1527 (23 — 2)‘1
Difficulty: 2  Section: 6
54. Let y = (7 - 33)3 Find dy
. s
Answer: 922 (7 — z3) -
Difficulty: 2  Section: 6

2+ 1

4
55. Let y = ( ) . Compute @ and simplify.

dz

4(2+1)% (22 - 1)
s
Difficulty: 2 Section: 6

Answer:
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56. Let y = cos (%) . Find Z—i’—

Answer: —3z2sin (:1:3)

Difficulty: 2  Section: 6

., dy
57. Let y = cos3 (z). Find —=.
et y = cos® (z). Find o

Answer: —3cos? (z)sin ()

Difficulty: 2  Section: 6

., dy
58. Let y = sec? . Find ==.
et y = sec” (5z). Find 72

Answer: 10sec? (5z) tan (5z)

Difficulty: 2  Section: 6

dp

_ 2\
59. Let p = tan (u?) . Find T0

Answer: 2usec?® (u?)

Difficulty: 2 Section: 6

d
60. Let y = z2cos2z. Find &
dz
Answer: 2z (cos 2z — zsin2z)

Difficulty: 2  Section: 6

61. The radius of a circle at time ¢ is given by r (t) = (> + t)z. Find the rate of change of the

area of the circle with respect to time.
Answer: 4 (2 + t)3 (2t + 1)
Difficulty: 2 Section: 6

1+
T

2
Answer: —ﬁ; =

62. Let f(z) = % Find f'(z) and f"(z).

Difficulty: 1  Section: 7

d?
63. Let y = 28 — 374 + 222 — 3z + 10. Find dl-"z’.

Answer: 30z* — 3622 + 4
Difficulty: 1  Section: 7
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64. Letp=q “+g¢g .FlndE.
Answer: —24¢~5 — 674

Difficulty: 2  Section: 7

65. If f(z) = 27 + 32% + z, find the value of f® (z).
Answer: 0

Difficulty: 2  Section: 7

66. At time t, the position of a body moving in a line is given by s = 3 + 5t — t2. What is the
velocity at ¢t = 37

Answer: —1

Difficulty: 1  Section: 7

67. At time t, the position of a body moving in a line is given by s = 3t® — 2¢%. Find the velocity
and acceleration as functions of time.

Answer: v (t) = 24t7 — 10t%, a (t) = 168t — 40
Difficulty: 1  Section: 7
1 d?
68. Let y = 2sin(z) — = Find Eg
Answer: —2sin () — 3z74.

Difficulty: 2  Section: 7

69. Find f"(z) if f (z) = sec(z).
Answer: sec? () + sec(z) tan? (z)

Difficulty: 2  Section: 7

70. The function s = 3 + t2 — 2cos (t) specifies the position of a particle at time ¢. Find the
acceleration at time t = %

Answer: 2+ 3

Difficulty: 2  Section: 7
., d?
71. Let y = (1 — z)*. Find Eg
Answer: 12(1 — z)?
Difficulty: 1  Section: 7
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T ., dy
72. Let = m Find 21—2

(1+z)°
Difficulty: 2 Section: 7

Answer:

73. Let g(z) = (z - 1)® + (z + 1)* + 2. Find ¢¥ ().
Answer: 240
Difficulty: 2  Section: 7

74. Let f(z) = %(2—5@-4/3. Find f (z) and f" (z).
35

Answer: f'(z) =(2-5z) /% and f"(z) = 3 (2 - 52)710/3

Difficulty: 2 Section: 7

75. The function s = sin (2:1:2) — 7 gives the position at time ¢ of a particle. Find the acceleration
at any time ¢.

Answer: 4cos (2r2) — 162%sin (2z?)
Difficulty: 2  Section: 7

76. Let f(z) = zv1 + z°. Find the value of f'(z) when z = 2.
Answer: 7
Difficulty: 2 Section: 8

77. Find the equation of the tangent line to the curve y = v/25 — z? at the point (3,4).

Answer: 3z + 4y = 25
Difficulty: 2 Section: 8

78. Let f (z) = ¥/5z — 8. Where is the equation of the tangent line to the graph of f at the point
where z = 77

Answer: 52 — 2Ty +46 =0
Difficulty: 2 Section: 8

d
79. Use implicit differentiation to find E% if 2%y + zy? = 5y.

2Ty + y?
5—1x2 — 2zy
Difficulty: 2 Section: 8

Answer:
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80. Use implicit differentiation to find Z—i— if 22 — zy +y® = 3.
-2
2y —zx
Difficulty: 2 Section: 8

Answer:

dy .
81. Use implicit differentiation to find :i% if 22 +zy+y® =2.

2r+y
z + 5yt
Difficulty: 2 Section: 8

Answer: —

82. What is the slope of the tangent line to the curve 4x2 — 9y = 36 at the point (6,2v/3)?

4
A P —
nswer: —g

Difficulty: 2 Section: 8

83. Find the slope of the tangent line to the curve r2 — zy + y% = 3 at the point (-1,1).
Answer: 1

Difficulty: 2 Section: 8

84. Find the equation of the tangent line to the curve 2 — zy + y? = 3 at the point (-1,1)?
Answer: z—-y+2=0
Difficulty: 2 Section: 8

85. Find the slope of the tangent line to the curve zy + y° = 12 at the point (2,2)?

1
A T —
nswer:

Difficulty: 2 Section: 8

86. Find an equation for the tangent line to the curve z3 — z + zy + ® + 24 = 0 at the point
(-1,-3).
1
Answer: y+3 = %(x—’rl) orz—26y—-77=0
Difficulty: 2  Section: 8

d
87. Use implicit differentiation to find d—t% if wd — 24+ wu+ud+24=0.
1-3uw?-u
w+ 3u?
Difficulty: 2 Section: 8

Answer:
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88. Use implicit differentiation to find % if s2 —ts = 10.

L)

Answer:
2s —t

Difficulty: 2  Section: 8

89. Use implicit differentiation to find ﬂ if 5w3 + 2wr? + r3 = 10.

dw
15w? + 2r?
Answer: —————-
Ve T Lwr + 312
Difficulty: 2  Section: 8
v R i du .. ,
90. Use implicit differentiation to find T if w? —wu+u?=3.
w
-2
Answer: = o
2u—w
Difficulty: 2 Section: 8
RO e ds .. .., 2 2
91. Use implicit differentiation to find T if 5t° + 2t°s +s° = 1.
t
Answer: —-5——&
t2+s
Difficulty: 2  Section: 8
e . dy .
92. Use implicit differentiation to find ar if y=1zcosy.
Answer: _cgs_g{__
1+ zsiny
Difficulty: 2  Section: 8
RS - dy . .
93. Use implicit differentiation to find dr if y=xsiny.
Answer: ¥ _
1l—zcosy
Difficulty: 2  Section: 8
. . . . . . dy . 2
94. Use implicit differentiation to find ar ifzx+cosy—y*=17.
1
Answer: ————
2y +siny

Difficulty: 2  Section: 8
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dy .
95. Use implicit differentiation to find Ey if tany —y3 + 22 +20=0.
2z
3y? —sec?y
Difficulty: 2 Section: 8

Answer:

d
96. Use implicit differentiation to find Ey if y2 — 22 — cos(zy) = 0.
2z — ysin (zy)
2y + zsin (zy)
Difficulty: 2 Section: 8

Answer:

d .
97. Use implicit differentiation to find Ey if sin® (2y) — y° = 3z°2.

3z2
4sin (2y) — 2y
Difficulty: 2 Section: 8

Answer:

d
98. Use implicit differentiation to find Ey if cos (yz) = z.
ysin (yz) + 1
z sin (yx)
Difficulty: 2 Section: 8

Answer:

d
99. Use implicit differentiation to find Ey if sinz + siny = zy.
Answer: L5
cosy —

Difficulty: 2 Section: 8

d
100. Use implicit differentiation to find Ey if cos3y = tan 2z.
2 sec? (21)
A P ———
newer 3sin 3y

Difﬁculﬁy: 2 Section: 8

e s dy d%y.. 5 4
101. Use implicit differentiation to find Iz and —if z%y° = 1.

d dz?
_dy 2y d’y 10y
Answer: — = —3—:1:, —’2 = g—I—z'

Difficulty: 3  Section: 8

d 2
102. Use implicit differentiation to find d—i and %if =22 -17.

i dy 2z d®y  6y® - 8z?
Difficulty: 3  Section: 8
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103. Use implicit differentiation to find Z—i if 2/3 4923 = 4,

1/3
Answer: — ¥

z
Difficulty: 2  Section: 8

104. Use implicit differentiation to find % if 3243 4 zy + 3y4/3 = 2.
T

4z/3 4+ ]
T + 4yl/3
Difficulty: 2  Section: 8

Answer:

d
105. Use implicit differentiation to find Y i VTt+y=rz.

dr
Answer: 2\/T+y -1
Difficulty: 2  Section: 8

d
106. Use implicit differentiation to find Fito (zy)s/ iyt =22=0.

dr
2z — 3y\/Ty
3z./Ty + 2y
Difficulty: 3  Section: 8

Answer:

107. The radius of a circle is increasing at the rate of 3 ft/sec. Find the rate of change of the area
of the circle at the time that the radius is 15 ft.

Answer: 907 ft2/sec.

Difficulty: 1  Section: 9
108. A spherical balloon is inflated at a rate of 4 ft3/min. How fast is the radius increasing when
the radius is 2 ft?
1
A ;. — ft/mi
nswer: -— /min
Difficulty: 1  Section: 9
109. A ladder 20 feet long leans against a vertical building. If the bottom of the ladder slides away

from the building horizontally at a rate of 2 ft/sec, how fast is the ladder sliding down the
building when the top of the ladder is 12 feet above the ground?

Answer: g ft/sec

Difficulty: 2  Section: 9
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110. A 16ft ladder is leaning against a wall. Suppose the bottom of the ladder is pulled along the
level sidewalk, directly away from the wall, at 2 ft/sec. How fast is the height of the midpoint
of the ladder decreasing when the ladder is 4 ft from the wall?

15
Answer: T ft/sec

Difficulty: 2  Section: 9

111. A two-piece extension ladder leaning against a wall is collapsing at a rate of 2 ft/sec while
the foot of the ladder remains a constant 5 ft from the wall. How fast is the ladder moving
down the wall when the ladder is 13 ft long?

Answer: % ft/sec

Difficulty: 2  Section: 9

112. A balloon is rising vertically at a rate of 2 ft/sec. An observer is located 300 ft from a point
on the ground directly below the balloon. At what rate is the distance between the balloon and
the observer changing when the height of the balloon is 400 ft7

Answer: 1.6 ft/sec
Difficulty: 2  Section: 9

113. A car leaves Albuquerque and travels east at 36 mph. One hour later, a second car traveling
southwards at a constant speed is 48 miles south of Albuquerque and the distance between them

is increasing at a rate of % mph. Determine the speed of the second car.
Answer: %7 mph
Difficulty: 2  Section: 9

114. A conical tank has radius 3 ft and depth 10 ft. If water is poured into the tank at the rate
of 2 ft3/min, how fast is the water level rising when the water in the tank is 5 ft deep?

8 .
Answer: o ft/min

Difficulty: 2  Section: 9

115. Sand is pouring from a pipe at the rate of 12ft3/sec. If the falling sand forms a conical pile

on the ground whose height is always 3 the diameter of the base, how fast is the height

increasing when the pile is 4 ft high? The volume of a cone is V = %'m'r“’h where 7 is the radius
of the base and h is the height.

1
Answer: o ft/sec
Difficulty: 2  Section: 9
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116. A baseball player runs from homeplate to first base at a rate of 25 ft/sec. At what rate is his
distance from third base changing when he is 40 ft from first base? A baseball diamond is 90 ft
by 90 ft square.

Answer: ft/sec

125

V106
Difficulty: 2  Section: 9

117. The top of a tower has the shape of a hemisphere of radius 5 ft. The top has a uniform
coating of ice which is 3 inches thick. The thickness of the ice is decreasing at the rate of %
in/hr. How fast is the volume of the ice changing? The volume of a sphere is gwr3 where r
is the radius of the sphere.
Answer: 26467 in3/hr
Difficulty: 2 Section: 9

118. A trough 10 ft long has a cross section that is an isosceles triangle having a base of 4 ft and
height 3 ft. If the water pours into the trough at 6 ft3/min, how fast is the depth of the water
changing when the depth is 1 ft?

Answer: 0.45 ft/min
Difficulty: 2  Section: 9

119. A beacon 0.5 miles (perpendicular distance) from a straight shore revolves at 2 revolutions
per minute (47 radians per minute). At what speed is the beam moving along the shore when
it hits the shore 1 mile from the lighthouse?

Answer: 87 miles/minute
Difficulty: 2 Section: 9

120. In a football game, a receiver runs north at a rate of 30 ft/sec while the quarterback runs
east at a rate of 20 ft/sec. How fast are the two players moving away from each other when
the receiver is 80 ft downfield and the quarterback is 60 ft east of center?

Answer: 36 ft/sec
Difficulty: 2 Section: 9

121. Let f(z) = % Find a general expression for dy. Evaluate dy if £ = —2 and dz = 0.5.

2
Answer: dy = -3 dz = 0.125
Difficulty: 1  Section: 10

122, Let f(x) = zcos(z). Find a general expression for dy. Evaluate dy if z = = and dz = 0.15.
Answer: [cos (z) — zsin (z)] dz,0.15
Difficulty: 1  Section: 10

Instructor’'s Resource Manual Chapter 3 Exam Questions 887



i

and dz = —0.5.

wl =

123. Let f (x) = sec(z). Find a general expression for dy. Evaluate dy if z =

Answer: [sec(z)tan (z)] dz, —V/3
Difficulty: 1  Section: 10

124. Let f (z) = sin (z) — 4z. Find a general expression for dy. Evaluate dy if z = 0, and dz = 0.3.
Answer: [cos(z) — 4] dz, —0.9
Difficulty: 1  Section: 10

125. Let y = 3z2 — 5. Compute dy and Ay if z changes from 2 to 2.1.
Answer: dy = 1.2, Ay =1.23
Difficulty: 2 Section: 10

126. Let y = 21—3 Use dy to approximate the change in y if z changes from 1 to 1.02.
-z

Answer: Ay = dy = 0.06
Difficulty: 1  Section: 6

127. Approximate v/98 by means of the differential.
Answer: 9.9
Difficulty: 2  Section: 10

128. Approximate ¥26 by means of the differential. Round off answer to three decimal places.

Answer: 2.963
Difficulty: 2 Section: 10

129. The radius of a circle is measured as 17 cm with an error of 0.4 cm. Estimate the error in
calculating the circumference of the circle

Answer: £0.87 cm
Difficulty: 2  Section: 10

130. The side of a cube is measured at 10 cm with an error of £0.2 cm. Estimate the error in
calculating the surface area of the cube.
Answer: %24 square cm
Difficulty: 2  Section: 10

131. Estimate the error in computing (a:3 - 2:5)3 at x = 2 if the error in z is estimated at +0.02.

Answer: +9.6
Difficulty: 2  Section: 10

. L. . . .
132. Estimate the error in computing 2 +sin®z at z = 1 if the error in z is estimated at +0.2.

Answer: =+ (0.15) v/2
Difficulty: 2  Section: 10
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4 Applications of the Derivative

1. Determine the maximum and the minimum of the function f (z) = z3 — 322 + 2 on the interval
[— 1, 1] .
Answer:
maximum: 2
minimum: —2

Difficulty: 1  Section: 1

2. Determine the maximum and the minimum of the function f (z) = z® — 62 + 9z + 3 on the
interval [1,5].
Answer:
maximum: 23
minimum: 3
Difficulty: 1  Section: 1

. . 8
3. Determine the maximum and the minimum of the function f (z) = - f_4

on the interval [0, 3].

Answer:
maximum: 2
minimum: 0

Difficulty: 2  Section: 1

4. Determine the maximum and the minimum of the function f (z) = 4z3 — z* on the interval
[-1,2].
Answer:
maximum: 16
minimum: —5

Difficulty: 2  Section: 1

5. Determine the maximum and the minimum of the function f (z) = 2! — 4z° +10 on the interval
[0,4].
Answer:
maximum: 10
minimum: —17

Difficulty: 2  Section: 1

6. Determine the maximum and the minimum of the function f (z) = z3 — 12z on the interval
[0,3].
Answer:
maximum: 0
minimum: —16

Difficulty: 2  Section: 1
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7. Determine the maximum and the minimum of the function f(z) = z3 — 3z + 2 on the interval
[0,2].

Answer:
maximum: 4
minimum: 0
Difficulty: 1  Section: 1

. . .. . z .
8. Determine the maximum and the minimum of the function f(z) = = on the interval
z

+1
[-1,0].
Answer:
maximum: 01

minimum: — 3

Difficulty: 2  Section: 1

1
9. Determine the maximum and the minimum of the function f (z) = %:1:3 + §:z:2 — 6z + 8 on the
interval [—4,0].
Answer:
. 43
maximum: —

minimum: 8
Difficulty: 2  Section: 1

10. Determine the maximum and the minimum of the function f (z) = %/3 on the interval [-8, 1].

Answer:
maximum: 4
minimum: 0
Difficulty: 1  Section: 1

- . 4 .
11. Determine the maximum and the minimum of the function f(z) = —zon the interval
[-3,-1].
Answer:

maximum: —3
minimum: -3

Difficulty: 2  Section: 1

12. Determine the maximum and the minimum of the function f(z) =z (1 - :1:)2/ 5 on the interval

i)

Answer:
maximum: 2
minimum: 0

Difficulty: 2  Section: 1
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13. Determine the maximum and the minimum of the function f (z) = z% — 322 on the interval
[1,2].

Answer:
maximum: —2
minimum: —4

Difficulty: 2  Section: 1

14. Find two positive numbers whose sum is 17 and whose product is a maximum.
17 17

202

Difficulty: 2  Section: 1

Answer:

15. A rectangular field is to be enclosed by a fence and divided into 3 lots by fences parallel to one
of its sides. Find the dimensions of the largest field that can be enclosed with a total of 800
meters of fencing.

Answer: 100 m by 200 m
Difficulty: 2  Section: 1

16. A farmer wishes to enclose a 4000 square meter field and subdivide the field into four rectangular
plots with fences parallel to one of the sides. What should the dimensions of the field be in
order to minimize the amount of fencing required?

Answer: 100 m by 40 m
Difficulty: 2 Section: 1

. . 1 . .
17. Determine the intervals where f (z) = 513 + 22 — 3z is increasing.

Answer: (—oo,-3],[1,00)

Difficulty: 2  Section: 2

1
18. Determine the intervals where f (z) = §$3 + % — 3z is decreasing.
Answer: [—3,1]
Difficulty: 2  Section: 2

19. Determine the intervals where f (z) = is increasing.

1+ 22
Answer: (—o0,0]

Difficulty: 2  Section: 2
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20. Determine the intervals where f (z) = z# — 423 + 10 is increasing.
Answer: [3,0]
Difficulty: 2  Section: 2

21. Determine the intervals where f (z) = 2I+ ] is increasing.
z
Answer: [-1,1]
Difficulty: 2  Section: 2

22. Determine the intervals where f (z) = (:1:3 — 622 + 9z + 6) is increasing.

(= A

Answer: (—o00,1],[3, 00)

Difficulty: 2  Section: 2

. . 8z . .
23. Determine the intervals where f (z) = xz—x' is decreasing.

+4
Answer: (—o0, -2, (2, 00)

Difficulty: 2  Section: 2

24. Determine the intervals where f (z) = 3 — 3z% + 2 is decreasing.
Answer: [0,2]
Difficulty: 1  Section: 2

25. Determine the intervals where f (z) = 423 — z* is increasing.
Answer: (—o0, 3]

Difficulty: 2  Section: 2

26. Determine the intervals where f (z) = 3 — 6z2 + 9z + 3 is increasing.
Answer: (—o00,1],[3,00)

Difficulty: 2  Section: 2

27. Determine the intervals where f (z) = 22 — 4z + 5 is decreasing.

Answer: (—oc,2]
Difficulty: 1  Section: 2

28. Determine the intervals where f (z) = %1:3 - %12 — 6z — 4 is decreasing.

Answer: [-2,3]
Difficulty: 2  Section: 2
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1 1 . .
29. Determine the intervals where f (z) = 51:3 + §m2 — 6z + 8 is decreasing.

Answer: [-3,2]
Difficulty: 2  Section: 2

30. Determine the intervals where f (z) = z? — 7z + 12 is increasing.

Answer: [%, oo)

Difficulty: 1  Section: 2

31. Let f(z) = z® — 3z + 2. Determine the intervals where f (z) is concave up, intervals where
f (z) is concave down, and find all points of inflection.

Answer:
concave up: (1,00)
concave down: (—00,1)
points of inflection: (1,0)

Difficulty: 1  Section: 2

32. Let f(z) = 3 — 12z. Determine the intervals where f (z) is concave up, intervals where f (z)
is concave down, and find all points of inflection.

Answer:
concave up: (0,00)
concave down: (—o00,0)
points of inflection: (0, 0)

Difficulty: 1  Section: 2

2
33. Let f(z) =z -3+ =1 Determine the intervals where f (z) is concave up, intervals where
f (z) is concave down, and find all points of inflection.

Answer:
concave up: (—1,00)
concave down: (—oo, —1)
points of inflection: none

Difficulty: 2  Section: 2

34. Let f(z) = =
concave down, and find all points of inflection.

I . . - . .
1Determlne the intervals where f () is concave up, intervals where f(z) is

Answer:
concave up: (—v/3,0), (v/3,00)
concave down: (—00, -V3), (0, V3)
points of inflection: (—\/5, —v/3/4), (0,0), (V3, V3/4)

Difficulty: 2  Section: 2
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35. Let f(z) = 473 — z%. Determine the intervals where f (z) is concave up, intervals where f (z)
is concave down, and find all points of inflection.

Answer: concave up: (0,2)
concave down: (—oc,0), (2, 00)
points of inflection: (0,0), (2,16)
Difficulty: 1  Section: 2

3
x
36. Let f(z) = L Determine the intervals where f (z) is concave up, intervals where f ()

is concave down, and find all points of inflection.

Answer: concave up: (—2,0), (2, o0)
concave down: (—oc, —2),(0,2)
points of inflection: (0,0), (-2,1/8)
Difficulty: 2  Section: 2
37. Let f(z) = %za — %zz — 6z — 4. Determine the intervals where f (z) is concave up, intervals
where f (z) is concave down, and find all points of inflection.

Answer: concave up: (3,00)
concave down: (oo, 3)
. . . 1 85
points of inflection: 2 12
Difficulty: 2  Section: 2

38. Let f (z) = é (z® — 622 + 9z + 6) . Determine the intervals where f (z) is concave up, intervals

where f (z) is concave down, and find all points of inflection.

Answer: concave up: (2,00)
concave down: (—oc,2)
points of inflection: (2,5/6)

Difficulty: 2 Section: 2

39. Let f (z) = z3 — 622+ 92+ 3. Determine the intervals where f (z) is increasing, intervals where

f (z) is decreasing, intervals where f (z) is concave up, intervals where f (z) is concave down,
and find all points of inflection.

Answer: increasing: (00, 1], [3,00)
decreasing: [1, 3]
concave up: (2,00)
concave down: (—oc,2)
points of inflection: (2,5)

Difficulty: 2 Section: 2
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40. Let f(z) = =2 — 322 + 1. Determine the intervals where f (z) is increasing, intervals where

f () is decreasing, intervals where f (z) is concave up, intervals where f (z) is concave down,
and find all points of inflection.

Answer:
increasing: (—oc, 0], [2,00)
decreasing: [0. 2]
concave up: (1,00)
concave down: (—oc, 1)
points of inflection: (1, -1)

Difficulty: 2 Section: 2

41. Let f(z) = z* — 423 + 10. Determine the intervals where f (z) is increasing, intervals where
f (z) is decreasing,intervals where f () is concave up, intervals where f () is concave down,
and find all points of inflection.

Answer:
increasing: [3,c0)
decreasing: (—o0, 3]
concave up: (—o0,0),(2,00)
concave down: (0, 2)
points of inflection: (0,10}, (2, —6)

Difficulty: 2 Section: 2

z . - N
42, Let f(z) = =l Determine the intervals where f (z) is increasing, intervals where f (z) is

decreasing, intervals where f (z) is concave up, intervals where f (z) is concave down, and find

all points of inflection.

Answer:
increasing: [—2,2]
decreasing: (—o0, —2],{2,00)
concave up: (—2v/3,0), (2v/3, )
concave down: (—o0, —2V/3), (0,2v3)
points of inflection: (—2\/§, -Vv3), (0,0), (2v3,V3)

Difficulty: 2  Section: 2

43. Find all points which give a local maximum and all points which give a local minimum value
for the function f (z) = z3 — 62% + 9z + 3.

Answer:
local maximum: at z =1
local minimum: at £ = 3

Difficulty: 2  Section: 3
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44. Find all points which give a local maximum and all points which give a local minimum value
for the function f (z) = 2% — 32 + 2.
Answer:
local maximum: at z =0
local minimum: at z = 2

Difficulty: 1  Section: 3

45. Find all points which give a local maximum and all points which give a local minimum value
for the function f (z) = z* — 4% + 10.

Answer:
local maximum: none
local minimum: at z =3

Difficulty: 2 Section: 3

46. Find all points which give a local maximum and all points which give a local minimum value
for the function f (r) = 3 — 12z.

Answer:
local maximum: at r = -2
local minimum: at z = 2

Difficulty: 2 Section: 3

47. Find all points which give a local maximum and all points which give a local minimum value

. 2
for the function f(z) =z -3+ 711

Answer:
local maximum: at £ = -1 — V2
local minimum: at z = -1+ V2

Difficulty: 2  Section: 3

48. Find all points which givesa local maximum and all points which give a local minimum value
T

T2 4+ 4

for the function f (z) =

Answer:
local maximum: at z = 2
local minimum: at z = —2

Difficulty: 2  Section: 3

49. Find all points which give a local maximum and all points which give a local minimum value
for the function f (z) = 2% — 322 + 1.

Answer:
local maximum: at x =0
local minimum: at z = 2.

Difficulty: 1  Section: 3
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50. Find all points which give a local maximum and all points which give a local minimum value

for the function f(z) =

1+ x2
Answer:
local maximum: at £ =0
local minimum: none

Difficulty: 2  Section: 3

51. Find all points which give a local maximum and all points which give a local minimum value
for the function f(z) =

1+z2
Answer:
local maximum: atz =1
local minimum: at r = -1

Difficulty: 2  Section: 3

52. Find all points which gi'ire a local maximum and all points which give a local minimum value
for the function f (z) = 5 (z® — 622 + 9z +6) .

Answer:
local maximum: at z =1
local minimum: at z = 3

Difficulty: 2  Section: 3

53. Find all points which give a local maximum and all points which give a local minimum value
for the function f (z) = 4z% — 4.

Answer:
local maximum: at z = 3
local minimum: none

Difficulty: 2  Section: 3

54. Find all points which give aalocal maximum and all points which give a local minimum value
for the function f(z) = $—2
(z-2)
Answer:
local maximum: none

local minimum: none
Difficulty: 2  Section: 3

55. Find all points which give a local maximum and all points which give a local minimum value

1 1
for the function f(z) = 313 - 5:1:2 — 6z — 4.

Answer:
local maximum: at r = -2
local minimum: at z = 3

Difficulty: 2  Section: 3
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56. An open box is formed from a square sheet of cardboard by cutting equal squares from each
corner and folding up the edges. If the dimensions of the cardboard are 18 cm by 18 cm, what
should be the dimensions of the box so as to maximize the volume, and what is the maximum
volume?

Answer: 3 cm by 12 cm by 12 cm. The maximum volume is 432 em?.

Difficulty: 2  Section: 4

57. An open box is formed from a rectangular sheet of cardboard by cutting equal squares from
each corner and folding up the edges. If the dimensions of the cardboard are 15 in by 24 in,
what size squares should be cut to obtain a box of maximum volume?

Answer: 3 in by 3 in

Difficulty: 2  Section: 4

58. A box is made with a square bottom and open top to hold a volume of 8 ft*. The material for
the sides costs $4 per square foot and the material for the bottom costs $1 per square foot.
What dimensions will minimize the cost of the box?

Answer: Bottom 4 ft by 4 ft and height 0.5 ft
Difficulty: 2  Section: 4

59. A car rental agency has 24 identical cars. The owner of the agency finds that at the price of
$10 per day, all the cars can be rented. However, for each $1 increase in rental price, one of
the cars is not rented. How much should be charged to maximize the income of the agency?

Answer: $17
Difficulty: 2  Section: 4

60. Suppose a rectangle has its lower base on the z-axis and upper vertices on the graph of the
function y = 8 — z2. Find the area of the largest such rectangle.

6416
9
Difficulty: 2  Section: 4

Answer:

61. A right triangle of hypotenuse 10 units is rotated about one of its legs to generate a right
circular cone. What is the greatest possible volume of the cone?

2000w
Answer: =~ 403 units’
9v3

Difficulty: 2  Section: 4

62. Find the base radius r and the height h of the right circular cone of maximum volume which
will fit inside a sphere of radius 3 units.

Answer: 7 = 22, h =4
Difficulty: 2  Section: 4
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63. A motorist is in a desert in a jeep. The closest point on a straight road is town A and it is
41/2 miles from the motorist. He wishes to reach town B, 10 miles from A on the road, in
the shortest time. If he can drive 15 mi/hr on the desert and 45 mi/hr on the road, where
should he intersect the road?

Answer: 2 mi from A

Difficulty: 2  Section: 4

64. The total cost of producing and selling z units of a certain commodity per month is C (z) =

4z? + 100z + 4000. If the production level is 2000 units per month, find the average cost.
C (z)

T
Answer: $8102, $16100

, of each unit and the marginal cost.

Difficulty: 1  Section: 5

65. The total cost of producing z units is given by C (z) = 3000 — 20z +0.03z>. If the total revenue
is R(z) = 50z — 0.01z2, find the marginal profit when z = 100 units.

Answer: $62
Difficulty: 1  Section: 5

66. A manufacturer has total cost C (z) = 2000+ 196z +3z2 and total revenue is R (z) = 500z — 22
when z units are manufactured per week. What is the marginal profit when z = 10? How many
units should be manufactured for maximum profit? What is the maximum profit?

Answer: $224/unit, 38, $3776
Difficulty: 2  Section: 5

67. If z is the number of items produced in one week, the selling price per item is $ (100 — 0.02z) .
The total cost for = items per week is § (40z + 15000) . How many items should be produced
and sold per week for maximum profit? What is the maximum profit?

Answer: 1500, $30000
Difficulty: 2  Section: 5

68. A shopping club charges its members $200 per year. However, for each new member in excess
of 60, the charge for every member is reduced by $2. What number of members leads to a
maximum revenue? What is the maximum revenue?

Answer: 80, 812800
Difficulty: 2  Section: 5
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69. Sketch the graph of the function f (z) = 2% — 3z% + 2.

Answer:

3

4

(0.2)

Difficulty: 1  Section: 6

70. Sketch the graph of the function f (z) = 23 — 6z% + 9z + 3.

Difficulty: 1  Section: 6

8z
71. Sketch th h of the functi = .
etch the graph of the function f (z) =
Answer:
dn-‘~ (2.2)
3 / (2V3.43)
2 _~
w.oy\l/\‘
.w 2 4 6 8 ¢
2
(—:Jiaﬁ)// _3
-4

-2.2)

Difficulty: 2  Section: 6
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72. Sketch the graph of the function f(z) = (_:1:_——2_)2

[
| \
4
=211 I
2 |
- - - - — e - = — = -
— 1
-4 -2 '
-2 \
10.0) |

Difficulty: 2  Section: 6

Answer:

73. Sketch the graph of the function f (z) = 423 — z*.

Answer:
'S 3.1
3o 18 -
20
10
0.0
N\,
] 2 2 6 x
10
20
30

Difficulty: 2  Section: 6

74. Sketch the graph of the function f (z) = £2/3. Label the important features.

Answer:

{0,0) ¢« a singular poim

Difficulty: 2 Section: 6

75. Sketch the graph of the function f(z) = (z — 2)1/ 3. Label the important features.

Answer:

: /

-8 -6 -4 -2 4 6 8 «x
__)-2}\(2.0) is a point
-3 of inflection

Difficulty: 2  Section: 6
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76. Sketch the graph of the function f (z) = z? — % Label the important features.

Answer:

o

-4 2/ \ \2 4 i

Paoimt of inflection (~1.0) Poirnof inflection (1.0}

Difficulty: 2 Section: 6

77. Sketch the graph of the function f(z) = (1 + :115)‘l . Label the important features.

Answer:
R Inflection points;
(0. 1y and (§273.3¢5)

Difficulty: 3  Section: 6

78. Sketch the graph of the function f (z) =z (1 — 1:)2/ % Label the important features.

Answer:

v
| Relaive maximum
G.$2m7%)

Inflection point
QR W3y

/1 2 3w
Relative minimum
-2]¢0;

Difficulty: 3  Section: 6
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79. Sketch the graph of the function f (z) = 3r%/3 — 5z. Label the important features.

Answer:

Relative maximum & °

-1.2
(-1.2) 3

T~ Inflection point
Az/
-3 g2 -1 1 3

Relative minimum
.-2)

Difficulty: 2  Section: 6

80. Let f(z) = z3 on the interval [0, 6] . Find all numbers ¢. 0 < ¢ < 6, which satisfy the conclusion
of the Mean Value Theorem.

Answer: ¢ = 2v/3
Difficulty: 1  Section: 7

81. Let f(z) = v2 — z2 on the interval [—\/5, O] . Find all humbers ¢, —vV2 < ¢ < 0, which satisfy
the conclusion of the Mean Value Theorem.

Answer: ¢ = -1

Difficulty: 2  Section: 7

82. Let f(z) = V2z — 22 on the interval [0,2]. Find all numbers ¢, 0 < ¢ < 2, which satisfy the
conclusion of the Mean Value Theorem.

Answer: c=1

Difficulty: 2  Section: 7
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5 The Integral

1. Find / 222 dr.

Answer: §x3 +C

Difficulty: 1  Section: 1

2. Find / (—3z7%) dz.

Answer: z734+C
Difficulty: 1  Section: 1

2
3. Find/m :zxdx

1
Answer: 5:1:2 +2r+C
Difficulty: 1  Section: 1

) 1

4. Find /—\/——de
Answer: 2\/T+C
Difficulty: 1  Section: 1

5. Find / (5z* + 3) dz.

Answer: z° +3z+C
Difficulty: 1  Section: 1

6. Find / (ﬁ-%) dz.
I

1 1
Answer: —23 + = +C
3 z

Difficulty: 1  Section: 1

7. Find / (7:;4 — g2 3) dz.

2
Answer: gms - —?;:1:3/ 2_3z+C

Difficulty: 1  Section: 1
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8. Find /(9 - y) dy.

1
Answer: 9y — §y2 +C
Difficulty: 1  Section: 1

1\2
9. Find / (x— —) dz.
T

1
Answer: §:r3 -2z -z7'+C
Difficulty: 2 Section: 1

10. Find / (&2 -1)% at.

1 2
Answer: 3t5 - §t3+t+C

Difficulty: 1  Section: 1

11. Find /(sinu +cosu — u) du.

1
Answer: — cosu + sinu — -2-u2 +C

Difficulty: 2 Section: 1

sin2z +C.

12. Prove that /sin2 Tdzr = %

(VIR

Answer:
Show that the derivative of the right side of the equation is equal to sin?z. A trigonometric

identity will be needed.
Difficulty: 3  Section: 1

sin3

3

z

+C.

13. Prove that /c053 rzdz =sinr —

Answer:
Show that the derivative of the right side of the equation is equal to cos® z. A trigonometric
identity will be needed.

Difficulty: 3  Section: 1

1

14. Prove that /u (.‘Zu2 + 3)3 du=—

@2 +3)+C

Answer:
Show that the derivative of the right side of the equation is u (2u2 + 3)

Difficulty: 2 Section: 1

3
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15. Find /(m3+2)6:c2 dz.

Answer: 2—11 (:t:3 + 2)7 +C

Difficulty: 2  Section: 1

16. Find / (z3 + l)2 dz.

1 2
Answer: 525 +=23424+C

3

Difficulty: 2  Section: 1

17. Find /x2 (2$3 + 1)7 dz.

. i 3 8
Answer: 5 (2z +1)°+C

Difficulty: 2  Section: 1

18. Find / 2z (4 - 7287 dz.

i _ =2\ 6
Answer: o (4-72%)" +C

Difficulty: 2  Section: 1

19. Find / S
(3z+2)

Answer:

1

“3pe+ TC

Difficulty: 2  Section: 1

1
20. Find | —— dxz.
" / VLR
Answer: 323-\/3z +24C
Difficulty: 2  Section: 1

21. Find /i— dy.
V25 — 42
Answer: /25 —4y*+C

Difficulty: 2  Section: 1

906
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22. Find/x‘ 1-z2dz.

Answer: —g (1- .'1:2)5/4 +C
Difficulty: 2  Section: 1

23. Find/\/S—x dr.

Answer: —-23- (5- 2?4+ C
Difficulty: 2  Section: 1

24. Find /zcos (2:1:2 - 1) dz.

1
Answer: 1 sin (2:1:2 - 1) +C
Difficulty: 2 Section: 1

25. Find /x3 sin (42* — ) dz.

Answer: _1_16 cos (4z —7) + C

Difficulty: 2  Section: 1

26. Find the solution to the differential equation Z—i = 2r + 322 satisfying y = 5 when z = 1.
Answer: y =22 + 1%+ 3
Difficulty: 1  Section: 2

27. Find the solution to the differential equation % = 524 +3z% — 1 satisfying y = —~7 when z = 1.
Answer: y=2° + 1% -z - 8.
Difficulty: 1  Section: 2

28. Find the solution to the differential equation % = (z — 2)(z + 3) satisi- ;g y = —5 when

z=0.

13,1,
Answer: y=§:1: +§:r —6z—-5
Difficulty: 2  Section: 2

29. Find the solution to the differential equation 2_y = /P satisfying y = 0 when p = 4.
D
16

2
Answer: y = §p3/2 -3

Difficulty: 2  Section: 2
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. . . . . d
30. Find the solution to the differential equation @ _ ty? satisfying y =7 at t = 1.

dt
A y= 2
nswer: y = -7 +9
Difficulty: 2  Section: 2
. . . . . dy 4z .
31. Find the solution to the differential equation 1= ? satisfying y =4 at z = 1.
Answer: y = 2vz? + 3
Difficulty: 2 Section: 2
32. Find the solution to the differential equation % = (t2 - 7) s? satisfying s = é at t = 2.
1
Answer: s = m

Difficulty: 2  Section: 2

d
33. Find the solution to the differential equation ﬁ = y? satisfying y =1 at z = 0.

1
-1
Difficulty: 2  Section: 2

Answer; y = —

11
34. Find ¢g(t) if ¢’ (¢) = cost and g (%) =3

Answer: sint + 5
Difficulty: 2  Section: 2

35. Find f () if f' (z) = 2z — % and f(2) = 4.

Answer: 22+ - — =
z 2

Difficulty: 2  Section: 2

36. A particle is moving along a line with velocity v (t) = 3t? + t. Find the position function s (t)
if s(0) = 6.
1
Answer: t3 + §t2 +6
Difficulty: 1  Section: 2

37. A particle is moving along a line with velocity v (t) = v/t — 5. Find the position function s (t)
if s(0) = -T7.

Answer: %ta/ 2_5t—-7

Difficulty: 1  Section: 2
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38. A particle is moving along a line with acceleration a (t) = 3t2 — 5 feet/sec?. Find the velocity
and position functions if v (0) = —5 and s (0) = 0.
1 .
Answer: v (t) =3 — 5t — 5 ft/sec and s (t) = Zt4 - %tz — 5t ft.

Difficulty: 2  Section: 2

1
39. A particle is moving along a line with acceleration a (t) = B t feet/sec®. Find the velocity
and position functions if v (1) =0 and s5(1) = 0.
) 1 1, 1 14 4
Answer: v (t) = 53 §t +1 ft/sec and s(t) = % Et +t- 3 ft.
Difficulty: 2  Section: 2

40. A ball is thrown straight downward from a height of 30 meters, with an initial velocity of 3
meters per second. When will the ball strike the ground?

~ =3+ V597
' 9.8
Difficulty: 2  Section: 2

Answer =~ 2.187 seconds after it is thrown

41. A ball is thrown straight downward from a height of 40 meters, with an initial velocity of 2
meters per second. When will the ball strike the ground? '

-2+ V788
9.8
Difficulty: 2  Section: 2

Answer: ~ 2.66 seconds after it is thrown

42. A bullet is shot straight upward from a point 5 feet above the ground. The muzzle velocity is
300 feet per second. At what time will the bullet reach its maximum height?

Answer: %5 = 9.375 seconds after firing.
Difficulty: 2  Section: 2

43. A bullet is shot straight upward from a point 5 feet above the ground. The muzzle velocity is
300 feet per second. What is the maximum height of the bullet?

Answer: 5645

= 1411.25 feet above the ground
Difficulty: 2 Section: 2

44. A bullet is shot straight upward from a point 5 feet above the ground. The muzzle velocity is
300 feet per second. At what time does the bullet strike the ground?

300 + /90320
' 32

Answer =~ 18.77 seconds after firing.

Difficulty: 2  Section: 2
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45. A bullet is shot straight upward from ground level with a muzzle velocity of 256 feet per second.

At what time will the bullet impact the ground?

Answer: 16 seconds after firing

Difficulty: 2  Section: 2

6
46. Compute the sum ) (3k - 2).
k=1

Answer: 51

Difficulty: 1  Section: 3

6
47. Compute the sum Y (3k —10).
k=0

Answer: —7

Difficulty: 1  Section: 3

5

48. Compute the sum Y 4%
t=1

Answer: 1364
Difficulty: 1  Section: 3

7
49. Compute the sum Y (2 - t).
=2

Answer: 112
Difficulty: 1  Section: 3

6 .
50. Compute the sum 3 (—1)7*! 2,
=

Answer: —21

Difficulty: 1  Section: 3

2 /54 9\2
51. Compute the sum (i
i=o\t+1

289
A P —.
nswer: —

Difficulty: 1  Section: 3
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N 4 /t-1t?
. t .
52. Compute t esumtgo(l_*_t)

137
Answer: —30—

Difficulty: 1  Section: 3

53. Compute the sum 3 <——) .
q=1 q
1789
Answer: EO—

Difficulty: 1  Section: 3

3 /i 2
j—1
54. Compute the sum (——) .
jgb j+1

9
Answer: %

Difficulty: 1  Section: 3

55. Write the sum 9+ 7+ 5+ 3+ 1 — 1 — 3 in sigma notation.

7
Answer: Y, (11 — 2i)

i=1

Difficulty: 2 Section: 3

56. Write the sum 81 — 27+ 9 — 3 + 1 in sigma notation.

4
Answer: 3 (—1)F34*
k=0

Difficulty: 2  Section: 3

57. Write the sum —12 — 22 — 32 — 42 — 52 — 62 in sigma notation.

Answer: mZi:l (-m?)

Difficulty: 2 Section: 3

50 2
58. Find the value of 5 [(k+ 1)% - k?] :
k=1

Answer: 2600
Difficulty: 2 Section: 3

n
59. Evaluate the sum Y (6k% +3).
k=1

Answer: 2n® + 3n2 + 4n
Difficulty: 2 Section: 3
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n
60. Evaluate the sum Y (352 —2j+1).
=1

Answer: % (2n3 + n? +n)

Difficulty: 2 Section: 3

n
61. Evaluate the sum 3 (t? — 2t).
t=1

Answer: é (2n3 — 3n? - 5n)
Difficulty: 2  Section: 3

n
62. Evaluate the sum ) (2k — 3).
k=2

Answer: n2 —2n +1
Difficulty: 2  Section: 3

63. Find the area under the curve y = 4z — 3 over the interval [1, 4] . To do this, divide the interval
into n equal subintervals, calculate the area of the corresponding circumscribed polygon and
then let n — oc.

Answer: 21 square units

Difficulty: 1  Section: 4

64. Find the area under the curve y = 2z + 5 over the interval [1, 5]. To do this, divide the interval
into n equal subintervals, calculate the area of the corresponding inscribed polygon and then
let n — oo.

Answer: 44 square units

Difficulty: 1  Section: 4

65. Find the area under the curve y = 22 + 2 over the interval [0, 3] . To do this, divide the interval
into n equal subintervals, calculate the area of the corresponding inscribed polygon and then
let n — oco.

Answer: 15 square units

Difficulty: 1  Section: 4

66. Find the area under the curve y = z3 over the interval [0,2]. To do this, divide the interval
into n equal subintervals, calculate the area of the corresponding circumscribed polygon and
then let n — oc.

Answer: 4 square units

Difficulty: 1  Section: 4
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67. Find the area under the curve y = 3 + 23 over the interval [0,2]. To do this, divide the interval
into n equal subintervals, calculate the area of the corresponding circumscribed polygon and

then let n — oo.
Answer: 10 square units

Difficulty: 2  Section: 4

3
68. Use geometry to calculate / (2z + 3) dz.
1

Answer: 14
Difficulty: 1  Section: 5

2
69. Use geometry to calculate / (2z — 1) dz.
1

Answer: 2
Difficulty: 1  Section: 5

2

70. Use geometry to calculate / (2 + 4rx) dz.
-1

Answer: 12

Difficulty: 1  Section: 5

2 .
71. Evaluate / (3 — ) dz using the definition of the definite integral.
1

3
A P =
nswer 5

Difficulty: 2  Section: 5

3
72. Evaluate / (z2 + 6) dz using the definition of the definite integral.

2

Answer: —

3
Difficulty: 2 Section: 5

3
73. Evaluate / (z® + 2) dz using the definition of the definite integral.
0

Answer: 15

Difficulty: 2  Section: 5
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3
74. Evaluate/ (cos? 2z + V) dz.
3

Answer: 0
Difficulty: 1  Section: 5

1
75. Evaluate/ zdz.
4

15
A o=
nswer: ——

Difficulty: 1  Section: 5

76. If/_lf(:r)da:=4and/01f(x)d$=2,ﬁnd/_02f(:c)d:c.

Answer: 2
Difficulty: 1  Section: 5

T
77. Find D, [/ sin (5w) dw] .
0

Answer: sin 5z

Difficulty: 1  Section: 6

78. Find D, [ / (2z - 5)° dx] .
-1

Answer: (2z — 5)°

Difficulty: 1  Section: 6

0
79. Find D, [ / (2p® - 7) dp] :
I
Answer: 7 — 2p°
Difficulty: 1  Section: 6
Cod [ [ .
80. Find — (cos 5z — 3z°) dz|.
dy [Jy
Answer: 3y® — cos 5y
Difficulty: 1  Section: 6

., d z
81. Find E [/;

Answer: 3z2 cos (3z3%)
Difficulty: 2  Section: 6

3

cos (3w) dw] .
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. d sinz 2
82. Find — [ /0 (2t° +t) dt] :

Answer: (2sin®z + sin T) - cosz

Difficulty: 2  Section: 6

F'dd 3y1 3t%) d
83. Fin d—y[/_ (—t)t].

1
Answer: 3 (1 - 27y%)
Difficulty: 2 Section: 6

2 0 2
84. If/ f(:r)dx=3and/ f(a:)d:r=—3,ﬁnd/ f(z) dz.
0 -3 -3
Answer: 0
Difficulty: 1  Section: 7

2
85. Use the Second Fundamental Theorem of Calculus to evaluate / (2t — 1) dt.
1

Answer: 2

Difficulty: 1  Section: 7

2
86. Use the Second Fundamental Theorem of Calculus to evaluate / (3 —z) dz.
1

3
A : =
nswer 5

Difficulty: 1  Section: 7

4
87. Use the Second Fundamental Theorem of Calculus to evaluate / rz dzx.
1

15
Answer: _21_r

Difficulty: 1  Section: 7

-1
88. Evaluate / 473 dz.
3

Answer: —80

Difficulty: 1  Section: 7
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2
89. Use the Second Fundamental Theorem of Calculus to evaluate / (2 + 4t) dt.
-1

Answer: 12
Difficulty: 1  Section: 7

9
90. Use the Second Fundamental Theorem of Calculus to evaluate / Vzdz.
1

52
A i
nswer 3
Difficulty: 1  Section: 7
3 4
91. Use the Second Fundamental Theorem of Calculus to evaluate = dr.
2
5
Answer: '

Difficulty: 1  Section: 7

2.3
92. Use the Second Fundamental Theorem of Calculus to evaluate / z -; 1 dr.
1 T

Answer: 2
Difficulty: 2  Section: 7

2

93. Use the Second Fundamental Theorem of Calculus to evaluate / (4 - 1:2) dz.
-2
32
Answer: )

Difficulty: 2 Section: 7

1

94. Use the Second Fundamental Theorem of Calculus to evaluate / (:r:2 - 3z) dz.
-1

Answer: 3
Difficulty: 2 Section: 7

3

95. Use the Second Fundamental Theorem of Calculus to evaluate / (62:2 — 1) dz.
-1

Answer: 52
Difficulty: 2 Section: 7

3
96. Use the Second Fundamental Theorem of Calculus to evaluate / (:52 + 6) dz.
2

7
Answer: —

3
Difficulty: 2  Section: 7
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1

97. Use the Second Fundamental Theorem of Calculus to evaluate / (:c? - 1)2 dz.
-1
16
Answer: T

Difficulty: 2 Section: 7

1
98. Use the Second Fundamental Theorem of Calculus to evaluate / (22 + 1)2 dz.
0

Answer: 2—?
15

Difficulty: 2  Section: 7

2

99. Use the Second Fundamental Theorem of Calculus to evaluate / (w +2- wz) dw.
-1

9
Answer: 2

Difficulty: 2 Section: 7
= /6
100. Use the Second Fundamental Theorem of Calculus to evaluate / cos 2z dzx.
0

A : —
nswer 1

Difficulty: 2  Section: 7

2
101. Evaluate/ 2v2 — z dz.
1

4
A : =
nswer 3

Difficulty: 2  Section: 7

2
102. Evaluate / z%y/z3 + 1dz.
0

52
A P —
nswer 9

Difficulty: 2 Section: 8

3
103. Eva.luate/ V1?2 — 4dzx.
2

Answer: —5—\3/-—5

Difficulty: 2  Section: 8
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2
104. Evaluate/ /13 + 1dz.
0

52
A P
nswer 5

Difficulty: 2 Section: 8

5
105. Find / <1 - 3) L az.
T z

1 3\°
Answer: 8 (1 - 5) +C

Difficulty: 2  Section: 8

106. Find /%dz
(7z - 2)

5
Answer: —m +C

Difficulty: 1  Section: 8

T
107. Find | ——=dx.
/ Y1+ 22
Answer: % (1+ :1:2)2/3 +C
Difficulty: 2  Section: 8

I
108. Find —_—dx.
/ V1 - z2
Answer: —g (1 - z2)4/5 +C

Difficulty: 2  Section: 8

109. Find /—1—2d:c.
vz (1+7)
+C

2
A ;-
nswer T 7z

Difficulty: 2  Section: 8

110. Find /—-—ladx
(22 — 4z + 3)

Answer: — ! s+ C
4(z? -4z + 3)

Difficulty: 2  Section: 8
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111. Find/(3x+2) 322 + 4z + 9dz.

Answer: -:1; (3z%2 + 4z + 9)3/2 +C
Difficulty: 2  Section: 8

/ V1 —z-1

112. Find

Answer: % (1 - $_1)5/4 +C
Difficulty: 2 Section: 8

113. Find / cos? zsin z dz.

1
Answer: -3 coslz+C

Difficulty: 2  Section: 8
114. Find / 3t [sec? (2t%)] dt.

Answer: % tan (2t2) +C
Difficulty: 2  Section: 8

115. Find /sec3:z:tan3$dm.

Answer: % sec3z+C

Difficulty: 2  Section: 8

116. Find / [sec2 2z + T sec (:1:2) tan (2:2)] dr.

Answer: % [tan 2z +sec(z2)] + C
Difficulty: 2  Section: 8

. 1 2 31
117. Find /Esec (2 ) dz.

1 3z
Answer: 3 tan (?) +C

Difficulty: 2  Section: 8

COsST

Vsinz
Answer: 2vsinz +C
Difficulty: 2  Section: 8

118. Find dz.
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1-sinz
Difficulty: 2  Section: 8

120. Find /cos2 2z sin 2z dz.

1
Answer: -3 cos® 2z + C

Difficulty: 2  Section: 8

121. Find / 2L dz.
cos' T

2
Answer: 3 tan3/2z + C

Difficulty: 2  Section: 8

122. Fi d/COS3‘/_

Answer: § sin3/z +C

Difficulty: 2  Section: 8

1
123. Find /sin2 c dr given that sin’z = 2 (1 —cos2z).

1 1
Answer: 517 -3 sin2z +C

Difficulty: 2 Section: 8

124. Let f (z) = cos2z. Find an antiderivative whose graph passes through (%, 1) .

4-3
4
Difficulty: 1  Section: 8

1
Answer: 3 sin2r +

125. Let f(z) = cos3z — sin3z. Find an antiderivative whose graph passes through (ﬂ', g) .

1
Answer: 3 (sin3z + cos3z) + 2

Difficulty: 1  Section: 8
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126. Let f(z) = sec? —;E Find an antiderivative whose graph passes through (%O) .

Answer: 2tan g -2
Difficulty: 1  Section: 8
127. Let f(z) = 22/4+ 5z3. Find an antiderivative whose graph passes through (0,1).
2 32 29
: — (4 3 —
Answer: — (4+523)"" + e
Difficulty: 2  Section: 8

128. Let f (z) = (cosz) V4 + 3sinz. Find an antiderivative whose graph passes through <% %) .

Answer: —123 (4 +5sin z)¥/?
Difficulty: 2 Section: 8
129. Let f (z) = z3v/1 — z2. Find an antiderivative whose graph passes through (0,5).
3 4
Answer: -3 (1 - :1:2)4/3 + 33
Difficulty: 2  Section: 8
130. A particle is moving along a line with acceleration a (t) = (2t + 1)6 . Find the velocity function
if v(0) =0.
Answer: ! 2t +1)" - L
" 14

14
Difficulty: 2  Section: 8

131. A particle is moving along a line with velocity v (t) = ¢ cos (t2) . Find the position function
if s(y/m) = 7.
1
Answer: 3 sin (%) + 7

Difficulty: 2  Section: 8

132. A particle is moving along a line with velocity v (t) = sin 2¢+cos 2t. Find the position function
s
t) if (-) =2.
s(t)ifs 1
1 . 3
Answer: 2 (sin2t — cos2t) + —

2
Difficulty: 2  Section: 8

4/3 g9
133. Eva.luate/ \/1 + Zxd:c.
0
56

A T : —
nswer 27

Difficulty: 1  Section: 8
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1
134. Evaluate / z%2v/4 + 523 dz.
0

3
Answer: E

Difficulty: 1  Section: 8

2
135. Evaluate/ ——1——5d:1:
0o (3z+2)
1
Answer: g

Difficulty: 2 Section: 8

z

dr.
V2 -15 *

8
136. Evaluate /
4

Answer: 6

Difficulty: 2 Section: 8

2
4y
137. Evaluate/ —dy.
0 25— 4y? v
Answer: 2

Difficulty: 2 Section: 8

1
138. Evaluate / 182/ 32 + 1dz.
0

Answer: 14

Difficulty: 2 Section: 8

V2/4 ¢
—_—dt.
0 V1 - 412

1 V2
Answer: 1 <1 — 7)

Difficulty: 2 Section: 8

139. Evaluate

8
3t
140. Evaluate/ —_—— .
4 \/t§ -15

Answer: 18

Difficulty: 2 Section: 8
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1
141. Evaluate / (3z+2) (3z° + 4z +9) 12 4.
0

Answer: %7

Difficulty: 2  Section: 8

/9
142. Evaluate f sin 3w dw.
x/18

V3-1

Answer:

Difficulty: 1  Section: 8

/2
143. Evaluate / cos (6p) dp.
0

Answer: 0
Difficulty: 1  Section: 8

/2 T
144. Evaluate / sec? 5 dr.
()}

Answer: 2

Difficulty: 1  Section: 8

/2
145. Evaluate / cos? z sin z dz.
n/6

Answer: \/?ﬁ

Difficulty: 1 Section: 8

/4
146. Evaluate / cos? 2z sin 2z dx.
0

1
Answer: g
Difficulty: 1  Section: 8

T
147. Evaluate/ sin3 8 cos 8 d6.
n/2
Answer: L
T4

Difficulty: 1  Section: 8
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x/3

148. Evaluate / (1 + cost)sintdt.

n/4
Answer: % (4\/5 - 3)
Difficulty: 1  Section: 8

cosT

/2
149, Evaluate / —7
o (2-—sinT) /

Answer: g (\3/3 - 1)
Difficulty: 2 Section: 8
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6 Applications of the Integral

1. Find the area of the region bounded by the z-axis, the graph of f (z) =2, z = 0. and z = 1.

1
Answer: —

3
Difficulty: 1  Section: 1

2. Find the area of the region bounded by the z-axis, the graph of f (r) = 4r — 3. z = 1. and
z=9.

Answer: 21

Difficulty: 1  Section: 1

3. Find the area of the region bounded by the z-axis, the graph of f(z) = 23+ 3, 2 =0, and
=2

Answer: 10
Difficulty: 1  Section: 1

4. Find the area of the region bounded by the z-axis, the graph of f (z) =22 — 4z +5, z = 1, and
=3

8
Answer: —
wer 3

Difficulty: 1  Section: 1

. Find the area of the region bounded by the r-axis, the graph of f (z) = —z2+z+ 1,z = 0, and
z=3.
7
A —
nswer: o
Difficulty: 1  Section: 1

6. Find the area of the region bounded by the z-axis, the graph of f (z) =sinz, z =0, and z = =.
Answer: 2

Difficulty: 1  Section: 1

7. Find the area between the curves y = z2 and y = 2z°% — 4.

2
Answer: -3—

Difficulty: 1  Section: 1

8. Find the area between the curves y = r° and y = 2 — 1°.

8
Answer: 3

Difficulty: 1  Section: 1
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9. Find the area between the curve z = cos? 3y and the y-axis for 0 < y <

1N

T 1
Answer: 3 12

Difficulty: 1  Section: 1
10. Find the area bounded by y = 22 and y = z + 2.

9
Answer: 3

Difficulty: 1  Section: 1
11. Find the area bounded by y = z? and y = 4.

Answer: —
er3

Difficulty: 1  Section: 1
12. Find the area bounded by y = 2 and y = 2z — 22

1
A P -
nswer 3

Difficulty: 1 Section: 1

13. Find the area bounded by y = z° — z and the z-axis.

1
A T =
nswer 5

Difficulty: 1  Section: 1

14. Find the area bounded by y = z3 — 4z and the z-axis.
Answer: 8
Difficulty: 1  Section: 1

15. Find the area bounded by z = y? and = = 2y — 2.

Answer: 1

3
Difficulty: 2 Section: 1

16. Find the area bounded by z = y — ® and the y-axis.

1
A T =
nswer 5

Difficulty: 2  Section: 1
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2
17. Interpret / V4 — r?dz as an area and evaluate the definite integral without finding an
-2 ]
antiderivative.
Answer: The integral gives the area of a semicircle of radius 2 and the value is 27.

Difficulty: 2  Section: 1

3
18. Interpret / V9 — x2dz as an area and evaluate the definite integral without finding an
3

antiderivative.

Answer: The integral gives the area of a semicircle of radius 3 and the value is gw.

Difficulty: 2  Section: 1

2 2
19. Find the area enclosed by the ellipse 2—2 + % =1.

Answer: wab

Difficulty: 3  Section: 1

20. The base of a solid is the region bounded by y = z2 and ¥ = z. A cross section by a plane
perpendicular to the z-axis is a square, one side of which is in the base. Find the volume.

1
Answer: 0

Difficulty: 1  Section: 2

21. The base of a solid is the region bounded by y = 2% and y = 2x. A cross section by a plane
perpendicular to the z-axis is a square, one side of which is in the base. Find the volume.

-

1
Answer: 1—6

Difficulty: 1  Section: 2

22. The base of a solid is the region bounded by y = 2% and y = 3z. A cross section by a plane
perpendicular to the z-axis is a square, one side of which is in the base. Find the volume.

81
Answer: 10

Difficulty: 1  Section: 2

2
23. The base of a solid is the region bounded by the ellipse % + 32 = 1. A cross section by a plane

perpendicular to the z-axis is a circle with diameter in the base. Find the volume.

Answer: 8?”

Difficulty: 1  Section: 2
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2
24. The base of a solid is the region bounded by the ellipse z2 + Y — 1. A cross section by a plane
perpendicular to the z-axis is a circle with diameter in the base. Find the volume.

Answer: IGTW

Difficulty: 1  Section: 2

2 2
25. The base of a solid is the region bounded by the ellipse % + % = 1. A cross section by a

plane perpendicular to the r-axis is a circle with diameter in the base. Find the volume.
Answer: 167

Difficulty: 1  Section: 2

26. The base of a solid is the region bounded by y = z and y = z2. A cross section by a plane
perpendicular to the z-axis is a circle with diameter in the base. Find the volume.

m
Answer: 1—20

Difficulty: 1  Section: 2

27. The base of a solid is the region bounded by y = 2z and y = z2. A cross section by a plane
perpendicular to the z-axis is a circle with diameter in the base. Find the volume.

4
An T —
swer T

Difficulty: 1  Section: 2

28. The base of a solid is the region bounded by y = 3z and y = z2. A cross section by a plane
perpendicular to the z-axis is a circle with diameter in the base. Find the volume.

81w
Answer: 10

Difficulty: 1  Section: 2

2
29. The base of a solid is the region inside the ellipse z2 + Y. _ 1. A cross section by a plane
perpendicular to the z-axis is a square with one side in the base. Find the volume.

Answer: %ﬁ

Difficulty: 1  Section: 2

2 2
30. The base of a solid is the region inside the ellipse 2 + Y — 1. A cross section by a

plane perpendicular to the z-axis is a square with one side in the base. Find the volume.
Answer: 64

Difficulty: 1  Section: 2
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31. The region bounded by y = V1 + 22, the z-axis, the line z = 1 and the line z = 2 is rotated
about the z-axis to form a solid. Find the volume.

Answer: %TE

Difficulty: 1  Section: 2

32. The region bounded by y = V1 + z?, the z-axis, the line z = 1 and the line z = 3 is rotated
about the z-axis to form a solid. Find the volume.
2
Answer: i{{.r

Difficulty: 1  Section: 2

33. The region bounded by y = V1 + 22, the z-axis, the line z = 1 and the line z = 2 is rotated
about the y-axis to form a solid. Find the volume,.

. 2_71' 3/2 _ 93/2
Answer: 3 (5 23/2)

Difficulty: 1  Section: 2

34. The region bounded by y = v/2 + 22, the z-axis, the line = 1 and the line z = 2 is rotated
about the z-axis to form a solid. Find the volume.
Answer: %r

Difficulty: 1  Section: 2

35. The region bounded by y = V2 + £2, the z-axis, the line z = 1 and the line = = 2 is rotated
about the y-axis to form a solid. Find the volume.

Answer: 2% (63/2 — 33/2)
Difficulty: 1  Section: 2

36. Find the volume of the solid formed by revolving the region bounded by y = z2, z = 3,and
y = 0 about the y-axis.

Answer: 8177r

Difficulty: 1  Section: 2

37. Find the volume of the solid formed by revolving the region bounded by y = 2 — 2z and the
r-axis about the line y = 3.
136w

Answer:

Difficulty: 1  Section: 2
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2 2
T
38. Find the volume of the solid formed by revolving the region bounded by g + % =1 about

the r-axis.
Answer: 167

Difficulty: 1  Section: 2

2
39. Find the volume of the solid formed by revolving the region bounded by z? + yz =1 about

the y-axis.

8
Answer: ?W

Difficulty: 1  Section: 2

40. Find the volume of the solid formed by revolving the region bounded by y = \/z, z = 9, and
the r-axis about the y-axis.

2
Answer: 72

Difficulty: 1  Section: 2

41. Find the volume of the solid formed by revolving the region bounded by y = \/z, z = 9, and
the z-axis about the zr-axis.
Answer: SITW

Difficulty: 1  Section: 2

2
42. Find the volume of the solid formed by revolving the region bounded by z2 + —i— =1 about
the r-axis.
Answer: IGTW

Difficulty: 1  Section: 2

43. The region bounded by y =z, y = 2%, £ = 1, and = = 2 is rotated about the y-axis to form a
solid. Use shells to find the volume.

1
Answer: %

Difficulty: 1  Section: 3

44. The region bounded by y = z, y = 2, £ = 1, and = = 2 is rotated about the line z = 2. Use
shells to find the volume.

T
Answer: 3

Difficulty: 1  Section: 3
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45. The region bounded by y = z, ¥y = 22, £ = 1, and = = 2 is rotated about the line z = 1. Use

shells to find the volume.

Answer: %r

Difficulty: 1  Section: 3

46. The region bounded by y = V1 + 22, the z-axis, the line £ = 1, and the line r = 2 is revolved
about the y-axis to form a solid. Use shells to find the volume.

27 372 _ o3
L 20 —93/2
Answer 3 (5 )
Difficulty: 1  Section: 3

47. The region bounded by y = V2 + z2, the z-axis, the line £ = 1, and the line z = 2 is revolved
about the y-axis to form a solid. Use shells to find the volume.

Answer: 237—1' (63/2 — 33/2)
Difficulty: 1  Section: 3

48. The region bounded by y = 22 — 2 and the z-axis is revolved about the line z = 2. Use shells
to find the volume.
Answer: 8?71-
Difficulty: 1  Section: 3

49. The region bounded by y = 2 — 2z and the z-axis is revolved about the line = 3. Use shells

to find the volume.

Answer: 167”

Difficulty: 1  Section: 3

50. The region bounded by y = z2 and y = z + 2 is revolved about the line z = 2. Use shells to

find the volume.

27
Answer: _2_7r

Difficulty: 1  Section: 3

51. The region bounded by y = 2 and y = z + 2 is revolved about the line z = —1. Use shells to

find the volume.

2
Answer: %

Difficulty: 1  Section: 3

52. The region bounded by y = 2z2 and the line y = 2 is revolved about the line z = 1. Use shells

to find the volume.
1
Answer: %

Difficulty: 1  Section: 3
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53. The region bounded by y = 2z and the line y = 2 is revolved about the line z = 2. Use shells

to find the volume.

327
A P —
nswer 3

Difficulty: 1  Section: 3

54. Write the integral whose value is the length of the curve y = 22 fromz =1toz = 4.

4
Answer: / V1+4z2dx
1

Difficulty: 1  Section: 4

55. Write the integral whose value is the length of the curve y = 73 from z = 0 to 7 = 4.

4
Answer: / v1+9zxidx
0

Difficulty: 1  Section: 4

1
56. Write the integral whose value is the length of the curve y = sec(nz) fromz =0to z = 1

1/4
Answer: / \/ 1 + m2sec? (wz)tan? (nz)dz
0

Difficulty: 1  Section: 4

57. Write the integral whose value is the length of the curve y =z — 22 fromz =0toz = 2.

2
Answer: / Vi+(1- 2r)? dz
0

Difficulty: 1  Section: 4

58. Write the integral whose value is the length of the curve z = 2y — y® from y =1 to y = 6.

6
Answer: / V1+(2-3y2)%dy
1

Difficulty: 1  Section: 4

59. The curve y = z2 from £ = 1 to z = 4 is rotated about the z-axis to form a surface. Write the
integral whose value is the area of that surface.

4
Answer: 27 / z2\/1 + 4z2dz
1

Difficulty: 1  Section: 4

60. The curve y = 3 from = = 0 to x = 4 is rotated about the z-axis to form a surface. Write the
integral whose value is the area of that surface.

4
Answer: 27 / 231+ 9z4dz
0

Difficulty: 1  Section: 4
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T, . .-
61. The curve y = secz from z = 0 to £ = — is rotated about the z-axis to form a surface. Write

the integral whose value is the area of that surface.

w/4
Answer: 27 / sectV/ 1+ sec? ztan? rdz
0

Difficulty: 1  Section: 4

62. The curve y = /T from £ = 0 to z = 9 is rotated about the y-axis to form a surface. Write
the integral whose value is the area of that surface.

3
Answer: 27 / v /1+ 42 dy
0
Difficulty: 1  Section: 4

63. The curve y = ¥/ from = = 0 to z = 8 is rotated about the y-axis to form a surface. Write
the integral whose value is the area of that surface.

2

Answer: 27r/ 31+ 9yt dy
0

Difficulty: 1  Section: 4

64. The curve y = Vz2 from = = 1 to = = 8 is rotated about the y-axis to form a surface. Write
the integral whose value is the area of that surface.

4
Answer: 27r/ y3/2\/1+ §y1/4 dy
1

Difficulty: 1  Section: 4

65. Find the area of the surface generated by rotating the curve z =t, y=t3 fromt=1tot =2
about the z-axis.

Answer: 217 (14:33/2 - 103/2)
Difficulty: 2  Section: 4

66. Find the area of the surface generated by rotating the curve z = 1+t and y = ¢ from t = 0 to
t = 4 about the z-axis.

Answer: % (65%/2 - 1)
Difficulty: 2  Section: 4

67. Find the length of the curve given by y=t3andz =t fromt =0tot = 1.
1
Answer: 77 (1332 - 8)
Difficulty: 2  Section: 4
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68. A cylindrical water tank 6 feet in diameter and 8 feet long is lying on its side. If the tank is
full of water, how much work is done in pumping the water to a height one foot above the
top of the tank? Use 62.5 as the density factor.

Answer: 2887 (62.5) foot-pounds
Difficulty: 2 Section: 5

69. A cylindrical water tank 6 feet in diameter and 8 feet long is lying on its side. If the tank is
half full of water, how much work is done in pumping the water over the top of the tank? .
Use 62.5 as the density factor.

Answer: 2167 (62.5) foot-pounds
Difficulty: 2  Section: 5

70. A water trough is 6 feet long and 2 feet wide at the top. The vertical cross section is in the
shape of the parabola y = z2 with the vertex down. If the trough is full, how much work is
done in pumping the water over the top of the tank? Use 62.5 as the density factor.

Answer: 1—56(62.5) foot-pounds
Difficulty: 2 Section: 5

71. The ends of a water trough 6 feet long have the shape of isosceles trapezoids of lower base 2
feet, upper base 3 feet and altitude 2 feet. If the trapezoid is full, find the work done in pumping
the water over the top of the tank. Use 62.5 as the density factor.

Answer: 28 (62.5) foot-pounds
Difficulty: 2  Section: 5

72. A spring has spring constant k = 3.5. Find the work done in stretching the spring 4 inches
from its natural length.

Answer: 28 inch-pounds
Difficulty: 2 Section: 5§

73. A spring has natural length of 10 inches. It takes a force of 4 pounds to stretch it to a length
of 12 inches. How much work is done in stretching the spring to a length of 14 inches?

Answer: 16 inch-pounds
Difficulty: 2  Section: 5

74. Find the centroid of the region bounded by y = z + 2 and y = z2.

18
Answer: (5, 5)

Difficulty: 1  Section: 6
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75. Find the centroid of the upper half of the ellipse z2 + 4y? = 4.

Answer: (O, i)
3

Difficulty: 1  Section: 6

76. The centroid of the upper half of the ellipse 22 +4y% = 4 is (O, 31) . Use Pappus’ Theorem to
T

find the volume of the solid formed by rotating the region about the z-axis.
8w
A T =
nswer: —
Difficulty: 2 Section: 6

77. Use Pappus’ Theorem to find the centroid of the upper half of the circle z2 + y? = 9. (Note:
Rotating the region about the z-axis gives the sphere a radius of 3.)
Answer: 4
T
Difficulty: 2  Section: 6

78. Find the centroid of the region bounded by y = 22 and y = 1.

3
Answer: (O, 5)

Difficulty: 1  Section: 6

79. Find the centroid of the triangle with vertices (0,0), (0,2), and (3,0).

2
Answer: (1, 5)

Difficulty: 1  Section: 6

80. An ellipse with major axis 4 and minor axis 2 is revolved about a line through a vertex on the
major axis, perpendicular to the major axis. Find the volume of the solid thus formed.

8w

Answer: 3

Difficulty: 2  Section: 6
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7 Transcendental Functions

1. Use properties of In (z) to simplify the function ln [(31:3 + sin 2z) Y 3] .

Answer: % In (323 + sin 2z)
Difficulty: 1  Section: 1

\/:?-cos2z-tan:r]

2. Use properties of In (z) to simplify the function In [ B (1+2)

Answer: In(cos2r) + In (tanz) — 135 In(z) - In (1 +z?)

Difficulty: 1  Section: 1

3. Let f(z) = (z® — 1) In|z|. Find f'(z).

3
z° -1
+ 3z%In |z

Answer:

Difficulty: 2 Section: 1

4. Let f(z) =In|6z — 7|. Find f'(z).

A :
nswer -

Difficulty: 1  Section: 1

. dy
2 hai4
5.Lety—ln(1+:z:).Fmd .

Answer:

z
1+ z2
Difficulty: 1  Section: 1

2T
6. Let =In . Find f' (z).
et § (2) |3m+4 Find f' (z)
1 3
A - =
Swer: T3z +4

Difficulty: 2  Section: 1

7. Find the derivative of [In|z|]*.
4
Answer: Z [in ||)?
Difficulty: 2  Section: 1

dy

8. Let y = Injsinz|. Find
dx

Answer: cotz
Difficulty: 1  Section: 1
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9. Let f(z) = In (cos®3z) . Find f'(z).
Answer: —6tan3z
Difficulty: 2 Section: 1

4
10. Evaluate/ <\/1_J.+ ZIL-) du.
1
Answer: 1?4 +In4

Difficulty: 1  Section: 1

dz.

1
11. Eva.luate—/o 73

1
Answer: DTQ

Difficulty: 1  Section: 1

/4
12. Evaluate/ tanz dz.
0

Answer: In (2v2)
Difficulty: 2  Section: 1

. 6x+1
13. Fmd/m :

Answer: In |3a:2 +z-— 19| +C
Difficulty: 2  Section: 1

14. Evaluate / —1—5d.1;
z[In(z)]

Answer: —-1— +C

In(z)
Difficulty: 1  Section: 1

vz +1
9z — 4)*
VIZ+1 T 18
(9z —4)> \z2+1 9z -4
Difficulty: 2 Section: 1

15. Let f(z) = Use logarithmic differentiation to find f'(z).

Answer:
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16. Let f(z) = v4z + 7 (z — 5) . Use logarithmic differentiation to find f’ (), then simplify.

(14z +11) (z - 5)°
) Vi + 7

Difficulty: 2  Section: 1

Answer

17. What is the slope of the tangent line to the graph of 3y — 2% + In|zy| = 2 at the point (1,1)?

1
A T
nswer 1

Difficulty: 2  Section: 1

d )
18. Use implicit differentiation to find d_i/ if 3y — =2 + In|zy| + 5 = 0.

y (222 — 1)
z(3y+1)
Difficulty: 2  Section: 1

Answer:

19. Write the equation of the tangent line to the graph of y® — 4y = zlnz at the point (1,2).
1
Answer: y— 2 = 8 (z-1)
Difficulty: 2  Section: 1

2
20. Find the area of the region in the first quadrant that is bounded by the curvesy = =,y = . 1,
and y = 0.

1
Answer: 21n(2) — 7 Square units

Difficulty: 2  Section: 1

21. Let f(z) = % — 2% Find a formula for f~! (z).

Answer: f~1(z) = g - 573:

Difficulty: 1  Section: 2

22. Let f(x) =1+ g Find a formula for f~! (z).

Answer: f~!(z)=3z-3
Difficulty: 1  Section: 2

23. Find the inverse function of f (z) =3 (z +2)* - 4,z > -2.

T+4
3
Difficulty: 2 Section: 2

Answer: f~! (z) = -2, > -4
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24. Find the inverse function of f (z) =2(z-1)*-1,z > 1.

1
Answer: f‘l(x)=\/$; +1,z>-1

Difficulty: 2  Section: 1

25. Graph both the function y = 2z + 1 and its inverse of the same coordinate axes.

Answer:

Difficulty: 2  Section: 2

26. Graph both the function y = —2z — 2 and its inverse on the same coordinate axes.

Answer:

y==2x-2 A

Difficulty: 2  Section: 2

T

27. Let_f(:z:)z:r_2

and F (z) = -m—2f—1 Apply the definition to show that F (z) = f~! (z).

Answer: F[f(x)]=F<xf2) _ 2(1i2> _ a:2_$2 s

T 2
(:c—2>—1 -2

Difficulty: 2  Section: 2
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28. Let f(z) = ;3—1—- and F(z) = \3/% + 1. Determine whether or not F (z) = f~1(z).

+1
Answer: It does not

Difficulty: 2  Section: 2

5z — 2
29. Let f(z) = ‘z_g and F (z) = °;+1

Answer: It does not

. Determine whether or not F (z) = f~!(z).

Difficulty: 2  Section: 2

- 1
30. Letf(:r:)=;;—1andF(x):—I+

T e 1" Determine whether or not F (z) = f~! (z).

Answer: In this case, F(z) = f~1(z)

Difficulty: 2  Section: 2

31. Let f(z) = 4z + 5. Evaluate (1)’ (z) at z = —10.

1
Answer: -
wer y

Difficulty: 1  Section: 2

32. Let f(x) =2 — z? for z > 0. Evaluate (f"l)'(:v) at z = 1.

1
Answer: — =
nswer 2

Difficulty: 1  Section: 2

33. Find the value of the expression In L
e

1
A P —=
nswer: —

Difficulty: 1  Section: 3

34. Find the value of the expression e!(}/2),

1
A T =
nswer 5

Difficulty: 1  Section: 3
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-1in10?
35. Find the value of the expression (;)

Answer: 100
Difficulty: 1  Section: 3

eln 7

36. Find the value of the expression T

7
Answer: =

Difficulty: 1  Section: 3

e.‘t

37. Let f(z) = =7 Find f'(z).
e® (z2 — 2z - 1)
Answer: 3
(z2 - 1)

Difficulty: 1  Section: 3

38. Solve the equation In |6 — z| = 2.
Answer: =6 —e?or z = 6 + €°
Difficulty: 2 Section: 3

dy
39. = 2"¢*. Find —=.
Let y e®. Fin .
Answer: 27e”
Difficulty: 1  Section: 3

40. Let f(z) = e"VZ. Find f'(z).

Ans ez
wer: — \/E
Difficulty: 2 Section: 3
o OY
41. Let y = Vez + e%. Find et

Answer: %\/? —e*
Difficulty: 2 Section: 3

., dy . .. Inz
42. Find e and simplify if y = —
Answer: L= EBZ
xe®

Difficulty: 2  Section: 3
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43. Let f(z) = ze3%. Find f'(z).
Answer: €573 (3z cos 3z + 1)

Difficulty: 2 Section: 3

44. Let f(z) = *'**. Find f'(z).
Answer: €2 (1 +1nz)
Difficulty: 2  Section: 3

ef—e* . . dy
45. Let y= Z‘t—-l-e:; Find E
4
Answer: ————
(e* +e %)

Difficulty: 2  Section: 3

46. Let f (z) = e*sinz + e® cosz. Find f'(z).

Answer: 2eTcoszT

Difficulty: 2 Section: 3

1 .
47. Let f(z) = —\/é_—es‘“a"' . Find the slope of the tangent line to the graph of f (z) at the point
e

m
h = —
where z = T2

Answer: —

2
Difficulty: 2  Section: 3

d
48. Use implicit differentiation to find d_z if ye* — lnzy = 4.

y — zy’e”
zyet — T
Difficulty: 2  Section: 3

Answer:

e4x
49. Find / —dz.
V1 — et
Answer: ——;—\/1 —-ez+C
Difficulty: 2  Section: 3

. o
50. Find / T o

1
Answer: 1 In(1+e*)+C
Difficulty: 2  Section: 3
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. (€% + 2)°
. —dz.
51 Fmd/ =
Answer: e +2z—-e T+ C
Difficulty: 2  Section: 3
52. Find /:z:e”2 dz.
1 .2
Answer: Ee‘ +C
Difficulty: 2  Section: 3
53. Find e i
. 1n /—\7_; .
Answer: 2eVZ +C

Difficulty: 1  Section: 3

2
54. Evaluate/ (e* - 3x2) dr.
0

Answer: e — 9

Difficulty: 1  Section: 3

55. Evaluate /fz (ez2 - 1) dz.

Answer: % (e -1)

Difficulty: 2 Section: 3

e
56. Eva.luate/ i—lnxda:.
1

Answer: %
Difficulty: 2  Section: 3

57. Find the area bounded by the curves y = e*/2, the y-axis, the z-axis, and the line z = 2.
Answer: 2 (e — 1) square units

Difficulty: 2 Section: 3

58. Find the volume of the solid generated by revolving about the z-axis, the region bounded by
y = e~ %, the r-axis, and the lines z = 0 and = = 3.
Answer: g (1 — e7®) cubic units.
Difficulty: 2 Section: 3
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59. Let f(z) = 9*. Find f'(z).
Answer: (In9) (9%)
Difficulty: 1  Section: 4

60. Let f(z) = cos(z-3%). Find f'(z).
Answer: —3%sin(z-3%)(zln3+1)
Difficulty: 2  Section: 4

., dy
. = %). Find —==.
61. Let y = 31In (9%). Fin T

Answer: 31n9

Difficulty: 1  Section: 4

62. Let f (x) = 327*. Find f(z).
Answer: —2(In3)3%~
Difficulty: 2  Section: 4

d :
63. Find a—z for y = 29°%,

Answer: (In2) (25°%) (cos z)
Difficulty: 1  Section: 4

64. Find Z—z for y = 7=,
Answer: (z°17%) (% + (cosz) (In z))
Difficulty: 2  Section: 4
. dy Inz
65. Find iz fory = (lnz)"*.

Answer: ((1n:1:)'“"') <1+_1n(ln_m))

z
Difficulty: 2  Section: 4

66. Find / 3% dz.

2In3
Difficulty: 1  Section: 4

Answer: (—1—) 34 C
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67. Find / 2237 dr.

3

3ln3 +C
Difficulty: 2  Section: 4

Answer:

68. Find / 107 dx.
-2

1n10
Difficulty: 2 Section: 4

+C

Answer: —

69. After 2 years at 9% compounded monthly what is the value of an initial investment of $7000,
rounded to the nearest dollar?

Answer: $8375
Difficulty: 1 Section:

70. What is the value of an investment of $1 after 1 year at 100% annual interest compounded
daily? (rounded to the nearest cent).

Answer: $2.71
Difficulty: 1  Section: 5

71. If an investment of $3000 is compounded continuously for 2 years at 10% what will it be worth?
(round to the nearest dollar).

Answer: $3664
Difficulty: 1  Section: 5

72. The population of a certain town is approximated by the function N (t) = 2500e%-%%, where ¢
is measured in years after 2000. What will be the percent of increase in population from 2001
to 20107 (round to the nearest percent).

Answer: 57%
Difficulty: 2 Section: 5

73. Find the doubling time for a population given by the function P (t) = 450, 000e:%%.
Answer: 501In2 = 34.7 years
Difficulty: 2  Section: 5

74. A bone is found to contain 30% of the carbon-14 that it contained when it was part of a living
organism. How long ago did the organism die? (The half life of carbon-14 is 5568 years).
5568 (In0.3]
" In0.50
Difficulty: 2 Section: 5

Answer = 9670 years ago
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75. The population P of a certain country is given by the function P (t) = 450, 000e*’, where t is
the time in years from 1990 and k is constant. If the population was 495,000 in 1995, what will
the population be in 2010 (answer to the nearest thousandth)?

Answer: 659,000
Difficulty: 2  Section: 5

. . d
76. Solve the differential equation « &, y =15,

dzx
m C

Answer: y = 7 + =

Difficulty: 1  Section: 6

d
77. Solve the differential equation z ﬁ +y=2z%ify=2whenz =2.

3

T
Answer: y = i

Difficulty: 1  Section: 6

d
78. Solve the differential equation x Ey —y =13

3

Answer: y = % +Cz

Difficulty: 1  Section: 6

79. Solve the differential equation z % —y=z3ify=2when z = 2.

3
T
Answer: y = - " z

Difficulty: 1  Section: 6

dy

80. Solve the differential equation r I

+ 2y = sinz.
sinz —zcosz + C

2
Difficulty: 1  Section: 6

Answer: y =

dy

81. Solve the differential equation z e

+2y =sinz if y =0 when z = 7.

sinz —zcosz — 7@

Answer: y =
z2

Difficulty: 2  Section: 6
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82. Solve the differential equation x % -2y =13,

Answer: y = z° + Cz?
Difficulty: 1  Section: 6

d
83. Solve the differential equation x & _ 2y=x3ify=1whenz =2

dz

7
3_ 12

4
Difficulty: 1  Section: 6

Answer: y=1z

d
84. Solve the differential equation z —g +3y=23+1z.

d
2 z C
Answer:y=€+z+—3

Difficulty: 1  Section: 6

d
85. Solve the differential equation x -d—z- -3y =13+ 2z.

Answer: y =z3lnz —z + Cz3
Difficulty: 2  Section: 6

86. Determine sin™! (—1).

Answer: —g

Difficulty: 1  Section: 7

87. Determine cos™! (—%) )
Answer: %”

Difficulty: 1  Section: 7

88. Determine tan~} (tan 3%) .

Vs
Answer: 3

Difficulty: 1  Section: 7

89. Determine sec™! (—l) )

V3

o
A P —
nswer 6

Difficulty: 2  Section: 7
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90. Determine sin™? (—?) +tan~!(-1).

T
A -
nswer: — o

Difficulty: 2  Section: 7
91. Determine sin™! (0) + tan™! (——1—) .
V3
Answer: I

6
Difficulty: 2  Section: 7

92. Determine cos™! (sin %) .

57
A P —
nswer 12

Difficulty: 2  Section: 7

3
93. Determine tan |cos™! (—)] .
[ V13

2
Answer: 3

Difficulty: 2  Section: 7

94. Determine tan (sin‘1 :1:) in terms of z.

T
Answer: ————
V1-—2zx2

Difficulty: 2 Section: 7

. 51\ .
95. Determine sin (t;an’1 :2;) in terms of z.

5
Answer: ————
V4zr? +25
Difficulty: 2  Section: 7

I —

96. Determine sin [ta.n‘1 ( 2)] in terms of z.

r—2
Answer:
V2 —4z +20

Difficulty: 2 Section: 7
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97. Determine tan (sin‘1 Vi1- :1:2) in terms of z.

1—2z°

|z}
Difficulty: 2 Section: 7

Answer:

9—4.7:2) .
— ——— | in terms of z.

98. Determine sin (cos‘1 3

Answer: 2
Difficulty: 2  Section: 7

99. Let f(r) = tan™! (f—?’) . Find f’(z) and simplify.

143z

1
Answer: ———
Ve

Difficulty: 2  Section: 7
100. Let f (z) = ztan™? (32”-) . Find f'(z).
. 1 (Z 2z
Answer: tan (2) + P
Difficulty: 2 Section: 7

dy

101. Let y = tan~! ( I (12)) . Find 2.

1

Answer:
z (1 +In(z?)] /In (z2?)
Difficulty: 2  Section: 7

4y
dz

Answer:

102. Find -= if y = tan™! (sin 2z).

2cos2z
1+sin%2z
Difficulty: 2  Section: 7

103. Let f (z) = z%sec™! (e®). Find f'(z).
2
T
Answer: ——=—— + 2zsec”! (€*
er = T (e%)

Difficulty: 2  Section: 7
. -1 . dy
104. Let y =sin™' (1 — 2z). Find e
1

Answer: ———
V-1
Difficulty: 2  Section: 7
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d

105. Let y = tan~! (tan~!z) . Find Ey
1

(1 +22) |1+ (tan~ o)’

Difficulty: 2 Section: 7

Answer:

3/2 9
106. Evaluate / —_—dz.
3/a V9 — 4x?
T
Answer: 3

Difficulty: 2 Section: 7

1/V2 T
107. Evaluate 2 —_—dr.
0 Vv1i-z4
T
A T
nswer 5

Difficulty: 2 Section: 7

x/2
108. Evaluate f —Cizz—da;.
o l+sinz
T
A T =
nswer ,

Difficulty: 2 Section: 7

1
109. Find /————dm.
V9 - 162
1
Answer: 3 sin™! (%) +C
Difficulty: 2 Section: 7

621

110. Find/1+e4z

Answer: %ta,n‘1 (e¥)+C

Difficulty: 2 Section: 7

3
111. Find /——-—d:v.
zvzi -1

3
Answer: 5 sec™! (1:2) +C or —-35 tan~! —=

(=4-1)
Difficulty: 1  Section: 7
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112. Find/ 52 ! dr.
7 - 2)?
2 —
Answer: sin™! ( :1:5 4) +C

Difficulty: 1  Section: 7
. z?
113. Fll’ld/md&?.

1 z3
Answer: —=tan~! [ == | +C
wer 3 an (\/__{)

Difficulty: 1  Section: 7

e + ez
114. Find | ——=dz.
./ V1 —edz
1
Answer: 3 sin™! (e*¥) — %\/1 —eiz+C
Difficulty: 2 Section: 7

1
115. Find/-———dm.
zy\/1 - (Inz)?

Answer: sin~! (Inz) + C

Difficulty: 2 Section: 7

116. Let f (z) = cosh?3z. Find f'(z).
Answer: 6sinh 3z cosh3z = 3sinh 6z

Difficulty: 1 Section: 8

117. Let f(z) = tanh (2% + 1) . Find f'(z).

Answer: 2zsech? (z2 + 1)
Difficulty: 1  Section: 8

118. Let f(z) = 3¢5i0h(32%) | Find ().
Answer: 18z cosh (3z?) ¢sinh(3%)
Difficulty: 2 Section: 8

sinhz

119. Let f(z:) = m

Find f'(z).

A ! —
nswer 1 4+coshzx

Difficulty: 2  Section: 8
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120. Let y = In|1 — cosh 3z|. Find -j—z
—3sinh 3z
1 — cosh 3z

Difficulty: 2 Section: 8

Answer:

121. Let f(z) = tanh (In|z|). Find f'(z).

Answer: i [sech2 (In|z])]

Difficulty: 2  Section: 8
122. Find /x2 sinh (37%) dz.

Answer: % cosh(3z%) + C
Difficulty: 1  Section: 8

123. Find/sech2:ttanhmd:z.

Answer: 1 tanh’z + C
Difficulty: 1  Section: 8

124. Find /cosh 2zVsinh 2z dz.

Answer: % (sinh 21)3/2 +C
Difficulty: 1  Section: 8

125. Find /xcosh (zz) dz.

Answer: -;—sinh (:1:2) +C
Difficulty: 1  Section: 8

126. Find / csch 4z coth 4x dzx.

Answer: —% cschdz + C
Difficulty: 1  Section: 8

127. Find /Mdm.
3z

Answer: %cosh (lnz)+C
Difficulty: 1  Section: 8
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128. Let f (z) = 4sinh™! (4z). Find f'(z).
16

Answer: ————
V1 + 1622
Difficulty: 1  Section: 8

129. Let f (z) = cosh™! (2cosz). Find f'(z).
2sinz

Answer: ——————=
Vacosiz —1
Difficulty: 2 Section: 8

130. Let f (z) = tanh™! (sinz). Find f'(z).
Answer: secT
Difficulty: 2 Section: 8

ez
131. Find | —=——=dx.
- / VerE —1
Answer: cosh™! (e%) +C
Difficulty: 2 Section: 8

1
132. Find /——— dz.
V2522 + 4
Answer: lsinh‘1 Sz +C
5 2
Difficulty: 2  Section: 8
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8 Techniques of Integration

1 1 1
1. Show that | —————dz = —tan™! |- i
Show a/x2+2x+5dI 2tan [2(z+1)]+C

Answer: The derivative of the right hand side of the equation is equal to the function being
integrated.

Difficulty: 1  Section: 1

2. Show that /mlnmdr = %xz Inz - %mz +C.

Answer: The derivative of the right hand side of the equation is equal to the function being
integrated.

Difficulty: 1  Section: 1

3. Show that /eI coszdz = %ex (sinz +cosz) + C.

Answer: The derivative of the right hand side of the equation is equal to the function being
integrated.
Difficulty: 1  Section: 1

1, 1.
4. Show that /cos3 zsintzdr = 3 sin®z — = sin" z+ C.
Answer: The derivative of the right hand side of the equation is equal to the function being

integrated.
Difficulty: 1  Section: 1

5. Show that dz =In (1: + V4 + xz) +C.

1
./ Va + 2
Answer: The derivative of the right hand side of the equation is equal to the function being
integrated.

Difficulty: 1  Section: 1

1
. Fi —_dr.
6 Fmd/m2+4x+5 *

Answer: tan~!(z +2)+C
Difficulty: 2  Section: 1

1
7. Fi ——dzx.
Fmd/6+3z2dx
2

T ()
Answer: — tan~ 1 ( —= | +C
6 V2

Difficulty: 1  Section: 1
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8. Find /———1-—— dz
Vz2 + 8z + 25
Answer: sinh™! (_:‘7':;'_4) +C

Difficulty: 1  Section: 1

9 Find/ 3¢ +3
) \/z§+2z

Answer: 3vVz¢+2z-5+C
Difficulty: 1  Section: 1

2
10. Find | ———=dz
/ V2T — 12
Answer: 2sin”!(z - 1)+ C
Difficulty: 1  Section: 1

11. Find /

5 I (Z
Answer: §ln(:r +9)—§ta.n (§)+C
Difficulty: 2 Section: 1

2r-1
12. Fmd/ 6x+13

Answer: In |a:2 — 6z + 13| + gtan‘l (:z ; 3) +C

Difficulty: 2  Section: 1

2z -1
13. Find
" / 2+4:z+8

Answer: In[a? +4z +8| - gtm-‘ ($;2> +C

Difficulty: 2 Section: 1

14. Find / ! dr
V9 + 16z — 4x2

2 —
Answer: %sin*( xs 4) +C

Difficulty: 2  Section: 1
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23-2 1
. _—dz.
15. Evaluate /0 T4 58
T
Answer: 21

Difficulty: 1  Section: 1
3/2 1
16. Evaluate / —_—dz.
3ja V9 —4z?
T
Answer: —

6
Difficulty: 2  Section: 1

\/3-—1 1
17. Evaluate /
0

_—dr.
VvV3-2z - T2
s
A T =
nswer 5

Difficulty: 2 Section: 1

18. Find / sin® 7z dz.

2cos3 7z cos’ Tz
+ +C

1
Answer: —= (cos Tz — 3 5

Difficulty: 2 Section: 2

19. Find / cos® 4z dz.

sind 4z
12
Difficulty: 2 Section: 2

+C

1
Answer: 1 sin4zx —

20. Find /cos2 5zdz.

Answer: z + sin 10z
"2 20

Difficulty: 2 Section: 2

21. Find / sin3 (g) dz.

Answer: —2cos (%) + gcos3 (g) +C

Difficulty: 2  Section: 2

+C
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22. Find /sinz (1+ cos® ) dz.

1
Answer: — COST — 3 coslz+C

Difficulty: 1  Section: 2

23. Find /cos2 zsin? rdz.

1 [1: sindr sin32z
Answer:

-z - - C
8127 "8 6 ] M
Difficulty: 2  Section: 2

24. Find / cos® zsint zdz.

1 1
Answer: g sin®z — Z sinfz+C

Difficulty: 2  Section: 2

25. Find /sin3 I cos? r dz.

COS3 T 0085 T

A ;-
nswer 3 + 3 +C

Difficulty: 2  Section: 2

26. Find /sin2 T cos® z dr.

1 1
Answer: 3 sindz — A sinz+C

Difficulty: 2 Section: 2

3
27. Find / OF 2 dr.
simnr

Answer: 2v/sinz — %\/sin5 z+C

Difficulty: 2  Section: 2

/4
28. Evaluate / cos? rsin? z dz.
0

1 [/« 1
Answer: I (Z - 5)

Difficulty: 2 Section: 2

Instructor's Resource Manual

Chapter 8 Exam Questions

957



™ 2

29. Evaluate/ sz
n/3 cscr

dr.

3
A T =
nswer 5

Difficulty: 2  Section: 2

30. Evaluate /"/2 (%) sin ( )

1 1
Answer: V2 (% - —

Difficulty: 2  Section: 2

/40
31. Evaluate / sin? 5z cos? 5z dz.
0

-2
Answer: 390

Difficulty: 2  Section: 2

32. Find / sin 3z sin 2z dzx.

1 1
Answer: 3 sinz — 1 sinbz + C

Difficulty: 1  Section: 2

33. Find / cos x cos Szdr.

1 /sin6x sindzx
Answer.i( 5 + 1 )-{-C

Difficulty: 1  Section: 2

34. Find / tan? rsec® z dz.

1
Answer: 3 tan®z +C

Difficulty: 1  Section: 2

35. Find /ta.ns:zsecszz:dz.

sec®r secdr

C
5 3 T
Difficulty: 1  Section: 2

Answer:
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36. Find /tan6 (g) sec? (%) dz.

3tan’ (E)
—+C

Difficulty: 1  Section: 2

Answer:

37. Find /tan5 zsec zdz.

sec’z 2sec®z secz

Answer: — % T3 +C

Difficulty: 2  Section: 2

38. Find /tanszsec4xdx.

tan8z tanfz
Answer: 3 + 5 +C

Difficulty: 2  Section: 2

39. Find / tan® r dz.

tan? z

Answer:

Difficulty: 2  Section: 2

+In|cosz|+C

40. Find / tan® 3z dz.

tan*3r tan®?3z 1
Answer: 5 " 6 —gln|c053:c|+C

Difficulty: 2  Section: 2

41. Find /sec 5z tan® 5z dz.

sec3 5 secHz

A : - C
nswer 15 5 +
Difficulty: 2  Section: 2
3
42. Find [ <22 4p
V2

Answer: 31n|sin ¥z| +C
Difficulty: 1  Section: 2

43. Find / (5 — cot 3z)? dz.

1
Answer: 24z — 1—; In|sin 3z| - 3 cot3z +C

Difficulty: 2 Section: 2
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1
44, Find / 1 cot? cse? r dz.

1 .
Answer: ~5% cot°z+C

Difficulty: 2  Section: 2
45. Find /(cscz —1)? dz.

Answer: —cotz +2Infescz +cotz|+z+C
Difficulty: 2  Section: 2

46. Find /(cot:z:+csc:1:) dz.

Answer: In|sinz| — lnjcscz +cotz| + C

Difficulty: 3  Section: 3

z
47. Find /———d:r.
2 +2z -3
Answer: \/:r2+2z—3—ln|a:+1+\/a:2+2z—3l+C

Difficulty: 2  Section: 3

. 1
48, F1nd/1+ﬁdx.

Answer: 2(y/T—In|yz+1))+C
Difficulty: 2 Section: 3

zl/?
49, Find | —————=dr
" / 1@A+1)
Answer: %:c3/4 - %ln |:r:3/4 + 1| +C
Difficulty: 2  Section: 3

1
50. Fi —_—dT.
Find / it Iz dz
Answer: 2z%/2 — 3z1/3 4+ 621/ — 6In |2/ + 1|+ C
Difficulty: 2  Section: 3

. cot Yz
51. Find f W(L’E
Answer: 31n|sin z| +C
Difficulty: 1  Section: 3
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52. Find /z\/:c+4d:r.

Answer: % (z+4)° - g (z+4)**+C
Difficulty: 2  Section: 3

3
. T
53. Find /T__-':E_Z-T*_‘l dz.
Answer: 13—0 (:1:2 + 4)5/3 -3 (_,,:2 + 4)2/3 +C
Difficulty: 2  Section: 3

54. Find /\/1 — z%dz.

1 1
Answer: 3 sin~lz + 52:\/1 —z24+C

Difficulty: 1  Section: 3
55. Find /\/9—43:2 dr.

Answer: % [Sin‘1 (2—31:) + 2—2:—99—;43‘] +C

Difficulty: 2  Section: 3

2
T
56. Find | ———=dz.
/ V9 — z2
9.,/ 1
Answer: 5 sin (5) - 5:1:\/9 —z24+C
Difficulty: 2  Section: 3

57. Find / “4;2"' dz.

Answer: — [ 4-z +sin~! (E)] +C
T

Difficulty: 2  Section: 3

1
58. Find [ ——=dx.
in /x2 e T

4 — x2
iz +C

Difficulty: 2 Section: 3

Answer: —
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1
59. Find —_—dz.
/ V9 + 42
Answer: % In I\/Q +4z2 + 2a:| +C

Difficulty: 2  Section: 3
N -
60. Find / z—xﬁdz.

Answer: V2 — 16 — 4tan™! ( )

Difficulty: 2  Section: 3

3
z
61. Find / A
V25 — 12

Answer: % (25 — 12)3/2 —25(25 - 12)1/2 +C

Difficulty: 2  Section: 3

62. Find/ ! dz.
V9 + 16z — 412

-4
Answer: %sin‘1 (2$5 > +C

Difficulty: 2  Section: 3

63. Find / ; dz.
\/:1:§ +8x+25

Answer: In I\/x‘-’- +8z+25+ (:r+4)| +C

Difficulty: 2  Section: 3

z
64. Find _—dr.
- /\/a:2+2m—3 *

Answer: \/x2+2z—3—1n'x+1+\/:1:§+21:-3|+C

Difficulty: 2  Section: 3

_ .2y3/2
65. Find /£4——$6)—
I

5
JA— 2
Answer: ——21—0< 41 z ) +C

Difficulty: 2  Section: 3

dz.

962 Chapter 8 Exam Questions

vz?—-16

instructor’s Resource Manual



6 ./ 2 _
66. Find/ Lx—gda:.
3

Answer: 3v3 -7
Difficulty: 2  Section: 3

67. Find /:t:ze2I dz.

1 1
Answer: 562’ (:l:2 -+ 5) +C

Difficulty: 1  Section: 4

68. Find /a:es" dz.

1
Answer: §:z:e

1
7 3 5832 + C
Difficulty: 1  Section: 4

69. Find /cos VTdz.

Answer: 2\/Zsin /T + 2cos/T+C
Difficulty: 2 Section: 4

70. Find /sin'lxda:.

Answer: zsin"lz+vV1—-22+C
Difficulty: 2 Section: 4

71. Find /:z:tan"la:dm.

1
Answer: 3 [:1:2 tan~!z +tan"lz - :r:] +C

Difficulty: 2  Section: 4

72. Find / z?tan~! z dz.

1 1
Answer: §:r3 tan~lz — 6:52 + é In |:c2 + 1| +C
Difficulty: 2  Section: 4
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73. Find /:z:ln:z:d:r.

Difficulty: 2 Section: 4

74. Find / In (2% +1) dz.

Answer: zln|z? +1| -2z +2tan" 'z +C

Difficulty: 2 Section: 4

75. Find / In (22 + 2) dz.

Answer: zln (2% +2) — 2z + 2v2tan~?! (

Difficulty: 2 Section: 4

76. Find / (Inz)? dz.

Answer: z(Inz)® — 2zlnz+22+C
Difficulty: 2 Section: 4

77. Find /\/:?:ln:z:d:c.

4
Answer: %xa/glna: - §x3/2 +C
Difficulty: 2 Section: 4

4
78. Evaluate/ VZlnzdz.
1

1 28
A . Zln4- =
nswer 3 nd 9

Difficulty: 2 Section: 4

e
79. Evaluate/ eln (:1:2) dz.
1

e? +1
2
Difficulty: 2 Section: 4

Answer:
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80. Find /xsin‘l (%) dz (for z > 0).

2 . (3\ .3 /=
Answer: ?sm - +§\/:c -94-C

T
Difficulty: 2  Section: 4

81. Find /z3\/1 — r2dz.

Answer: % (1 - x2)5/2 - (1 - $2)3/2 +C

1
3
Difficuity: 2 Section: 4
r+1

82. Use partial fractions to find / m dr.

Answer: %+21n|z—1| —2In|z|+C

Difficulty: 1  Section: 5

z+1

83. Use partial fractions to find /m .

3 1 2
Answer: ﬁlnlx—2| - gln|:z:| - Tglnl:r+3| +C
Difficulty: 1  Section: 5

r+1

84. Use partial fractions to find / dz.

z2(z-1)(z2+ 1)
1 1
Answer: —2ln|m|+;+ln|$-— 1|+§1n|:z:2+1| +C
Difficulty: 2  Section: 5

1

4
85. Use partial fractions to evaluate / a5 dz.
0o T +3z+2

Answer: In g

Difficulty: 1  Section: 5

3

3 dz.
z°+z

86. Use partial fractions to find /

Answer: 31In|z| - —g-ln |z2 + 1| +C
Difficulty: 1  Section: 5
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3724+ 3zx+2

87. Use pa.rtlal fractions to find /m

Answer: 21n|:1:|+1n|:1:+1|+i+C

T+1
Difficulty: 2  Section: 5
88. Use partial fractions to find 2?13z + 302
(-1 -4)

2
Answer: 2ln|m—1|—1n|m—4|+;_—4+C’

Difficulty: 2  Section: 5

89. Use partial fractions to find / — dzr.
(z+ 1)

Answer: lnl:r|—1n|:z:+1|+—_1*_—1+C

Difficulty: 1  Section: 5

272 — 12z + 4
73 — 4712

90. Use partial fractions to find / —_—dz.

11
Answer: zlnlml+£—%lnlm—4l+c

Difficulty: 2  Section: 5

-1
91. Use partial fractions to find / —T dz.
a: —
Answer: In |z| — 3 + 2 5 +C
z-1 (z-1)
Difficulty: 2  Section: 5
92, Use partial fractions to find / 52 + 30z : 43 dr.
(z+3)
1
Answer: 5lnjz + 3|+ ——= +C
(z+3)
Difficulty: 2 Section: 5
93. Use partial fractions to find / —2z
L sep @+ 1)z +1

1
Answer: In|z + 1| — 51r1|:z:2 +1|—tan"'z + C

Difficulty: 2 Section: 5
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522 4 11z + 17
(z2 +4) (z +5)
T
2

94. Use partial fractions to find /

Answer: 1n|:z:2+4|+%tan'1 ( )+31n|1:+5|+C

Difficulty: 2  Section: 5

3 _ 2 _
95. Use partial fractions to find / bet Sl
! + 12

Answer: 2ln|z| + % + g In|z? +1]| - 2tan~'z+C
Difficulty: 2 Section: §

—z-21
4)(2z-1)

2
96. Use partial fractions to find / o
(=2 +

30122 1o -1 (EY e -
Answer.21n|:z +4|+2tan (2) 21nl2m 11+C

Difficulty: 2  Section: 5
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Indeterminate Forms and Improper Integrals

Ry
. Find the limit if it exists: lim (s%n 2:3 .
z—0 sinz
Answer: 1
Difficulty: 1  Section: 1
cos?z

. Find the limit if it exists: lim ————.
z—nf21 —sinz

Answer: 2

Difficulty: 1  Section: 1

sinh 3z
=

. Find the limit if it exists: 1inb
X =

Answer: limit does not exist

Difficulty: 1  Section: 1

-1

tan" 'z —1z

z3

. Find the limit if it exists: lin})
T—

1
A -
nswer: —z

Difficulty: 1  Section: 1

(z-2)-In(z-1)

. Find the limit if it exists: lim 3
z—2 (z-2)
Answer: l
"2
Difficulty: 1  Section: 1
T
tan —z
. Find the limit if it exists: lim —2—.
z=1 -1

Answer: —oo
Difficulty: 1  Section: 1

3 _4r24+7z-9
. Find the limit if it exists: lim ———mb Tt (£~
zo0 1247 -5

Answer: co
Difficulty: 1  Section: 1

. T . 4% — 373 4+ 222 + 1009
. Find the limit if it exists: I1_1_'1101o = 8212347

Answer: zero
Difficulty: 1  Section: 1
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Cr s . tan~12z
9. Find the limit if it exists: lim ———.
z—0 sin""z

Answer: 2

Difficulty: 1  Section: 1

10. Find the limit if it exists: lim —=

o T

Answer: limit does not exist

Difficulty: 1  Section: 1

L 241

z—oo 3T

11. Find the limit if it exists:

Answer: zero

Difficulty: 1  Section: 1

12. Find the limit if it exists: lim
z—0 I

Answer: 2
Difficulty: 1  Section: 1

13. Find the limit if it exists: lim z2Inz.

z—0

Answer: 0

Difficulty: 1  Section: 2

14. Find the limit if it exists: lim z (tan-l z— —) .
Answer: —1
Difficulty: 1 Section: 2

15. Find the limit if it exists: lim z2e~%%.
I—00

Answer: zero

Difficulty: 1  Section: 2

16. Find the limit if it exists: lin;° cscz [In(1 + sin 2z)].
T—

Answer: 2

Difficulty: 2 Section: 2
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17. Find the limit if it exists: liII(lJ (z — Inz). (Hint: Write the function as a quotient with
r—

) 1
denominator -.)
T

Answer: oo

Difficulty: 2 Section: 2

18. Find the limit if it exists: lim (\/:z:2 +3—-Vz2+ ﬁx) .

I—

Answer: =3

Difficulty: 1  Section: 1

19. Find the limit if it exists: lim z3/1n<.

T—0+

Answer: €3
Difficulty: 1  Section: 2
20. Find the limit if it exists: lim z3/!n<.

IT—CO
Answer: €3

Difficulty: 1  Section: 2+
. e _(t=1\*
21. Find the limit if it exists: lim { —— ] .
t—oo \t+1

Answer: e?

Difficulty: 1  Section: 2

22. Find the limit if it exists: lim ( ! - l) .
z—0\e* -1 =

1
Answer: ——
. )

Difficulty: 1  Section: 2

23. Find the limit if it exists: lim (1 — 3z)'/*.
I—0o0

Answer: e~3

Difficulty: 1 Section: 2

2 x
24. Find the limit if it exists: lim (z + ) .
z—oo \T — 1
Answer: €3

Difficulty: 1  Section: 2
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25. Find the limit if it exists: lim xcscz.

z—
Answer: 1
Difficulty: 1  Section: 2

26. Find the limit if it exists: lim z (ez/ T —1).

I—0o0

Answer: 2

Difficulty: 1  Section: 2

1
27. Find the limit if it exists: lim ( Inz 5 — > ;
z—1 (;1; - 1) -1

1
Answer: —3
Difficulty: 1  Section: 2

1
(z+1)°

[0 o]
28, Determine if the integral converges or diverges and find the value if it converges: /
0
Answer: converges to 1
Difficulty: 1  Section: 3

oC
1
dr.

29. Determine if the integral converges or diverges and find the value if it converges: / e
1/2 T

s
Answer: converges to 3

Difficulty: 1  Section: 3

oC
30. Determine if the integral converges or diverges and find the value if it converges: / ! dz
o Vr+1

Answer: diverges

Difficulty: 1  Section: 3

2
2-1"

oo
31. Determine if the integral converges or diverges and find the value if it converges: /
2

Answer: converges to Iln3

Difficulty: 2 Section: 3

oo
1
32. Does the integral: / 1342 dx converge or diverge? If it converges, find the value.
—00

4x
T
Answer: converges to 3

Difficulty: 1  Section: 3
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1

133 dz converge or diverge?

o
33. Does the integral: /
1

00
Answer: converges by comparison to the integral / —dz
1T

Difficulty: 2  Section: 4

1
1
34. Does the integral: / 7 dx converge or diverge? If it converges, find the value.
-1z

Answer: converges to zero

Difficulty: 1  Section: 4

3

1
35. Does the integral: ﬁ dz converge or diverge? If it converges, find the value.
3/2V9—<z

3
Answer: converges to —

Difficulty: 1  Section: 4

2

z

36. Does the integral: / (—1)3 dz converge or diverge? If it converges, find the value.
0 (\T—

Answer: diverges

Difficulty: 2  Section: 4

1
1
37. Does the integral: / ————dz converge or diverge? If it converges, find the value.
b Vit ; ; ;
T
Answer: converges to 3

Difficulty: 1  Section: 4

o0
1
38. Does the integral: / 2 dz converge or diverge? If it converges, find the value.

—00
Answer: diverges

Difficulty: 2  Section: 4
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10 Infinite Series

1. Let s, = tan~! n for each n. Find lim sp if it exists.
n—0o0

Answer: %
Difficulty: 1  Section: 1
n
2. Let s, = 3 +n for each n. Find lim s, if it exists.
n—oc
Answer: 0

Difficulty: 1  Section: 1

1 n
3. Let sp, = (——) for each n. Find lim sy, if it exists.
n n—oc
Answer: 0
Difficulty: 2 Section: 1

4. Let s, = 2" for each n. Find l'mgo sp if it exists.
n—

Answer: 1
Difficulty: 1  Section: 1

3
5. Let s, = (1 + —) for each n. Find lim s, if it exists.
n n—oo

Answer: e3

Difficulty: 1  Section: 1

nd+3n -2

6. Let =
T3+l - 10n

for each n. Find lim s, if it exists.
n—00

Answer: %

Difficulty: 1  Section: 1

n!
7. Let spn = — for each n. Find lim s, if it exists.
T n—00

Answer: oo
Difficulty: 2 Section: 1
|cosn|

for each n. Find lim s, if it exists.
ﬁ n—oo

8. Let s, =

Answer: 0
Difficulty: 2 Section: 1
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9. Define s, = 1+ cosnr for all n. Find lim s, if it exists.
N—0C

Answer: the limit does not exist

Difficulty: 2  Section: 1

10. Define s, = (1.001)" for each n. Find nhn;o sn if it exists.

Answer: oc

Difficulty: 1 Section: 1

11. Define s, = (—.999)" for each n. Find lirgo sp if it exists.
n—
Answer: 0

Difficulty: 1  Section: 1

12. Define s, = v3n for each n. Find lim s, if it exists.
n—oco
Answer: 1

Difficulty: 2 Section: 1

3".
13. Define s, = o for each n. Show that the sequence is eventually decreasing and bounded

from below.
Answer: Sntl _ 3 <1ifn > 2. Also, s, > 0 for all n.
Tn n+1

Difficulty: 2 Section: 1

1
14. Define s, = i;—::—,) for each n. Show that the sequence is eventually decreasing and bounded

&~

from below.
Answer: Let f(z) = z—i;, then f/(z) = (z+2) 2 >0 for z > 1 and

Difficulty: 2  Section: 1

ntl < 1 for all n.
n+2

n-+
15. Define s, = -

from below.

2
1 for each n. Show that the sequence is eventually decreasing and bounded

2 1
Answer: Let f(z) = %, then f/(z) = — (z +1)72 < 0 for z > 1. Also, Z: I > 1 for all n.

Difficulty: 2 Section: 1

n

16. Define s, = o

from below.
Sn _ n+ 1

Sn+1 2n
Difficulty: 2 Section: 1

for each n. Show that the sequence is eventually decreasing and bounded

Answer:

Slforn22and§;20foraﬂn.
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17. Define s, = 1 +

for each n. Show that the sequence is monotone.

(="
n
Answer: For n even, s, > 1 and for n odd, s, < 1.

Difficulty: 2 Section: 1

2n - .
18. Define s, = - for each n. Show that the sequence is increasing but not convergent.

Answer: < for n > 2. But the sequence is unbounded, hence it doesn’t converge

Sn

Difficulty: 2  Section: 1

oo 271
19. Find the sum of the infinite series 3
n=1

Answer: 2
Difficulty: 1  Section: 2

00 2n+l

20. Find the sum of the infinite series ) T
=1

Answer: 4
Difficulty: 1  Section: 2
oo 3‘"

21. Find the sum of the infinite series e
n=0

Answer: §

Difficulty: 1  Section: 2

o0
22. Find the sum of the infinite series 3 (0.6)" ..

n=0

Answer: 2.5
Difficulty: 1  Section: 2

o
23. Find the sum of the infinite series ) (0.75)"

n=0
Answer: 4
Difficulty: 1  Section: 2
% 1

24. Use partial fractions to find a formula for s,, the nth partial sum for }

————————_ Does
noin?+3n+2

the series converge?

Answer: sn=%—n_l‘_2

Difficulty: 2  Section: 2

. 1
. The series converges to 5
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oc
25. Use partial fractions to find a formula for s, the nth partial sum for 3 ﬁ- Does
n=3 N° —Jan

the series converge?

1 .
Answer: s, =1 — 7 The series converges to 1.

Difficulty: 2  Section: 2

26. Write the repeating decimal 0.7 (in other words, 0.777 . . . . . ) as a geometric series and
write the sum as a fraction.

= & 7
Answer: 0.7= Y 7(0.1)" = =
n=1 9

Difficulty: 2  Section: 2

27. Write the repeating decimal 0.5 (in other words, 0.555 . . . . . ) as a geometric series and
write the sum as a fraction.

_ ™ 5
Answer: 0.5= Y 5(0.1)" = -
n=1 9

Difficulty: 2  Section: 2

28. Write the repeating decimal 0.15 (in other words, 0.151515. . . . . ) as a geometric series and
write the sum as a fraction.
_ (=]
Answer: 0.15 = 3 15(0.01)" = il
n=1 33
Difficulty: 2 Section: 2
29, Write the repeating decimal 0.51 (in other words, 0.515151 . . . . . ) as a geometric series and
write the sum as a fraction.
— x n 17
Answer: 0.51 = ) 51(0.01)" = 23
n=1

Difficulty: 2  Section: 2

o0
30. Does the series

n
? t .
2 Bn 3 Converee If so, find the sum

n
8n+3

Answer: The series diverges because lim
n—oo

# 0.
Difficulty: 1  Section: 2

n=1

) 1\"*
31. Does the series ( 1+ _r:) converge? If so, find the sum.

1 n
Answer: The series diverges because lim ( 1+ ;) # 0.

N=—0C

Difficulty: 1  Section: 2
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o0
32. Does the series ) % converge? If so, find the sum.
n=1

Answer: The series diverges, it is a multiple of the harmonic series.
Difficulty: 1  Section: 2

x 1
33. Does the series ) (g — 2—n> converge? If so, find the sum.
n=1 \ <

o
Answer: The series diverges because

n=1

n=1 <
Difficulty: 1  Section: 2

3w

5

oo
34. Does the series 712—:1 <2—n + 5—n> converge? If so, find the sum.

11 . .
Answer: The series converges to TR it is the sum of two geometric series.
Difficulty: 1  Section: 2

x 1
35. Does the series ) (sinn + 3—n> converge? If so, find the sum.
n=1

1
Answer: The series diverges since lim (sinn + —) #0.
n—oco 3n

Difficulty: 1  Section: 2

o<
36. Find the sum of the series > 27".
n=3

1
Answer: —

Difficulty: 1  Section: 2

oo
37. Find the sum of the series ) 47".
n=3

1
Answer: —
nswer 15

Difficulty: 1  Section: 2

o0
38. Find the sum of the series > (-1)"27".

n=1

- . . . 1 1
Answer: This is a geometric series with r = — -, the sum is — -

Difficulty: 1  Section: 2
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o0
39. Find the sum of the series 5 (-1)"37".

n=2
- . . . 1 .
Answer: This is a geometric series with r = -3 the sum is 2

Difficulty: 1  Section: 2

x 1
40. Does the series . —= converge? If so, find the sum.
n=1

Yn
1
Answer: The series diverges because lim —= #0.
n—o0 {‘/ﬁ

Difficulty: 2 Section: 2

o0
41. Use the integral test to test the series for convergence. If the series converges, find

n=1 1+ 4712
an upper bound for the sum.

1 1
Answer: The series converges and the sum is less than or equal to 5 + 2 (g —tan~! 2) .

Difficulty: 1  Section: 3

o0
42. Use the integral test to test the series ) (n + l)'l/ 2 for convergence. If the series converges,
n=1
find an upper bound for the sum.
Answer: The series diverges.

Difficulty: 1  Section: 3

for convergence. If the series converges, find

oc
43. Use the integral test to test the series > 7
n=1 l1+n

an upper bound for the sum.
Answer: The series diverges

Difficulty: 1  Section: 3

o0
44. Use the integral test to test the series Y ne™2" for convergence. If the series converges, find
n=1
an upper bound for the sum.

. .3
Answer: The series converges; an upper bound for the sum is ie‘l

Difficulty: 1  Section: 3

x 1
45. Does the series 3 —z converge? Give a reason for your conclusion.
n=1 1"

Answer: The series converges; it is a p-series with p= 1.5 > 1.

Difficulty: 1  Section: 3
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46. Does the series Z - converge? Give a reason for your conclusion.

Answer: The series dlverges; it is a p-series with p = 0.9 < 1.

Difficulty: 1  Section: 3

47. Can the integral test be used for the series Z = n

z . .
Answer: No, f(z) = 2 is not a decreasing function.

Difficulty: 2 Section: 3

o0

1
48. Does the series 3 1 converge? Try the integral test.

Answer: yes
Difficulty: 2  Section: 3

49. Does the series Z n~!! converge? Give a reason for your conclusion.
n=1

Answer: Yes; it is a p-series with p=1.1 > 1.
Difficulty: 1  Section: 3

oo
50. Use the integral test to show: that Y~ n~* converges and find an upper bound for the sum.

n=1
® 4 1 .7
Answer: / r Ydr = 3’ an upper bound is &
1

Difficulty: 1  Section: 3

oC
51. Does the series 3" 4n~2 converge? Give reasons.
n=1

Answer: Yes, it is a multiple of a convergent p-series, p = 2.

Difficulty: 1  Section: 3

[o.}
52. Does the series Y [27" + n~?] converge? Give reasons.

Answer: Yes, it is the sum of a convergent geometric series and a convergent p-series.
Difficulty: 2  Section: 3

53. Does the series Z 3 converge?

1 3n2 +
Answer: Yes, compare with the p-series with p = 2.
Difficulty: 1  Section: 4
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o0
54. Does the series > converge?.

n=1 3n+95

Answer: No, compare with the harmonic series

Difficulty: 1  Section: 4

-

o0
55. Does the series )

n=1

oz converge? Give reasons.
n

. . . . 1
Answer: Yes, compare with the geometric series with r = 3

Difficulty: 2  Section: 4

o

. & on
56. Does the series ) on converge?

n=1

Answer: Yes, use whether the ratio or root test

Difficulty: 1  Section: 4

n
. x n
57. Does the series Y 5
n=1

Answer: Yes, use the root test

Difficulty: 2  Section: 4

converge? Give reasons.

& 2n -7
58. Does the series ) i converge?

n=1 3712 +5n—1
Answer: No, compare with the harmonic series.

Difficulty: 1  Section: 4

2

X (n+1

59. Does the series ) (—%—)— converge?
n=1 .

Answer: Yes, use the ratio test.
Difficulty: 1  Section: 4
(n+1)!

o0
60. Does the series Y - converge?

n=1 2n!
Answer: No, the limit of the nth term is not zero

Difficulty: 2  Section: 4

n

[}
61. Does the series
n=1

converge?
— n3+1 &

Answer: No, use the ratio test

Difficulty: 1  Section: 4
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n

o0
. n
62. Does the series ), — converge?
n=1 T

Answer: No, use the ratio test

Difficulty: 1  Section: 4

o0
63. Does the series Y 4n~2 converge? Give reasons.
n=1

Answer: Yes, it is a multiple of a convergent p-series, p = 2.

Difficulty: 1  Section: 3

. X n?-Tn+5
64. Does the series ) — converge?
n=1

Answer: Yes, use the ratio or root test.

Difficulty: 2  Section: 4

o0
65. Does the series 5 e!/™ converge?
n=1

Answer: No, the limit of the nth term is not zero.

Difficulty: 1  Section: 4

n=1 (3 ) g

Answer: Yes, use the root test
Difficulty: 1  Section: 4

cos?
2

e n
67. Does the series )

n=1

converge? Give reasons.

2
cos‘n 1
Answer: Yes, —— < — for all n.
n n

Difficulty: 1  Section: 3

n

o0
i it ?
68. Does the series n§=1 ] converge”?

Answer: No, the limit of the nth term is not 0.
Difficulty: 1  Section: 4

(=]
69. Does the series ) w~"e" converge?
n=1

- . . . €
Answer: Yes, it is a geometric series with r = — < 1.
7r

Difficulty: 1  Section: 4
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o0
70. Does the series 3

1
n=1 vV n2 + 1
Answer: No, compare with the harmonic series

Difficulty: 1  Section: 3

converge?

. & 2" —1
71. Does the series Y (—1)" —— converge?
n=1 n-+ 1

Answer: No, the limit of the nth term is not zero.

Difficulty: 1  Section: 5

:2 I: 0€S t}lE’SEIlE Z ( 1) 2 1 ]

n=1

converge?

Answer: Yes, by the alternating series test
Difficulty: 1  Section: 5

o0
73. Does the series 3 (—1)"n~!/3 converge? Give reasons.
n=1

Answer: Yes, by the alternating series test

Difficulty: 1  Section: 5

cosnmw
n2

0
74. Does the series converge?
n=1

Answer: Yes, cosnm = (—1)", so the alternating series test applies.
g

Difficulty: 1  Section: §

00 3\"
75. Does the series Y (—1)" (5) converge?

n=1

Answer: No, the limit of the nth term is not zero.

Difficulty: 1  Section:

x 1
76. How many terms of the series }_ (-1)" o must be summed to estimate the sum of the series
n=1
with error less than .0017
Answer: 500

Difficulty: 2  Section: 5

o0
77. How many terms of the series 5 (-1)" n~1/2 must be summed to estimate the sum of the
n=1
series with error less than .01?
Answer: 10,000

Difficulty: 2 Section: 5
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x 1
78. How many terms of the series > (—1)" oy must be summed to estimate the sum of the series
n=1 .
with error less than .017

Answer: 4

Difficulty: 2  Section: 5

X 1
79. Estimate the sum of the series > (—1)" 3 with error less than 0.1.
n=1
31
A P
nswer: — o

Difficulty: 2  Section: 5

& 1
80. Estimate the sum of the series > (-1 Il with error less than 0.1.
n=1

1 1 1 1
Answer: §—5+?—§
Difficulty: 2  Section: 5

oc
81. Classify the series ) (-1)"

as absolutely convergent, conditionally convergent, or
n=1 n+7

divergent.
Answer: Divergent, the limit of the nth term is not zero.
Difficulty: 1  Section: 5

o (=1)"
82. Classify the series ) §(;L2—-|)-5 as absolutely convergent, conditionally convergent, or
n=1

divergent.

Answer: Absolutely convergent, compare the series of absolute values to a p-series
with p = 2.

Difficulty: 2  Section: 5

00 3\"
83. Classify the series 3 (—1)"*! (-5-) as absolutely convergent, conditionally convergent, or
n=1
divergent.

. . 3 . . 3
Answer: Absolutely convergent, the series of absolute values is a geometric series with r = z

Difficulty: 1  Section: 5

o0
84. Classify the series Y conT

n=1 .
Answer: Conditionally convergent by the alternating series test, the series of absolute values is
the harmonic series which diverges.

Difficulty: 1  Section: 5

as absolutely convergent, conditionally convergent, or divergent.
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= 1
85. Classify the series 5 (—1)"*! 5T o absolutely convergent, conditionally convergent,
n=1 -

or divergent.

Answer: Absolutely convergent, compare the series of absolute values to a p-series with p = 2.

Difficulty: 2  Section: 5

oc
86. Classify the series S (—1)*"*! as absolutely convergent, conditionally convergent, or
n=1

divergent.

1
vVn+95
. . . . 1
Answer: Divergent, all terms are negative: compare to a p-series with p = 7

Difficulty: 1  Section: 5

o0
87. Classify the series 3 (—=1)"*3(0.6)" as absolutely convergent, conditionally convergent, or
n=1
divergent.

Answer: Absolutely convergent, the series of absolute values is a geometric series with r = 0.6.
Difficulty: 1  Section: 5

o0
88. Classify the series ) (—1)"+2 as absolutely convergent, conditionally convergent, or divergent.
n=1

Answer: Divergent, the limit of the nth term is not zero.
Difficulty: 1 Section: 5

o0
89. Classify the series > (—1)"sinn as absolutely convergent, conditionally convergent,
n=1
or divergent.

Answer: Divergent, the limit of the nth term is not zero.
Difficulty: 2 Section: 5

90. Classify the series i (—1)""l "%/7_1 as absolutely convergent, conditionally convergent,
or divergent. n
Answer: Divergent, the limit of the nth term is not zero.
Difficulty: 2 Section: 5
oo n
91. Find the convergence set of 21 3
Answer: -1 <zr<1. "
Difficulty: 1  Section: 6
0o on
92. Find the convergence set of 1?—2"1 oy
Answer: r can be any real number.
Difficulty: 1  Section: 6
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n

o
93. Find the convergence set of )

noron+1 ’
Answer: -1 <z<1
Difficulty: 1  Section: 6
o0 2n$n
94. Find the convergence set of )
n=1
1 1
i —=XL =
Answer 5 < T < 5
Difficulty: 1  Section: 6
o0 Iﬂ
95. Find the convergence set of 3
n=1

Answer: -3 << 3

Difficulty: 1  Section: 6

n

oo
96. Find the convergence set of > —

n=1

Answer: —1 < z < 1, the convergence at —1 is conditional.

Difficulty: 1  Section: 6

oC

97. Find the convergence set of 3 —

Answer: —1<z<1
Difficulty: 1  Section: 6

0 1)"
98. Find the convergence set of Z S
n=1
Answer: -2 <z <2
Difficulty: 1  Section: 6
x 2" :32”
99. Find the convergence set of )
n=0

Answer: all real numbers

Difficulty: 1  Section: 6

100. Find the convergence set of Z (z=2)" g 2)
n=0

Answer: —1 <z <35

Difficulty: 1  Section: 6
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oc 83n 2n

101. Find the convergence set of >

n=0 n!
Answer: all real numbers
Difficulty: 1  Section: 6
oo 1;2
102. Find the convergence set of 3 o
n=0
Answer: —V2 <1 < 2
Difficuity: 1  Section: 6
oc n—1
103. Find the convergence set of ;—:0 o "
Answer 2 <z <
] T : —— —
3 3
Difficulty: 1  Section: 6
104. Find the convergence set of Z 4n =T (- )",
Answer: -3 <z <5
Difficulty: 1  Section: 6
x 3
105. Find the convergence set of Z (2 + )
Answer: -5 << -1
Difficulty: 1  Section: 6
(-)"(z -2

106. Find the convergence set of ngl @n 1)

Answer: all real numbers
Difficulty: 1  Section: 6
*® n(z-1)"

07. Fi
107. Find the convergence set of nz=:0 _—(3n —1)3"

Answer: —2< 1 <4
Difficulty: 1  Section: 6

3 2n
108. Find the convergence set of }: E—i-—)—

n=1 Vvin

Answer: 4 <z < -2
Difficulty: 1  Section: 6
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oC In
109. Find the convergence set of > 3

n=1
Answer: —1 <z <1

Difficulty: 1  Section: 6

oo 4a"
110. Find the convergence set of -(if—z)—
n=1 3"n
Answer: —7<zr< -1
Difficulty: 1  Section: 6
> 27 )"
111. Find the convergence set of 3 -izu
n=1 n
3 1
A i —=<zr< —=
nswer: —3 ST < -5
Difficulty: 1  Section: 6
112. Write a power series for f(z) = (1—1)5 Give the convergence set.
-z

o0
Answer: Y nz* -1<z<1

n=1

Difficulty: 2  Section: 7

113. Write a power series for f (z) = Give the convergence set.

-z
(1+z)*

o0
Answer: > (-1)"nz* -l1<z <1

n=1

Difficulty: 1  Section: 7

5

. . T .
114. Write a power series for f (z) = 1 Give the convergence set.

—'I'

o0
Answer: > "t -1<z<1

n=0

Difficulty: 1  Section: 7

. 1 .
115. Write a power series for f (z) = 71732 Give the convergence set.
x 3" (-1)" 2 2
Answer: Eowxn,—g <r< g

Difficulty: 2  Section: 7

116. Find the power series for f (z) = 3 _f 72 Give the convergence set.
x (-1)" 27! 3 3
swer nz_;o Fr I, 2 <zr< 5

Difficulty: 2  Section: 7
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2
117. Find the power series for f(r) =

T3 Give the convergence set.
-3z

x 1 1
Answer: 3 3"z™2 —3<T<3

nz=0

Difficulty: 2  Section: 7

118. Find the power series for f (z) = tan™! ) . Give the convergence set
5 g

o0 (_1)71 $2n+l
Answer: nz=:0 W -2 S T S 2

Difficulty: 1  Section: 7

119. Find the power series for f (z) = tan~! (3z) . Give the convergence set.
o (—1)" — 32n+1 2n+1 1

Answer: ) (=1) L —s<r<
n=0 2n+1 3

Difficulty: 1  Section: 7

LIl =

120. Find the power series for f (z) = In(1 + 3z). Give the convergence set.

oo (_1\n—lan.n
n=1 n

Difficulty: 1  Section: 7

—1<a:<
- "3 <

W

121. Find the power series for f () = zln(1 — 2z). Give the convergence set.
& onzntl ]

A : -1 , —=
nswer nzzjl (-1) ~ 5

Difficulty: 1  Section: 7

<z <

| —

. Z .
122. Find the power series for f (z) = z°tan™! (—) . Give the convergence set.

00 (_l)n .’132"‘+3
Answer: ngom, -2 <rzr< 2

Difficulty: 1  Section: 7

. . 1 .
123. Find the power series for f (z) = - Give the convergence set.

oo
Answer: Y z?", —l<z<1
n=0

Difficulty: 1  Section: 7
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124. Find the Taylor series for f (z) = z% - 73 + 4z in powers of z + 2.
Answer: 16 —40(z +2) + 30 (z + 22 -9(x+2°3+(z+2)*
Difficulty: 2  Section: 8

1
125. Find the Maclaurin series for f(z) = .
3+z
0 -
Answer: Y (-1) T

n=0

Difficulty: 1  Section: 8

126. Find the Maclaurin series for f(z) = cosz?.

@ (-1)"at"
Answer: ngow

Difficulty: 1  Section: 8

127. Write the Taylor series for f(z) = Inz? in powers of (z — 1).
© 9(— n -1 n+l
Answer: 3 (1) e-1)
n=0 n+1
Difficulty: 2  Section: 8

128. Write the Taylor series for f (z) = e~ in powers of (z — 1).

Answer: § e_l (—'1)" (I — l)n

n=0

n!
Difficulty: 2  Section: 8
129. Write the terms through z# in the Maclaurin series for f (z) = sec 2z about ¢ = 0.
10
Answer: 1+ 2z% + ?:z:4
Difficulty: 1  Section: 8
130. Write the Taylor series in (z — 8) through the term in (z — 8) for f (z) = £*/3 about ¢ = 8.
1 1 )
Answer: 4+ - (z-8) = 1a(:z:——S)

3
Difficulty: 1  Section: 8

131. Write the Taylor series in-(z — 1) for f (z) = 23 - 322 + 5z — 2.
Answer: 1+2(z—1)+(z —1)*
Difficulty: 1  Section: 8
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1
132. Write the Taylor series for f (z) = = in powers of (z — 2)

o0 _1\n _ n
Answer: ). (—1)27(1+2)—

n=0

Difficulty: 2 Section: 8

133. Write the Taylor series for f (z) = T cosz.

[o’s) n $2ﬂ+1
Answer: -1
20N Gy

Difficulty: 1 Section: 8

134. Write the first two nonzero terms of the Maclaurin series for f (z) = tan2z.

Answer: 2z + gms

Difficulty: 1 Section: 8

135. Write the first two nonzero terms of the Maclaurin series for f(z) = tanh2z

Answer: 2z — §x3

Difficulty: 1  Section: 8

136. Write the first four terms of the binomial series for f(z) = (1 — )72,

. 1 1o, 14
Answer: 1 2m 8:1: 162

Difficulty: 1  Section: 8

137. Write the first four terms of the binomial series for f (z) = (1 +z)"/3.

1 1
Answer: 1+ %:c - 5:::2 + ﬁxa

Difficulty: 1  Section: 8

138. Write the first four terms of the binomial series for f (z) = (1 - z)" V2,

Answer: 1+ %:z: - _g.z2 + 15_61,3

Difficulty: 1  Section: 8

139. Write the first four terms of the binomial series for f(z) = (1+z)7°.
Answer: 1 — 3z + 622 — 10z®

Difficulty: 1  Section: 8
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. . - 1 1

140. Find a polynomial approximation f () = e* accurate to within 0.01 for =3 <zr< 3
2 .3
Answer: 14+ z+ ) + 3

Difficulty: 2  Section: 8

141. Find a polynomial approximation f (x) = sinz accurate to within 0.01 for -1 <1 < 1.
3

z
Answer:  — 3
Difficulty: 2  Section: 8

142. Find a polynomial approximation f (z) = cosz accurate to within 0.01 for -1 <z < 1.

2 .’1,‘4

Answer: 1 — = + 21

Difficulty: 2  Section: 8

143. Write the first four terms of the binomial series for f (z) = (4 + )*/2.
. z 1 ,, 1 3
Answer: 2 + 17 5% + 512%

Difficulty: 2  Section: 8
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11 Numerical Methods, Approximations

1. Write the Taylor polynomial of order 3 based at 1 for f(z) = €*.

2 3
Answer: e(1+(x_1)+(-'13—91) +($—61))

Difficulty: 1  Section: 1

2. Write the Taylor polynomial of order 3 based at 2 for f(z) = €*.

Answer: e (1 +(z-2)+ (z—2)° + (z - 2)3)

2 6
Difficulty: 1  Section: 1

3. Write the Taylor polynomial of order 3 based at —1 for f(z) = €*.
1)? +1)°
(z+1)?  (@+1) )

Answer: e~} (1 +(z+1)+ 5 3

Difficulty: 1  Section: 1

4. Write the Taylor polynomial of order 3 based at —2 for f (z) = e*.

(z+2)? (z+2)°
2 )

Answer: e~2 (1 +(z+2)+
Difficulty: 1  Section: 1

5. Write the Maclaurin polynomial of order 4 for f(z) = sec2z.
Answer: 1+ 222 + %Q:z;4

Difficulty: 1  Section: 1

6. Write the Maclaurin polynomial of order 4 for f(z) = sec3z.

9 135
A c 14 12
nswer: 1 + 2:15 + 8

Difficulty: 1  Section: 1

4

7. Write the Taylor polynomial of order 3 based at 1 for f (z) = 2% — 322 + 5z — 2.
Answer: 1+ 2(z —1) + (z — 1)
Difficulty: 1  Section: 1

8. Write the Taylor polynomial of order 3 based at 2 for f(z) = z3 — 322 + 5z - 2.
Answer: 4 +5(z —2)+ 3(z — 22 4+ (z-2)°
Difficulty: 1  Section: 1
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w| 8

9. Write the Maclaurin polynomial of order 3 for tan~!

x 1 4
Answer: 3~ 81:7:

Difficulty: 1  Section: 1

10. Write the Taylor polynomial of order 2 based at 8 for f (z) = z2/3,
1 1 )
Answer: 4 + 3 (r-8)- Tad (z-8)

Difficulty: 1  Section: 1

11. Determine the order of the Maclaurin polynomial required to approximate e* correct to 2

1
decimal places for |z| < 7

Answer: order 4 using 1.7 as an upper bound for el/?

Difficulty: 2  Section: 1

12. Determine the order of the Maclaurin polynomial required to approximate e* correct to 3

1
decimal places for |z| < 3

Answer: order 5 using 1.7 as an upper bound for el/?

Difficulty: 2  Section: 1

13. Determine the order of the Maclaurin polynomial required to approximate e* correct to 4
1
decimal places for |z| < 7

Answer: order 6 using 1.7 as an upper bound for e!/2

Difficulty: 2  Section: 1

14. Find the third order of Maclaurin polynomial for (1 + z)/2 and bound the error Rj (z) for
1
<rzr<-.
0<z< 5

1 1, 1,
i M - P — < .
Answer: 1+ 5T~ 3% + 6 |R3 (z)] £.019

Difficulty: 2  Section: 1

15. Find the fourth order of Maclaurin polynomial for (1 + £)'/? and bound the error Ry (z) for

1
<z< -
0_:2:_2

1 1, 1, 5 ,
14 ogp -zl —g3o 2 <1
Answer: 1+ 5%~ % + %% " 128° , | R4 ()| < 1.008

Difficulty: 2  Section: 1

Instructor's Resource Manual Chapter 11 Exam Questions 993



2

T
ln(1+:v)—:1:+7 ‘1
16. Find lim 3 .
z—0 T
Answer: 1
"3

Difficulty: 2  Section: 1

3
tan"lz —z 4+ =
17. Find lim 3
z—0 2.’1:5
Answer: !
" 10

Difficulty: 2 Section: 1

5 _ =6
18, Find lim —= &
—0

tan:z:zx—
3

Answer: 15
Difficulty: 2 Section: 1
e 2T —1+12

19. Fi im ——
ind al:l—ro% 3z4 4+ 527 — 29

Answer: % ‘.’*]
Difficulty: 2  Section: 1
1o
20. Use the Trapezoid Rule, with n = 4, to approximate /(; m dz. Round your answer to
two decimal places.
Answer: 0.51
Difficulty: 1  Section: 2
4
21. What value of n should be used with the Trapezoid Rule to approximate / Vz dz to within
0.017 '
Answer: n > 8
Difficulty: 2 Section: 2
21
22. What value of n should be used with the Trapezoid Rule to approximate /1 7 dt to within
0.00017
Answer: n > 41
Difficulty: 2  Section: 2 -
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1
23. Use Simpson’s Rule, with n = 8, to approximate / I dz. Round your answer
0

+ z2
to 4 decimal places.
Answer: 0.7854

Difficulty: 1  Section: 2

1

. 1
24. Use Simpson’s Rule, with n = 4, to approximate / ————dz. Round your answer to three
0

1+x
decimal places.
Answer: 0.881

Difficulty: 1  Section: 2

4
25. What value of n should be used in Simpson’s Rule to approximate / vz dz to within 0.01?
1

Answer: n > 4
Difficulty: 2  Section: 2

2
26. What value of n should be used in Simpson’s Rule to approximate / édz to within 0.0001?
1

Answer: n > 8
Difficulty: 2 Section: 2

27. Use Newton’s method to find an approximate solution of z3 + 3z — 20 = 0 between 2 and 3.
Round to two decimal places.

Answer: 2.35
Difficulty: 2  Section: 3

28. Use Newton’s method to find an approximate solution of 323 + 1422 + 13z — 2 = 0 between 0
and 1. Round to two decimal places.

Answer: 0.13
Difficulty: 2  Section: 3

29, Use Newton’s method to find an approximate solution of z¢ — 2z — 100 = 0 between 3 and 4.
Round to two decimal places.

Answer: 3.21
Difficulty: 2  Section: 3

30. Use Newton’s method to find a positive approximate solution of z3 — 144z + 665 = 0. Round
to two decimal places. '

Answer: There are two, 7 and 6.86.
Difficulty: 2 Section: 3
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31. In Newton’s method to estimate the root of the equation 3 — £ — 1 = 0, take the first guess
zo = 1. What is the second approximation z;7 ) -

Answer: 1.5

Difficulty: 2  Section: 3

32. In Newton’s method to estimate the root of the equation 2 — 5 = 0, take the first guess zg = 2.
What is the second approximation z;?

Answer: 2.25

Difficulty: 2  Section: 3

33. Use the fixed-point method to solve the equation 2% + 3z — 20 = 0 with initial guess of 2 and
4 iterations.

Answer: the process diverges

Difficulty: 2  Section: 4

34. Use the fixed-point method to solve the equation 3z + 14z2 + 13z — 2 = 0 with initial guess -
of 0.5 and 4 iterations. Round off to two decimal places.

Answer: 0.13

Difficulty: 1  Section: 4

35. Use the fixed-point method to solve the equation z° — 144z + 665 = 0 with initial guess of 6.5
and 4 iterations. Round off to two decimal places.

Answer: 6.58

Difficulty: 1  Section: 4

36. Use the fixed-point method to solve the equation 23 — z — 1 = 0 with initial guess of 2 and 4
iterations. Round off to two decimal places

Answer: the process diverges

Difficulty: 2 Section: 4
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37. The figure below contains a slope field for the differential equation ¥’ = f(z,y). Sketch

0.5 and approximate y(3).

the solution to this differential equation that satisfies y(0)

y

> =

et 2 RN\ NSNS
e erm o 7 f ] NS—————
e s e i \ AN ———
e A RS e
it e ere 2 2 f BN NN ————
e e e o [N\ N ———
ot r o [ B NP ————
e m et 2 S NN
e e RS
et vrerir e 2 ] NS ———
et ettt 2 [ RN
e 7 f NSNS
——emr e 2 [\ NSNS
L ¥ L4 T T T L4 . . ats T L ¥ L4
5]72?!615‘(\& /##/WJW:
JL“}\\LFD\UMQ

s et e o et [ Zﬂ/’//’l
et ot e 2 N NN ——

Answer: y(3) =0

Section: 5

Difficulty: 1:

38. The figure below contains a slope field for the differential equation ¥’ = f(z,y). Sketch

0.2 and approximate y(2).

the solution to this differential equation that satisfies y(0)

> =

T o S P o o P o ot ]
Pt e g g
et
FLLEIIELELE]

NAANNANNANANAY

ASCUCRNRNRNNN
SSURRNNNRRNNN
25 S S SRR
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ANV

ﬁ\.._M H 14 ol 4 H
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IS eededdadddd

P et
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NANNANANN
SONNNNNNY
NNNANNNNN
EANNNNANNN
AR RN
DA
i i
“L hié \s\w
1555
el i dddd

Answer: y(2) = 1.5

Section: 5

Difficulty: 1:
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39. The figure below contains a slope field for the differential equation y' = f(z,y). Sketch
the solution to this differential equation that satisfies y(0) = 4 and approximate y(8).

A7
IBIE B EREERERRRRARRS
!\l? IR EEE AR
LI O T S O S O O O S W S Nt
1 VALV VY VAV AN S——
F VULV VNV NAANNS—
VI VAV AN NN NS——
\ VIV VWA NNS—— Y
VIV VIV VA ANANNANANNS—— /Y
le\ AV VNNNANNANNS~——r /7Y
Vi VANNNSNNS~——rr/ /Y
VAV VYV INNANNNNS~——r s/
VAV VAV I ANNNNNS——r 77272001
VAN AL NNNSN~—— 772G
VAANNINNSNS~S—— 7772070801
VANNNINS~—— 27727001
YANNNISN~——r/ /727000001
\\\3‘\—///////1/111,1
NS AN R
NN A RN RN RN
2 3 6 3 x

Answer: y(8) =8
Difficulty: 1:  Section: 5

40. Use Euler’s Method with h = 0.2 to approximate y(1) where y is the solution of
y' = 3y that satisfies y(0) = 1.

Answer: 10.48576
Difficulty: 2: Section 5

41. Use Euler’s Method with h = 0.2 to approximate y(2) where y is the solution of
y' = zy that satisfies y(1) = 2.

Answer: 6.838419
Difficulty: 2:  Section 5

42. Use the Improved Euler Method with A = 0.2 to approximate y(1) where y is the
solution of ¥ = 3y that satisfies y(0) = 1.

Answer: 17.86899
Difficulty: 2: Section 5

43. Use the Improved Euler Method with A = 0.2 to approximate y(2) where y is the
solution of ¥’ = zy that satisfies y(1) = 2.

Answer: 8.783297
Difficulty: 2:  Section 5
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12 Conics and Polar Coordinates

1. Find the equation of the parabola with focus (2,0) and directrix z = —2.
Answer: y? = 8z
Difficulty: 1  Section: 1

2. Sketch the parabola y? = 16z showing vertex, focus, and directrix on the graph.

Answer:
Direcanx r=-4 ¥
} 107 »='®
|
I 5 Focus (4.0)
I .
-6 W -2 2 4 6
I -5
|
| -10

Difficulty: 1  Section: 1

1
3. Sketch the parabola z = —8-y2 showing vertex, focus, and directrix on the graph.

Answer:
Dvrestnx
Y mu" it
|
I s
0.0y
1N _
-6 -4 4 T
I -s
|
|-10

Difficulty: 1  Section: 1

4. Sketch the parabola z2 = 8y showing vertex, focus, and directrix on the graph.

Answer:

Directrix v = -2

- - - Ideae = - ——

Difficulty: 1  Section: 1
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5. Find the vertices on the major axis of the ellipse 322 + 2y2 = 16.
Answer: (0,2v2) and (0, —2V2)
Difficulty: 1  Section: 2

6. Find the foci of the ellipse 4y? + 12 = 36.
Answer: (—v/27,0) and (v27, 0)
Difficulty: 1  Section: 2

7. Sketch the ellipse 222 + 4y? = 8 showing center, vertices, and foci on the graph.

,\.
2#
0.3
1
-2.0) ff Focus 2.0 Focus (42.0) | (200
-3 -1 1 3 x
-1

(0.-41-)

Answer:

-2

Difficulty: 1  Section: 2

8. Sketch the ellipse 922 + 4y? = 36 showing center, vertices, and foci on the graph.

Answer:

Difficulty: 1  Section: 2

9. Find the foci and vertices of the hyperbola 9z2 — 4y® = 36.
Answer: foci (v13,0), (-=v18,0) and vertices (—2,0), (2,0)
Difficulty: 1  Section: 2
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10. Find the foci and vertices of the hyperbola 922 — 16y% = —144.
Answer: foci (0,5), (0,—5) and vertices (0,3), (0, —3)
Difficulty: 1  Section: 2

11. Find the equation of the hyperbola with foci at (5,0). (—5,0) and vertices at (4.0). (—4,0).

2 2
Answer: I _¥_ 1

16 9
Difficulty: 1  Section: 2

12. Find the equation of the hyperbola with foci at (0,6), (0, —6) and vertices at (0.2), (0. -2).
Answer: 8y% — r%2 = 32
Difficulty: 1  Section: 2

13. Find the equation of the hyperbola with foci at (0,2), (0, —2) and an asymptote y = 2z.

2 2
y? _ 5y’
Answer 16 4
Difficulty: 1  Section: 2
2 2
14. Sketch the hyperbola % 1= 1 showing vertices, foci, and asymptotes on the graph.

Answer: Foci are at (+v/29,0) .

x° ‘_2

I i

voo2
A 3 4
- 2 -
LT r=i
Focus (—/29,0) ~ 2 - Focus (V29
~ .
\ % /5’0 /
-10 S, -~ ~ 10 x
- -2 >~
< -
-4
-6

Difficulty: 2  Section: 2

15. Sketch the hyperbola 4y? — 2 = 1 showing vertices, foci, and asymptotes on the graph.
gr

Answer: Foci are at (O,i\/g) .

k)

Focus (0. %)
)~ JT

432 —x? =1

-2 Focus (0.-‘/-§)

Difficulty: 2 Section: 2
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16. Find the equation of the hyperbola with foci at (5,0) and (—5,0) and a fixed difference of
distances equal to 6.

Answer: 16x2 — 9y® = 144
Difficulty: 1  Section: 3

17. Find the equation of the hyperbola with foci at (0,8) and (0, —8) and a fixed difference of
distances equal to 10.

2 12

Answer: 2% " 39 =

Difficulty: 1  Section: 3

18. Find the equation of the ellipse with foci at (—3,0) and (3,0) and a fixed sum of distances
equal to 12.

2 2
Answer: 36 + o7 =1

Difficulty: 1  Section: 3

19. Find the equation of the ellipse with foci at (0,1) and (0, —1) and a fixed sum of distances
equal to 5.

2

Answer: E + 25

Difficulty: 1  Section: 3

42
4 _

20. Find the slope of the tangent line to the curve z2 — 4y? = 9 at the point (5,2).

5
Answer: —

8
Difficulty: 1  Section: 8
21. Find the equation of the tangent line to the curve 9z% + 4y = 72 at the point (-2,3).
3
Answer: y— 3 = 5(:1:+2)

Difficulty: 2  Section: 3

22. Find the equation of the tangent line to the curve 4z + 9y = 40 at the point (1,2).
2
Answer: y —2 = 3 (z-1)

Difficulty: 2  Section: 3
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23. Find the equation of the tangent line to the curve z2 — y% = 16 at the point (5,3).
5
Answer: y—3=§(x—5)
Difficulty: 2 Section: 3

2

24. Find the total area enclosed by the ellipse 25

2
¥
+==1
9
Answer: 157 square units

Difficulty: 2  Section: 3

25. Find the equation of the parabola with focus (2,9) and vertex (2,6).
Answer: (z —2)2 =12(y - 6)
Difficulty: 1  Section: 4

26. Find the equation of the parabola with focus (4, 6) and vertex (1,6).
Answer: (y —6)> =12(z - 1)
Difficulty: 1  Section: 4

27. Find the equation of the parabola with focus (3, —1) and vertex (-2, -1).
Answer: (y+1)>=20(z+2)
Difficulty: 1  Section: 4

28. Find the equation of the parabola with focus (-2, 3) and directrix y = 5.
Answer: (z+2)% = —4(y—4)
Difficulty: 1  Section: 4

29. Find the equation of the parabola with focus (—3,2) and directrix z = 5.
Answer: (y —2)?=-16(z - 1)
Difficulty: 1  Section: 4

30. Find the vertex, focus, and directrix of the parabola y* — 2y + 9 = 8z.
Answer: (1,1), (3,1),z=-1
Difficulty: 2 Section: 4

31. Find the vertex, focus, and directrix of the parabola 22 + 2z + 8y = 15.
Answer: (—1,2), (-1,0),y=4
Difficulty: 2  Section: 4
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32. Find the vertex, focus, and directrix of the parabola z? — 2z + 4y = 11.
Answer: (1,3),(1,2),y=4
Difficulty: 2 Section: 4

33. Sketch the parabola y% — 2y — 31 = 8z showing vertex, focus, and directrix on the graph.

Answer:

[
n
|
*
w

Difficulty: 2 Section: 4

34. Sketch the parabola 32 — 4y + 12 = 8z showing vertex, focus, and directrix on the graph.

Answer:
r=-1 A

- -2 i 4 3 8
}2
|
-4

Difficulty: 2 Section: 4

35. Find the center of the ellipse 472 + y* + 16z — 4y = 80.
Answer: (-2,2)
Difficulty: 1  Section: 4

36. Find the foci of the ellipse 25x% + 4y® — 50z + 16y = 59.
Answer: (1,-2+ V21) and (1,-2 - V21)

Difficulty: 2 Section: 4

37. Find the foci of the ellipse 322 — 6z + 2y® + 4y = 19.

Answer: (1,1) and (1,-3)
Difficulty: 2  Section: 4
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38. Find the equation of the ellipse with vertices at (2,4), (2,-6), (5,-1), and (-1,-1).

2 2
(-2 +1)° _,
9 25
Difficulty: 2  Section: 4

Answer:

39. Find the equation of the ellipse with vertices at (3,2). (-7,2), (-2,12), and (-2.-8).

(22" w=-2°_,
25 100
Difficulty: 2  Section: 4

Answer:

40. Find the equation of the ellipse with foci at (—4,2) and (2,2) and a fixed sum if distances
equal to 12.

@+ (-2
Answer: 36 + 27

Difficulty: 2  Section: 4

2
=1

41. Find the equation of the ellipse with foci at (4, —1) and (—4, —1) and a fixed sum of distances
equal to 10.

2 (y+1)?
I ¢ AL A |
Answer 5 + 9

Difficulty: 2  Section: 4

42. Find the equation of the ellipse with foci at (1,1) and (—3,1) and a fixed sum of distances
equal to 2v/5.

2
Answer: (_:1:-;_1) +y-1)72=1
Difficulty: 2  Section: 4

43. Sketch the ellipse 2 + 4y® + 6z — 16y + 9 = 0 showing center, vertices, and foci on the graph.

Answer:
x2+4y? +6x-16y+9=0

=3+412.2)

o)

Difficulty: 2  Section: 4
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44. Sketch the ellipse 4z + y2 + 16z — 4y — 80 = 0 showing center, vertices, and foci on the graph.

Answer:

Difficulty: 2 Section: 4

45. Sketch the ellipse 2522 + 9y2 — 200z + 90y + 400 = 0 showing center, vertices, and foci on the

graph.
Answer:
v

5‘ T 25x7 +9y? —200x
+90y+400=0

(4.0) -
-2 8 x

- 5 / (7v _5)

(l.-5)/
-10 h10)

Difficulty: 2  Section: 4
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46. Sketch the parabola z2 + 2z + 8y = 15 showing vertex, focus, and directrix on the graph.

Answer:

6 12 +2xF8y=15

Difficulty: 2  Section: 4

47. Find the foci and vertices of the hyperbola 4z2 — y2 + 16z — 4y = 88.
Answer: foci(-2 + 5v/5,-2), (-2 — 5v/5,-2) and vertices (=7, -2), (3,-2)
Difficulty: 2  Section: 4

48. Find the foci and vertices of the hyperbola 2512 — 9y — 50z — 18y = —241.
Answer: foci(1, -1+ v/34), (-1, -1 — V/34) and vertices (1,4), (1,-6)

Difficulty: 2  Section: 4

49. Find the equation of the hyperbola with foci at (5, —2), (—5,2) and vertices at (4, —2),
(—4,-2).
Answer: 922 — 16 (y + 2)% = 144
Difficulty: 1  Section: 4

50. Find the equation of the hyperbola with vertices (1,2), (1,6) and an asymptote with slopeg.

-9 _ @-1°_
4 9
Difficulty: 2  Section: 4

Answer:

51. Sketch the hyperbola z2 — 4y® + 6z — 16y + 9 = 0 showing vertices, foci, and asymptotes on

the graph.
Answer: Foci are at (-3, -3 v/20).

v

4 4y  +6x-16149=0

Difficulty: 2  Section: 4
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52. Sketch the hyperbola % — 16y — 4 + 32y — 76 = 0 showing vertices, foci, and asymptotes on
the graph.
Answer: Foci are at (2 + V68,1).
x> =167 —d4x+32y-76=0

-5 v=l==(x-2)/4

Difficulty: 2 Section: 4

53. Sketch the hyperbola 4z% — y* — 8z = 0 showing vertices, foci, and asymptotes on the graph.
Answer: Foci are at (1+V5,0).
ax° —y2 -8x=0

y==Ax-1)
v=2x-1)

Focus

(1+45.0)

Difficulty: 2  Section: 4

54. Let 6 be the angle of rotation to eliminate the zy term from the equation 4z% — 7zy =
4y? — 5z — 15. Find the value of cot 26.

8
Answer: ——
{

Difficulty: 1  Section: 5
55. Find the angle 8 so that the rotation through that angle will eliminate the zy term from the
equation z2 — 2v/3zy + 3y? — 16v/3z — 16y = 0.
s
Answer: —

6
Difficulty: 1  Section: 5
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56. Let 6 be the angle so that the rotation through 8 will eliminate the zy term from the equation
4z% — 6y — 4y®> — 15 = 0. Find sin# and cos 6.

3 1
Answer: sinf = ﬁ’ cosf = —\/ﬁ

Difficulty: 1 Section: 5

57. Write the equation of the curve 72 + y? — zy = 4 in terms of u and v after rotating through
the appropriate axes through the angle § = 1

Answer: u2+3v2 =38

Difficulty: 1  Section: 5

58. Write the equation of the curve 8z% —4zy +5y? = 36 in terms of u and v after rotating through
the appropriate angle to eliminate the zy term.
2 2
v

A =+ —=1
nswer 9+4

Difficulty: 1  Section: 5

59. Write the equation of the curve 16z2 — 24zy + 9y? — 60z — 80y + 100 in terms of u and v after
rotating through the appropriate angle to eliminate the zy term.

Answer: v? = 4(u - 1)
Difficulty: 2  Section: 5

60. Write the equation of the curve 4z — 6xy — 4y® — 15 = 0 in terms of u and v after rotating
through the appropriate angle to eliminate the zy term.
2 2
¢ ou

Answer: — — — =1
nswer 3 3

Difficulty: 1  Section: §

61. Use rotation of axes to eliminate the ry term and graph the conic 522 + 6zy + 5y2 — 8 = 0.
Identify the important parts.
2 2

)

u
A r—+—=1
nswer 1-{-4

Sxm+ 6xy+ 5_\': -8=0

Difficulty: 2  Section: 5
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62. Use rotation of axes to eliminate the zy term and graph the conic 5z% — 8zy + 5y% — 9 = 0.

Identify the important parts.

u?  2?

Answer: — 4+ — =1
9 1
5x° —Bxy+ 537 -9=0
¥

.

Difficulty: 2  Section: 5

63. Use rotation of axes to eliminate the zy term and graph the conic 2zy — 1 = 0. Identify the

important parts.

Answer: u° —v* =

Difficulty: 2 Section: 5
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64. Use rotation of axes to eliminate the zy term and graph the conic =2 — 2v/3zy + 3y% — 16v/3z—
16y = 0. Identify the important parts.

Answer: v2 = 8u
¥

\\' 2 =2hap+3)7 - 168 16y= 0
\
\ \
AT
%\ \
XN
“\ \
\
AN P
- ” 10 x
“ \
-\2
\ \
-4\

Difficulty: 2  Section: 5

65. Use rotation of axes to eliminate the zy term and graph the conic 5z° — 6zy+5y* — 8z —8y = 0.
Identify the important parts.
(w-2v2)" o* _

Answer: T-I— 5 =1

s5x? -6xy+ Syz ~8x-8yv=0

Yoews (2- 3.2+ 31

Difficulty: 3  Section: 5

66. The polar coordinates of P are (4, g) . Give the rectangular coordinates of P.

Answer: (2,2V3)
Difficulty: 1  Section: 6
. i . .
67. The polar coordinates of P are (2, F) . Give the rectangular coordinates of P.
Answer: (—\/g, -1)
Difficulty: 1  Section: 6
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68. The polar coordinates of P are (4, 7). Give the rectangular coordinates of P.
Answer: (—4,0)
Difficulty: 1  Section: 6

69. The polar coordinates of P are (3, —%) . Give the rectangular coordinates of P.

(m :Ni)
Answer: T, —-2—

Difficulty: 1  Section: 6

70. The rectangular coordinates of P are (2,2). Give the polar coordinates of P.
T 7
Answer: (2\/5, 1 + 2n7r) or (—2\/5, i +(2n+ 1)7r)
Difficulty: 1  Section: 6

71. The rectangular coordinates of P are (0,3). Give the polar coordinates of P.

Answer: (3, g— + 2n7r) or (—3, 3771' + 2n7r)

Difficulty: 1  Section: 6

72. The rectangular coordinates of P are (0,3). Give the polar coordinates of P.

77

Answer: (8, %r +2n1r> or <—8, 5

+(2n+ 1)7r>

Difficulty: 1  Section: 6

73. The polar coordinates of P are (—3, %) . Give the rectangular coordinates of P.

Answer: (0,-3)
Difficulty; 1  Section: 6

74. The polar coordinates of P are (—2, %) . Give the rectangular coordinates of P.
Answer: (-1, \/§)
Difficulty; 1  Section: 6

75. The rectangular coordinates of P are (—2, —3). Give the polar coordinates of P.
Answer: (v/13,tan"! (1.5) + (2n + 1) m) or (—V/13,tan"! (1.5) + 2nn)
Difficulty: 1  Section: 6
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76. The rectangular coordinates of P are (1, —4) . Give the polar coordinates of P.
Answer: (V17,tan™! (—4) + 2nm) or (—\/ﬁ, tan~! (—4) + (2n + 1)7)
Difficulty: 1  Section: 6

77. The rectangular coordinates of P are (-3, —3). Give the polar coordinates of P.

Answer: (3\/5, 5% + er) or (—3\/5, % + 2n7r)

Difficulty: 1  Section: 6

78. Find a polar equation for the graph of the Cartesian equation r?4+y>-22=9.

Answer: 2 = 2r (cosf) + 9

Difficulty: 1  Section: 6

79. Find a polar equation for the graph of the Cartesian equation y? =4z
Answer: r (sin?6) = 4cos 8

Difficulty: 1  Section: 6

80. Find a Cartesian equation for the graph of the polar equation r = 3 cos¥.
Answer: 2 4 32 = 3y.
Difficulty: 1  Section: 6

81. Find a Cartesian equation for the graph of the polar equation 72 = 2r (cos#) + r (sin8).

Answer: 22+ y* =22+ y
Difficulty: 1  Section: 6

82. Name the curve that has the polar equation 7 = 2cosé.
Answer: circle

Difficulty: 1  Section: 6

83. N th that has the pol ti =—
ame the curve that has the polar equation 7 = ——"——

2
Answer: ellipse, € = 3

Difficulty: 2 Section: 6

84. Name the curve that has the polar equation f = 3T 30050
cos

Answer: hyperbola, e = -g—

Difficulty: 2 Section: 6
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5 . -
85. Name the curve that has the polar equation r = 3" 3c050 and give its eccentricity.
Answer: parabola, e =1

Difficulty: 2  Section: 6

86. Sketch the graph of 7 = 3sec.
Answer: The graph is the line z = 3.
3

2

1 3,0)

-1

-2

-3

Difficulty: 1  Section: 7

87. Sketch the graph of r = —3cos#é.

3
Answer: The graph is a circle of radius -2— with center at (—2—, w) .

Difficulty: 1  Section: 7

88. Sketch the graph of 7 = 6sin#.
Answer: The graph is a circle of radius 3, with center at (3, %) .

Difficulty: 1  Section: 7
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89. Sketch the graph of 7 = 3sin 36.

Answer: The graph is a 3-leafed rose.

Difficulty: 2  Section: 7

90. Sketch the graph of 72 = 4sin 26.

Answer: The graph is a lemniscate.
3

{2.xld)

Difficulty: 2 Section: 7

91. Sketch the graph of r = 1 + 2sin#.

Answer: The graph is a limacon.
4

(X203

-3 -2 1 1IN ? 3

(Lx} .0
-1 (1.0}

Difficulty: 2  Section: 7
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92. Sketch the graph of r = 2 4+ 2siné.
Answer: The graph is a cardioid.

(4.7/2)

Difficulty: 2  Section: 7

93. Find the points of intersection of the curves r = 2 and r = 4sin 28 that are in quadrant .

Answer: (2, ;—2) and (2,?—;—)

Difficulty: 2  Section: 7

94. Find the points of intersection of the curves r = 2sinf and r = 2cos#.
T

Answer: (\/_2-, Z) and (0,0)

Difficulty: 2  Section: 7

95. Find the area bounded by the curve % = 2cos20 + 1.

2
Answer: \/§ + ?ﬂ

Difficulty: 1  Section: 8

1 .
96. Find the area bounded by the curve r? = 5 sin 26.

1
A D=
nswer 3

Difficulty: 1  Section: 8

97. Find the area bounded by the curve r? = 2sin 36.
Answer: 4

Difficulty: 1  Section: 8

98. Find the area bounded by the curve r? = 2 cos 36.
Answer: 4
Difficulty: 1  Section: 8
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99. Find the area inside the circle r = 3 cos# and outside the cardioid 7 = 1 + cos 8.

Answer:

Difficulty: 2  Section: 8

100. Find the area inside the circle r = 3sin@ and outside the cardioid » = 1 + sin 4.

Answer: T

Difficulty: 2  Section: 8

101. Find the area inside the cardioid » = 1 + cos@.
3
A T —=
nswer 2

Difficulty: 1  Section: 8

102. Find the area inside the cardioid r = 1 + sin 6.
Answer: 3%
Difficulty: 2  Section: 8

103. Find the area inside the cardioid » = 2 cos 34.

T
Answer: 3

Difficulty: 2  Section: 8

104. Find the area inside one petal of the rose r = 2sin 34.
™
Answer: —
nswer: =

Difficulty: 2  Section: 8

105. Find the length of the cardioid » = 1 + cos¥é.
Answer: 8
Difficulty: 2  Section: 8

106. Find the length of the cardioid » = 1 + sin 24.
Answer: 8

Difficulty: 2  Section: 8

107. Find the length of the curve r = sin? (g) :

37
A D —
nswer 5

Difficulty: 2  Section: 8
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108. Find the equation of the tangent line to r = 4cos2f at § = g

Answer: y = —4

Difficulty: 1  Section: 8

109. Find the slope of the tangent line to the circle r = 2sin § at the point where 8 = g

Answer: —v/3
Difficulty: 1  Section: 8

110. Find the slope of the cardioid r =1 —cosf at § = g

Answer: —1

Difficulty: 1  Section: 8

111. Find all points where the cardioid 7 = 1 + sinf has a horizontal tangent line.

™ 1 7n 1 11n
Answer: (2, 5), (5’?)’ (5’?)

Difficulty: 2  Section: 8

112. Find all points where the cardioid r = 1 + sin 6 has a vertical tangent line.

3 3 7 3 57
Answer: (0,—2—>, (5’—6)’ (5,?>

Difficulty: 2  Section: 8

1018 Chapter 12 Exam Questions Instructor's Resource Manual



13 Geometry in the Plane, Vectors

Instructor's Resource Manual

. Eliminate the parameter and identify the curve z = V1 + ¢, y = V¢, t > 0.

Answer: z2 — 32 =1,z > 1, y > 1, part of the hyperbola.
Difficulty: 1  Section: 1

. Eliminate the parameter and identify the curve z = 3t2, y =2t - 1,-1 < t < 1.

Answer: 4z = 3 (y? + 2y + 1), part of the parabola with 0 < z < 3.
Difficulty: 1  Section: 1

. Eliminate the parameter and identify the curve y = v/1 — cos?t, z = 1 — sin?t.

Answer: y2 = 1 — z, part of the parabola with 0 < z, 0 < V.
Difficulty: 1  Section: 1

- . . T v
Eliminate the parameter and identify the curve z = sect, y = tant, — = < t < —.

2 2
Answer: 2 — 32 = 1, part of the hyperbola with z > 0.

Difficulty: 1  Section: 1

- Eliminate the parameter and identify the curve z = 2sinf, y = 3cosf, 0 < 6 < 7.

2 2
Answer: T + = =1, the right half of an ellipse.

9
Difficulty: 1  Section: 1

d
. Find—yif:z:=sectandy=tant, -—£<t<I.

dz 2 2
sect
Answer: tant ift#0.

Difficulty: 1  Section: 1

Find Z—i- if z = 2sint and y = 3cost.

3
Answer: — 3 tant

Difficulty: 1  Section: 1

. Find ﬂ if £ = 2sint and y = 3cost.

dz?
3
Answer: -3 sec®t
Difficulty: 1  Section: 1
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d
9. Find 2¥ if 7 = 412 and y = 3 — 12¢.

dz
3t2 — 12
8t
Difficulty: 1  Section: 1

Answer:

2

10. Find % ifz = 4t2 and y = 3 — 12t.

11.

12.

13.

32 +12
64t3
Difficulty: 1  Section: 1

Answer:

An airplane flies east with an airspeed in still air of 200 mph. A wind is blowing E 60° N at
120 mph. What is the velocity of the airplane relative to the ground and what is its direction
of travel?

Answer: 279.99 mph, E 21.78° N

Difficulty: 2  Section: 2

An airplane flies east with an airspeed in still air of 200 mph. A wind is blowing E 30° N at
120 mph. What is the velocity of the airplane relative to the ground and what is its direction
of travel?

Answer: 309.77 mph, E 11.17° N
Difficulty: 2  Section: 2

A motorboat travels at a speed of 30 mph in still water. The boat starts upriver at an angle
of 40° with the riverbank against a 5 mph current. At what angle with the riverbank is the
boat moving and at what speed relative to the riverbank?

Answer: 47.77°, 26.4 mph
Difficulty: 2  Section: 2

14. A river flows south with a current of 5 mph. A motorboat travels at a speed of 25 mph in still

15.

water. In what direction must the boat be headed in order to move directly east across the
river?

Answer: 78.5°

Difficulty: 2  Section: 2

An airplane is flying at a heading of 40° (40° east of north) with an airspeed of 600 mph. The
wind is blowing from the south at 25 mph. What is the direction in which the plane flies and
what is its ground speed?

Answer: A heading of 39° (39°east of north) with an airspeed of 620 mph
Difficulty: 2  Section: 2
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16. If u=2i+ 3j and v = —i — 2j, find for u+v.
Answer: i+ j
Difficulty: 1  Section: 3

17. If u=3i — j and v = 2i — 3j, find 2u — v.
Answer: 4i +j
Difficulty: 1  Section: 3

18. If u = 4i - 3j, compute the length of u.
Answer: 5
Difficulty: 1  Section: 3

19. If u =i — 3j + 2k, compute the length of u.
Answer: V10
Difficulty: 1  Section: 3

20. Find the vector extending from (0, 2) to (2, —4).
Answer: 2i — 6j
Difficulty: 1  Section: 3

21. Find the vector extending from (1, —2) to (1,2).
Answer: 4j
Difficulty: 1  Section: 3

22. Find the vector extending from (—2,3) to (-1, 3).

Answer: i
Difficulty: 1  Section: 3

23. Find a vector of length 4 in the direction i — j.
Answer: A (i-3J)

V2
Difficulty: 1  Section: 3

24. Find a vector of length 2 in the direction of 2i — j.

Answer: 2 (21 - )

V5
Difficulty: 1  Section: 3
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25. Find the vector of length 5 in the direction of 4i — 3j.
Answer: 4i — 3j
Difficulty: 1  Section: 3

26. Find a vector of length 5 in the direction of 3i — 4j.
Answer: 3i — 4j

Difficulty: 1  Section: 3
27. Find the angle between the vectors V3i — j and —i+ /3.

o
Answer: —
nswer 6

Difficulty: 1  Section: 3

28. Find the cosine of the angle between i — 4j and 4i + 2j.

Answer: —

V85

Difficulty: 1  Section: 3

4

t 4
— 42 : :
29. Ifr(t) =ti+ T find }1_{1; r(t).

Answer: 4i + 4j
Difficulty: 1  Section: 4

t2-9
— 2425 : :
30. Ifr(t)—3t1+t 3J,ﬁnd}£r:13r(t).

Answer: 27i + 6]
Difficulty: 1  Section: 4

31. If r(¢) = Inti + 2tj, find %ir%r(t) if it exists.
Answer: limit does not exist

Difficulty: 1  Section: 4

1
32. Ifr(¢t) = i a 1 i+In(2¢3 + 1), find the velocity vector and acceleration vector when t = 0.

Answer: v = -2i, a = —4i

Difficulty: 1  Section: 4
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33. If r(t) = secti+tanti, find the velocity vector and acceleration vector when t = 0.

Answer:

v = (secttant)i+sec®t]

a = (secttan?t +sec®t)i+ (2sec?ttant) j
Difficulty: 1  Section: 4

34. Find the position and velocity vectors if a = 2ti—j, v (0) =i, and r (0) = 2i-j.

43 2
Answer: v(t) = (2 +1)i~tj, r(t) = <§+t+2)i— <%+l)j

Difficulty: 1  Section: 4

35. Find the position and velocity vectors if a = costi +sin®tj, v (g) ==j,r (7{) =
Answer:

v(t)=(sint—l)i+( +1)j

)
—sin 2t
r(t)=(—cost—t+f)i+( =2 +t>j

—cos 2t

2 4
Difficulty: 1  Section: 4

36. Find the position and velocity vectors if a = 12t%i — (4cost) j, v(0) = —i, and r (0) = 2i +J

Answer:
v(t) = (4 - 1)i - (4sint)j
r(t)=(t'—t+2)i+(4cost—3)j
Difficulty: 1  Section: 4

37. A shell is fired from ground level, with muzzle velocity of 600 ft/sec., and an angle of elevation
of 30 degrees. Find the parametric equations of the trajectory.

Answer: z (t) = 300v/3t, y = 300t — 16t>
Difficulty: 1  Section: 4

38. A shell is fired from ground level, with muzzle velocity of 600 ft/sec., and an angle of elevation
of 60 degrees. Find the parametric equations of the trajectory.

Answer: z (t) = 300t, y = 300v/3t — 16¢>
Difficulty: 1  Section: 4

39. Find the velocity and acceleration vectors for zsin’t, y = cos? ¢t.
Answer:
v = (2sintcost)i— (2sintcost)j
a=2(cos?t - sin®t) i+ 2 (sin?¢ — cos?t) j
Difficulty: 1  Section: 4
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1
+1 and y = In (2¢3 + 1) when t = 0.

. . t
40. Find the velocity and acceleration vectors for ;

Answer:
v=-21
a= —4i

Difficulty: 1  Section: 4

41. If R(t) = t%i + sect j. find the velocity and acceleration vectors.

Answer:
v =2ti+secttant j
a = 2i+ (secttan®t + sec®t) j

Difficulty: 1  Section: 4

42. Find the curvature of the curve given by £ = t, y = Int.
t

(1+12)%?
Difficulty: 2  Section: 5

Answer:

43. Find the curvature of the curve given by x = cos®t, y = sin®t.

Answer: _—
3costsint

Difficulty: 2  Section: 5

44. Find the curvature of the curve given by r = 3cos2t, y = sin 2t at (0, 1).

1
Answer: -
"9

Difficulty: 2  Section: 5

45. Find the curvature of the curve given by z = 4 cos 3t, y = sin 3t.
4

(16 sin? 3t + cos? 3t)3/2
Difficulty: 2  Section: 5

Answer:

46. Find the curvature of the curve given by z = 2cos 5¢, y = sin 5¢.
2

(4sin® 5t + cos? 5t)

Difficulty; 2 Section: 5

Answer:

47. Find the curvature of the curve given in polar coordinates by r = e26.
1
Answer: ——
V5
Difficulty: 2 Section: 5
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48. Find the curvature of the curve y = Insecz.

Answer: cosz

Difficulty: 2  Section: 5

49. Find the point on the parabola y = z2 + 2z where the curvature is a maximum.
Answer: at the vertex (-1, —1)

Difficulty: 2 Section: 5

50. Find the radius of curvature of the curve y = z3 at (1,1).

5V10
3
Difficulty: 2  Section: 5

Answer:

2
51. Find the radius of curvature of the curve y = % at <1, %) .

Answer: 2v/2
Difficulty: 2 Section: 5

52. If r (t) = sinti + cos? t j, find the velocity and acceleration vectors.

Answer:
v = (2sintcost)i+ (—2sintcost) j = sin 2ti — sin 2t j

a=2(cos?t —sin?t) i+ 2 (sin?t — cos?t) j = 2cos2ti — 2cos2t
Difficulty: 1  Section: 5

53. If r (t) = sin®ti 4+ cos? t j, find the normal and tangential components of the acceleration.

Answer:
ar = 2v2cos2t, ay =0

Difficulty: 1  Section: 5

54. Find the unit tangent and unit normal vectors to the curve given by r =Int, y = 2t.
i+2t] T N= —2ti+j

vi+aez V1+ 42

Difficulty: 2  Section: 5

Answer:

55. Find the unit tangent and unit normal vectors to the curve given by £ = 2¢, y = In(cos t)2 .
Answer: cost1—sintj= T, N =sinti +cost]

Difficulty: 2 Section: 5
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56. Find the unit tangent and unit normal vectors to the curve described by the function r (t) =
3 — 4tj.

ti—2j 2 + t
Answer: T = —, = —
V4 + t2 4+ t2

Difficulty: 2  Section: 5

57. Find the unit tangent and unit normal vectors to the curve described by the function r (t) =
etsinti+ el costj.
cost+sint. cost—sint,

Answer: T = i+
N = cost+sinti+ cost —sint
V2 V2

Difficulty: 2  Section: 5

58. Find the unit tangent and unit normal vectors to the curve described by the function r (t) =
3ycosti+ 3tsintj.
(cost — tsint) i+ (sint + tcost) j

Answer: T =
V1412
N = (—sint — tcost) i+ (cost —tsint) j
V1+12

Difficulty: 2  Section: 5
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14 Geometry in Space, Vectors

1. Find the distance from (0, 1,2) to (1,—-2,3).
Answer: /35
Difficulty: 1  Section: 1

2. Find the distance from (1, -4, 5) to (2,0,3).
Answer: V21
Difficulty: 1  Section: 1

3. Find the distance from (—4,3,-2) to (-2,1,0).
Answer: /12
Difficulty: 1  Section: 1

4. Find the midpoint of the line segment joining (0,1, -2) and (1, -2,3).
1 11
Answer: (-2—,—5,5)
Difficulty: 1  Section: 1
5. Find the midpoint of the line segment joining (1, —4,5) and (2,0, 3).
Answer: (E&_, —2,4)
2
Difficulty: 1  Section: 1
6. Find the midpoint of the line segment joining (—4,3,-2) and (-2,1,0).

Answer: (—3, §,—1>
2
Difficulty: 1  Section: 1

7. Find the center and radius of the sphere with equation 12 — 2z + 32 + 6y + 2% = 6.
Answer: center (1,—3,0), radius 4
Difficulty: 1  Section: 1

8. Find the equation of the sphere with center (1, —3,0) and radius 4.
Answer: (r —1)2+ (y+3)°+22=16
Difficulty: 1  Section: 1

9. Find the center and radius of the sphere with equation 22 + 6z + 3° — 4z + 2z°> — 8z = —4.
Answer: center (—3,2,4), radius 5
Difficulty: 1  Section: 1
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10. Find the equation of the sphere with center (—3,2,4) and radius 5.

Answer: (z+3)+(y-2°2+(z-4)*=25
Difficulty: 1  Section: 1

11. fu=2i+3j—-kand v=-i—-2j, find u+v.
Answer: i+j—k
Difficulty: 1  Section: 2

12. fu=3i-j+9 and v=2i - 3j+k, find 2u —-v.
Answer: 4i+j+ 17k
Difficulty: 1  Section: 2

13. If u = 4i — 3j — k, compute the length of u.
Answer: /26
Difficulty: 1  Section: 2

14. If u =i — 3j — 2k, compute the length of u.
Answer: \/ﬁ
Difficulty: 1  Section: 2

15. Write the vector extending from (0,2,3) to (2, —4,—-1).
Answer: 2i — 6] — 4k
Difficulty: 1  Section: 2

16. Write the vector extending from (1, —2,4) to (1,2,—-1).
Answer: 4j — 5k
Difficulty: 1  Section: 2

17. Write the vector extending from (-2,3, 1) to (—1,3,4).
Answer: i1+ 5k

Difficulty: 1  Section: 2

18. Find a vector of length 4 in the direction of i — j + 2k.
4
Answer: —(i—j+2k
\/é( j+2k)

Difficulty: 1  Section: 2
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19. Find a vector of length 2 in the direction of 2i — j — 3k.

2
Answer: — (2i — j — 3k)

V14

Difficulty: 1  Section: 2

20. Find a vector of length 3 in the direction of 4i — 3j.
Answer: 4i — 3]
Difficulty: 1  Section: 2

21. Find the vector of length 5 in the direction of 3j — 4k.
Answer: 3j — 4k
Difficulty: 1  Section: 2

22. If the length of u is 4 and the length of v is 3, what can be said about the length of u + v?

Answer: The length of u + v is less than or equal to 7.
Difficulty: 1  Section: 2

23. If the length of u is 3 and the length of v is 5, what can be said about the length of u + v?

Answer: The length of u + v is less than or equal to 8.
Difficulty: 1  Section: 2

24. If the length of u is 4, what is the length of —2u?
Answer: 8
Difficulty: 1  Section: 2

25. If the length of u is v/2, what is the length of —u?
Answer: /2
Difficulty: 1  Section: 2

26. Find a unit vector in the direction of 2i — j + k.
1
Answer: —=(2i—-j+k
7 (2i-j+k)

Difficulty: 1 Section: 2

27. Find a unit vector in the direction opposite to that of 3i — 3j + k.
1
Answer: — (-3i+3j—k
Vit ( j — k)
Difficulty: 1  Section: 2
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28. Find a unit vector in the direction opposite to that of 2i — 3j + 3k.

1
Answer: —= (—2i+ 3j + 3k)

V22

Difficulty: 1  Section: 2

29. Find a vector of length v/2 in the direction of the vector extending from (2, —1,0) to (1,2, 2).

Answer: Y (_3i +3j 4 2K)

V22

Difficulty: 1  Section: 2

30. The vector 3i — 2j + 4k extends from (1, —4, —5) to (a,b,c). What are the coordinates of a, b,

and ¢?
Answer: a=4,b= —-6,c= -1
Difficulty: 2  Section: 2

31. Find the dot product of 2i — k and 3i + 14j — k.
Answer: 7

Difficulty: 1  Section: 2

32. Find the dot product of 4i — j + 5k and 2i +j - k.

Answer: 2
Difficulty: 1 Section: 2

33. Find the dot product of 2i — 3j + k and 2i +j - k.

Answer: 0

Difficulty: 1  Section: 2

34. Find the dot product of 3i + j + 2k and i+ j — 2k.

Answer: 0

Difficulty: 1  Section: 2

35. Find the dot product of 4i — j — k and i + 5j + k.
Answer: —2

Difficulty: 1 Section: 2

36. Find the dot product of i — j — k and 3i + 5j + k.
Answer: —3

Difficulty: 1  Section: 2
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37. Find the angle between the vectors v/3i - j and —i + V3j.
o
Answer: 3

Difficulty: 1  Section: 2

38. Find the cosine of the angle between i —4j and 4i — 2j.
-2
Answer: —

V85

Difficulty: 1  Section: 2

39. Find the cosine of the angle between 4i — 3j + k and i+ 2j — k.

Answer: 4
| 3v26
Difficulty: 1 Section: 2

40. Find the cosine of the angle between —2i + j + 3k and i — j — 2k.

Answer: ———

V84

Difficulty: 1  Section: 2

41. Find the equation of the plane containing (2, —3,1) and perpendicular to the vector i — j + 9k.
Answer: (z-2)—(y+3)+9(2-1)=0
Difficulty: 1  Section: 2

42. Find the equation of the plane containing (1, —1,9) and perpendicular to the vector 2i — 3j+k.
Answer: 2(z—1)—-3(y+1)+(2-9)=0
Difficulty: 1  Section: 2

43. Find the equation of the plane containing (1, —1,3) and perpendicular to the vector 3i — j.
Answer: 3(z—1)—(y+1)=0
Difficulty: 1  Section: 2

44. Find the equation of the plane containing (1, —1,3) and perpendicular to the vector 3j — k.
Answer: 3(y+1)—-(2-3)=0
Difficulty: 1  Section: 2

45. Find the equation of the plane containing (3, 1,0) and perpendicular to the vector 4i — 5j + 8k.
Answer: 4(z—-3)—-5(y—-1)+82=0
Difficulty: 1  Section: 2
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46. fu=2i-j—-kand v =i+ 3j+ 3k, find pryu.
Answer: %g (i+3j+3k)
Difficulty: 2  Section: 2

47. Ifu=i+j-8k and v = 2i +2j — k, find pryu.
Answer: %2 (21 + 2j - k)
Difficulty: 2  Section: 2

48. Ifu=2i+2j-kand v=1i+j— 8k, find pryu.
12
: —(i+j—8k
Answer 56 (i+j—8k)
Difficulty: 2  Section: 2
49. fu=i+3j+3kand v=2i-j-k, find pryu.
Answer: %4 (2i-j-k)
Difficulty: 2 Section: 2

50. fu=1i-2j—k and v =2i+ 2j — 2k, find pryu.
Answer: the zero vector

Difficulty: 2  Section: 2

51. If u = 3i + 2j — 4k and v = 2i — 5] — k, find pryu.
Answer: the zero vector

Difficulty: 2  Section: 2

52. If u=2i - j+ 6k and v = =3i + 5j + 5k, find u x v.

Answer: —31i — 20j + 7k
Difficulty: 1  Section: 3

53. Ifu= -2i+j+3kand v=i-j—2k, finduxv.
Answer: i —j+k
Difficulty: 1  Section: 3

54. fu=2i—j+3kand v=i-2j—k, finduxwv.
Answer: 7i+ 5j — 3k
Difficulty: 1  Section: 3
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55. fu=3i—j—4k and v=2i+5j— 2k, find u x v.
Answer: 22i —2j+ 17k
Difficulty: 1  Section: 3

56. fu=2i—j+3kand v=i+j—4k, find u x v.
Answer: i+ 11j+ 3k
Difficulty: 1  Section: 3

57. Find the equation of the plane through (1,2,-3), (3,1,0), and (2,3, 7).
Answer: 4+ 11ly+32-14=0
Difficulty: 2  Section: 3

58. Find the equation of the plane through (1,2,-1), (3,1,2), and (2,3.-5).
Answer: z + 11y + 32— 20
Difficulty: 2  Section: 3

59. Find the equation of the plane through (1,2,-1), (3,-3,7), and (-2,3,2).
Answer: 31z +20y —7z=-16
Difficulty: 2  Section: 3

60. Find the equation of the plane through (6,1,0), (5,-2,-1), and (1, -3,4).
Answer: 16z — 9y + 112 = 87
Difficulty: 2  Section: 3

61. Find the equation of the plane through (2,3,1), (1, -1,2), and (—4,3,0).
Answer: 4z — Ty — 24z = -37
Difficulty: 2  Section: 3

62. Find the equation of the plane through (2,3,1), (1,-1,2), and (—4,3,1).
Answer: y+42=17
Difficulty: 2  Section: 3

63. Find a unit vector perpendicular to both i + 2j — k and 2i — 2j + 3k.
1
Answer; — (4i — 5j — 6k
77 (4i - 5j - 6k)

Difficulty: 2  Section: 3
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64. Find a unit vector perpendicular to both —2i+j+ 3k and i —j — 2k.
1
Answer: —= (i—j+k
7 (i-j+k)

Difficulty: 2  Section: 3

65. Find a vector of length 2 perpendicular to both 2i — j+ 3k and i1 - 2j - k.
2
Answer: — (7i+5j — 3k
755 ( j — 3k)

Difficulty: 2 Section: 3

66. Write the parametric equations of the line through (2,-1.0) and (-1,2,2).
Answer: £ =2+3t;y=-1-3t: 2= -2t
Difficulty: 1  Section: 4

67. Write the symmetric equations of the line through (2. -1,0) and (-1,2,2).
r-2 _y+l1 _ =z

3 -3 -2
Difficulty: 1  Section: 4

Answer:

68. Write the parametric equations of the line through (1, —4, —5) and (4, -6,-1).
Answer: t =4+3t,y=-6—-2t,z=-1+4¢
Difficulty: 1  Section: 4

69. Write the symmetric equations of the line through (1, -4, -5) and (4, -6,—1).
z-4 y+6 2+1

To-2 4
Difficulty: 1  Section: 4

Answer:

70. Write the symmetric equations of the line through (0.2, 3) and (2, -4, -1).
-2 y+4 z+1

T -3 -2
Difficulty: 1  Section: 4

Answer:

71. Write the parametric equations of the line through (0,2,3) and (2, -4, -1).
Answer: t=2+t,y=-4-3t.2=-1-2¢
Difficulty: 1  Section: 4

72. Write the parametric equations of the line through (2, —3,1) parallel to 3i — j.
Answer: t=2+3t,y=-3—-¢ 2=1
Difficulty: 1  Section: 4
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73. Write the symmetric equations of the line through (2, -3, 1) parallel to 3i — j.
-2 y+3

3 -1
Difficulty: 1  Section: 4

Answer: z=1

74. Write the parametric equations of the line through (-2,3,-1) and (-1.3.4).
Answer: z=-1+t,y=3,z=4+5¢
Difficulty: 1  Section: 4

75. Write the symmetric equations of the line through (-2, 3, -1) and (-1,3,4).
r+1 z-4

==
Difficulty: 1  Section: 4

Answer: y=3

76. Find a vector parallel to the line given by the equations z = -3 —t,y =2+ 5¢, z = 3t.
Answer: any scalar multiple of —i + 5j + 3k
Difficulty: 1  Section: 4

77. Find a vector parallel to the line given by the equations I—+13 = 9%2- = %
Answer: Any scalar multiple of —i + 5j + 3k
Difficulty: 1  Section: 4

78. Find a vector parallel to the line given by the equationsz =1,y =9-2{,z=-5-1.
Answer: Any scalar multiple of 2j + k
Difficulty: 1  Section: 4

79. Find a vector parallel to the line given by the equations z = 1, y_—2_9 =2 +15.

Answer: Any scalar multiple of 2j + k
Difficulty: 1  Section: 4
-3 y+1 2+2

7 2 = — such that the first

80. Find a point on the line given by the equations

coordinate is 4.

5
Answer: (4, 1, —5)

Difficulty: 2  Section: 4

81. Find a point on the line given by the equations £ = 3 + 2t, y = —1+4t. z = -2 — ¢ such that
the first coordinate is 4.

Answer: <4, 1, - g)

Difficulty: 2 Section: 4
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82. Find an equation for the line tangent to the curve z = sint, y = cost, z=1at (0, -1.1).

Answer: —i

Difficulty: 2  Section: 4

83. Find an equation for the line tangent to the curve z =12, y =3, z =1 -t at (1,-1,2).
Answer: —2i+3j—k
Difficulty: 2  Section: 4

84. Find a tangent vector for the curve x = 3tcost, y = 3tsint, z = 4t in terms of ¢.

Answer: (3cost — 3tsint)i+ (3sint + 3tcost)j+ 4k
Difficulty: 2  Section: 4

85. Find a tangent vector for the curve z = sect, y = tant, z = 3, at (\/5, 1,3) .
Answer: v2i + 2j
Difficulty: 2  Section: 4

o
86. Find a unit vector tangent to the curve z = 2cos6t, y = 2sin6t, 2 = 5t at (0,2, é) .

1
. — (=12 + 5k
Answer 13( 12i + 5k)

Difficulty: 2 Section: 4

87. Write the integral for finding the length of the curve given by the equations z = 4, y = t,
z=t20<t<2.

4
Answer: / V1 +4t2dt
0

Difficulty: 1  Section: 5

88. Write the integral for finding the length of the curve given by the equations z = e!sint,
y=¢lcost,z=1,0<t <2

2
Answer: / V2¢t dt
0

Difficulty: 1  Section: 5

89. Write the integral for finding the length of the curve given by the equations z = 1 + t3,
y=t,z2=10<t<1.

1
Answer: / \Vott + 1dt
0

Difficulty: 1  Section: 5
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90. Find the velocity and acceleration vectors for z = sin?t, y = cos?t, z = t.

Answer:
v = (2sintcost)i— (2sintcost)j+k
a=2(cos?t —sin?t) i+ 2 (sin®t — cos?t) j

Difficulty: 1  Section: 5

. t+1
91. Find the velocity and acceleration vectors for z = ——, y =1In (2t3 + 1) and z = 3 — 5¢ when

t—1
t=0.
Answer:
v=-2i-5k
a=—4i

Difficulty: 1  Section: 5

92, If r(t) = t%i +sectj+ tantk, find the velocity and acceleration vectors.

Answer:
v =2ti+secttantj+sec’tk
a=2i+ (secttan?t +sec3t)j+ (2sec’ttant) k

Difficulty: 1  Section: 5

93. Find the velocity and acceleration vectors if r (t) = (t2 —t +2)i + (4cost — 3) j + (e?* — t) k.

Answer:
v=(2t-1)i+(-4sint)j+ (2¢* -1k
a=2i—4costj+4e*k

Difficulty: 1  Section: 5

2
94. Given that r (t) = (3t +6)i+ (3)j+ (%t"’) k, find the curvature.
V2
Answer: —————
3(1+1¢2)

Difficulty: 2  Section: 5

32

5 t2) k, find the normal and tangential components

95. Given that r (t) = (3t +6)i+ (t3)j+ (
of the acceleration.
Answer: ar = 6t, ay = 32
Difficulty: 2 Section: 5
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96. Given that r(t) = (2cos6t)i+ (2sin6t)j + 3k, find the unit tangent vector and the principal
normal vector.

Answer: :
T = ——= (-12sin6ti + 12 cos 6t j + 3k)

V153

N = (- cos6t)i+ (—sin6t)j
Difficulty: 2 Section: 5

97. Given that r (t) = (2cos6t)i + (2sin6t) j + 3t k, find the curvature.
72
153
Difficulty: 2 Section: 5

Answer:

98. Ifr(t) = 2t%i+ :—;tzj + 5t k, find the normal and tangential components of the acceleration.

ot a 3
y AN =
Vit +1 t2+1

Difficulty: 2  Section: 5

Answer: ar =

99. Ifr(t) = 2%i + thj + 5t k, find the curvature.

1
5(1+12)%/?
Difficulty: 2  Section: 5

Answer:

3
100. If r(t) = 2£%i + §t2j + 5tk, find the unit tangent vector and the unit normal vector.

Answer:

T=——_(4ti+ 3tj+ 5k
NES j+3k)

1
N=———(4i+3j -5tk
5¢ﬁ+1( ) )
Difficulty: 2  Section: 5

101. Write the equation of the surface 2 + 22 = z in cylindrical coordinates.

2

Answer: r2cos?8 + 22 = rcosf

Difficulty: 1  Section: 7

102. Write the equation of the surface z = 72 + y? — y in cylindrical coordinates.
Answer: z =7 (r — sin6)

Difficulty: 1  Section: 7
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103. Write the equation of the surface z? + y? = 3z in cylindrical coordinates.

Answer: r = 3cosf

Difficulty: 1  Section: 7

104. Write the equation of the surface z2 4+ y* = 4y in cylindrical coordinates.

Answer: r = 4sin#

Difficulty: 1  Section: 7

105. Write the equation p = 2sec p in rectangular coordinates.
Answer: z = 2

Difficulty: 1  Section: 7

106. Write the equation z = 5 in spherical coordinates.
Answer: p = 5secf

Difficulty: 1  Section: 7

107. Write the equation z = 6 in cylindrical coordinates.
Answer: r = 6secf

Difficulty: 1  Section: 7

108. Write the equation 2 — y2 = 1 in cylindrical coordinates.
Answer: r2cos?d =1

Difficulty: 1  Section: 7
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15 The Derivative in n-Space
1. What is the natural domain of the function f (z,y) = tan~! %?

Answer: {(z,y):z # 0}
Difficulty: 1  Section: 1

2r —
2. What is the natural domain of the function f (z,y) = II+ Bz?
Answer: {(z,y):z # -3y}
Difficulty: 1  Section: 1
. : . 2r—y
3. What is the natural domain of the function f (z,y) = . 3y?

Answer: {(z,y) : T # 3y}
Difficulty: 1  Section: 1

4. 1f f(z,y) = tan™! % what is f(1,1)?

Answer:

=

Difficulty: 1  Section: 1

5. If f(z,y) =tan™! g, what is f(1,0)?
Answer: 0

Difficulty: 1  Section: 1

6. If f(z,y) = tan~! % what is f (v/3,1)?

T
Answer: 3

Difficulty: 1  Section: 1

7.1 f (z,y) = tan™! % what is f (1.v/3)?
iy
Answer: —
nswer: o
Difficulty: 1  Section: 1

8. If f (z,y) = 32:;—’3"; what is f (c,0), ¢ # 07

Answer: 2

Difficulty: 1  Section: 1
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—y,what is f(0,c), c#07?

T

1

A P —=

nswer: —z
Difficulty: 1  Section: 1

2r —y

10. If f(z,y) = Tty

, what is f (¢, c), ¢ # 07

1
Answer: -
4

Difficulty: 1  Section: 1

11. If f(z,y) = In (2% +y )1/2 ﬁnda—and Z";
. of _ 2 -t Of _ 2 2y1
Answer: am—:r(:r +v°) ,ay—y(a: +v?)

Difficulty: 1  Section: 2

12. If f(z,y) =In (2?2 + yz)l/ % find the second partial derivatives.

o*f y? —z? 32]’__& of _ o f . 2ry
o2 (22 +y2)? Oy? ~ 0r?’ 0zdy Oydxr (22 + y2)?
Difficulty: 1  Section: 2

Answer:

13. If f (z,y) = tan~! f, find f and f,.

—Z

Answer: f, = Py 7

72 + 2+ ¢2’ fy=
Difficulty: 1  Section: 2

14. If f (z,y) = tan™ 3, find foz, fyys foyr a0d fyz.

-

y)2 =fy:r

Answer: frr = (_ZT

2
(2—_:::,!')—2’ fyy fII! fz:y

Difficulty: 1  Section: 2

15. If f(z,y) = tan~! tﬂ, find f; and f,.

T

Answer: f; = m

:r2 + yz’ fy=
Difficulty: 1  Section: 2
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16. If f(z,y) = tan~! z, find frz, fyy, fzy, and fyz.

2 2

yv—-
2=fyz

2y
2 fyy = —fzz, fxy = m

(22 +y?)
Difficulty: 1  Section: 2

Answer: f;; =

17. If f(z,y) = 22%y% + 17€¥Y, find f. and f,.
Answer: f; = 4zy® + 17, f, = 6z%y® + 17ze™
Difficulty: 1  Section: 7

18. If f(z,y) = 272y% + 17e%, find fz, fyy: fzy, and fyz.
Answer: f;; = 4y + 179%™, f,, = 122%y + 172%%, f3, = 12zy% + 17e7¥ + 17zye® = fyz
Difficulty: 1 Section: 2

19. Let C be the curve formed by the intersection of the plane y = —2 and the surface z =
z2 + 2zy — % Find the slope of the line tangent to C at (1, -2, 7).

Answer: —2

Difficulty: 1  Section: 2

20. Let C be the curve formed by the intersection of the plane z = 1 and the surface z =
z2 + 2zy — y°. Find the slope of the line tangent to C at (1, -2,—7).

Answer: 6

Difficulty: 1  Section: 2

21. Let C be the curve formed by the intersection of the plane z = 0 and the surface z =
z3 + y3 —~ 9zy + 27. Find the equations of the line tangent to C at (0,—-3,0).

Answer: £=0,2=27t,y=-3+t
Difficulty: 1  Section: 2

22. Let C be the curve formed by the intersection of the plane y = —3 and the surface z =
z3 + y® — 9zy + 27. Find the equations of the line tangent to C at (0,-3,0).

Answer: y=-3,2=2Tt,z =1t
Difficulty: 1  Section: 2

23. Find C so that f(z.y) = z3 + Czy? — 12 + ¥ satisfies the equation fzz + fyy = 0.
Answer: C =3
Difficulty: 2  Section: 2
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24. Find C so that f (z,y) = z° — 37y% + Cz? + y° satisfies the equation fzz + fyy = 0.
Answer: C = -1
Difficulty: 2  Section: 2.

25. Find C so that f(z,y) = e~ sin 2z satisfies the equation fy = 4f;;.
Answer: C = 16
Difficulty: 2  Section: 2

26. Find C so that f (z,y) = e~*sin Cz satisfies the equation f, = fza.
Answer: C =2 or -2

Difficulty: 2  Section: 2

27. Find a so that f (z,y) = cos(az + y) is a solution to the equation fr> = 9fy,.
Answer: a =3 or -3

Difficulty: 2 Section: 2

28. Find a so that f(z,y) = cos (z + ay) is a solution to the equation fy, = 4f;:.
Answer: a =2 or —2
Difficulty: 2 Section: 2

29. If f (z,y,2) = 2% - % +tan~'zy, find f, f,, and f..
Answer
fo=32ty =+ +l;:2y2
fi=2 =St i o=

Difficulty: 1  Section: 2

30. If f (z,y, z) = z%yz — sinzyz + ze¥?, find f:, f,, and f..
y

Answer: fr = 2zyz — yzsinzyz + e¥*
fy = 2%z — zzsinzyz + T2 e¥*
f: = 22y — zysinzyz + zy e¥*

Difficulty: 1  Section: 2

lim -7y
(::,y)—o(0.0) T+ y

Answer: f(0,y)=-1ify#0and f(z,0)=1if z #0.
Difficulty: 2  Section: 2

31. Show that doesn’t exist.
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2

32. Show that lim z doesn’t exist.
(z.v)—(0,0) ¥

Answer: along z = 2./7, f(z,y) =4, along z = /7, f(z,y) = 1
Difficulty: 2  Section: 3

2

33. Show that lim doesn’t exist.

(z.y)—(0,0) T + y?
Answer: along z =0, f(0,y) = -1, along y =0, f(z,0) = 1if £ #0.
Difficulty: 2 Section: 3

2z -y

im doesn’t exist.
(z.¥)—(0,0) T + 3y

34. Show that

) 1
Answer: along z =0, f(0,y) = -3 ify#0,alongy =0, f(,0)=2ifz#0.
Difficulty: 2  Section: 3

z? -2y

lim doesn’t exist.
(z.9)—(0,0) T + 3y

35. Show that

Answer: alongz =0, f(0,y) = —% ify#0andify=0,f(z,0)=zifz #0.
Difficulty: 2  Section: 3

36. Find the gradient Vf for f (z,y) = 2 + 2zy — %
Answer: Vf(z.y) = (22 + 2y)i+ (2 — 2y) ]
Difficulty: 1  Section: 4

37. Find the gradient Vf for f(z,y) = 3 + y® — 9zy + 27.
Answer: Vf(z,y) = (322 — 9y) i+ (3y° — 9z)
Difficulty: 1  Section: 4

38. Find the gradient Vf for f (z,y) = In(z? + y?)'/2.
Answer: Vf(z,y) = (2 + yQ)_llz (zi+yli)
Difficulty: 1  Section: 4

39. Find the gradient Vf for f (z,y) = tan™!

8|

it ]
2+ iy

Difficulty: 1  Section: 4

Answer: Vf(z,y) =

40. Find the gradient Vf for f(z,y) = e* cosy.
Answer: Vf (z,y) = (eTcosy)i+ (—eTsiny)j
Difficulty: 1 - Section: 4
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41. Find the gradient V{ for f (z,y) = /9 — 22 — ¥%.
Answer: Vf (z,y) = (9-2° - yz)—l/2 (—zi-1yj)
Difficulty: 1  Section: 4

42. Find the equation of the tangent plane for the surface z = z° + 2zy — y% at (1.-2,-7).
Answer: z+7=-2(z—-1)+6(y+2)
Difficulty: 2  Section: 4

43. Find the equation of the tangent plane for the surface z = 23 + y3 — 9zy + 27 at (0,-3.0).
Answer: z = 277+ 27 (y + 3)
Difficulty: 2  Section: 4

2 4t (1,0,0).

44. Find the equation of the tangent plane for the surface z = In (:z:2 + yz)
Answer: z=17 -1
Difficulty: 2  Section: 4

45. Find the equation of the tangent plane for the surface z = tan™! % at (1, 1, g) .

e 1 1
Answer: Z—Z__§($_1)+§(y_l)

Difficulty: 2  Section: 4

46. Find the equation of the tangent plane for the surface z = /9 — 22 — 32 at (1. -2,2).
1
Answer: z —2 = —:?—(m— 1)+ (y+2)
Difficulty: 2  Section: 4

47. Find the equation of the tangent plane for the surface z = e*cosy at (1,0,€).
Answer: z —e=¢e(z — 1)

Difficulty: 2  Section: 4

48. Find the directional derivative of f (z,y) = 2% — 2y? at (3,3) in the direction of u = 2i - j.

Answer: 24
v5
Difficulty: 2  Section: 4
49. Find the directional derivative of f (z,y) = 72 — 2y? at (3,3) in the direction of u = 2i + 3j.

24

V13
Difficulty: 2  Section: 5

Answer: —
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50. Find the directional derivative of f (z,y) = z° — 2y® at (3,3) in the direction of u = 2i + j.
Answer: 0

Difficulty: 2  Section: 5

51. In what direction does f (z,y) = -2y increase most rapidly at (3, 3)? What is the maximum
rate of increase?

Answer: % (i — 2j) ; maximum rate is v/180

Difficulty: 2  Section: 5

52. In what direction does f (z,y) = 23y — £2y° increase most rapidly at (2, —1)? What is the
maximum rate of increase?
—2i —j
V5
Difficulty: 2  Section: 5

; maximum rate is v80

53. The function f (z,y) at (1,2) has a directional derivative equal to 2 in the direction towards
(2,2) and equal to —2 in the direction toward (1,1). What is the directional derivative in the
direction toward (2,3)?

4
Answer: —
\/—

2
Difficulty: 3  Section: 5

54. The function f (z,y) at (1,2) has a directional derivative equal to 3 in the direction towards
(2,2) and equal to —1 in the direction toward (1,1). What is the directional derivative in the

direction toward (2, 3)?
4

Answer: —
V2

Difficulty: 3  Section: 5

55. Find a unit vector u such that Dy f (2, —3) = 0 where f (z,y) = 23y — z%y.
i+ 6j
Answer:
V37

Difficulty: 2  Section: 5

56. Find a unit vector u such that Dy f (2, —1) = 0 where f (z,y) = z3y — z%y3.
i— 2

V5
Difficulty: 2  Section: 5

Answer:
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57. Find a unit vector u such that Dyf (1, —2) = 0 where f (z,y) = =% + 2zy — ¥°.
3i+]

V10

Difficulty: 2  Section: 5

Answer:

58. Find the directional derivative of f (z,y,2) = zy + yz — zz at (1, —1,2) in the direction
i—2j+2k.

1
Answer: ——

3
Difficulty: 1  Section: 5

59. Find the directional derivative of f (z,y,2) = zy + yz + ==z at (1, -1, 2) in the direction
i—2j+2k.

Answer: ——3-

Difficulty: 1  Section: 5

60. Find the directional derivative of f (z,¥, z) = T2 — 2y®+ 22 at (3, 3, 1) in the direction 2i — j+k.

Answer: ﬁ

V6

Difficulty: 1  Section: 5

61. In what direction does f (z,y, z) = Ty + yz+ 2 increase most rapidly at (1,2, 3)? What is the
rate of change in that direction?

Answer: 5i + 4j + 3k, v/50
Difficulty: 2  Section: 5
62. Find the directional derivative of f (z,y,2) = zy + 222 — 23 at (2, -3, —1) in the direction
i—2j+2k.
A P -
nswer: —z

Difficulty: 2 Section: 5

63. In what direction does f(z,y,z) = Ty + 222 — 23 increase most rapidly at (2, -3, -1)?
Answer: S5i+2j-3k
- V38
Difficulty: 2  Section: 5
. df . 2 2
64. Use the chain rule to find = if f(z,y)=z°-2zy+y*,z=2t+landy=3t-7.

Answer: 2t — 16
Difficulty: 2  Section: 6
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65. Use the chain rule to find 4 if f(z,y) =22 -2zy+1y®, r=4—-3tandy=2t+1.

dt
Answer: 50t — 30
Difficulty: 2  Section: 6

66. Use the chain rule to find % if f(z,y) = zlny where z = t® and y = €.

Answer: 3t°

Difficulty: 2 Section: 6

67. Use the chain rule to find f, if f (z,y) = x2 + 232 and z = sinucosv, y = sinusinv.
Answer: 2cosusinu (cos2 v + 2sin? v)

Difficulty: 2 Section: 6

df .. dzT dy
68. If f(z,y) =z°+y° — 2zy + 18, find 7 at (2.1) if T 2 and t 3.
Answer: —23
Difficulty: 2 Section: 6
d d:r 1
69. If f(z,y) = 23 + y® — 2zy + 18, find df at (2,1) 1f =5 and ‘(ii—gt/ = -2.
Answer: -3
Difficulty: 2 Section: 6
0z
70. If z is defined implicitly as a function of z and y by z% + 2zy + y* + 2% = 6, find e
Answer: -i—:—y
Difficulty: 2 Section: 6
0z
71. If z is defined implicitly as a function of z and y by 2x2 + 3y + 422 = 9, find 5@

Answer: — 3_y
4z

Difficulty: 2 Section: 6

72. If 2 is defined implicitly as a function of z and y by z2 + 3zyz + 2zy% — 23 = -15, find %
2T + 3yz
A D ————
nswer 322 — 3Iy

Difficulty: 2  Section: 6

73. Determine the tangent plane and normal line to the surface 22 +2zy —y®+2%2 = 6 at (1,1, -2).
z—-1 2z+2 1
4 - _4 Yy =

Answer: 4(z— 1) —4(2+2) =
Difficulty: 1 Section: 7
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74. Determine the tangent plane and normal line to the surface 2z? + 3y? + 422 = 9 at (1.1,1).
r—1 y—-1 =z-1
4 ~ 6 8

Answer: 4(z—-1)+6(y—1)+8(z—1) =0;
Difficulty: 1  Section: 7

75. Determine the tangent plane and normal line to the surface 3+ 3ryz+ 2y — 22 = -15at
(1,-1,2).

-1 _ y+1 z-2
Answer: —3(z - 1)+12(z+1) - 15(z2 - 2) = 0; = =3 =TT

Difficulty: 1  Section: 7

76. Determine the tangent plane and normal line to the surface zy+yz+zz—-1=0at (3,-1.2).
-3 y+1 2-2
1~ 5 2

Answer: (z—-3)+5(y+1)+2(z2-2)=0; z
Difficulty: 1  Section: 7

77. Find the points on the surface 5z% — 6zy + 5y% — 8z + 8y + 22 — 3z = 0 which have a
tangent plane that is parallel to the Ty plane.

1 1 1 1
Answer: (5,—5,4> (5,—5,—1>

Difficulty: 2  Section: 7

78. Find all relative maxima, relative minima and saddle points for f (z,y) = z° + y® — 9zy + 27.
Answer: (0,0) is a saddle point, a relative minimum occurs at (3, 3)

Difficulty: 1  Section: 8

79. Find all relative maxima, relative minima and saddle points for f (z,y) = 3 + y* + 3zy + 18.
Answer: (0,0) is a saddle point, a relative maximum occurs at (-1, -1)

Difficulty: 1  Section: 8

80. Find all relative maxima, relative minima and saddle points for f (z,y) = 23 + 3% — 3zy + 9.
Answer: (0,0) is a saddle point, a relative minimum occurs at (1,1)

Difficulty: 1  Section: 8

81. Find all relative maxima, relative minima and saddle points for f (z,y) = 22 — 4zy + 33 + 4y.
4 2
Answer: a relative minimum occurs at (4, 2), <§, §) is a saddle point
Difficulty: 1  Section: 8
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82. Find all relative maxima, relative minima and saddle points for f (z,y) = z?+2y* —4r +4y-3.
Answer: a relative minimum occurs at (2, —1)

Difficulty: 1  Section: 8

83. Find all relative maxima, relative minima and saddle points for f (z,y) = 2> +y? - 622 +y - 1.

1 1
Answer: a relative minimum occurs at (4, —§>, (0, —5) is a saddle point

Difficulty: 1  Section: 8
. . . . . . 1 27
84. Find all relative maxima, relative minima and saddle points for f(z,y) = - — m + zy.
T

. . 1
Answer: a relative maximum occurs at (—5,9

Difficulty: 1  Section: 8

1 1
85. Find all relative maxima, relative minima and saddle points for f(z,y) = P 5 + zy.

Answer: a relative maximum occurs at (—1,1)

Difficulty: 1  Section: 8

86. Find all relative maxima, relative minima and saddle points for f (z,y) = 2% — 3zy + 5z — 2y+
2y? + 8.

Answer: (14,11) is a saddle point
Difficulty: 1  Section: 8

87. Find all relative maxima, relative minima and saddle points for f (z,y) = 72 — 3zy — = + 2y+
9,2
2y° + 9.

Answer: (2,1) is a saddle point
Difficulty: 1  Section: 8

88. Find all relative maxima, relative minima and saddle points for f (z,y) = z° — 3zy + 4z — 5Sy+
9,,2
2y* + 10.

Answer: (1,2) is a saddle point
Difficulty: 1  Section: 8

89. Find the maximum value of f(z,y) =% —3z? +2z if 2% + y* = 9.

1 1 v 143
A . 9= == 1y=2=2
nswer 94 at r R Y 1

Difficulty: 2 Section: 8
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90. Find the distance from the point (-6, 2, 3) to the plane 4z — 5y + 82 = 7.

Answer: 17
- V105
Difficulty: 1  Section: 8
91. Find the distance from the point (4, —3, 1) to the plane 2z + 3y — 6z = —14.

17
V105

Difficulty: 1  Section: 8

Answer:

92. Find the largest and smallest values of f (z,y) = 2% + 4? — y on the circle z° + 3% = 1.

Answer: f(0,1) =0 and f (i\?,—l) _ 9

2 4

Difficulty: 2  Section: 8

93. Find the largest and smallest value of f (z,y) = 2% + y? on the parabola 2% + y = 1.
21\ _3
2'2) 4

Answer: f (:l: -
Difficulty: 2  Section: 9

94. Find the largest and smallest value of f (r,y) =z -z®> —y?if 22 +¢® = 4.
Answer: f(2,0)=-2, f(-2,0) = -6
Difficulty: 2 Section: 9

95. Find the largest and smallest value of f (z,y) =z -z — % if 22 +3° = 1.
Answer: f(1,0) =0, f(-1,0) = -2
Difficulty: 2 Section: 9

96. Find the largest and smallest value of f (z,y) = 2% + % on the parabola z? +y = -g

1 5
Answer: f <i1,§> =1

Difficulty: 2  Section: 9
97. Find the largest and smallest value of f (z,y) = 2> +yif 22 + 9% = 4.
Answer: f(0,—2)=—-2and f (ig, %) = %7

Difficulty: 2  Section: 9
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16 The Integral in n-Space

ju—y

. Compute //2dA where Disgiven by 1 <z<3, -1<y <2,
D

Answer: 12

Difficulty: 1  Section: 1

o

. Compute //3dA where D isgiven by 1< <3, 2<y £6.
D

Answer: 24
Difficulty: 1  Section: 1

3. Compute / / 5dA where D is bounded by z2 + 3% = 2.
D

Answer: 107

Difficulty: 1  Section: 1

4. Compute / / 4 dA where D is bounded by 72 + 3% = 1.
D

Answer: 4w

Difficulty: 1  Section: 1

5. Compute //3 dA where D is bounded by (z — 1) + (y + 2)° = 3.
D

Answer: 97

Diﬂ'iculty: 1 Section: 1

6. Compute //2 dA where D is bounded by z2 + (y — 7)2 =1
D

Answer: 27

Difficulty: 1  Section: 1

1 2
7. Evaluate the integral / / (z? +y*) dydz.
0o Jo

1
Answer: ?0

Difficulty: 1  Section: 2
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1 43
8. Evaluate the integral / / (2 +¢*) dydz.
o Jo

Answer: 10

Difficulty: 1  Section: 2

2 p1
9. Evaluate the integral / / z?ydz dy.
o Jo

2
A D=
nswer 3

Difficulty: 1  Section: 2

1 2
10. Evaluate the integral / / 2y dz dy.
o Jo

4
Answer: 3

Difficulty: 1  Section: 2

4 2
11. Evaluate the integral / / (z +y°) dzdy.
1 Jo

Answer: 48

Difficulty: 1  Section: 2

12. Find the volume of the solid above the rectangle 0 <z <1, 0 <y < 2 and below the surface
z =12 +42
Answer: 10

3
Difficulty: 1  Section: 2

13. Find the volume of the solid above the rectangle 0 < z < 1, 0 € y £ 3 and below the surface
2 2
z=z°+ ¥y

Answer: 10
Difficulty: 1  Section: 2
14. Find the volume of the solid above the rectangle 0 < z < 1, 0 < y € 2 and below the surface
z=1%y.
Answer: g

3
Difficulty: 1  Section: 2
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15. Find the volume of the solid above the rectangle 0 € £ € 2, 0 € y < 1 and below the surface
2
z2=1z%.

4
Answer: -
3

Difficulty: 1  Section: 2

16. Find the volume of the solid above the rectangle 0 <z <2, 1 <y < 4 and below the surface
z =14y

Answer: 48

Difficulty: 1  Section: 2

17. Compute / / 4dA where D is bounded by y = z?, the z-axis, and the line r = 1.
D

4
Answer: =
nswer: 7

Difficulty: 1  Section: 3
18. Compute //3 dA where D is bounded by y = z2, the z-axis, and the line z = 2.
D

Answer: 8

Difficulty: 1  Section: 3
19. Compute / / 3dA where D is bounded by y = 1 — z2 and the z-axis.
D

Answer: 4

Difficulty: 1  Section: 3
20. Write a double integral to express the volume of the solid with base D where D is the region

bounded by z% + 2y? = 4 and the solid extends from each point (z,y) in the base to the
surface z = 222 + ¢

Answer: // (222 + %) dA
D
Difficulty: 1  Section: 3
21. Write a double integral to express the volume of the solid with base D where D is the region

bounded by % + 5% = 24 and the solid extends from each point (z,y) in the base to the
surface z = 3z2 + 5y°.

Answer: / / (322 + 5y°) dA
D

Difficulty: 1  Section: 3
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22. Write a double integral to express the volume of the solid with base D where D is the region
bounded by 22, y = 0 = 1,and the solid extends from each point (z,y) in the base to the
surface z = 4zy.

Answer: / / 4rydA
D

Difficulty: 1  Section: 3

23. Evaluate the integral / / zydA where D is the region bounded by y = x2, the r-axis and the
D

line r = 2.

16

A =

nswer: —
Difficulty: 1  Section: 3

24. Evaluate / / sinwz? dA where D is the triangle with vertices (0,0), (1,0), and (1,2). The
D

order is important!

2
Answer: —
m

Difficulty: 2  Section: 3

25. Evaluate / / zdA where D is the region bounded by y = z? and y = 2z.
D

Answer: 3

Difficulty: 1  Section: 3

26. Evaluate / / zdA where D is the region in the first quadrant bounded by y =4 - z%, 2 =0
D

and y = 0.
Answer: 4
Difficulty: 1  Section: 3

27. Evaluate //y sinzy dA where D is the rectangle given by 1 <z <2, 0<y < 7.
D

Answer: 0
Difficulty: 1  Section: 3

28. Evaluate / / (z* + 2zy) dA where D is the region between y = z? and y = z3.
D

3
A S
nswer 0

Difficulty: 1  Section: 3
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29. Evaluate //3 dA where D is the region bounded by z =0, y = e and y = 2.
D

Answer: 3(In4 — 1)
Difficulty: 1  Section: 3

30. Find the volume of the solid above the region bounded by y = z2, the z-axis and the line
z = 2, and below the surface z = zy.

Answer: —
3

Difficulty: 1  Section: 3

31. Find the volume of the solid above the triangle with vertices (0,0), (1,0), and (1, 2) below the
surface z = sin wx°.

Answer: 2
T

Difficulty: 1  Section: 3

32. Find the volume of the solid above the region bounded by y = z? and y = 2z below the surface
z=1.

4
A T =
nswer 3

Difficulty: 1  Section: 3

33. Find the volume of the solid above the region in the first quadrant bounded by y = 4 — 22,
z =0, and y = 0, below the surface z = z.

Answer: 4

Difficulty: 1  Section: 3

34. Find the volume of the solid if the first octant bounded by the coordinate planes and the plane
2z 4+ 3y + 62 = 24.

Answer: 64
Difficulty: 2 Section: 3

35. Find the volume of the solid in the first octant bounded by the coordinate planes and the plane
z+2y+3z2=28.
12
Answer: 128

9
Difficulty: 2  Section: 3
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36. Find the volume of the solid above the region bounded by y = 2 and y = z° and below the

surface z = z° + 2zy.
3

Answer: —
40

Difficulty: 1  Section: 3
1 V1-z
37. Reverse the order of integration: / / f(z,y) dydz.
o Jo

1 rl-y?
Answer: / / f(z,y) dzdy
0 JO
Difficulty: 2  Section: 3

1 rvy
38. Reverse the order of integration: / / f(z,y) dz dy.
0 Jy

1 pz

Answer: / / f(z,y) dydz
0 Jz?

Difficulty: 2  Section: 3

2 p4-12
39. Reverse the order of integration: / / f(z,y) dydz.
0 Jo

4 rVvi-y
Answer: / / f(z,y) dzdy
o Jo

Difficulty: 2  Section: 3

w/2 /2
40. Reverse the order of integration: / / f(z,y) dzdy.
0 y?

/2 VT
Answer: / / f(z,y) dydz
0 0

Difficulty: 2  Section: 3

4 rvY
41. Reverse the order of integration: / / f(z,y) dzdy.
0 Jy/2

2 2z

Answer: / / f(z,y) dydzx
0 Jz?

Difficulty: 2  Section: 3

2 rlny
42. Reverse the order of integration: / / f(z,y) dz dy.
1 Jo

In2 p2
Answer: / / f(z,y) dydz
0 e
Difficulty: 2  Section: 3
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2 Tz+2
43. Reverse the order of integration: / / f(z,y) dydz.
—-1Jz2

1 Vo 4 /Y ‘
Answer: / / f(z,y) dzdy +/ / f(z,y) dz dy
0 J-y 1 y—2

Difficulty: 2 Section: 3

2 p4z—zx?
44. Reverse the order of integration: / / f(2,y) dydz.
0 Jz?

4 rvy
Answer: / / f(z,y) dzdy
0 J2-i-y

Difficulty: 2  Section: 3

Vvcosé.

, 0L

M
IA

45. Evaluate / / sinf@dA over the region R given by 0 < 8 <
R

1
Answer: -
nswer 1

Difficulty: 1  Section: 4

46. Find the volume of the solid above the region bounded by r = 2 cosf and below the surface
z=1-y.

Answer: 7

Difficulty: 1  Section: 4

47. Find the area inside the circle r = 3 cos 8 and outside the cardioid r = 1 + cos¥.

Answer:

Difficulty: 1  Section: 4

48. Find the area inside the circle 7 = 3sin 8 and outside the cardioid r = 1 + sin 6.
Answer: 7

Difficulty: 1  Section: 4

49. Find the volume of the solid above the region bounded by z2 + y® = 2y and below the surface
z =z +y%
3n
A D —
nswer: —

Difficulty: 2  Section: 4
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1 Vi-z2 2. 2
50. Use polar coordinates to evaluate / / e~ (=) gy dz.
0o Jo

1
Answer: z (1 - —)
4 e

Difficulty: 2  Section: 4

2 \/4—y2 1
51. Use polar coordinates to evaluate / / ———— dzdy.
0 Jy 1+zc+ Y
Ind
Answer: — 8n

Difficulty: 2 Section: 4

52. Find the volume of the solid above the region bounded by z? + y? = 2z and below the
surface z = 2 + 3.
Answer: %7[

Difficulty: 2  Section: 4

53. Find the mass of a thin lamina bounded by y = 0, y = sinz, 0 < z < = if the density at (z,y)
is 2y.

T
Answer: 3

Difficulty: 2  Section: 5

54. Find the mass of a thin lamina bounded by ¥y = z2, y = 0, and z = 1 if the density at (z,y)
isTz+y.
Answer: T
20
Difficulty: 2 Section: 5

55. Find the mass of a thin lamina bounded by z = 1 — y2, £ = 0 and y = 0 if the density at (z,y)
is .

4
A : —
nswer 1

Difficulty: 2  Section: 5

56. Find the mass of a thin lamina bounded by y = 0, y = z?, and z = 2 if the density at (z,y)
is zy.
Answer: 16

3
Difficulty: 2 Section:
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57. Find the center of mass of the spherical shell between 22 + y?> + 2> =1 and 22 + y? + 22 = 4.
z>0. Assume 6 (z,y) = 1.

45
A : —
nswer (0,0, 56)

Difficulty: 2  Section: 5

58. Find the moment of inertia about the z-axis of the region bounded by y = z°, y = 0. and
r = 2. Assume density factor of 1.
128

A R
nswer 51

Difficulty: 2  Section: 5

59. Find the surface area of the portion of the surface z = v/16 — z? inside the cylinder r?4+y% = 16.

Answer: 64
Difficulty: 2 Section: 6

60. Find the surface area of the region formed by the intersection of the cylinders z2 + y? =1 and
r’+22=1
Answer: 16
Difficulty: 2 Section: 6

61. Find the surface area of the region formed by the intersection of the cylinders z2+y? =4 and
2+ 22 =4.
Answer: 64
Difficulty: 2 Section: 6

62. Find the surface area of the region formed by the intersection of the cylinders 972 + 92 =1
and 922 4922 = 1.

1
A T —
nswer 9

Difficulty: 2  Section: 6

63. Find the surface area of the portion of the surface of the sphere 22 + y% + 22 = 4 cut by the
cylinder z2 + 32 = 2y.
Answer: 8 (7 —2)
Difficulty: 2  Section: 6

64. Find the surface area of the portion of the surface of the sphere z? + y? + 2% =1 cut by the
cylinder z2 +¢%2 = y.
Answer: 2(w —2)
Difficulty: 2  Section: 6
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65. Find the surface area of the portion of the cylinder z2+3? = y inside the sphere z2+7%+2:2 = 1.
Answer: 4

Difficulty: 2  Section: 6

66. Find the surface area of the portion of the cylinder z2+y? = 2y inside the sphere z2+y%+22 = 4.
Answer: 16
Difficulty: 2  Section: 6

67. Compute / / (zz + 3z) dV where V is the region in the first octant bounded by 72+ 22 = 9
%

andz+y=3.

Answer: %

Difficulty: 2  Section: 7

68. Compute / / (xz + 2z) dV where V is the region in the first octant bounded by 72 + 2? = 4
v

and z+y = 2.

Answer: %}8

Difficulty: 2  Section: 7

69. Compute / / (zz + z) dV where V is the region in the first octant bounded by z2 + 22 =1
v

andz+y=1.
Answer: 4
15
Difficulty: 2  Section: 7

70. Compute / / / 22 dV where V is the region in the first octant bounded by z = 2, y = 2z, and
v

r=y+z
12
Answer: —5—8

Difficulty: 2  Section: 7

1 z+y
71. Compute / / (z+y+2)dzdydz.
0 Joz

13
A —
nswer 3

Difficulty: 2  Section: 7
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1 p4—-z% p6-z
T2. Evaluate/ / / dydzdz.
-1J32 Jo
304

A T —
nswer T

Difficulty: 2  Section: 7

1 T pI—y
73. Evaluate/ // rzdzdydz.
0 Jo JO
1

Answer: 3
Difficulty: 1  Section: 7

74. Find the volume of the region in the first octant bounded by =2 + y? =4, the plane y + 2 = 2
and the plane z = 0.

Answer: g (37 — 4)
Difficulty: 2  Section: 7

75. Find the volume of the region in the first octant bounded by z° + y? =1, the planey+z =1
and the plane z = 0.

1
Answer: - (37 — 4)
Difficulty: 2 Section: 7

76. Find the volume of the region formed by the intersection of the cylinders 2 +y? =4 and
2,2
T8+ 2z = 4.

1
Answer: ﬁ

3
Difficulty: 2  Section: 7

77. Find the volume of the region formed by the intersection of the cylinders z2+y?’=1and
24+22=1.
Answer: !
nswer: —-
Difficulty: 2  Section: 7
78. Use cylindrical coordinates to find the volume of the region in the first octant bounded by the
cylinder 22 + y® = 4 and the plane z = 1 + 2z + 3y.
4
Answer: T + 3
Difficulty: 2  Section: 8

79. Use cylindrical coordinates to find the volume of the region in the first octant bounded by the
cylinder 2 + 4% = 4 and the plane z = 1 + 3z + 3y.

Answer: 7 + 16
Difficulty: 2  Section: 8
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80. Use cylindrical coordinates to find the volume of the region in the first octant bounded by the
cylinder z° + y% = 4 and the plane z = 1 + z + 2y.

Answer: 7+ 8
Difficulty: 2  Section: 8

81. Use cylindrical coordinates to find the volume of the region in the first octant bounded by the
cylinder z2 + y2 = 9 and the plane zz% + 22 = 9.

Answer: 18
Difficulty: 2  Section: 8

82. Use cylindrical coordinates to find the volume of the region in the first octant bounded by
2 4+ y? = 16 and 22 + 22 = 16.
128

Answer: —
wer 3

Difficulty: 2  Section: 8

83. Use cylindrical coordinates to find the volume of the region in the first octant bounded by the
cone z = r and the cylinder 7 = 2siné.
16

Answer: 9

Difficulty: 2  Section: 8

84. Use cylindrical coordinates to find the volume of the region in the first octant bounded by the
cone z = 2r and the cylinder'r = 3sin#.

Answer: 12
Difficulty: 2  Section: 8

85. Use cylindrical coordinates to find the volume of the region inside the paraboloid z = 9122,
outside the cylinder z2 + y? = 4, and above the plane z = 0.

Answer: 252’_7"

Difficulty: 2  Section: 8

86. Find the volume of the region within the cylinder z = 2sinf bounded above by the paraboloid
z = 2 and below by the plane z = 0.

Answer: 3;

Difficulty: 2  Section: 8

87. Find the volume of the solid bounded by the plane z = 0, the plane z = 1 —y, and the cylinder
T = 2cosé.

Answer: ©
Difficulty: 2 Section: 8
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88. The plane z = 1 divides the ball 2 + 3 + 22 < 2 into two parts. Find the volume of the
smaller part.

Answer: -g (4v2 - 5)
Difficulty: 2  Section: 8

89. Evaluate ///22 dV where V is the region described by 22 +4? +22 <9,z > 0.y > 0, and
v

z>0.

81
Answer: &7

Difficulty: 2  Section: 8

90. Find the volume of the region above the cone z = /22 + 2 and below the sphere r2 + 32+ 2% =
2.

™
Answer: 3

Difficulty: 2  Section: 8

91. Find the volume of the region above the plane z = 3 and below the sphere 2% + y2 + z° = 18.
Answer: 97 (4\/§ - 5)
Difficulty: 2  Section: 8

92. Find the volume of the region above the plane z = 2 and below the sphere z° + 3> + 22 = 8.
Answer: 8% (4\/5 - 5)
Difficulty: 2  Section: 8

93. Find the volume of the region above the plane z = 4 and below the sphere z2 + y? + 2% = 32.
64
Answer: Tﬂ- (4v2 - 5)
Difficulty: 2  Section: 8
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17 Vector Calculus

1. f F=z2i+2zxy%2j +coszk, find V- F.
Answer: 2z + 4zyz —sinz
Difficulty: 1  Section: 1

2. If F=z%i+2zy%2j+ coszk, find V x F.
Answer: —2z%yi+ 2y%zk
Difficulty: 1  Section: 1

3. If F = (z2 — y?) i + 2zyzj + 2%k, find V- F,
Answer: 2z + 2zz + 22
Difficulty: 1  Section: 1

4. If F = (z2 — 3?) i + 2zy2zj + 2%k, find V x F.
Answer: —2zyi+ (2yz+2y) k
Difficulty: 1  Section: 1

5. If F = ryz?i+ ze¥* j — ycoshzzk, find V- F.
Answer: yz? + rze¥* — zysinhzz

Difficulty: 1  Section: 1

6. If F = ryz?i+ ze¥?*j — ycoshzzk, find V x F.
Answer: (coshzz — zye¥?) i+ (2zyz — yzsinhzz) j+ (e¥* — z22) k
Difficulty: 1  Section: 1

7. If ¢ = 2z%yz — zcosT + €¥*, find V.
Answer: (4zyz + zsinz) i+ (222 + ze¥*) j+ (2z°%y — cos T + ye¥?) k
Difficulty: 1  Section: 1

8. If ¢ = 2z%yz — zcosz + €¥?, find V x (V).
Answer: 0

Difficulty: 1  Section: 1

9. If F=z22i+3y%j+ zyzk, compute V- (V x F).
Answer: 0

Difficulty: 1  Section: 1
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10. If F = (2z - 5y) i + (=52 + 3y?) j+k. find V x F.
Answer: 0

Difficulty: 1  Section: 1

11. If F = (6zy3 + 222) i+ 9z%y?j + (4zz + 1) k. find V- F.
Answer: 0

Difficulty: 1  Section: 1

12. Compute /yz dz + 2z dy + zy dz where C is the line segment from (0,0,1) to (2.3,4).
c
Answer: 24

Difficulty: 1  Section: 2

13. Compute / (z% — y) dz + (y* + z) dy from (0,1) to (1,2) along the curve C': y = ? + 1.
C
Answer: 2

Difficulty: 1  Section: 2

14. Evaluate /F .dr where F = 322i+(2zz — y) j+ zk and C is the path given by z = 2, y=t,

C
z=22—¢t,0<t<1.

13
A L
nswer 10

Difficulty: 1  Section: 2

15. Evaluate /F . dr where F = 3221 + (2zz — y) j + zk and C is the straight line from (0,0, 0)

C
to (1,1,1

).
5
A P
nswer: =
Difficulty: 1  Section: 2
16. Evaluate /F - dr where F = (y?cosz + 2%) i+ (2ysinz — 4) j+ (322 +2) k and C is the

1
straight line from (0,0, 0) to (g, —5) .
Answer: 9 447

Difficulty: 1  Section: 2
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17. Evaluate / F - dr where F = (% — 2zy) i+ (z%y + 3) j and C is the path 8y = x? from

(—4.2) to ?4, 2).

Answer: %

Difficulty: 1  Section: 2

18. Evaluate / (z® +y) ds where Cis the path z = 3t,y =4t,0 <t < 1.

C
Answer: 25

Difficulty: 1  Section: 2

19. Evaluate / (z® + y*) ds where C is the path = = e’sint, y = e*cost, 0 < y < 2.
C
Answer: \/Ti (e6 - 1)

Difficulty: 1  Section: 2

20. IsF = (2z — 5y) i+ (-5z + 3y?) j conservative? If so, find f such that F = V§.
Answer: Yes, a potential function is 2 — 5zy + =8

Difficulty: 1  Section: 3

21. Is F = (2z + 5y) i + (2y — 4) j conservative? If so, find f such that F = V.
Answer: Yes, a potential function is 2 + 5z + y? — 4y
Difficulty: 1  Section: 3

22. Is F = (4zy® + 17ye™) i + (62%y* + 17ze™) j conservative? If so, find f such that F = V.
Answer: Yes, a potential function is 2x%y® + 17¢%¥

Difficulty: 1  Section: 3

23. Is F = (322 — 3y® — 2z) i + (—6zy + 2y) j conservative? If so, find f such that F = V.
Answer: Yes, a potential function is 3 — 3zy? — 22 + o2

Difficulty: 1  Section: 3

24. Find f so that F = Vf for F = (623 + 22%) i + (92%?%) j + (4zz + 1) k.
Answer: 3x2y3 + 2222 + 2
Difficulty: 1  Section: 3
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25. Find f so that F = Vf for F = (y?cosz + 23) i+ (2ysinz — 4) j + (3z2* +2) k.
Answer: y?sinz + 723 — 4y + 2z
Difficulty: 1  Section: 3

26. Is F = (2zy — 3 +2) i+ (3zy? — z° — 4) k conservative? If so, find f such that F = V.
Answer: No
Difficulty: 1  Section: 3

27. Is F = (3z — 4y) i + (4z — 3y) j conservative? If so, find f such that F =V f.
Answer: No
Difficulty: 1  Section: 3

28. If F = (2z +5) i+ (2y — 4) j, compute /F - dr where C is any piecewise smooth curve from

C
(0,1) to (1,2).

Answer: 5

Difficulty: 1  Section: 3

29. If F = (2z — 5y) i + (—5z + 3y?) j, compute / F - dr where C is any piecewise smooth curve
C

from (0,1) to (1,2).
Answer: —2
Difficulty: 1  Section: 3

30. If F = (6zy> + 22%) i+ (9z%y*) j + (4zz + 1) k compute /F . dr where C is any piecewise

c
smooth curve from (0,1,0) to (1,-1,1).

Answer: 0
Difficulty: 1  Section: 3

31. If F = 6zyi+ (322 — 3y%2?) j — 2y32k compute / F - dr where C is any piecewise smooth

o
curve from (1,1,2) to (0,1,3).

Answer: -8
Difficulty: 1  Section: 3

32. Use Green’s Theorem to evaluate -7{ (3z — 4y) dz + (4 — 2y) dy where C is the path counter-

C
clockwise around the ellipse 2 + 4y? = 16 beginning and ending at (4,0).
Answer: 647
Difficulty: 1  Section: 4
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33. Use Green’s Theorem to evaluate % (5z — 2y) dx + (2z + 3y) dy where C is the path counter-
(o

clockwise around the ellipse 2 + 4y2 = 16 beginning and ending at (4,0).
Answer: 327

Difficulty: 1  Section: 4

34. Use Green’s Theorem to evaluate f (8x — 2y) dz+(—2z + 3y) dy where C is the path counter-
c

clockwise around the ellipse 2 + 4y? = 16 beginning and ending at (4,0).
Answer: 0

Difficulty: 1  Section: 4

35. Use Green’s Theorem to evaluate }{ 2zydr+ (e + :52) dy where C is the boundary of the

(o
triangle with vertices (0,0), (1,0), and (1, 1), oriented counter-clockwise.
Answer: 1
Difficulty: 1  Section: 4

36. Use Green’s Theorem to evaluate f’ z?y dz + Ty dy where C is the boundary of the rectangle

C
with vertices (1,1), (3,1), (1,2), and (3,2), oriented counter-clockwise.

Answer: —%7

Difficulty: 1  Section: 4

37. Use Green’s Theorem to evaluate f ydz + 2z dy where C is the boundary of the rectangle with

o
vertices (0,0), (0,1), (1,0), and (1,1), oriented counter-clockwise.
Answer: 1

Difficulty: 1  Section: 4

38. Use Green’s Theorem to evaluate j[ (2zy — 3z%eY) dx + (2% — z%e¥) dy where C is the circle

C
z? + y? = 4 oriented counter-clockwise.

Answer: 0

Difficulty: 1  Section: 4
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39.

40.

41.

42.

43.

44.

Use Green’s Theorem to evaluate f z (22 + y2)_] dz +y (z2 + yz)—1 dy where C is the circle

(o}
(z-5)°+(y- 5)? = 4 oriented counter-clockwise.

Answer: 0

Difficulty: 1  Section: 4

Compute / / zdS where G is the surface of that portion of the cylinder z2 + 22 = 16 inside
G

the cylinder 22 + y? = 16 in the first octant.
Answer: 32

Difficulty: 2  Section: 5

Compute / / zdS where G is the surface of that portion of the cylinder 2% + 2% = 4 inside the
G

cylinder 22 + y® = 4 in the first octant.
Answer: 4

Difficulty: 2 Section: 5

Compute / / zdS where G is the surface of that portion of the cylinder r2 + 22 = 1 inside the
G

cylinder 22 + y? = 1 in the first octant.

1
A T =
nswer 5

Difficulty: 2 Section: 5

Compute / / F - ndS where G is the portion of the surface 3z = 9 — 22 — y2 above the plane
G

z2=0,and F=zi+2yj+2zk.
1357
2
Difficulty: 2  Section: 5

Answer:

Compute / / F - ndS where G is the portion of the plane 6z + 3y + 2x = 6 in the first octant
G

and F=6zi+ 2z +y)j—zk.
Answer: 3

Difficulty: 2  Section: 5
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45.

46.

47.

48.

49.

50.

Use Gauss’ Theorem to compute //F -ndS where F = (z — y?) i+ (y + 3z2%) j+ 52k and
G

G is the surface consisting of the hemisphere 22 + y? + 22 = 4, z > 0, and the place surface
z2=0,24+3%=4.
1127
3
Difficulty: 2  Section: 6

Answer:

Use Gauss’ Theorem to compute //F -ndS where F=(z-2y)i+(2y-32) j+ 3z -z) k
G

and G is the surface of the cube bounded by z =0,y=0,2=0,andz=1,y=1, 2= 1.
Answer: 6
Difficulty: 2 Section: 6

Use Gauss’ Theorem to compute / / F-ndS where F = £2i+2zyj+ 22k and G is the surface
G

of the region in the first octant bounded by z =0,y =0. 2 =0, and z+ y+ z = 1.

1
A P =
nswer 5

Difficulty: 2  Section: 6

Use Gauss’ Theorem to compute //F -ndS where F = (z + e ¥sinz) i+ (z2 + tan~1 2) j+
G

(ycosz) k and G is the surface of the region bounded by the cylinder z = 4 — 22, the plane
y+2=5,2=0,and y = 0.

544
A P —
nswer: ——

Difficulty: 2  Section: 6

Use Gauss’ Theorem to compute //F -ndS where F = (ze ¥sinz) i + (z? + tan~! z) j+
G
(ycosz) k and G is the surface of the region above the plane z = 2 and below the hemisphere
2 +y? +22=8.
8w
Answer: 3 (4v2 - 5)
Difficulty: 2  Section: 6

Use Gauss’ Theorem to compute //F -ndS where F = (zz — 3cosy) i + (4z — 32%) j+
G

(5xy — sinz) k and G is the surface of the region between z2+y?+22 = 1 and 22 +y% + 22 = 9,
z>0.

Answer: 20w

Difficulty: 2  Section: 6

Instructor's Resource Manual Chapter 17 Exam Questions 1071



51. Use Gauss’ Theorem to compute / / F - ndS where
z
F = (4z — yz?) i+ (5y + z23) j+ (4zycosy) k and G is the surface of the region in the
first octant bounded by the cylinder z2 + y? = 4 and the plane z = 1 + = + 2y.

Answer: 97 + 72

Difficulty: 2  Section: 6

52. Use Gauss’ Theorem to compute / / F-ndS where F = 3zzi+zyzj+ (2° +y?) k and G is
G

the surface of the region in the first octant bounded by 22 +z? =9 and z +y = 3.

24
Answer: 3?

Difficulty: 2  Section: 6

53. Use Stoke’s Theorem to compute / / (V xF)-ndS where F = %
T+ y -+ 2
G
and G is the surface of the hemisphere 2% + % + 22 = @2, 2 > 0.

Answer: —27

Difficulty: 2  Section: 7

54. Use Stoke’s Theorem to compute f F - T ds where C is the curve bounding the portion

o
of the cylinder 72+ 22 =4 with 0 <y < 2and 2> 0,and F = (2% — yz) i+32j+ (2* + zp) k.

Answer: 87

Difficulty: 2  Section: 7

55. Use Stoke’s Theorem to compute ?{ F - T'ds where C is the curve bounding the portion of the

c
cylinder 724+ 22 = 1 with0 <y < 2and 2 > 0, and F = (2% — y2) i+ % j + (z* + zy) k.

Answer: 27

Difficulty: 2  Section: 7

56. Use Stoke's Theorem to compute f F - T ds where C is the curve bounding the portion of the

C
cylinder 22 + 22 = 6 with0 <y <2and 2 >0,and F = (22 — y2) i +?j+ (2> + zy) k.

Answer: 127

Difficulty: 2  Section: 7
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57. Use Stoke’s Theorem to compute ]{ F - Tds where C is the curve of the intersection of the

C
surfaces z = 4zy and 22 + 9% = 9, and F = y2%i + 12%j - 41yzk.

Answer: 0

Difficulty: 2  Section: 7

58. Use Stoke’s Theorem to compute f F - Tds where C is the curve of the

C
intersection of the surfaces z2 +y? = land z+y+2=1,F =y?i+z?j+ zyk.
Answer: 0

Difficulty: 2  Section: 7
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18 Differential Equations

1. Solve the differential equation y” — 3y’ — 4y = 0.
Answer: y = Ae* + Be™*
Difficulty: 1  Section: 1

2. Solve the differential equation y” + 3y’ — 4y = 0.
Answer: y = Ae™* + Be®
Difficulty: 1  Section: 1

3. Solve the differential equation y” + 2y’ — 8y = 0.
Answer: y = Ae® + Be™4®

Difficulty: 1  Section: 1

4. Solve the differential equation y"” + 2y’ +y = 0.
Answer: y = Aze ™ + Be™*
Difficulty: 1  Section: 1

5. Solve the differential equation y” + 4y’ + 4y = 0.
Answer: y = Aze™ % + Be™ %

Difficulty: 1  Section: 1

6. Solve the differential equation y"” — 4y’ + 5y = 0.
Answer: y = Ae?* cosT + Be**sinz

Difficulty: 1  Section: 1

7. Solve the differential equation y” + 4y = 0.
Answer: y = Acos2z + Bsin2z

Difficulty: 1  Section: 1

8. Solve the differential equation y” — 4y = 0.
Answer: y = Acosh 2z + Bsinh 2z or y = Ae?® + Be™*
Difficulty: 1  Section: 1

9. Solve the differential equation (D3 —4D% + 6D) y=0.
Answer: y = A + €2 (Bsin v2z + C cos V2z)
Difficulty: 1  Section: 1
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10. Solve the differential equation (D?+4) (D -2)(D - 1)y =0.
Answer: y = e?* (Asin 21 + Bcos2z) + €% (C'sin 2z + D cos 21)
Difficulty: 1  Section: 1

11. Solve the differential equation ¥" — 3y’ — 4y = 422 + 6z — 10.
Answer: y = Ae** + Be™* +2 — 1
Difficulty: 2  Section: 2

12. Solve the differential equation y” + 3y’ — 4y = 4z% — 6z — 10.
Answer: y = Ae” % 4+ Be* +2 — 1°
Difficulty: 2  Section: 2

13. Solve the differential equation y" + 2y’ — 8y = 4 cos 2z — 12sin 2z.
Answer: y = Ae?* + Be %% +sin2z

Difficulty: 2  Section: 2

14. Solve the differential equation y” + 2y’ + y = —25sin 2z.
Answer: y = Are™* + Be™* + 4 cos2z + 3sin2r
Difficuity: 2  Section: 2

15. Solve the differential equation y” + 4y’ + 4y = 2e~%=.
Answer: y = Aze™%* 4+ Be % 4 32~

Difficulty: 2  Section: 2

16. Solve the differential equation y” — 4y’ + 5y = sinz — cos .
. 1.
Answer: y = Ae**cost + Be**sinz + 7507

Difficulty: 2  Section: 2

17. Solve the differential equation y” + 4y = cos 2z — sin2z

1
Answer: y = Acos2z + Bsin2z + i (cos 2z + sin 2z)

Difficulty: 2  Section: 2

18. Solve the differential equation y” — 4y = 4e*.
Answer: y = Acosh 2z + Bsinh 2z + ze?® or y = Ae® + Be™% + ze®®
Difficulty: 2  Section: 2
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19.

Solve the differential equation y"” — 4y’ + 5y = sinz — cosz if y (0) = 1 and ¥’ (0) = 0.
9 1,
Answer: y = e cosT — Zeh sinz + ;5inz

Difficulty: 2 Section: 2

20. Solve the differential equation y” + 4y = cos2z —sin2z if y (0) = 0 and ¥’ (0) = 1.

21.

22,

23.

24.

25.

3 1
Answer: y = 3 sin 2z + i (cos2zx + sin2z)

Difficulty: 2  Section: 2

A spring with a spring constant k of 96 pounds per foot is loaded with a 12 pound weight and
brought to equilibrium. It is then stretched 1 inch and released. Find the motion and the

period. Neglect friction.

1
Answer: T cot 16t, period %

Difficulty: 2  Section: 3

A spring with a spring constant k of 64 pounds per foot is loaded with a 16 pound weight and
brought to equilibrium. It is then stretched 1 inch and released. Find the motion and the
period. Neglect friction.

Answer: 1—12 cos 8v/2¢, period %
Difficulty: 2  Section: 3

A spring with a spring constant k of 18 pounds per foot is loaded with a 12 pound weight and
brought to equilibrium. It is then stretched 2 inches and released. Find the motion and the
period. Neglect friction.
Answer: %cos 4V/3t, period %
Difficulty: 2 Section: 3

A 12 pound weight stretches a spring 2 inches. The weight is raised 2 inches and given an
initial velocity of 2 feet per second upward. Find the equation of motion.

1 3
Answer: y = “5 cos8v/3t — -1—\/; sin 8v/3t
Difficulty: 2  Section: 3

A 12 pound weight stretches a spring 3 inches. The weight is raised 2 inches and given an
initial velocity of 2 feet per second upward. Find the equation of motion.

Answer: y = —é cos 8v/2t — g sin 8+/2t

Difficulty: 2  Section: 3
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26. A 12 pound weight stretches a spring 4 inches. The weight is raised 2 inches and given an
initial velocity of 2 feet per second downward. Find the equation of motion.

Answer: y = —é cos 46t + g sin 4v/6t
Difficulty: 2  Section: 3

27. A spring with constant k of 10 pounds per foot is loaded with a 32 pound weight and brought
to equilibrium. It is then stretches 1 inch and released. Find the equation of motion if the
damping force is proportional to twice the velocity.

1 1
ore g — p—t ;
Answer: y=e (12 cos 3t + 36 sm3t)
Difficulty: 2 Section: 3

28. A spring with constant k of 10 pounds per foot is loaded with a 32 pound weight and brought
to equilibrium. It is then stretches 2 inches and released. Find the equation of motion if the
damping force is proportional to twice the velocity.

1 1
Answer: y = e™? (E cos 3t + s sin 3t>
Difficulty: 2 Section: 3
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