Chapter 1 Technology Exercises 89

Chapter 1
Technology Exercises

77-79 Mentally sketch the graph of the given function by identifying the basic shape that has been shifted, reflected, stretched, or
compressed. Then use a graphing utility to graph the function and check your reasoning.
77. f(x)=In(x+1)+2 78, f(x)=——2+1 79. f(x)=sinmx-1

x=3

80. The annual expenditures (in millions of dollars) for a corporation are given in the table below.

Annual Expenditures
Year 2017 2018 2019 2020 2021 2022

Expenditures (in millions) | $16.2 $17.1  $18.8 $19.6 $21.1  $22.9

a. Find the least-squares line of best fit for the data. (Let x = 0 correspond to the year 2017.)

b. Estimate the expenditures for 2023.

81-82 Use a graphing utility to approximate the solution(s) of the 83-84 Use a graphing utility to graph the given function, and
given equation, rounded to four decimal places. (Hint: Zoom in on the describe the characteristics of the graph as ¢ varies. Use different
x-intercepts or points of intersection as appropriate for each equation.) viewing windows.

*+ _ i
8l. ¥ -x'-3=0 82. x*+6=2" 83. u(x)=—i+ec/x 84. v(x)=izm
e c
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176 Chapter 2  Limits and the Derivative
56. Use the Intermediate Value Theorem to show that the 67. If lim f( x) doesn’t exist, then f(x) has a vertical

graphs of f(x)=x" and g(x)=e™ intersect.
asymptote at x = c.

57-58 Find the equation of the tangent line to the graph of £(x) at 68. Any rational function has at least one vertical

the given point. asymptote.
57, f(x) =x’+x; (1,2) 69. If limf(x) =4 and limg(x) = B, then
_f(x) 4
58. f(x)=+/x; (4,2 lim ==,
(1)=V (42) i 8
59-60 Use the definition (also called the limit process) to find the 70. If f is defined on [a,b], L is a real number between
derivative function 7' of the given function £. Find all x-values (if any) f(a) and £(b), and lim f(x) exists for all

where the tangent fine is horizontal. xe (a,b), then there is a ¢ in the interval (a,b) such

3 that f(c):L.
x=2

59. f(x)=2x-x’ 60. f(x)=
71. If f is continuous at ¢, then f(c) is equal to both

i . ) one-sided limits at c.
61-62 Sketch the graph of a function f possessing the given

characteristics. (A formula is useful, but not necessary.) 72. If both one-sided limits of f exist at ¢, and if f is

) ) defined at ¢, then f is continuous at c.
61. f is continuous at 0, /(0)=1, f'(x)<0 forx<0,

S'(x)>0 forx>0,and '(0) does not exist 73. If g(x)< f(x)<h(x) forall x in some open interval
0 (1) 0 '(1) 0. and (2) 0. but '(2) 0 containing ¢, and if limg(x) = limh(x) =L, then by
. < N > B > , < X—cC X—C
& & me s e the Squeeze Theorem f(c)=L as well.
63. Prove that if f(x) is a quadratic function, then f"(x)

is linear.

Chapter 2

64. A small object is thrown upward with an initial

velocity of 12 m/s from the top of a 15 m high Technology Exercises

building.

a. How high does it go and when does it reach the 74. Use a computer algebra system to find approximations
ground? for the areas in Exercises 10 and 11 by using n = 100.

(Round your answers to four decimal places.)
b. What is the speed of impact?

75. Use a computer algebra system to find approximations
for the arc lengths in Exercises 12 and 13 by using
n = 100. (Round your answers to four decimal places.)

(Hint: Use h(t)=-5¢"+12/+15 as the position
function, where % is in meters, ¢ in seconds.)

65. The owner of a small toy manufacturer has 76
determined that he can sell x toys if the price is
p= D(x) =0.2x+30 dollars. The total cost as a
function of x is given by C (x) =0.1x> +15x+247.5 77. Use a graphing utility to approximate the solutions
dollars. for Exercises 55 and 56. Round your answers to four
decimal places.

. Use a graphing utility to verify your answers given for
Exercises 14-17.

a. Find the profit function P(x).
b. Find any break-even points. ) . . .
78-81 Use a graphing utility to graph the function, and estimate

¢. Find the marginal profit function. from the graph the value of the given limit.

Concept Check :
78. limx" 79. lim aresinx
X—0 Rrd x
66-73 Determine whether the given statement is true or false. In L) 1n(x3)
case of a false statement, explain or provide a counterexample. 80. Ilim (1 + —j 81. lim 0
xX—>00 X x>l x—

66. Instantaneous velocity can be interpreted as the slope
of a tangent line.
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69.

70.

71.

Chapter 3 Differentiation

The proper dosage d of a certain over-the-counter
medicine for children depends on body weight w
according to the function d(w)=3w", where d

is measured in milligrams and w in pounds. Use
differentials to estimate how accurately (in terms of
percentage error) we need to know a 32-pound child’s
weight if we cannot stray from the proper dosage by
more than 6 percent.

A manufacturing business found its daily revenue to be
R(x)=150x—21x* dollars when x units are produced
and sold.

a. Use linearization and marginal revenue to estimate
the extra revenue when production is increased
from 100 to 102 units.

b. Use the revenue function to calculate the actual
revenue increase. Compare your answers.

Use the concept of the derivative function to explain
why the graph of y = x“ a > 1 curves upward, while the
graph of y =x”, 0 < b < 1 curves downward.

Concept Check

72-82 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

If both one-sided derivatives of f (x) either exist or
are equal to too at ¢, then f is continuous at c.

If p(x) is a polynomial of degree n, then all k"-order
derivatives of p(x) for k> n are 0.

Ify = 7"sinx, then y' =n7""sinx + 7" cos x.

If y=1/(x"=3x+1), then y'=1/(2x-3).

If y=In(3x+1), then y'=1/(3x+1).
Ify=x", then y'=x-x"".

Since (e*) =¢", therefore (e ) — e
If f(x)=x, thendf = dx.

If f (x) is linear, then its linearization at any point is
itself.

Ifx — 0, then Ax — dx and Ay — dy.

If Ax —> 0, then Ay/Ax — dy/dx.

Chapter 3
Technology Exercises

83-85 Use a graphing utility to graph the function and identify all
points where the function is not differentiable. Explain.

83.

84.

85.

86.

87.

88.

89.

f(x) = |x2 —x|
S (x)=[¥(x+2)
f(x):i‘/ﬁ

Use the differentiation capabilities of a graphing utility
to find the derivative of f(x)=2cos’ x —cos2x. Then
find the derivative by hand, applying a trigonometric
identity before differentiating. Does your answer agree
with that of your technology? If not, what do you think
is the reason? Can you “force” your graphing utility to
represent its answer in a simpler form?

Repeat Exercise 86 for the function

/(x)=2sin(x/2)cos(x/2).

Use a graphing utility to graph the functions y = Inx,
y=a,a>1andy=x" 0<b<1 for various values of
the parameters a and b. By zooming out appropriately,
compare their relative growth rates; that is, conjecture
“who wins the race toward infinity” in general among
these three types of functions. Use the concept of the
derivative to support your conjecture.

The displacement of a mass attached to a spring is
given by the function /(#)=e"* cos2t.

a. Use a graphing utility to graph the function and
explain why it is realistic.

b. Use a graphing utility to graph the velocity and
acceleration functions together with /() on the
same screen. What seems to be the position of the
mass when velocity is maximum? When is velocity
0? When is acceleration maximum, and when is it 0?
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78.

79.

80.

81.

Chapter 4 Applications of Differentiation

A vending machine sells 500 bars of a certain type

of candy when the price is $1.50. It was discovered
that 10 fewer customers will buy the candy bar for
each 5¢ increase in price. What is the price that will
bring maximum revenue from the sales of this type of
candy bar?

Maximize the surface area of the can in Example 3 of
Section 4.6. Explain your findings.

Minimize the cost of producing the can in Example 3
of Section 4.6 if the top and bottom are produced
using a material that is 50% more expensive than the
material used for the side.

Nate needs to reach a restaurant that is 600 ft upstream
on the other side of a 150 ft wide river. Find the point
where he has to reach the other side in order to make
the best time if he can swim at 5 ft/s and walk at

9 ft/s. (Ignore the flow of the river.)

82-89 Find the general antiderivative of the given function, and
check your answer by differentiation. (If necessary, rewrite the
function before antidifferentiation.)

82.

83.

84.

S

85.

86.

87.

88.

f(x) =2x’ —6x° +3x
f(x)=5x"-48x"+¢’
f(x) :x(x+2)(2x—3)

f(x)=0.4xVx —%

x* —4x
="
f(x) = 2(x+ sec’ 2x)
3 3
f(x) =be 89. f(x) :m

90-91 Find f(x) that satisfies the specified conditions.

90.

91.

92.

f'(x)=x f()=1 f(1)=0
M(x)=2 f1(2)=-1 r'(2)=2. f(2)=3

A tennis ball is thrown upward from an initial height
of 4 feet with an initial velocity of 56 feet per second.
How high will it go and for how long is it rising?
(Ignore air resistance.)

93.

94.

With what initial velocity do we need to throw a golf
ball vertically upward in order for it to rise 100 feet
high? (Ignore the initial height and air resistance.)

A pebble is shot horizontally using a slingshot at 10
meters per second from the top of a building that is

20 meters high. If the terrain around the building is
nearly flat, approximately how far from the building
will the pebble hit the ground? (Use the approximation
g ~10m/s” and ignore air resistance.)

Concept Check

95-101 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

9s.

96.

97.

98.

99.

100.

101.

A continuous function on a finite interval always
attains its maximum and minimum.

If f (x) has a relative maximum or minimum at x = c,
then f'(c)=0.

If f(x) has a relative maximum or minimum at x = c,
then c is a critical point of f.

A cubic polynomial has exactly one inflection point.

If f(x) is a polynomial, then between two
consecutive local extrema there must be an x = ¢ so

that f"(c)=0.

If f (x) is a polynomial and c is a critical point, then
there is a relative maximum or minimum at x = c.

If f’"(c) =0, then f’(x) has a point of inflection at
x=c.

Chapter 4
Technology Exercises

102—111. Use a graphing utility to verify the answers you

obtained for Exercises 51-60.

112-113. Use a graphing utility to verify the conclusions of

Exercises 15 and 16.
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446 Chapter 5  Integration

71. Consider the function f(x)=1/x* defined on some

interval [a,b]. Partition [a,b] and in each subinterval

[xH,x[] choose the sample point x; =./x, x, (the
geometric mean of the endpoints). Show that

and use this observation to prove the following
formula.

72. Prove that if the conditions of Part I of
the Fundamental Theorem of Calculus are
satisfied and F(x)= j:;:; 7 (t)dt, where
g(x) and h(x) are differentiable, then
F'(x) =1 (h(x)) 7' (x)- £ (2(x)) ' (x)-

(Hint: See Example 3 of Section 5.3.)

73. Prove that if f is a linear function, then its definite
integral on an interval [a,b] is the average of its left
and right Riemann sums, that is,

L, +R,

J:f(x)dx: S

What is your expectation regarding the integral and the
average above if f is concave up? Concave down?

Concept Check

74-81 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

74. 1f n, <n,, then the Riemann sum R, is always a better
approximation of the integral than R, .

75.

76.

77.

78.

79.

80.

81.

If f is piecewise continuous on a closed interval, then
the limit of its Riemann sums always exists.

When applying the Fundamental Theorem of Calculus,
we must choose the antiderivative with C = 0.

.[erx = ln(e‘”)—i-C =x+C
o
The definite integral of the velocity function of a

moving object on [#,,z,] is equal to the total distance
traveled by the object from time 7 =, to t = ¢,.

[" £ (x)dv>0 ifand only if £(x)>0 on [a,b].

Jsecxdx =secxtanx+C

Chapter 5
Technology Exercises

82.

83.

84.

Use the summation feature of a graphing utility to
verify your answers for Exercises 9-15.

Write a program for a graphing calculator or computer
algebra system that calculates the n™ Riemann

sum for a given function on a given interval, using
subintervals of equal width and sample points of your
choice. Use your program to verify your answers for
Exercises 16—18.

Use a graphing utility to evaluate the limit of

Exercise 28. What do you find? (Answer will vary
depending on the capabilities of the particular software
used.)
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84. Suppose a fighter plane fires a missile at 500 mph in
the forward direction at a moment when the plane
itself is flying at 900 mph. Use Einstein’s relativistic
formula to find the missile’s velocity relative to
Earth and compare it with Galileo’s prediction of
500 + 900 = 1400 mph. Approximate the speed of light
by 3x10° m/s.

85. In this exercise, we are going to up the numbers of
Exercise 84 significantly. Suppose a rocket is traveling
away from Earth at a speed of 0.7¢ and fires another
rocket at 0.5¢. Use Einstein’s formula to calculate the
velocity of the second rocket relative to Earth.

Concept Check

86-92 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

86. The disk method is based on the idea of integrating
slices.

87. When both the disk method and the shell method are
applied to calculate the volume of a solid of revolution,
the variable of integration is always the same.

88. If the area of the region bounded by y = f(x) and
y=g(x) is 4, then the volume of the solid obtained
by revolving the same region about the x-axis is
V=mnA

89. If the area of the region bounded by y = f(x) and
y=g(x) is 4, then the volume of the solid obtained
by revolving the same region about the x-axis never
equals 7A”.

90. Ilim tanhx=-1

X—>—0

91. cosh2x=2sinh®x+ 1

92. The work needed to pump fluid out of a tank through
an opening on its top equals the total weight of the

fluid multiplied by the distance traveled by its center of

mass.

Chapter 6  Technology Exercises 521

Chapter 6
Technology Exercises

93-96 Use a graphing utility to find (or approximate) the volume of
the solid generated by rotating the region bounded by the graphs of
the given equations about the indicated axis.

93. y=sin(x2), y=0, x=0, x=\/;;
about the x-axis

94. y=arccosx, y=0, x=0, x=1;

about the x-axis

95. y=sinh'x, y=0, x=4;
about the y-axis

96. y:x2 sin’ x, y=0, x=0, x=m;
about the y-axis

97-98 Use a graphing utility to find the arc length of the graph of
the equation over the given interval.
1

—; —1<x<1
x +1

97. y=

98. y=sinx; 0<x<mw

99-100 Use a graphing utility to find the surface area of the solid
generated by revolving the given curve about the indicated axis.

99. y=sinx; 0<x<m; aboutthe x-axis

100. y=+/Inx; 1<x<e; aboutthe y-axis
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590 Chapter 7 Techniques of Integration

74-77 Use the Trapezoidal Rule with n= 6 to approximate the
integral, and compare the result to the exact value of the integral by
determining the absolute value of the error £,.

74. Il4x3/2 dx
76. J':\/xz +1dx

78-81. Use the error estimate for the Trapezoidal Rule to
estimate |ET| for n = 6, and compare the estimate
with the actual error you found in Exercises 74-77.

2 1
75. L x—zdx

717. _[Oﬂ/} tan x dx

82-85. Use Simpson’s Rule to approximate the integrals
from Exercises 74—77 with n = 6. Determine the
absolute value of the error £_.

86-89. Use the error estimate for Simpson’s Rule to
estimate |E S| for n = 6, and compare the estimate
with the actual error you found in Exercises 82—85.

90. Prove that if f(x) =ax+b is a linear function on a
closed interval [a,b], then for any n, T, = Ibf(x)dx.

91-96 |Identify the type of the improper integral and determine
whether it is convergent or divergent. If it is convergent, find its value.

4 dx

91. 2y 92. [ e
6 dx ° 2
93. LE 94. Iomdx
o 2e" o dx
d
. J~*°°e“+4 g % . xlnx

97-98 Use the Direct Comparison Test to determine whether the
integral converges.

o7. [
0 VX’ +1
99. Use substitution to turn the improper integral

J~ﬂ2/4 cos/x

° Vx

100. Rotate about the x-axis the region bounded by the
graph of y = Jinx / x* and the x-axis over the interval
[1,0). Use the disk method to determine if the
resulting unbounded solid has finite volume. If so, find
the volume.

»Inx
98. -I-l ﬁdx

dx into a proper one and evaluate it.

101.* Rotate about the x-axis the region bounded by the
x-axis and the graph of y = ¢™ over the infinite interval
[0,00). Determine if the resulting infinite solid has
finite volume or surface area. If so, find their values.

102. Prove that the improper integral I;ﬁ
converges if and only if a > 1. x( nx)

103-106 Find the Laplace transform. (See Exercises 88-93 in

Section 7.7.)
103. L{te"’} 104.% L{tze‘”}

105.% L{sin kt} 106.* L{rcoskt}

Concept Check

107-113 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

107. If lim £ (x)=L and L #0, then J:f(x)dx diverges.
108. If lim f(x) =0, then I:f(x) dx converges.

109. Let f(x) be defined on [a,oo) and S be the solid
generated by rotating the graph of f (x) about the
x-axis. If the surface area of S is infinite, then the
volume of S is also infinite.

110. If f(x) is an odd function, then Iif(x)dx =0.

111. If f(x) has a vertical asymptote at x = 0 and a > 0,
then J:a f (x)dx diverges.

112. Any rational function is integrable on any finite
interval that doesn’t include a zero of the denominator.

113. If an integrand contains the expression va* +x*, a
trigonometric substitution must be used to evaluate the
integral.

Chapter 7
Technology Exercises

114. Use a graphing utility to find the integral from
Exercise 33. If the answer appears different from what
you obtained by hand, prove that the answers are
equivalent.

115. Write a program for a computer algebra system or
programmable calculator that evaluates the trapezoidal
approximation 7, for a given input function on a
specified interval and positive integer 7. Find the
smallest n that provides an answer to Exercise 74 that is
correct to at least the first three digits after the decimal.

116. Use the program you wrote for Exercise 115 for the
integral from Exercise 75.
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Chapter 7

117. Write a program for a computer algebra system or
programmable calculator that evaluates the Simpson
approximation S, for a given integral and an even
positive integer n. Find the smallest » that provides
an answer to Exercise 74 that is correct to at least the
first three digits after the decimal. Compare this with
your answer for Exercise 115. What n ensures that the
answer is correct to at least five decimal places?

118. Use the program you wrote for Exercise 117 for the
integral from Exercise 75.

119-120 Use the programs you wrote for Exercises 115 and 117
to approximate the given nonelementary integral with n = 50. Which
method (the Trapezoidal Rule or Simpson’s Rule) do you expect to be
more accurate? Use the built-in numerical integration command of
your technology to verify your conjecture.

119. jol 1+ x* dx 120. jole dx
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56.* A container in a lab contains 14 gallons of pure

57.

58.

59.

60.

61.

62.

distilled water. 10% and 25% acid solutions are
pumped into the container through two respective
inlets. The 10% solution is flowing in at a rate of

0.2 gallons per minute, while the 25% solution is being
allowed in by the second inlet at a rate of 0.5 gallons
per minute. The contents of the tank are continuously
and thoroughly mixed and drained out at the rate of
0.7 gallons per minute. How long does it take to form
14 gallons of 14% solution in this way?

A hailstone is melting so that its volume ¥ (¢)
decreases at a rate proportional to its surface area.

a. Assuming that the hailstone is nearly spherical, find
a differential equation satisfied by ¥ (¢).

b. If a hailstone of diameter 1 inch loses 20% of its
volume in half an hour, predict how long it takes
for it to completely melt away. (Consider it melted
away when your model predicts less than 1 percent
remaining).

If a vertical cylindrical tank of radius £ meters and
height 4 meters is initially full of water but is draining
through a circular orifice of diameter 2 centimeters that
is on the bottom of the tank, what is the water level

in the tank 2 minutes later? (Hint: See Exercise 59 in
Section 8.1.)

Find the charge ¢(¢) of the 10°-farad capacitor in
an RC circuit if the impressed voltage on the circuit
is V(1) =t and the resistance is 25 ohms. Assume
q(O) = 0. (Hint: See Exercise 62 in Section 8.1.)

Suppose that the impressed voltage in a simple RL
circuit is V(1) =2z, I(0)=0, the inductance is
0.1 henries, and the resistance 0.5 ohms. Find the
electric current / at time ¢ = 4 seconds. (Hint: See
Example 5 in Section 8.2.)

A baking dish is removed from a 210 °C oven and
left at 20 °C room temperature. Two and a half
minutes later the dish’s temperature is 155 °C. Find
the bakeware’s temperature 10 minutes after it was
removed from the oven. (Hint: See Example 2 in
Section 8.3.)

A snapping turtle population grows logistically with
a carrying capacity of 200 turtles and constant of
proportionality k = 0.2 per year.

a. Find the population size P(¢) as a function of
time if initially 50 turtles are present in the habitat.
(Hint: See Example 3 in Section 8.3.)

b. How long does it take for the population to reach
100 turtles?
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Chapter 8 Technology Exercises 635

Suppose that an object of mass 200 grams stretches

a spring by 10 centimeters. If it is pulled upward to

a position of 5 centimeters above equilibrium and
released with a downward velocity of 1 m/s, find and
graph the resulting displacement function, assuming
that the surrounding medium offers resistance with

a damping constant of ¢ =0.5 kg/s. (Hint: See
Example 5 in Section 8.4.)

Concept Check

64-70 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

64.

65.

66.

67.

68.

69.

70.

The equation ( y')2 +xy' =3y =0 is a first-order
differential equation.

The equation y’=—y is not linear.

If y,(x) and y,(x) are solutions of a homogeneous
linear differential equation, then so is

3y, (x)—2y2 (x)
Only autonomous equations have slope fields.

The logistic equation discussed in this text is
autonomous.

The equations y = 2¢** and y = xe"” are linearly

independent solutions of 4y"—4y'+y =0.

A second-order BVP with two boundary conditions
always has a solution.

Chapter 8
Technology Exercises

71-72. Use a graphing utility to display the slope fields of

73.

the differential equations in Exercises 33 and 34.
Compare the graphs to your original sketches.

Write a program for a computer algebra system that
accepts a spring constant, a damping constant, and the
mass of an oscillating object as inputs, and graphs the
displacement function as output. Use it to check your
answer for Exercise 63.




Chapter 9
Technology Exercises

91. Find the equation of the graph of =1 — 2cosf after a
clockwise rotation by /4 radians. Name the resulting
curve and use a graphing utility to sketch it. (See
Exercise 73 in Section 9.3.)

92-93 Use a graphing utility to sketch the given curve for various
values of the parameter(s) and explore the effects on the shape of
your graph.

92. r=~0coskd

2/n 2/n

93. x=zacos™t, y=zxbsin™t, a,b,n>0

(Lamé curves)

94-95 Use a graphing utility to sketch the curve and then find all
horizontal and vertical tangent lines. Confirm your results by paper

and pencil calculations.
9. x=£—t, y=t'+1, -2<t<2

95. r=2sin20, 0<0<mw/2

Chapter 9 Technology Exercises 707

96-97 Use a graphing utility to sketch the region enclosed by the
given curve and find its area.

96. x=tsint, y=sin2t, 0<¢t<7

97. Inner loop of r=2 —3cosf
98-99 Use a graphing utility to approximate the arc length of the
curve with the given parametrization.

98. x=sin2t, y=sint, 0<¢<7

99. r=cos(2sinf), 0<f<2rm
100-101 Use a graphing utility to approximate the surface area of
the solid obtained by rotating the given curve about the indicated axis.
100. (£ =317 =2), 0<t<+3; about the y-axis

101. r=3sin20, w/4<60<m/2; about the polar axis
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798 Chapter 10 Sequences and Series

110.* Use Taylor’s formula to provide a proof of the
Second Derivative Test as follows. Assuming that
/'(¢)=0, use Taylor’s formula to conclude that
f(x)= f(c)+%f”(a)(x—c)2, for some a between
x and c. Then examine the signs of f(x)—- f(c)
and f"(a). Next, assuming f'(c)= f"(c)=0 and
f"(c) =0, argue that f(c) is neither a relative
maximum nor a minimum. (Assume initially that £ is
continuosly differentiable through at least the third
order; then think about whether you can relax this
condition.)

111. Find a second solution to Exercise 71 using long
division.

112. Find the Fourier series expansion of the 27-periodic
extension of the function graphed below.

y
A
27+

e o 2 a4
Concept Check

113-124 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

113. If @, is monotonically decreasing, then lima, = —oo.

n—»om

114. If {a,} is convergent, then {a, /n} is a null sequence.

115. If {a,/n} is a null sequence, then {a,} is convergent.

116. If {a,} is convergent, then {a,, —a,} isanull
sequence.

117. If {an} is monotonically decreasing to zero, then

Y (~1)"a, is absolutely convergent.

n=1

118. If {an} is divergent, then Za” is divergent.

n=1

119. If i|an| is divergent, then either ian or i(—an)
n=1 n=l1

n=1

is divergent.

120. If ian is divergent, then i|an| is divergent.
n=1

n=l1

121.

122.

123.

124.

00 o0
If > a, converges, then » a’ converges.

n=l n=1
If the power series Zanx” diverges at x = ¢, then it
n=1
diverges at x = —c.

All power series converge at infinitely many x-values.

There is a power series whose convergence set is
empty.

Chapter 10
Technology Exercises

125-127 Use a graphing utility to solve the problem.

125.

126.

127.

We already know that the harmonic series diverges to
infinity, and that it does so at a very slow pace. In this
exercise, we will examine this series a bit further.

a. Find out how many terms are needed for the partial
sum of the harmonic series to exceed 12.

b. What is the sum of the first 2 million terms?
(Compare with Example 4 of Section 10.3. Notice
that this calculation takes a bit of time even for
today’s powerful technology!)

n+l
- (-1
Thesimpleseries1—l+l—l+~~-:z( ) was
375 7 i on—1

shown by Gregory and Leibniz to converge to /4
(hence its name, the Gregory series). However, it
converges rather slowly. Find out how many terms of
this series are necessary to approximate 7 accurate to
two decimal places.

a. Graph y = sin x and its 11™-order Maclaurin
polynomial on the same screen, over the interval
[—477,47r]. Visually estimate the subinterval over
which you find the approximation acceptable.

b. Repeat part a. with the 21%-order Maclaurin
polynomial.

OHAWKES LEARNING
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110. If u and v are both vectors in the xy-plane, then it is Chapter ‘| 1
impossible to find their cross product.

Technology Exercises

1. u-(vxw)=v-(wxu)

12. u- (V « w) —w- (V « u) 120. Write a program for a computer algebra system that
finds a unit vector pointing in the direction of au + bv
113. Ifw, v, and w are coplanar, then u- (vx w) =0. for given vectors u, v and scalars a and b. Use it to find

the unit vector pointing in the direction of 2u — 3 v of

114. u‘[VX(WJrZ)]:“'(VXW)+“'(VXZ) Exercise 13.

115. If u is orthogonal to both v and w, then u is orthogonal 121

. Write a program for a computer algebra system that
0 VXW.

returns parametric equations for the line formed by
the intersection of two given planes. (The program

116. If u is orthogonal to both v and w, then u is orthogonal
should accept the equations of the planes and return

to v-w. . ’ 3 . )
parametric equations for the line, displaying an
117. (u-v)-(u+v)= |u|2 —|V|2 appropriate message if the planes are parallel.) Use
your program to check your answers for Exercises 75
118. If v is a vector in the plane with normal vector and 76.

n :<nl,n2,n3>, then v-n=0.

122. Write a short program for a computer algebra
system that finds the distance between a point and
a plane in three-dimensional space. Use it to revisit
Exercises 1-6.

119. Ifvis a vector in the plane that has normal vector
n= <nl N/ R > , then vxn is another vector in the
said plane.

123. Write a program for your computer algebra system
to determine the angle, in degrees, between two
given three-dimensional vectors. Use it to check your
answers for Exercises 27-28.

124-129. Use a graphing utility to check your answers for
Exercises 88-93 by graphing the equations.
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76.

77.

78.

79.

Chapter 12 Vector Functions

Ganymede, Jupiter’s largest moon (discovered by
Galileo Galilei in 1610), has an orbital period of
approximately 7.15455296 earth days; its periapsis
(distance from Jupiter upon closest approach) is
approximately 1,069,008 kilometers, while its
apoapsis (its greatest distance from Jupiter) is about
1,071,792 km. Use these data to estimate the mass of
Jupiter. (Hint: See Exercise 10 of Section 12.4.)

Given that a day on Jupiter lasts a mere 9 hours and
55.5 minutes, use Exercise 76 along with Kepler’s
Third Law to estimate the necessary height above
Jupiter’s surface for a stationary satellite. (Hint: See
Exercise 12 in Section 12.4. Approximate Jupiter’s
radius by 69,911 kilometers.)

The aphelion of Jupiter’s orbit is 5.458104 AU
(astronomical units), while its perihelion is

4.950429 AU. Use these along with Earth’s orbital data

to estimate the period of Jupiter in Earth years.

Use Exercise 78 to find the speeds of Jupiter when it
is a. closest to and b. farthest from the sun. Express
your answer in kilometers per second, then convert
it to miles per hour. (Hint: See Exercise 23 in
Section 12.4.)

Concept Check

80-89 Determine whether the given statement is true or false. In
case of a false statement, explain or provide a counterexample.

80.

81.

82.

83.

84.

85.

86.

dT/ds is perpendicular to T.

If the graph of r(t) = <f(t),g(t),h(t)> is a straight
line, then f, g, and / are linear polynomials.

The torsion of a curve satisfies the formula

_ |1 |48,
T {|V(t)|} a

The tangential component of acceleration satisfies
a, =T-a.

The normal component of acceleration satisfies
a, =Txa.

If f"(x)=0, then the curvature of the graph of
y= f(x) is constant.

If r(¢) is a space curve with x = 0, then r(z) can only
“bend” in the direction of the unit binormal vector B.

87.

88.

89.

The magnitudes of the curvature and torsion of a space
curve depend on the parametrization (i.e., “how fast
the curve is being traced out,”) unless the curve is
parametrized with respect to arc length.

The maximum curvature of an ellipse occurs at the
endpoints of its major axis.

d . "
E[r(z)xr (t)] =r(¢)xr"(1)

Chapter 12
Technology Exercises

90.

91.

92.

a. Use a graphing utility to graph and explore the
following curve.

r(r)= <$,(3+cos15t)sint,(3 + coslSt)cost>

(Such curves are nicknamed “slinky curves.” Can
you see why?)

b. It is possible to create “slinky curves” where the
spiral is wound around a helix. Find a formula
for such a curve. (Hint: A good starting point is
appropriately modifying the formula in part a.
Answers will vary.)

Assuming |x|,|y| <10, z is nonnegative, and

0 <¢<10m, use a graphing utility to find a formula for
a vector function whose graph is as close as possible
to the one displayed in the figure below. (Answers may

vary.)

» 0

i

[

X

Write a program for a computer algebra system or
programmable calculator that returns the equations for
the osculating, normal, and rectifying planes associated
with a given space curve at a specified point. Use

your program to check the answers you have given to
Exercises 37-40.
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122.

123.

124.

125.

126.

Chapter 13  Partial Derivatives

, then

If f(x,y)z

g'(x)h(y)-g(x)n'(»)
W (») '

fo(xy)+ £, (x,y)=

If f,(a,b) and f,(a,b) both exist, then f(x,y) is
differentiable at (a,b).

If f,(x,y) and f,(x,y) are continuous at (a,b),
then f(x,y) is differentiable at (a,b).

If / has a relative maximum or minimum at (a,b),
then all directional derivatives D, f (a,b) are 0.

If / has a relative maximum or minimum at (a,b),
then the tangent plane to its graph at (a,b) is
horizontal.

Chapter 13

Technology Exercises

127-130. Write a program on your computer algebra system

or programmable calculator that accepts the equation
of a surface and a point on the surface, and generates
the corresponding tangent plane and normal line

to the surface. Test your program by checking the
answers you obtained for Exercises 82—85.

131-134. Write a program on your computer algebra system or

135.

136.

programmable calculator that accepts a two-variable
function f (x, y) and then locates and classifies

its critical points by utilizing the Second Partial
Derivative Test. Use your program to check the
answers you obtained for Exercises 93-96.

Recall the Ideal Gas Law, pV = nRT from Section 3.4,
Exercise 97. Suppose 3 mole of an ideal gas is present
in an expandable container. Assuming the volume of
the container can expand up to 1 m?, and that it can
withstand a maximum pressure of 120 kPa along with
temperatures of up to 500 K, use a computer algebra
system to generate a contour map that illustrates how
the volume depends on pressure when temperature is
kept at constant levels. (Note that the resulting contour
lines are called isotherms. Hint: Start by expressing T’
as a function of p and V from the Ideal Gas Law.)

Mimic Exercise 135 to generate a few contour lines of
the pressure function under the same conditions (these
curves are called isobars).
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93.

94.

95.

96.

97.

98.

If (x, y) # 0 on the bounded region R, then its
average value on R cannot be zero.

The value of a double integral should be interpreted as
the volume of the solid bounded by the graph of the
integrand and one of the coordinate planes.

X2+y2
In order to find He 2 dA on the rectangular
R

region R = {(x,y)| |x|<a,ly|<b,a,b> 0}, the use of

Cartesian coordinates is recommended.

In the cylindrical coordinate system, 7 can be negative.

In the spherical coordinate system, p can be negative.

If the binomial x* + )” is present in the integrand
(or in the limits) of a triple integral, you should use
cylindrical coordinates.

OHAWKES LEARNING

Chapter 14 Technology Exercises 1067

Chapter 14
Technology Exercises

99.

100.

101.

Use a computer algebra system to find the center of
mass of the solid of Exercise 80.

Write a program on your computer algebra system that
performs a change from x- and y-coordinates to u- and
v-coordinates and evaluates a given integral in the new
coordinate system. Test your program by checking the
answers you obtained for Exercises 89-90.

Use a computer algebra system to create the graph of
the solid seen in Example 3 of Section 14.5.




1150 Chapter 15 Vector Calculus

2 Concept Check
95, ”VxF-nda, where F:<x—%,3xzz,z—y2> and P
N

105-112 Determine whether the given statement is true or false. In

S'is the cone frustum z =24/x* + y* with2 <z <6, . .
Y case of a false statement, explain or provide a counterexample.

oriented with an inward-pointing unit normal vector
field 105. If a vector field F is constant, then VxF =0.

96-97 Verify the Divergence Theorem by showing the equality of the ~ 106- If a vector field F is constant, then V-F =0.

integrals '”F .ndo and IIIV -FaVl/ for the given vector field F on 107. A vector field is conservative if and only if its curl is
D

$ Zero.
the solid D.
108. The Fundamental Theorem for Line Integrals can only
96. F( X9, z) _ <3 z, % 2 x>, where D is the ball of radius be used if the underlying vector field is conservative.
3 centered at the origin 109. If a force field F is conservative, then the work done

by F on a particle moving along a smooth path is zero.
97. F(x,y,z)=(3xy,—x,2z), where D is the solid
bounded by the paraboloid z = 1 —x* — * and the xy- 110. Green’s Theorem and Stokes’ Theorem are unrelated.

plane ) ] )
111. When a charged particle moves along a piecewise

smooth closed curve in an electric force field, the total

98-103 Use the Divergence Theorem to find the flux of the vector -
work done by the force field is zero.

field F over the surface of the given solid D. Consider cylindrical or

spherical coordinates where appropriate. 112. If the vector field F has continuous partials in an open

98. F( X,y z) _ <—x2 ,y2,5 z> where D is the solid neighborhood of the closed, piecewise smooth surface
bounded by the parabolic cylinder z =4 - y*, the xy- S, then J‘J.V xF-ndo =0.
plane, and the planes x =0 and x = 2 s

99. F(x,y,z)= <5x(z -y),z* +cosx,ysinx>, where D is Chapter 1 5
the solid cylinder bounded by x* + y* = 9, the xy-plane,

and the plane z = 3 Technology Exercises
2
100. F(x,y,z) = <2xy,y - z,u>, where D is the 113-116 Use a graphing utility to find the mass and center of mass
3 of the solid with the given density.

tetrahedron with vertices at the origin, (6,0,0),
(0,3,0), and (0,0,4) 113. The solid bounded by the cone z =+/4—x*>—y* and

the xy-plane, with constant density p
101. F(x,y,z)= <2x +z,x— y3,22>, where D is the solid

inside the cylinder x> + y* = 4, bounded by the xy-
planeandz=3 -y

114. The solid bounded by the paraboloid z = 4 — x* —” and
the xy-plane, with constant density p

102. F(x,y,z) = <—xy2,3yzz,y3>, where D is the solid 115. The solid of Exercise 114, with its density at any point

cylindrical shell 2 < ¥ + 7 < 4 between the planes being proportional to the distance from the xy-plane

z=landz=6 116. The solid of Exercise 114, with its density at any point
yz? 3} being proportional to the distance from the z-axis
103. F(x,y,z) = <7,?,x(z - x)>, where D is the
portion of the solid cone z =+/x”+y* between the
planesz=2andz=4

104. Write a paragraph discussing the relationships and
analogies between the Fundamental Theorem of
Calculus, the Fundamental Theorem for Line Integrals,
Green’s and Stokes’ Theorems, and the Divergence
Theorem.
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