CHAPTER 8 B\ AB G gut]=)

Exercise numbers with a gray background indicate problems that the
authors have designed to be solved without a calculator.

The collection of exercises marked in red could be used as a chapter
test.

In Exercises 1-5, the application involves the accumulation of small
changes over an interval to give the net change over that entire inter-
val. Set up an integral to model the accumulation and evaluate it to
answer the question.

1. A toy car slides down a ramp and coasts to a stop after 5 sec. Its
velocity from ¢ = 0 to ¢ = 5 is modeled by v(f) = > — 0.2¢3
ft/sec. How far does it travel?

2. The fuel consumption of a diesel motor between weekly main-
tenance periods is modeled by the function ¢(¢) = 4 + 0.0017*
gal/day, 0 = r = 7. How many gallons does it consume in a
week?

3. The number of billboards per mile along a 100-mile stretch of
an interstate highway approaching a certain city is modeled by
the function B(x) = 21 — ¢%%* where x is the distance from
the city in miles. About how many billboards are along that
stretch of highway?

4. A 2-meter rod has a variable density modeled by the function
p(x) = 11 — 4x g/m, where x is the distance in meters from the
base of the rod. What is the total mass of the rod?

5. The electrical power consumption (measured in kilowatts) at a
factory ¢ hours after midnight during a typical day is modeled
by E(z) = 300(2 — cos (7#/12)). How many kilowatt-hours
of electrical energy does the company consume in a typical
day?

In Exercises 619, find the area of the region enclosed by the lines
and curves. You may use a graphing calculator to graph the functions.
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The Necklace onc of the smaller bead-shaped regions
enclosed by the graphs of y = 1 + cosxand y = 2 — cos x
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[-4ar, 47r] by [-4, 8]



16. one of the larger bead-shaped regions enclosed by the curves in
Exercise 15

17. The Bow Tie the region enclosed by the graphs of

X
2+ 1
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y=x>—x and y=

[-2,2] by [-1.5, 1.5]

18. The Bell the region enclosed by the graphs of

x2-3
10

y=3"* and y=

[4, 4] by [-2, 3.5]

19. The Kissing Fish the region enclosed between the graphs of
y = xsinx and y = —x sin x over the interval [—ar, 7 |

[-5, 5] by [-3, 3]

20. Find the volume of the solid generated by revolving the region
bounded by the x-axis, the curve y = 3x% and the lines x = —1
and x = 1 about the x-axis.

21. Find the volume of the solid generated by revolving the region
enclosed by the parabola y*> = 4x and the line y = x about

(a) the x-axis. (b) the y-axis.
(c) the line x = 4. (d) the line y = 4.

22. The section of the parabola y = x?/2 fromy = Otoy = 2 is
revolved about the y-axis to form a bowl.
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(a) Find the volume of the bowl.

(b) Find how much the bowl is holding when it is filled to a
depth of k units (0 < k < 2).
(c) If the bowl is filled at a rate of 2 cubic units per second, how
fast is the depth k increasing when k = 1?
23. The profile of a football resembles the ellipse shown here (all
dimensions in inches). Find the volume of the football to the
nearest cubic inch.
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24. The base of a solid is the region enclosed between the graphs
of y = sinx and y = —sinx from x = 0 to x = 7. Each cross
section perpendicular to the x-axis is a semicircle with diameter
connecting the two graphs. Find the volume of the solid.

25. The region enclosed by the graphs of y = ¢¥2 y = 1, and
x = In 3 is revolved about the x-axis. Find the volume of the
solid generated.

26. A round hole of radius \/3 feet is bored through the center of a
sphere of radius 2 feet. Find the volume of the piece cut out.

27. Find the length of the arch of the parabola y = 9 — x? that lies
above the x-axis.

28. Find the perimeter of the bow-tie-shaped region enclosed

between the graphs of y = x* — xand y = x — x°.

29. A particle travels at 2 units per second along the curve
y = x> — 3x2 + 2. How long does it take to travel from the
local maximum to the local minimum?

30. Group Activity One of the following statements is true for
all positive integers k and one is false. Which is which? Explain.

(a) The graphs of y = ksinx and y = sin kx have the same
length on the interval [0, 277 ].
(b) The graph of y = ksin x is k times as long as the graph of
y = sinx on the interval [0, 27 ].
31. Let F(x) = []Y \V/t* — 1 dt. Find the exact length of the graph
of F from x = 2 to x = 5 without using a calculator.

32. Rock Climbing A rock climber is about to haul up 100 N (about
22.5 1b) of equipment that has been hanging beneath her on 40 m
of rope weighing 0.8 N/m. How much work will it take to lift

(b) the rope?
(¢) the rope and equipment together?

(a) the equipment?

33. Hauling Water You drove an 800-gallon tank truck from the
base of Mt. Washington to the summit and discovered on arrival
that the tank was only half full. You had started out with a full tank
of water, had climbed at a steady rate, and had taken 50 minutes to
accomplish the 4750-ft elevation change. Assuming that the water
leaked out at a steady rate, how much work was spent in carrying
the water to the summit? Water weighs 8 Ib/gal. (Do not count the
work done getting you and the truck to the top.)
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34. Stretching a Spring If a force of 80 N is required to hold a
spring 0.3 m beyond its unstressed length, how much work does
it take to stretch the spring this far? How much work does it take
to stretch the spring an additional meter?

35. Writing to Learn It takes a lot more effort to roll a stone up
a hill than to roll the stone down the hill, but the weight of the
stone and the distance it covers are the same. Does this mean
that the same amount of work is done? Explain.

36. Emptying a Bowl A hemispherical bowl with radius 8 inches
is filled with punch (weighing 0.04 pound per cubic inch) to
within 2 inches of the top. How much work is done emptying the
bowl if the contents are pumped just high enough to get over the
rim?

37. Fluid Force The vertical triangular plate shown below is the end
plate of a feeding trough full of hog slop, weighing 80 pounds per
cubic foot. What is the force against the plate?

UNITS IN FEET

38. Fluid Force A standard olive oil can measures 5.75 in. by
3.5 in. by 10 in. Find the fluid force against the base and each
side of the can when it is full. (Olive oil has a weight-density of
57 pounds per cubic foot.)

39. Volume A solid lies between planes perpendicular to the x-axis
at x = 0 and at x = 6. The cross sections between the planes
are squares whose bases run from the x-axis up to the curve

Vx + Vy = V6. Find the volume of the solid.

40. Yellow Perch A researcher measures the lengths of 3-year-old
yellow perch in a fish hatchery and finds that they have a mean
length of 17.2 cm with a standard deviation of 3.4 cm. What
proportion of 3-year-old yellow perch raised under similar con-
ditions can be expected to reach a length of 20 cm or more?

41. Group Activity Using as large a sample of classmates as pos-
sible, measure the span of each person’s fully stretched hand,
from the tip of the pinky finger to the tip of the thumb. Based on
the mean and standard deviation of your sample, what percent-
age of students your age would have a finger span of more than
10 inches?

42. The 68-95-99.7 Rule (a) Verify that for every normal pdf, the
proportion of the population lying within one standard deviation
of the mean is close to 68%. (Hint: Since it is the same for every
pdf, you can simplify the function by assuming that . = 0 and
o = 1. Then integrate from —1 to 1.)

(b) Verify the two remaining parts of the rule.

43. Writing to Learn Explain why the area under the graph of a

probability density function has to equal 1.

In Exercises 44—48, use the cylindrical shell method to find the vol-

ume of the solid generated by revolving the region bounded by the

curves about the y-axis.

44.y =2x, y=1x/2, x=1

45, 1/x, y=0, x=1/2, x=2

46.y =sinx, y=0, 0=x=m7

47.y —x 3 yl—x2 3%

48. the bell-shaped region in Exercise 18

49. Bundt Cake A bundt cake (see Exploration 1, Section 8.3)
has a hole of radius 2 inches and an outer radius of 6 inches at
the base. It is 5 inches high, and each cross-sectional slice is
parabolic.
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(a) Model a typical slice by finding the equation of the parabola
with y-intercept 5 and x-intercepts = 2.

(b) Revolve the parabolic region about an appropriate line to
generate the bundt cake and find its volume.

50. Finding a Function Find a function f that has a continuous
derivative on (0, co) and that has both of the following
properties.

i. The graph of f goes through the point (1, 1).
ii. The length L of the curve from (1, 1) to any point (x, f(x))
is given by the formula L = Inx + f(x) — 1.

In Exercises 51 and 52, find the area of the surface generated by
revolving the curve about the indicated axis.

bl.y =tanx, 0 <x =< 7/4; x-axis

52.xy=1, 1 =y=2; y-axis



