
Sketch the region that lies between the curves and
and between and . Notice that the

region consists of two separate parts. Find the area of this
region.

; 22. Graph the curves and on a
common screen and observe that the region between them
consists of two parts. Find the area of this region.

23. Racing cars driven by Chris and Kelly are side by side at
the start of a race. The table shows the velocities of each car
(in miles per hour) during the first ten seconds of the race.
Use Simpson’s Rule to estimate how much farther Kelly
travels than Chris does during the first ten seconds.

Two cars, A and B, start side by side and accelerate from
rest. The figure shows the graphs of their velocity functions.
(a) Which car is ahead after one minute? Explain.
(b) What is the meaning of the area of the shaded region?
(c) Which car is ahead after two minutes? Explain.
(d) Estimate the time at which the cars are again side by side.

25. The widths (in meters) of a kidney-shaped swimming pool
were measured at 2-meter intervals as indicated in the
figure. Use Simpson’s Rule to estimate the area of the pool.

6.2

5.0
7.2

6.8 5.6 4.8
4.8
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B
21

√

t (min)

24.

y ! x 3 ! 4x 2 " 3xy ! x 2 ! x

x ! #!2x ! 0y ! sin 2x
y ! cos x21.1–4 ! Find the area of the shaded region.

1. 2.

4.

! ! ! ! ! ! ! ! ! ! ! !

5–16 ! Sketch the region enclosed by the given curves. Decide
whether to integrate with respect to x or y. Draw a typical
approximating rectangle and label its height and width. Then
find the area of the region.

5.

6.

7. ,

8.

,

10. ,

,

12. ,

13. ,

14. , ,

15. , , ,

16.
! ! ! ! ! ! ! ! ! ! ! !

; 17–20 ! Use a graph to find approximate -coordinates of the
points of intersection of the given curves. Then find (approxi-
mately) the area of the region bounded by the curves.

17. , 18.

19. 20. ,
! ! ! ! ! ! ! ! ! ! ! !

y ! x 10y ! x cos xy ! x 2, y ! xe!x !2

y ! e x, y ! 2 ! x 2y ! x 4y ! x sin"x 2#

x

y ! $ x $, y ! x2 ! 2

x $ 0y ! 1
4 xy ! xy ! 1!x

x % 0y ! 2x!#y ! sin x

x ! 4 " y 2x ! 2y 2

x ! y4x " y2 ! 12

x " y ! 1x ! 2y211.

y ! 4x ! x 2y ! x 2

y ! x 2 ! 6y ! 12 ! x 29.

y ! 1 " sx , y ! 1 " 1
3 x

y ! x 2y ! x

y ! sin x, y ! e x, x ! 0, x ! #!2

y ! x " 1, y ! 9 ! x 2, x ! !1, x ! 2

x

y

(_3, 3)

x=2y-¥

x=¥-4y

x

x=¥-2

x=ey

y=1

y=_1

y3.

x=2

y=œ„„„„x+2

y= 1
x+1

x

y

y=x

y=5x-≈

x

y

(4, 4)
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t t

0 0 0 6 69 80
1 20 22 7 75 86
2 32 37 8 81 93
3 46 52 9 86 98
4 54 61 10 90 102
5 62 71

vKvCvKvC



26. A cross-section of an airplane wing is shown. Measurements
of the height of the wing, in centimeters, at 20-centimeter
intervals are , , , , , , , ,

, , and . Use Simpson’s Rule to estimate the area
of the wing’s cross-section.

27. If the birth rate of a population is people
per year and the death rate is people per
year, find the area between these curves for .
What does this area represent?

28. A water storage tank has the shape of a cylinder with diam-
eter 10 ft. It is mounted so that the circular cross-sections
are vertical. If the depth of the water is 7 ft, what percent-
age of the total capacity is being used?

29. Find the area of the crescent-shaped region (called a lune)
bounded by arcs of circles with radii and (see the figure).

R

r

Rr

0 ! t ! 10
d!t" ! 1460e0.018t

b!t" ! 2200e0.024 t

200 cm

2.88.715.1
20.523.827.327.629.026.720.35.8

30. Sketch the region in the -plane defined by the inequalities
, and find its area.

Find the values of such that the area of the region 
bounded by the parabolas and 
is 576.

32. Find the area of the region bounded by the parabola ,
the tangent line to this parabola at , and the -axis.

33. Find the number such that the line divides the
region bounded by the curves and into two
regions with equal area.

34. (a) Find the number such that the line bisects the
area under the curve , 

(b) Find the number such that the line bisects the
area in part (a).

35. Find a positive continuous function such that the area
under the graph of from 0 to is for all .

36. Suppose that . For what value of is the 
area of the region enclosed by the curves ,

, and equal to the area of the region
enclosed by the curves , , and ?

For what values of do the line and the curve
enclose a region? Find the area of the

region.
y ! x#!x 2 " 1"

y ! mxm37.

y ! 0x ! #y ! cos!x $ c"
x ! 0y ! cos!x $ c"

y ! cos x
c0 % c % ##2

t & 0A!t" ! t 3tf
f

y ! bb
1 ! x ! 4.y ! 1#x 2

x ! aa

y ! 4y ! x 2
y ! bb

x!1, 1"
y ! x 2

y ! c 2 $ x 2y ! x 2 $ c 2
c31.

1 $ x $ $ y $ ' 0x $ 2y 2 ' 0
xy

364 ! CHAPTER 7 APPLICATIONS OF INTEGRATION

VOLUMES

In trying to find the volume of a solid we face the same type of problem as in finding
areas. We have an intuitive idea of what volume means, but we must make this idea
precise by using calculus to give an exact definition of volume.

We start with a simple type of solid called a cylinder (or, more precisely, a right
cylinder). As illustrated in Figure 1(a), a cylinder is bounded by a plane region , 
called the base, and a congruent region in a parallel plane. The cylinder consists of
all points on line segments that are perpendicular to the base and join to . If the
area of the base is and the height of the cylinder (the distance from to ) is ,
then the volume of the cylinder is defined as

In particular, if the base is a circle with radius , then the cylinder is a circular cylinder
with volume [see Figure 1(b)], and if the base is a rectangle with length 
and width , then the cylinder is a rectangular box (also called a rectangular parallel-
epiped ) with volume [see Figure 1(c)].

For a solid S that isn’t a cylinder we first “cut” S into pieces and approximate each
piece by a cylinder. We estimate the volume of S by adding the volumes of the cylin-

V ! lwh
w

lV ! #r 2h
r

V ! Ah

V
hB2B1A

B2B1

B2

B1
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