CHAPTER 6 APPLICATIONS OF INTEGRATION

EXAMPLE 4 Find the volume
it Aok ands T 0 about the line x = 2.

SOLUTION Figure 10 shows the region and a cylin
2. 1t has radius 2 — x, circumference 27

line x =

FIGURE 10

The volume of the given solid is

V= jol 272 — x)(x — x*)dx = 277'j1 (x> — 3x2 + 2x)dx

1
=27T£-—x3-l~x2 esadt
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6.3 Exercises

1. Let S be the solid obtained by rotating the region shown in
the figure about the y-axis. Explain why it is awkward to use
slicing to find the volume V of S. Sketch a typical approxi-
mating shell. What are its circumference and height? Use shells

to find V.

1 X

ed by rotating the region shown in the
figure about the y-axis. Sketch a typical cylindrical shell and
find its circumference and height. Use shells to find the volume
of S. Do you think this method is preferable to slicing? Explain.

9. Let S be the solid obtain

Jr

3-7 1l Use the method of cylindrical shells to find the volume gen-
rves about the

erated by rotating the region bounded by the given cu
y-axis. Sketch the region and a typical shell.

3.y=1/x, y=0, x=1 x=2

of the solid obtained by rotating the region bo

4
5. y=x% 0=x=2"y=4"x=0
6
7

9-14 1 Use the method of cylindric
the solid obtained by rotating the regi
curves about the x-axis. Sketch the re

unded by

drical shell formed by rotation about t
(2 — x), and height x — 57 :

0

Gy %,y oxi= 1

.y=3+2x—x2, x+y=3
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.y=4(x—2)2, N R LT
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8. Let V be the volume of the solid obtained by rotating about
y-axis the region bounded by y = Jx and y = x* Find Vb
by slicing and by cylindrical shells. In both cases draw a i
gram to explain your method.

al shells to find the volum
ion bounded by the given
gion and a typical shell.

9, 'y = Loy =000y =1 y=2
josik=ai LA =1
" y=x% y=8 x=0
12. x=4>-y, x=0
13 y =457, 2xFy=6
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AxeE s 9 x=4-(y—17
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15-20 1 Use the method of cylindrical shells to find the vol
e region bounded by the given curves

generated by rotating th
the specified axis. Sketch the region and a typical shell.

‘5-y=xz’y=0,x=1,x=2; about x = 1




)=x’, y=0, x=—2, x = —1; about the y-axis
X, y=0,x=1,x=2; aboutx =4
=4x—x’ y=8x — 2x% aboutx= —2

=vx—1,y=0,x=35; abouty=3

=x’, x=y% abouty= —1
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i Set up, but do not evaluate, an integral for the volume
solid obtained by rotating the region bounded by the given
about the specified axis.

=sinx, y=0, x =27, x = 3m; about the y-axis
=x, y=4x — x% aboutx =7
F=x", y = sin(wx/2); about x = —1

Y1 +x*),y=0 x=0, x=2; aboutx =2
=\siny, 0<Sy<m x=0; abouty=4

= )'=7,x=4; abouty=>5
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the Midpoint Rule with n = 4 to estimate the volume
ined by rotating about the y-axis the region under the curve
=tanx, 0 < x < 7/4.

¢ region shown in the figure is rotated about the y-axis to
asolid, use the Midpoint Rule with n = 5 to estimate the
e of the solid.
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Each integral represents the volume of a solid. Describe

ax’ dx

gy
73 — y)(1 — y*) dy

2m(m — x)(cos x — sin x) dx
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33-34 1 Use a graph to estimate the x-coordinates of the points of

intersection of the given curves. Then use this information to esti-
mate the volume of the solid obtained by rotating about the y-axis
the region enclosed by these curves.

B.y=0, y=x+x*—x*
M y=x" y=3x—1x3
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((AS] 35-36 1 Use a computer algebra system to find the exact volume

of the solid obtained by rotating the region bounded by the given
curves about the specified line.

35. y =sin’x, y =sin*x, 0 Sx < m; aboutx = 7/2
3. y=x’sinx, y=0, 0<x<; aboutx= —1
37-42 i The region bounded by the given curves is rotated about

the specified axis. Find the volume of the resulting solid by any
method.

37. y=x*+x—2, y=0; about the x-axis
38. y=x>—3x+2, y=0; about the y-axis
39. y=5y=x*—5x+9; aboutx= —1
40. x=1-y* x=0; aboutx =2

41. x> 4+ (y — 1)> = 1; about the y-axis

42. x>+ (y — 1)*=1; about the x-axis
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43-45 1l Use cylindrical shells to find the volume of the solid.
43. A sphere of radius r
44. The solid torus of Exercise 61 in Section 6.2

45. A right circular cone with height 4 and base radius r
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46. Suppose you make napkin rings by drilling holes with different
diameters through two wooden balls (which also have different
diameters). You discover that both napkin rings have the same
height 4, as shown in the figure.

(a) Guess which ring has more wood in it.

(b) Check your guess: Use cylindrical shells to compute the
volume of a napkin ring created by drilling a hole with
radius r through the center of a sphere of radius R and
express the answer in terms of /.
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