Copyright © 2013, Cengage Learning. All rights reserved.

7.2 | VOLUMES

SECTION 7.2 VOLUMES = |

B Click here for answers.

1-5 = Find the volume of the solid obtained by rotating the
region bounded by the given curves about the specified line.
Sketch the region, the solid, and a typical disk or washer.

I. y?=x° x=4,y=0; about the x-axis

2. x+y=1x=0,y=0; about the x-axis

3. y=x%y=4,x=0,x=2; about the y-axis

4, y=x*+ 1,y =3 — x% about the x-axis

5. y=2x —x%y=0,x=0,x=1; about the y-axis

6-13 = Find the volume of the solid obtained by rotating the
region bounded by the given curves about the x-axis.

6. y=x>—1, y=0, x=0, x=2
7.y=—1/x, y=0, x=1, x=3

8. y=¢', y=0, x=0, x=1
9.y=1/Jx+1, y=0, x=0, x=1
10. y=secx, y=1, x=—-1, x=1
Il. y=cosx, y=sinx, x=0, x=m/4

12. y=|x+2

, y=0, x=-3, x=0
13. y=[x], x=1, x=6, y=0

14-25 = Refer to the figure and find the volume generated by
rotating the given region about the given line.

y

y=3/x
C(0,2) l B(8,2)
g
R, ] 7,
0 A(8,0) x

x=4y

14. R, about OA 15. R, about OC

16. R, about AB 17. R, about BC

18. R, about OA 19. R, about OC

20. R, about BC 21. R, about AB

22. R about OA 23. R; about OC

24. R about BC 25. R; about AB

B Click here for solutions.

26-30 = Set up, but do not evaluate, an integral for the volume of
the solid obtained by rotating the region bounded by the given
curves about the specified line.

26. y=Inx, y=1, x=1; about the x-axis

27. y=+/x — 1, y=0, x=15; about the y-axis
28. x—y=1,y=(x—4)>+1; abouty=7

29. y=cosx, y=0, x=0, x=m/2; abouty=1

30 y=cosx, y=0, x=0, x=7/2; abouty = —1

31-32 = Use a graph to find approximate x-coordinates of the

points of intersection of the given curves. Then find (approxi-
mately) the volume of the solid obtained by rotating about the
x-axis the region bounded by these curves.

3l.y=x% y=yx+1

32. y=x", y=3x—x°

33-34 = Sketch and find the volume of the solid obtained by
rotating the region under the graph of f about the x-axis.

3 if0sx=<1

33 f(x) =41 ifl<x<4
3 ifa<x<5

! ifosx<1

2
X2=2x+2 ifl<x<?2

34. f(x) = {

35-40 = Each integral represents the volume of a solid. Describe
the solid.

35. 7 f;/‘l tan’x dx 36. ﬁz y®dy

37. 77[01 (y —y3)dy 38. wf:[IG — (x — 2)*]dx

3awﬂm—uw—6—nmm

40. 77[7//42 [(2 + sin x)* — (2 + cos x)*] dx

41. The base of S is the triangular region with vertices (0, 0), (2, 0),
and (0, 1). Cross-sections perpendicular to the x-axis are semi-
circles. Find the volume of S.
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7.2 | ANSWERS

A Click here for exercises.

B Click here for solutions.

1. 647 Y
— -
2. % y y
3. 87 "o Y
J @4
x=0
sz/} I
0 X 0 X
32 y
4, ?ﬂ' Y y
y=3—-x2
(_1.2))<>(“,2,
y=x>+1
0 1 X
5
5 Eﬂ-
y
(1, 1)
y=2x—x>
0‘ x
46 2
6. Eﬂ' 7. §7T
8 Z(e*—1) 9.71n2
10. 27 (tan1 — 1) nz
12. 37 13.557m
4. L7 15. 8

24,

26.
27.

28.

29.

30.
31
33.

35.

36.

37.

38.

39.

40.

a1.

128 17. 87
%58# 19. %ﬂ'
% 21. %ﬂ'
. %471' 23. %8#
%w 25. &7071'
V=n[[1?~ (Inz)*] dz

V=n [} (z* - 162° + 832% — 144z + 36) dz
V= ["?(2cosx — cos?z) du
V=n OW/Z (2cosx + cos® z) dx
5.80 32.6.74

1277
217 34. 60

—

Solid obtained by rotating the region under the curve

y = tanz, from z = 0 to x = 7, about the z-axis

Solid obtained by rotating the region bounded by the curve
x =y and the lines y = 1, y = 2, and = = 0 about the
y-axis

Solid obtained by rotating the region between the curves

z =y and x = ,/y about the y-axis

Solid obtained by rotating the region bounded by the curve
y = (z — 2)” and the line y = 4 about the z-axis

Solid obtained by rotating the region between the curves
y=>5— 2z and y = 5 — 2z about the z-axis. Or: Solid
obtained by rotating the region bounded by the curves

y = 2 and y = 227 about the line y = 5

Solid obtained by rotating the region bounded by the curves
y =2+ cosz and y = 2 + sin x and the line x = 7 about
the x-axis

13
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SECTION 7.2 VOLUMES

A Click here for exercises.

1. V:f047r(x

(—z+1)32

§m37m +m}

2V = [ m(
=7

y

$:7Tf01($2—2$+1)d$
r(3-14 =3

3V =[In

< ‘

v

( ) dy—ﬂfoydy—ﬂ[lyﬂgz&r

y y
y=

4

2.4

x=\y _

4.V:Wfi1 [(3—

=7 [! (8—82%)dz =2 [ (8—82%)dx

=27 [8:0 —

(—=1,2)

8
3T

y

1:2)2 — (:c2 + 1)2} dx

Ti=2n (8- = %

y=3-x2

(=]

P @

5.

Ll

1.

V=rl [12—(1—\/ﬁ)2] dy
s (2VT—y—1+y)dy
IW[—éﬂ—yF“—y+%fﬁ

7[0-1+44) ~ (-4 -0+0)] = §r
y y
(I, 1)

=T

y=2x—x"

-

-~

0‘ X

\/:7Tf02(232—1)2 dwz#fOQ(ac4—2:c2+1)dx

x ——:c +x

=T

=[s

5

1,5 ]

—n(Z-t2) =%

5

V=n[l(1/x)?
- fol

v

7 (e%)? dx = fol meX dx = i [7762“”]0

5(¢-1)

dx = 77[—1/9:]‘;’ =7 (—% + 1) = %w

1

The cross-sectional area is
m(1/Ve+ 1)2 = 71/ (z + 1). Therefore, the volume is

1
/0zildx:ﬁ[ln(erl)](l):7r1n271n1:7r1n2.
—7Tf (sec’z — 1 )dx:ﬂ[tanx—w]il
=m[(tanl —1) — (—tanl +1)] = 27 (tanl — 1)
—7Tf (cos a:—sinzx) dx
=z 0“/4 cos 2z (2dx) = Z [sin 2z]7/*
—I(1-0)=2
—7rf d:r+7rf (z+2)% da
x 0
=7rf73(x+2) dx:[g(x+2)]_3

—Z[8— (1)) =3r

V:7rf12lzdx+7rf2322dz+7rf;32dx

+7rf4542dw+7rf5652da:

=nm-147-44+7-94+7-16+ 725 =557
V=nrfs(42)" de = 5 [32°]5 = Br
V=7Tf02 [827( )2] dy:Tr[64y7?y3](2)
m (128 — 128) = 256
3

V:qrf02(8—4y) dy—ﬂ-[64y 32¢2 +16 3]

= (128 — 128 + 128) = 1%
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17.

20.

21.

22.

23.

NV

25.

2. V

27.

28.

29.

30.

V=rfy 22— (2-ta) do=n [} (o - Fa?) da

=7 [t~ Foly = (32 §) = §m
V=[S [(VD - (3a)?] =7 [ (2~ ka?) do
8
= (3 ] = (B - %) = R

_ 1,712 _ (128 _ 128\ _ 512
=m[3y’ — 7l = (3 - ) = 5w

V=nf} [(2—%36)2—(2—\3/5)2] dx
_Wfos (—x—|——x2+4x1/3 2/3) de

8

7T|:71.’E2+ x+3x4/3 %x5/3]
0

=n(-32+ 2 +48- %) =2n

V=rnfr 8-y -6’ dy
:7rf0( 16y° + y° + 64y — 16y%) dy
=7r[—4y —|— y" 32y — 16y3]0

( 64—|— 128+128 128) — 823127'(

8
w2/3) der=m [4x — %x5/3]
0

\% :7rf08 (22—
(32— %) = %
V=nfs ) dy=nr[ty]; =L

_Wfo

=7 [41‘ — 3243 4 %ws/?’}o

dx—wfo (4 4z1/3+x2/3)d

:7r(32—48+%):%7r

V = 7rf02 [82 3)2} dy = f

16y —y)dy

=m (4! — 37 = (64— ) =

fwfl[ (Inx) }d:r
V= 2{2_ 2 2 _ 2 4 52
=x[; 15— (y +1)]dy—7rf0 (24 —y* —2¢°) dy
r—1=@—-4°+1 & 22-92+18=0 &

x = 3or6,so

V=rf[6-(@-4"-B-27]d

=7 [ (z* — 162° + 832 — 144z + 36) dx
V=nm Oﬂ/Q 17— (1- cos:r)ﬂ dz

= 7rf07r/2 (2 cos T — cos> x) dx

V=nr 0”/2 [(1+cosz)® — 1] dz

/2
:Wfo/

2cosz + cos? z) dx
(

31. We see from the graph in Archived Problem 7.1.46 that the
z-coordinates of the points of intersection are = ~ —0.72
and x ~ 1.22, with vz + 1 > 22 on [-0.72, 1.22], so the
volume of revolution is about

—162?2 [(Vm_" 1)2 -

P (e do

(1‘2)2} dx

1.22
—0.72

=7 [%xQ +x— %xS]
~ 5.80

32. The z-coordinates of the points of intersection are x = 0 and
x ~ 1.17, with 3z — 2® > 2* on [0, 1.17], so the volume of
revolution is about

71'/0117 [(3w - m3)2 - (x4)2} dx

1.17
= 71'/ [92:2—62344—2:6—2:8] dx
0

= w[3a° — $a® + 1o” — 32°]
~ 6.74
BV =nf32de+7 [ 12 de+ [} 3 de

=97 + 37+ 97 = 21x

MV =nf (3 detnf](a®—20+2)" do
=247 [ (2" —42° + 82" — 8z + 4) da
=2 7 [La® -2t + 8a® — 40® + 4a]]
=Z+n[(8-16+% —16+38)

SRR R ERIES
Y

35. The solid is obtained by rotating the region under the curve

y = tanz, from z = 0 to x = 7, about the z-axis.

36. The solid is obtained by rotating the region bounded by the
curve = y> and the lines y = 1, y = 2, and = = 0 about
the y-axis.

37. The solid is obtained by rotating the region between the
curves x = y and x = ,/y about the y-axis.
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38.

39.

40.

4.

The solid is obtained by rotating the region bounded by the

curve y = (x — 2)? and the line y = 4 about the z-axis.

The solid is obtained by rotating the region between the
curves y = 5 — 222 and y = 5 — 2z about the z-axis. Or:
The solid is obtained by rotating the region bounded by the
curves y = 2z and y = 2z2 about the line y = 5.

The solid is obtained by rotating the region bounded by the

jus

curvesy = 2+ cosz and y = 2 + sinz and the line z = 3

about the z-axis.

y
©, 1) base of §
y=1-3
0 ‘ (2,0) x

2
. . . .
Since the area of a semicircle of diameter y is %, we have

vV = fO2A(x)dx:f02 2y’ dx
= %foz (1 — %az)Q dx = %fOQ (%x— I)Q%d:r

= TlHGe-17) = 50- (1=

Sl
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