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SECTION 7.3 VOLUMES BY CYLINDRICAL SHELLS = |

7.3 | VOLUMES BY CYLINDRICAL SHELLS

B Click here for answers.

1-7 = Use the method of cylindrical shells to find the volume gen-
erated by rotating the region bounded by the given curves about the
y-axis.

lLy=x>—6x+10, y=—-x>+6x—6
2. y2=x, x=2

3.y=x2, y=4, x=0

4. y=x*—x°, y=0

5.y=\/m, y=0, x=0, x=4
6.y=—x*+4x—-3, y=0

7. y=x—2, y=+x—2

8-13 = Use the method of cylindrical shells to find the volume
of the solid obtained by rotating the region bounded by the given
curves about the x-axis.

8.x=€/§, x=0, y=16

9. x=y% x=0, y=2, y=35
10. y=x, x=0, x+y=2

1. y=x% y=9

12. y?—6y+x=0, x=0

13.y=4yx, y=0 x+y=2

14-22 = 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 axis.

X

14. y=¢*, y=c¢*, x=1; about the y-axis

B Click here for solutions.

I5. y=¢", x=0, y= m; about the x-axis

16. y=¢", y=0, x=—1, x=0; aboutx =1

17. y=¢*, x=0, y=2; abouty=1

18. y=1Inx, y=0, x =e¢; abouty =3

19. y=sinx, y=0, x =2m, x = 3m; about the y-axis
20. x=cosy, x=0, y=0, y= m/4; about the x-axis
2l. y=—x>+ 7x — 10, y =x — 2; about the x-axis
22. x=4 —y% x=8 —2y% abouty =35

23. The integral | 27(4 — x)sin‘x dx represents the volume of a
solid. Describe the solid.

24-25 = 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.

24. y=0, y=x+x>—x*
25. y=x* y=3x—x°

26-27 = The region bounded by the given curves is rotated about
the specified axis. Find the volume of the resulting solid by any
method.

26. y=x+ x — 2, y=0; about the x-axis

27. y=x>—3x+2, y=0; about the y-axis
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7.3 | ANSWERS

I3 Click here for exercises. Bl Click here for solutions.
1. 167 17. V:271'f12 (ylny —Iny) dy
64
2 3w 18. V =27 fol (3e —ey —3e¥ +ye?) dy
3. 87 3
19.V = [[7 2nxsine de
4. 1—107r 2 P
5. 157 (5v5 — 1) 2.V = [ 21y cosydy
6. Loz 0.V = [} (z* — 142® + 682 — 136z + 96) dx
- 73
2
1.3 2.V=["2r(5-y)(4—y*)dy
3 % . 23. Solid obtained by rotating the region under the curve
609 y = sin z, above y = 0, from = = 0 to & = =, about the
9. ks .
linex =4
2
10. 37 M. 4.05
n. Bg 25. 4.62
12. 21
6m 26. %w
5
13. g7 27. %ﬂ'

U V= fol 21z (e —e ") da
15. V = flﬂ 27y - lny dy

16. V = f_ol 2 (1 —z)e *dx
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7.3 | SOLUTIONS

A Click here for exercises.
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L.V = f; 2rz [(—2® + 62 — 6) — (2° — 62+ 10)] d= 1.V = f;’ 21z [Vo =2 — (z — 2)| d
:27rf249:(72:r2+12z716)dx :f0127r(u+2)(\/ﬂ7u)du[u:x72]
=4r f; (—2° + 62° — 8z) dz =2r [} (u3/2 —u? +2ut/? — 2u) du

=4 [—%x‘l + 2% — 4x2};

= 47 [(—64 + 128 — 64) — (=4 + 16 — 16)] = 167
.

y=x’—6x+10 y
8. V= f016 2y Yy dy =27 fow y®/* dy

16
=2 [3y°/4] "= $m (512 - 0) = £2x

= —
9.V = [P 2my -y dy = 2m [1y]) = Z (625 — 16) = QPr
2V = [ 212 (Vo — o) de =2 [} 2¥?de — 7 [ 2? da

4
=27 [%xs/z]o —7r[

y

i w o 0.V = [g2my (2 —y) —yldy = dm [y (1 - y)dy
zx°| =7 (32) — 7w = %7 1

37°]p =3 3 15 —dr [y — 1y%]! —am (1) = 21
4,2)

9
1n.V= fog 2y - 2\/ydy = 4m fog v/ 2 dy = ar [%y5/2]

0.0
X = =] 1944
x=2y N § ______ =2r(243-0) = L84n
1
ory=a* x=y?or x_>| x y

y=+Jx

0

.V zf02 2mx (4—x2) dx:27rf02 (41'—:183) dx e
=2r [22% — 12%]) =27 (8 —4) = 8n
Note: If we integrated from —2 to 2, we would be generating

the volume twice.

=27 [%x4 —
12. The two curves intersect at (0, 0) and (0, 6), so
V= fOG 27Ty (7y2 + 6y) dy =27 I:fiy‘l + 2y3}g

5V = f04271'a7\/4+$€2 dx :Wf(;l\/l'Q +42zdx — 927 (_324+432) = 2167

= [37(a* +0)""] = % (20vET - 9) :
0 | x=6y—y?
— 87 (5v5-1) ’
x=0 @3 _yT_
6.V =[] 2mz (—2® + 4z — 3) da 0 g : x

2]

-(-h+d-pl-

=2r [—i2' + 42 —

)

=2or[(-& +36 - %
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0 2 X
x+y=2

LV = [y 2mz (ef — ™) da

.V = [F2ny - Inydy

.V:fi)lQﬂ(l—m)e*zdm

. V:f1227r(y— l)lnydy:27rf12 (ylny — Iny) dy

. V:f0127r(3—y)(e—ey)dy

=27 fol (3e — ey — 3e¥ + ye¥) dy

.V = fzg: 2mx sinx dz

V= for/ll 27y cosy dy

2247z —10=2-2 o 22—62+8=0 &

z=2o0rd & (z,y)=(2,0)or (4,2). Use washers:
V= 7rf24 [(—x2 + Tz — 10)2 —(z— 2)2} dx

=7 [ (¢* — 142® + 6822 — 136z + 96) dz

V=[%2am(B-y) [(8—2y%) — (4—y?)]dy
=[%2m(5-y) (4—v*)dy
The solid is obtained by rotating the region under the curve

Yy = sin? z, above y = 0, from z = 0 to x = 7, about the
line x = 4.

—02 \ J 1.5

—0.2
From the graph, it appears that the curves intersect at x = 0

and at = &~ 1.32, with 2 + 22 — z* > 0 on (0, 1.32). So the
volume of the solid obtained by rotating the region about the

y-axis is
\% z27rf1‘32x(x—|—:rz—:r4)d:r

0
1 67132

= on [37 + 1ot — 30

25.

26.

27.

2.85

y=3x—x3

_ " 1.3
0.1 ]

-0.35
From the graph, it appears that the curves intersect at z = 0

and at z &~ 1.17, with 3z — 2 > z* on (0, 1.17). So the
volume of the solid obtained by rotation about the y-axis is

V ~2r fol'”x [(3:5 — x3) - a:4] dx

_ 3 1.5 1,.611.17
—277[30 — T —g:r}o =~ 4.62

Use disks:
V=/ln(®+z-2)"do
:ﬂ-f—lz ($4+2x3_3$2—4$+4) dx
=722 + 2* —2® — 227 +4:1c]172
=r[(+5-1-2+4) - (-2 +8+8-8-8)]
—r(B+3) = Hr
Use shells:
V= ff 2nx (—2% 4 3z — 2) dx
=27 ff (—x3 + 322 — 2:0) dx
2 [det 00 a7
=or[(—4+8—-4)— (—3+1—-1)] =37



