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-,Q;« 6.2 Volumes by Cylindrical Shells

Sometimes finding the volume of a solid of revolution is impossible
by the disk or washer method
|

| y=sin(«?) Since there is a gap b/w the region and the axis

| of rotation, we would try washer method

k

| We would have to solve for x as a function of y

! since the axis of rotation is vertical.

I? v Sometimes this is the problem, but we can do it here.

x=4/sin”"y

Our problem is that the outer radius and the inner

radius use the same curve.

In order to find the volume of this solid of revolution we need a
different technique.
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The Method of Cylindrical Shells uses the volume of nested
cylinders to find the volume of a solid of revolution.

To understand the formula, lets first look at one of the cylindrical shells:

There are two cylinders, an outer cylinder
v r and an inner cylinder.

The volume of the “shell” we use is found by taking

AFZ" the volume of the inner cylinder and subtracting it
\\—y/ from the volume of the outer cylinder.

e ‘/shell = Vomer - 2inner 5
h ://—\: ‘/shell =7 ( Fouter ) h-rx ( Foner ) h

‘/shell = ﬂ-h’ |:( ’:)uter )2 - ( r}rmer )2 :|

Vshell = ﬂh I:( rourer + r}nner )(’;zuter - r;'rmer ):|

(7 sier + Tomer )
_ outer inner _
(V ot ) Vvhell - 27[h 2 (r(mter r;'nner )
outer  Vimner ) _ .
) average
C vV, .= 2xr - h- Ar
Letr= Taverage Let Ar=7,,0, = Fipuer shell circumference height thickness
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y:sin(xz)
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v = 27r - h -

Ar

circumference height thickness

V=27 (x) f (x ) Ax

now add up the volume
of all the shells

V=3 =3 (x) s () A

V=lim) 27(x) f

n—oo
i=

n

1

you get a better approx. as the number of shells — co

(1) ax

V= J2ﬂ'xf(x)dx

about the y —axis

;2

Volume of the solid obtained
by rotating the region under

the curve f (x) fromx=a tox=b

—— v
x,j; X,
X
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9
b
V = [ 27 (radius) (height) dx
a distance from  height of fora
axis of rotation a typical \-e;ncafl
to a typical rectangle iz)(tﬁtioon
rectangle & when
the axis is
horizontal
Typical Vertical axis Horizontal axis
rectangle of rotation of rotation
. |
Disk or perpendicular to [
axis of rotation i - —
Washer Integral is dy Integral is dx
! o
Cylindrical parallel to :
Shells axis of rotation ——

Integral is dx

Integral is dy
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y:sin(xz)

radius = x
height = sin (x2 )

b
5 L V=27 (radius)(height) dx
Jr
V= 27ZI xsin(xz)dx

= 27Z'(|):—%COS x* T;

u=x’
du =2xdx +du=xdx

j%sinudu = —5cosu
0

=—7[cos T —cos 0]

=-z[-1-1]

=27
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Set up, but do not evaluate, an integral for the volume = 62 Volumes by Cylindrical Shells

obtained by rotating the region bounded by

y=cos’x, y =i, about the line x =%

1 . . .
(below y=cos’ x and above y = Z,from —a to a where these are the intersection pts. closest to the y—ax1s)

2o radius = 7% — X
0.5 |__ H 2
0.4
L i . 1
v : height = cos” x——
15 1 05 o4& 1 14 4
" H . . . T V4
: limits of integration = x== x=-=
3 3

, 1 1
COS" X=—= COSXx=—
b 4 2

V= .[ 27 (radius ) (height) dx

a

T,

%

1

V= jZ?f z—x cos’x—— |dx
b 2 4




Math 104 - Rimmer
ssJs 6.2 Volumes by Cylindrical Shells

. . . . . sin(xz)
2. Find the volume of the solid obtained by revolving the region below y = and above the

z-axis from r = 7/2 to 2 = 7 about the y-axis.

a) b) ©/3 c) w/2 d) = e) 37/2 f) 2m

L
\ = Sa«r- (rad )t Vel

b _& k+ v P & Math 104 - Rimmer
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In Exercise 27 ;)Q the shell methed to find the volumes of the

solids generated by revolving the shaded regions about the indicated axes.
27. a. TheEaxis) b. Th@

¢. Theliney = 8/5 d. Theliney = =2/5

a. The x-axis %— b. ]*h@
. v
n

0 [\ 1

%

- n//;j:— ‘u—'r . "‘5
d\gjrlﬂ‘f' )C‘E\.)CE‘_.‘.- j

radius = radius = |—

height: \;_Lb:'_u3> heightz {).(bl_'v})
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In Exercise 27 . )& the shell methed to find the volumes of the

solids gener: nt{‘d by uml\. ing the shadgd regions about the indicated axes.
27. a. Thu he line 3
Thq, line v O . The lingy

¢. Theline y = 8/5 d. Theliney = =2/5
-3 Iy
= A= 1207y -
Y —
N S . A
ak -

,// Lﬁ, 715&'{-;: :GJ'_;','_‘:Lf’/

o[- ' ¥, } ok// i .
5 —— I PR gb

radius = % - LJ, radius= =+ J

height = (;‘Lﬁm—‘ﬂ’?) helght— I;ICLLj (7 )
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Website with volumes by shells animation:

http://mathdemos.gcsu.edu/mathdemos/shellmethod/gallery/gallery.html

Rihanna rides into the 2008 VMA Awards Show on a shell volume float

Type: “rihanna disturbia 2008 VMA performance”

into the Google search, I think it’s the one on Vimeo
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