
5.3/ Volume by Cylindrical Shells

Analtenative to washers is to use cylindrical
shells

- 7 = 2x2-x 3
EX 4 x = f(y)

- T dy
x= f(y) is

not a function

? x=+ outer
RHS innerV =  [ r o  -  T r i )  d y

f (y)

This is a difficalt problem ...

For when the geomety becomes difficult with,not being a function
TRY USING

* Cylindrical Shells.
y = 2x2- x3

? k

4  ?

/  ? ?  =  ?



Volume of a cylindrical shell
? geometryapproach:

V  :  T r h

h

h
O u t t e r

?  A V  =  T r i h  -  T i r a h

shell
I n n e r

)  Foi l

= TI (r2 + 22 An+ Ar)h - Trzh 2 cancel

Evolume of shell of radius red thickness

? let r?r, : AV? dV order t mignitch

r d r

d V  =  2 m h r d r i f  r = x

V  = h (x) r(x) &X
vertical-

if ray

= 2TT hly) ry)dy

horizontal



? physics approach :

d r

Hollow cylinder

? differential approach

?circumference = 2Tr

? Surface Area

S =  z a r h

? V = S? dr

V  =  2 T r h d r

solid

V = Tr2. h

d v  m z . r h
d r

dv = Zahrer

s p h e r e :  V = 4  r 3

- = 4. ?. 3?2

I thickness
d V  =  4  a r d r

5
Vol of shell dV=S ? dr

S



E X
Stop :

- y = 8

fBot

?  K  d r = e x
1 : 1

Find the volumef of
y= x rotated abon

use concentric the.
Shells. yaxis.

/ range of x:
x = 0 to x= 2

3

Details...

V = l im Cire. *hieght * thickness

=  l i m
n t a o

=  l i m

=  l i m
n?00

x= 252

X =  0

=  2 T I

= 2 | 81 - 41.

= 27 / 4(22-0*) -4(2"- 0*)7

= 2? [4.4 - 4. 16 ]
= 2 TI [16 - 4] = 2? ? 12

mset
details

2 4  ? cubic
un i t s



Find the volume generated by rotating
the region bound by y=x", y= 0$ x=2 about
t h e y-a xis

(i) geometry step
? Thickness

dr = dx k

? Radius

detemines
integratin
variable

? X r  =  x
? height of cylide

(e) orient cylinder
h=+ (x) - for (x)
= X 3

h = x'
(ic) form the ji tegral

= zurhdr
r = a

(ir) evalnate
x =  0

V = 2Ti
5

=  2 T

V =  -6'
c u b i c  u n i t s



EX Rotate abort the x-axis the regin
bounded by x=4y" -y' and X=0

4
dredy:

(6) cylinde orientation

(ici) form integral

V = zairhdr
y = 4

V = 2TY = 0? (4 y'-y° - 0) dy

= 2TT(4?)3 - y'

4

= 2TI 4?4 -  1 °
4

=  2 T  2 5 6  -  1 0 2 4  /

= 2TT1280-1024 =

= ?' (4-?)

(i) geomely
? dr= dy

? r = y
? h= f(y) - fe (y)

= (4?=-y") - 0

= 4?2-? 3

Set up complete

512
5  T I

Cubie units



EX

bounded by

abont the y-axis
y = x* (ic) geometry

? dr =d x

? ?= ?

? h= frop (X) - Fbot(x)

h= (2-x=) - (x)

h= 2-2x2
( i )  o r i e n t x=1 52 x =2

(iii) integral
= 2T rhdr

X = |

V  =

X= 0

(ir) evaluate

= 2TT (2x - 2x)x

= 2T ( 1-z)

= 2 T L
=



/astroid" " +y" = 1

y= (1-?") "
x = (1-y")

* note that there is no asyustore
( such required chpt. i  cale II

lal  rotate abont y -  axìs
? dr = d x
? r = X
? h= (1-x*=)

x = |

V = 2T x (1-*) dx
X= 0

pile de

(b) rotate about

d y

x-axiS

? dr = dy
? ? = ?
? h= Fright - feeft

- 0

V = 2 T

Y = 1

y (l-y") dy
Y = 0

(c) notate abent line

* * -

? dr =cx

?  r =  - x

? h= f(x)  -  fax
= ( 1-?/2) ?

radius
, height/ thick.

x= |,

V = 2T (1-x)(1-x"*) * dx
X = 0



(d) not. abont x=
d x

?  d r =  d x

X=-1 ?  r  = 1  + x
? h= (1- x"*) 3

x= 1

V = 2TT (1+x)( 1-x) *4 x

X= 0


