of revolution

Try this worksheet after you have completed Section 9.6

In Chapter 9 you found the volume of a solid of revolution formed by rotating
a plane figure about the x-axis. In each case the plane figure was bordered by
the axis of rotation and you used the disc method to find the volume.

This worksheet looks at rotating a plane figure about the x-axis when the
figure is not bordered by the x-axis.

EXAMPLE 1

Find the volume of the solid formed by revolving the region bounded by the graphs
of f(x)=0.1x>-1.2x+5.6, g(x)=1, x=1 and x =3 about the x-axis.

Answer

5y A f(x) = 0.1%% - 1.2x + 5.6 Sketch the graphs on your GDC. The solid
A will look something like this.
RAES A

2

1 g0 =1 O -

If you rotate a representational rectangle
in the region about the x-axis, you won’t
get a disc, rather you create a ‘washer’
that is a cylinder with a cylindrical hole
in the center.
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The volume of this ‘washer’ is given by
7R*dx — zr*dx or ﬂ(RZ —7? )dx

In this case R =0.1x* —=1.2x+5.6 and

r=1 and so: 5y_ fx) = 0.12 - 1.2x + 5.6
3 s al N
V= #|(01-12x456) -1 Jax
1 34 \
~78.0 (3 sf) 2]k
1 P sx) =1
o 1 5 3 4*

EXTENSION MATERIAL

More volumes of solids

The ‘washer* formula is

based on the volume

of a cylinder:

V=nrr’h

V = zR?h—zr?h
=7(R*=r’)h

@7
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In Example 2 a plane figure rotates about a horizontal line that is not the x-axis.

EXAMPLE 2

Find the volume of the solid formed by revolving the region bounded by the graphs
of f(x)=x"and g(x) =/x about the line y=1.

Answer
y R is the distance between the horizontal line
9 00 = R y=Ilandf soR=1-x°
p 8 =K v is the distance between the horizontal line
P y=1 y=1andg,sor=1—\/;
1,1
W( ) The functions intersect at x = 0 and x = 1, so
—f the limits of integration are from 0 to 1.
0 1 v/ 5 X
V= Jlﬂ[(l—xz )Z —(l—ﬁ)z}dx
0
=1.15 (3 sf)
Exercise

Find the volume of the solid formed when the region bounded by the graphs
of the functions is rotated around the given axis.

1 f()=6-x",g(x)=2
a the x-axis b theliney=1 c theliney=38

2 f(x)=4x-x",g(x) =42
a the x-axis b theliney=4 c theliney=-1
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Chapter 9 extension worked solutions

1 f(x)=6-2",g(x) =2 A
a the x-axis /&7]\
2 4
V=J 7 (6-x) —2 |dx = 241 (3 sf) 22/ IR 22
. /N
% 7/2 SRR
_4
b theliney=1 N
R=(6-x")-1=5-%" s
r=2-1=1 22/ "]’ \e2
2 U //' - Ir \\
V: 5— —1 dx=174 3 T T T T T T T Lt
Jzﬂ[( *) ] (3D 4 7/-2 -1_2(1 1 QY 4 ¥
_4
c theliney=38 N
R=8-2=6 8 J
— 2y _ 2 L r
r—8—2(6—x )=2+x /iRﬂ\
V=J 7[6 —(2+x°) Jdx =295 (3sf) 22/ 2.2)
2 /
O 5& X
2 f)=dx-2"g@=7 1
a the x-azxis (2,4)
V=J ﬂ[(4x—x2)2—(x2)2]dx
0
=33.5 (3 sf)
1r 5
1 2 3 X
3_
_4
b theliney=4 e
R=4-x" y
r=4-(4dx-x")=4-4x+x" R
2
V:J n[(4—x2)2—(4—4x+x2)2]dx
0 L
=33.6 (3 sf) s P %

c theliney=-1
R=(4x—x")-(-1)=1+4x -’
r=x22—(—1)=x2+1

V= JO 7z[(l+4x—x2)2 —(x2 +1)2}dx

ﬂ
r

=52.3 (3sf)

>V
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