UNIVERSITAS
GADJAH MADA

-
P~ -
! | T
h‘-.
Rl B L
| oB. B
[ “ — ) iy
P \ 5 -~ |
;ﬁi
e W
1 v — -

ugm.ac.id

Applications of Integration:
Center of Mass of Solid
Revolution

lvan Luthfi lhwani, M. Sc.
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Center of Mass of Solid Revolution
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Given f, a non-negative and integrable function on the interval [a, b]. So,
we have thearea D = {(x,y)| 0 < y < f(x),x € [a, b]} above the x-axis.
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Center of Mass of Solid Revolution,
Gl where the function is f(x)
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If D is revolved around the x-axis then we will have the homogeneous
solid of revolution. Since the area is revolved around x-axis, the center of
mass of that solid is located on x only, thus y = 0.

Suppose that p is the density constant. By the definition of center of mass
discussed earlier, the coordinate of the solid of revolution will be (i, 0)
where

fo xon(f0)° dx  [Tx(F()° dx
[Pon(fe0)’ dx  [P(fe0)? dx

X =
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Center of Mass of Solid Revolution,
UGGl Where the function is g ()

Similarly, if g is a non-negative and integrable function on the interval
[c,d] so that we havethearea D = {(x,y) |0 < x < g(y),y € |c,d]}.

If D is revolved around the y-axis, then the center of mass of solid
revolution is located on (0, ) where

[ yor(g()° dy _ [Ey(g()” dy
[Eon(g) dy  [H(g)” dy

37:
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Center of Mass of Solid Revolution,
Ul Where functions are f; and f,

Given a non-negative and integrable functions, f; and f,, where
f1(x) = f,(x) for all x € [a, b]. So we have the area

D={(y)|f(x) <y<fi(x),x €la,b]}

If the area D is revolved around x-axis, then the center of mass of that
solid revolution will be (i, 0) where

fox((A) = (£G))°) dx
2 ((h) = (£)’) dx

X =
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Example 1
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Find the center of mass of solid revolution if the area that bounded by an
hyperbolic

x? —y%? =1, x-axis, a straight line x = 0, and a straight line y =1,
revolved around the y-axis.

Solution:
A
\V xt-yt =1
\/"”' 1 ""‘\/ =
\S—— =
l"‘.--.-uj‘ N
N[0 A1 .
J |\
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Example 1
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Solution (continuation):
Suppose that the center of that solid revolution is (X, ¥), then X = 0 and

y = fy y(1+y?) ay
fy(1+y?) dy
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Example 2
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Find the center of mass of solid revolution if the area bounded by a
parabolic y = x? and the straight line y = x, revolved around the x-axis.

Solution:
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Solution (continuation):

Suppose that the center of mass of that solid revolution is (X, ¥), then
y = 0dan

fol x(x2-x%) dx

fol(xz—x4) dx

. fol(x3—x5) dx

- fol(x2 —x%) dx

X =
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Exercise
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1) Find the center of mass of solid revolution if the area bounded by a
parabolic y = 4x — x? and a straight line y = x, revolved around the
y-axis.

2)  Find the center of mass of solid revolution if the area bounded by a
parabolic y = 4 — x? in It Quadrant (Kuadran pertama), revolved
around the x-axis.
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UGSl (Submit before June 7th)

Center of mass of an area (Cartesian Coordinate)

1) Find the centroid of the region enclosed by the curves y = \/x and

y = x2.

Center of mass of an area (Polar Coordinate)

2) Find the centroid of the region enclosed by the cardiode
r(6) =1+ cosé.

Center of mass of an Arc

3) Determine the centroid (center of 7Tmass) of an Arc (busur) of
r = 2 4+ sin 8, where 0 start from 0 to >

Center of mass of Surface Revolution

: : L 1
4) Determine the centroid of surface revolution if an arc y = Exz, from
x = 0tox =1, revolved around the y-axis.
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Center of mass of Solid of Revolution

5) Find the center of mass of solid revolution if an area in ISt Quadrant
(Kuadran Pertama) bounded by x-axis, a parabolicy = x?, and a

straight line y = —2x + 3, revolved around:
a) X-axis
b) Y-axis
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Thank You
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