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Center of Mass in Polar Coordinate
LW System

e Given an area OAB bounded by curves r = f(6), lines 0 =a,
and 8 = . We are going to find the center of mass of OAB.
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Center of Mass in Polar Coordinate
LW System

O X

* We form partitions p = {a = 0,,604,0,, ...,0,, = B} on [a, B]. For each
i =1,2,..,n, we have §; = 9149 19, . 9,] and AG; = 6, — 6;_.
Next, we approach the area of OPQ by isosceles triangle with high 0S =

r; = f(6;). The center of mass coordinate of this isosceles triangle will
2 *
be (5 1) Qi )
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Center of Mass in Polar Coordinate
LW System

* By the definition of center of mass and the definite integral, the center
of mass of area OAB is (X, y) where

limy, 00 D1ty ( 276; )( r; COS 0; ) limy, 00 Yie 13 r3(cos 6;)A0;

X =

limyeo X1 157246, limp 0 X1 157246,
fﬁr cos 8 df §f£r3c059d9
f r2d9 B ff r2 dé
and,
7 = limy, 00 Yieq (1 200, )( r; sin 6; ) fﬁ ~r3sin @ ao ff r3sin 6 d6

limy 0 2i- 1; LZAH f r2d6 ff r2 df
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Summary: the Center of Mass in
UAMESIS Polar System

The coordinate of center of mass in polar system is given by (X, y) where

2 B _3
Efar cos 6 d6
faﬁrde

X =

and

2 3 .-

SJq T°sin6 do
ffrz ae

)_/:
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Example 1

UNIVERSITAS
GADJAH MADA

Determine the center of mass of the region bounded by r =1 + sin @,
where 0 € [O, %]

Solution:

The sketch of the region given as folow

A

©
I
w5

2 r=I1+siné@
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Example 1
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Solution (continuation):
The coordinate of the center of mass is
2 T 2 T
2 .,.3 2 . 3
§f0 r3 cos 0 df _ §fo (1+sin 8)°3 cos 0 dO

- T

J2(1+sin 6)2 d6

T

fOE r2 do

X

T

2 2 . 3 .

_ §_f0 (1+sin 6)3d(1+sin 6)

- T

JZ(1+2 sin 6+sin? ) d6
T

S|3(t+sin 9)4]3 _ 2(4-3) _ 10

S
I

w

d

w

=)

EB—Z cos 9—% sin 29]0
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Example 1
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Solution (continuation):

and,
r U3
_ %foz r3 sin 0 d6 gf02(1+sin 0)3 sin 8 d6
Yy = T = T
Jg r* a6 [Z(1+sin 6)2 d6
T
%foz (sin 6+3 sin? 6+3 sin3 f+sin* 9) dO
— T
f02(1+2 sin O+sin2 ) d@
T
Z 15_x_ i i ; _E l 2 2 151
_ 3l sin 20+ sin 46—~ cos Q-_l—4 cos 36]0 _ §(3+1_6) _ 8 . 5
> 31 31T 6

EB—Z cos 9—% sin ZQE
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Exercises
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Determine the coordinate of center of mass of areas (in polar system)
bellow:

a) Inside the curver = 2(1 — cos 0).
b) Inside the curver = 3 + 2 cos@.
c) Inside the curve r = 3 sin 8 and outside the curver = 1 + sin 6.

d) Insidethecurver =2 +sinf andr = 5siné.
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Thank You
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