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Chapter 5
Cenire of Mass and

Moment of Inertia

1. Centre of Mass

Consider a system composed of N particles with each particle's mass described by m,, where i

isan indexfrom i =1 to i = N . The total mass of the system is denoted by A ,
M = Zml.

where the summation over i runsfromi=1toi=N.
Such a system is displayed in figure given.

If the vector connecting the origin with the i” particle

is r, then the vector defining the position of the

.= 1 -
system's center of massis R, = MZmiri
i
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nm.r.
The position of the centre of mass is defined by R, = ZMI '

For N number of mass elements, if r,is the position of the j’h element, and m; is its mass, then

the center of mass is defined as R = L SmF

M j=1 JJ
Example: The position vector of three particles of mass m, =1kg,m, =2kg and m, =3kg are
n :(f+4j'+l€)m, 7 :(f+}'+l€)m and 7 :(25—}—2l€)m respectively. Find the position
vector of their centre of mass.

Solution: The position vector of COM of the three particles will be given by

_ i +myn +mry
oM =

oY

m, +m, +m,
Substituting the values, we get

o (1)(z°+4}'+l€)+(2)(f+}'+l€)+(3)(2f—}'—21€) 9 +3j-3%
fcou = 1+2+3 6

- 1 con T
Teom —5(31 +]—k)m
Example: Four particles of mass 1kg,2kg,3kg and 4kg are placed at the four vertices 4,B,C

and D of a square of side 1m . Find the position of centre of mass of the particles.

Solution: Assuming D as the origin, DC as x- axis and DA as y - axis, we have

m =1kg,(x.3)=(0,1m) A
(0.1); m, m, (1,1)
m, =2kg,(x2,y2)=(1m,1m) A B
my =3kg,(x3,y3)=(1m,0)
0o | .
m, = 4kg.(x,.,) =(0.0) DM (1.0)
and co-ordinates of their COM are
Xpyy = X, + myX, ¥ Xy + X, _ (1)(0)+2(1)+3(1)+4(0) =i=lm=0.5m
my+m,+m; +m, 1+2+3+4 10 2
Similarly,
Yy =Xy = My, ¥ My, Ty, My, _ (1)(1)+2(1)+3(0)+4(0) :im —03m

my+m,+m; +m, 1+2+3+4 10

(xcomVeon ) =(0.5m,0.3m)
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