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C.0.M OF SYSTEMS WITH PART EXTRACTIONS AND DISPLACEMENT OF C.0.M

Ex. From a uniform circular disc of mass M and radius R, a small disc of
. R, .
radius s removed such that both have a common point of tangency

on the x-axis. Find the position of centre of mass of the remaining 0.0
portion from the centre of the original disc.

Sol. Given, (7' ]
Mass of the original disc = M
Radius of the original disc = R

S R-~]

Radius of the smaller disc that is removed = %

Since both the discs are uniform and circular, the centre of mass of both
the discs will lie on their respective centres. M-m
Thus, Centre of mass of original disc = (0, 0) 0,0)

Xom0)

Centre of mass of smaller disc = (%, 0)

Let be the area density of the disc.

Mass of the smaller disc is as follows:
R M R?
m=0oXm(:)?=—XTmX—
2 TtR 4
M
m=—
4

Now, since the remaining figure is also symmetrical about the x-axis, the
centre of mass of the new figure will lie on the x-axis.

Let the coordinates of the new centre of mass be (Xcom, 0).

Since some mass is removed, we have to take the removed mass as
negative in the formula.

Let x1 and x2 be the x-coordinates of the centre of masses of the original
and removed part respectively.

M_R
X _ Mxq+(—m)x, _ (Mx0)=(7%3)
com T Me(-m) M-3
_ R
Xcom = _E

Therefore, the center of mass of the new figure is, (— E, 0).

Ex. Find the position of centre of mass of the section with uniform
mass distribution as shown in the figure.

Sol. In this figure, a square of side a has been removed from the
larger square of side 2a. Since both the squares are uniform,
their centre of masses lie on their respective geometric centres
as shown in the figure.

Co=(aa)
3a 3
=&
Let M be the mass of the original larger square and m be the y
mass of the smaller square.

Let be the area density of the section.

M M

0=z~ 12
Mass of the smaller disc is as follows. 2a

2 M 2 _M
m=0¢Xa‘“=-—Xa‘“=—
4232 4

M

m=—

4

0
Let (Xcom, ycom) be the centre of mass of the given figure. (0,0)
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Since some mass is removed, we have to take the removed mass as negative in the formula. Let (x1,
y1) and (x2, y2) be the coordinates of the centre of masses of the original and removed part

respectively.
M_3
o o MxtCmpg (Mxa)-(x5)
cam M-+(—m) - M—%
_ 5a
Xcam = 6
M_3
_ Myi+(-myy, _ (Mxa)-Gx3)
Ycom M+(—-m) M—%
__5a
Yeom = 6

: . . . 52 5
Therefore the coordinate of the center of mass of the given figure is (?a, Za)

Ex. Find the centre of mass of a uniform plate having semicircular
outer and inner boundaries of radius R1 and R, respectively.
Sol. Given,
Outer radius = R1
Inner radius = Rz
Consider an elemental plate of mass dm and thickness dr at a
radius r as shown in the figure.
Let be the area density of plate.

o= M
=
> (RE-RY)

0%,
Mass of the smaller plate is,

2M
m = o X rdr = ———- X 1trdr
dm = o X mrdr = ey X mrd |00 x
2Mrxdr
dm = ——;
RI_RZ

Since the plate is symmetrical about the y-axis, the centre of mass of the plate lies on the y-axis. Let
the centre of mass be (0, ycom).

Veom = ﬁf ydm; where, y = Centre of mass of the elemental plate = %

Ry
_ 1f 2r  2Mrxdr _ 4

Yeam = M —

Ry 2
X = wpe < Jr, AT

2
_ 4 r3Re _ 4(R3-RJ)
Yeam = Smz_rg) [?]RZ = Yeam = 3h(RiR3)
. . 4(R3-R3)
Therefore, the centre of mass of the given plate is, (0, ———= .
3n(R{-R3)
Displacement of Centre of Mass

In a system containing n particles with masses m1, mz ... mn and their respective position vectors

- o -
T1, T2 e eee , T, the position vector of the center of mass is given as follows for each respective
particle.
- - - - n -
- _ myri+mprp+mzrz+--..+mprp _ Zi=1miri 1
Fecom = ma+ - n ) ( )
1+my+mg+-..+my Dizq M

- -
If the system is in motion, consider the following v .., and a.,, represent the velocity and
acceleration of the system's center of mass, respectively.
Differentiating equation (1) with respect to time t, we get,

& & & & a3
ry r r3. . I'n noLari
i(; ) = Mg FM27gqp *M3gqe +-+Mn7gqp _ 24 Migp
dt ~ com mp+my+mz+-..+mp Zrllmi
- - - - n_ -
- MgV My Vo mg Vet tmp vy Dg MiVj
Veom = - n
m+my+mz+e.+my >, mj
n -
5’ _ 2, mjaj
com n
2y mj
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Ex.

Sol.

\ 1L
In \K/
C
sys
X
\"":\
i p——
~h
@m,

In a system consisting of n particles with masses m;, m,, .., mdisplaced by A;l, A?z, . AFnrespectively,

the change in position vector of the centre of mass is given as follows:

- - N BN n -
- MIAT + My AT+ M3 AT 3+ b ATy Do MGAT
ArCOm = = n
my+my+ma+e-..tmy i Mi
AL
-

y

A stationary pulley carries a rope whose one end supports a ladder hanging with
a man and the other end supports a counterweight of mass M. A man of mass m
climbs up a distance lo with respect to the ladder and then stops. Neglecting the
mass of the rope and the friction in the pulley axle, find the displacement (1) of
the centre of mass of this system.

Given, Mass of the man = m

Mass of the counterweight = M

For the system to be in equilibrium, Mass of the ladder = Mass of the
counterweight - Mass of the man = M - m

Distance climbed by the man with respect to the ladder = 1o

Let 1 be the displacement of the centre of mass of the system.

As the man climbs up the ladder, the ladder also moves down and the
counterweight moves up.

Let the ladder move x distance down, resulting in the counterweight moving x
distance upwards. The change in the position of centre of mass is given as follows:

AT = MyAT1+MAT 2+ m3AT 5
com mj+my+ms
m,; = Mass of the counterweight = M
m, = Mass of the ladder =M —m
m3; = Mass ofthe man = m
AT = M@0 +M-m)(=x)+m(lg=x) ;
com M+(M—m)+m
A;‘.C()l"l’l = r;l_;: j
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