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CENTRE OF MASS
2010

1. thecentreof massof asystem of three particle of masses 1 g, 2g and 3g istaken astheorigin of
a coor dinate system. The position vector of a fourth particle of mass 4g such that the centre of
mass of the four particle system liesat the point (1, 2, 3) isa(f+ 2]+3IA<) , Whereo isa constant.
Thevalueof « is
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2. Anobject placed on aground isin stable equilibrium. If the object isgiven a dight push then
initially the position of centre of gravity
a) Moves nearer to ground b) rises higher above the ground
C) remains as such d) may remain at same level

3. Two bodies of different masses of 2kg and 4kg moving with velocities 2ms™ and 10ms™

towar ds each other dueto mutual gravitational attraction. What isthe velocity of their centre
of mass?

a) 5ms™ b) 6ms™ c)8ms™ d) zero

2006

4. A small disc of radius 2cm is cut from a disc of radius 6cm. |f the distance between their
centresis 3.2cm what isthe shift in the centre of mass of the disc

a) 0.4cm b) 2.4 cm c) 1.8cm d) 1.2cm
5. Find the velocity of centre of mass of the system shown in thefigure
y
1kg 2ms™
x 2kg 30°

2ms™

y[2r 23 )25 b) 4
3 3

c)(2+§\/§JiA—%] d) none of these

6. A straight rod of length L oneof itsends at the origin and the other at x = Lx. If the mass per
unit length of therod isgiven by Ax here A is constant, whereisits mass centre

a)L/3 b) L/2 c) 2L/3 d) 3L/4
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7.

A ladder isleaned against a smooth wall and it isallowed to slip on africtionlessfloor. Which

figurerepresentsthetrack of its centre of mass?

b)

8. Acricket bat isat thelocation of its centre of mass as shown then
== CEEENER B s S |
a) the two pieces will have the same mass
b) the bottom piece will have larger mass
c) the handle piece will have larger mass
d) mass of handle piece is double the mass of bottom piece
2004
9. Consider a system of two particles having massesandm, . If the particle of mass m is pushed
towar ds the mass centre of particlethrough a distance d, by what distance would the particle
of mass m, moves so as to keep the mass centre of particle at the original position
L S b Mg o) d d)Teg
m +m, m, m
10. Thecentreof mass of a system of two particles divides the distance between them

a) ininverseratio of square of masses of particles
b) in direct ratio of square of masses of particles
c) in direct ratio of square of masses of particle

d) ininverse ratio of masses of particles

KEY

Db | 2b | 3d | ©a | 5a | b | hc | 8d | 9b |10c
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Then coordinates (X, y, z) of masses 1g, 29, 3g and 4g are

()(:l:O’yl:O’Z].ZO) (XZZO’yZZO’ZZZO)
(%=0,¥,=0,2=0) (x,=a,y, = 20,2, = 30)
mX, + MX, + MyXs + My X,
m+m+m+m,
B 4o
C1+2+3+4

Xem =
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_ my, +my,+my,+m,y,
m+m,+m,+m,

_ 4x2ax
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m +m, +m, +m,
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In stable equilibrium, the centre of gravity of object lies at minimum height from ground. Asthe
object is given aslight push, its centre of gravity rises because it comes in unstable equilibrium
As gravitational forces of attraction are mutual, centre of massis not affected (in the absence of
external force). Velocity of centre of massis zero

L et radius of complete disc is aand that of small discisb. Also let centre of mass now shiftsto O,
at adistance x, from original centre

The position of new centre of massis given by
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X = —onh’x,
M ona® - onh?
Herea=6cm, b = 2cm, x =3.2cm

—oxm(2)*x3.2
Hence Kow = 2 _ 2
) o XX (6)"—oxmx(2)
_128
32
=-0.4cm

Here m =1kg, v1:2iA

m, = 2kg, v, = 2c0s30°% —2sin30°
My, + MV,
Veu =—————
m +m,
_ 1x2i +2(2c0s30%i —2sin30° )
1+2
_21+23i-2]
3
_£2+ 2\/§]¢ 2

|__
3 SJ

Let of the mass of an element of length dx of the rod located at a distance x away from left end is

% dx . The x-coordinate of the centre of masis given by
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ﬁ LL x(% dxj

They-coordinateis Y, = ﬁ jy dn=0

And similar, Z, =0

Hence the centre of massis at (%O OJ or at the middle point of therod, ieat %

The track of the centre of mass of ladder will be as shown in the figure

N

The system of two given particles of masses m and m, are shownin figure

Initially the centre of mass r,, = mr + M
m+m,

When mass m moves towards centre of mass by a distance d. then let mass m, moves a distance
d” away from CM to keep
So, 1, = M=)+ M +d)
m +m,

Equation egs (i) and (ii), we get
mr +m, — ml(r1_d)+mz(r2+d,)

m+m m +m,
-My

=-md+md =0=>d’
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