CENTRE OF MASS

Point at which weight of the body is concen-
trated is called ‘centre of gravity’.

Point at which entire mass of the body appears
to be concentrated is called ‘centre of mass’.
Centre of mass undergoes translatory motion,
when a constant resultant force acts on the body
and itrepresents the motion of the entire body.
Centre of mass obeys newtons laws of motion
At the centre of mass actual mass needn’t be
present.

Internal forces can’t produce acceleration in
centre of mass.

Location of centre of mass is independent of co-
ordinate system.

Inuniform gravitational fields and for small bodies
centre of mass and centre of gravity coincide.
Coordinates of C.M. ofa system of particles

m, (X,y,2,), my(X,y,Z,

cm m, +m, +....
my, +m,y, +....
Yem m, +m, +.....
m,z, +m,z, +.....
Z =
cm

In vector notation

o Ymn A

Fom where s, = xi + y,i +z,k

Velocity of centre of mass is

total momentum

total mass
Acceleration of centre of mass is

net force

a = =
M total mass

To asystem of particles ml(xlyl), mz(xzyz)

another particle of mass m, is added so that

centre of mass shifts to the origin then coordi-
nates of third particle are

CONCEPTUAL QUESTIONS
1.

_ (mx, +mx,) _ (my, +my,)
%3 Y3
m, m,

To acircular disc of radius Rl another ofradius

R2 and of the same material is added then shift

2
R, R, +R;)
R’+R,
From a disc ofradius R a disc of radius ris
removed from one end. Then shift in its centre

> (R —r)
R -1’
Out of a uniform solid sphere of radius R, if a
sphere of radius r is removed, then the shift in
r (R — r)
centre of mass is m

inthe CM is X =

ofmassis x=

In case oftwo bodies, the ratio of distance of
centre of mass from the bodiesis in the inverse
ratio of their masses. If m, and m, are masses
oftwo bodies separated by adistance ‘d’ then

m,d

X, = ,X,=
L m +m, 2 m +m,

m,d

X, , X, are the distances of CM, fromm , m,

Centre of massisa

1. point  2.mass 3.vector 4.scalar
Centre of mass does notdepend on

1. masses of particles

2. position of particles

3. internal forces 4. external forces

The moon moves around the earth in circular
orbit and earth moves around the sun in an ellip-
tical orbit. The Centre of mass of earth—-moon
system moves around the sun in

1. acircular orbit 2. an elliptical orbit

3. hyperbolic path 4. parabolic path

A cricket ball is thrown upwards by a spin
bowler

1. the path of'the particle on the surface ofthe
ball is a parabola

2. the path of the Centre of mass of the ball is a
parabola

3. the path of a particle on the surface is com-
plex one

4. 2 and 3 are correct
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10.

11.

12.

13.

When a force is applied on a body, Newton’s
second law is applicable to

1. Centre of mass 2. any part of the body
3. centre of gravity 4. None

Centre of mass of the earth—-moon system lies
1. onthe surface of earth

2. on the surface of the moon

3. within the earth

4. atthe mid—point of the line joining their centres
A wooden sphere and a copper sphere of same
radius are kept in contact with each other. Their
centre of mass will be

1. attheir point of contact

2. within the wooden sphere

3. within the copper sphere

4. outside the spheres

There are five bodies with their centre of mass lying
on x—axis. Then their combined centre of mass

1. lies only y—axis 2. lies on z—axis

3. lies on x—axis 4. may be anywhere
Three identical spheres each of radius r are placed
touching each other on a horizontal table. The
centre of mass of the system is located.

1. at one of the centres of the spheres

2. atthe mid point joining the medians of any two
spheres

3. at the point of intersection of the medians of
the triangle formed by the centres of the spheres
4. atthe mid point of a median of the triangle
formed by the centres of the two spheres.

Two balls are thrown at the same time in air,
while they are in air, the acceleration of their
centre of mass

1. depends on masses of'the balls

2. depends on the direction of motion of the balls
3. depends on speeds of the balls

4.1s equal to acceleration due to gravity

1
Acylinder is completely filled with water. If n thof

the volume of water leaks out, its centre of mass
1. moves up 2. moves down

3. does not change 4.movestowards onewall
TheNa" and CI™ ions which are initially at cer-
tain distance apart start moving towards each
other dueto mutual attraction. As they are mov-
ing nearer, their centre of mass

1. shifts nearertoNa' 2. shifts nearer to CI”
3. remains in the same position 4. none
Consider a two particle system with the par-
ticles having masses m and m,. Ifthe first par-

2
ticle is pushed towards the centre of mass

through a distance ‘d’, the distance by which
the second one should be pushed towards the
centre of mass to keep the centre of mass at the
same position is

m,d m,d m,d
1.d 2. . .

m, m, m, +m,

KEY

.1 2.3 3.4 4.4 5.1
6.3 7.3 8.3 9.3 10.4
11.2 12.3 13.4

LEVEL -1

10gm., 30gm and 60gm are at 20cm, 40cm and
80cm on light metre scale. The position ofthe
centre of mass of the system is

1. 0 2.62cm 3.74cm  4.100cm
A system consists of two masses connected
by a massless rod that lies along x—axis. The
distance of centre of mass from O is

m, =0.4kg m,=0.6kg

0O X X X
X, = 2m x2=7m
m; =04kg m,=0.6kg
O X % X
X1=2m 112=Tm
1. 0 2.2m 3. 5m 4. Tm
The distance of centre of mass from ‘0’ is
Skg 4kg okg
00 0 0
0.3m 1m
Skg kg 6 kg
21
0 3m lm
1. 0.2Im 2.0.35m 3.0.42m 4.0.48 m

Coordinates of centre of mass of the following
system are

=L
0 0 0
mi0, tn 3m
origin ==L =2L
1. (0,0) 2. (L, 0)

3.(1.33L,1.67L)  4.(1.33L,0.167L)
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5. Thecoordinates of centre of mass in the figure are LEVEL - 11
1. Four bodies of masses 1,2, 3, 4 kg respectively
yimm) are placed at the comers of a square of'side ‘a’.
| gkg| Coordinates of centre of mass are
2 e —
[ e vy
L T _[P_ o 4kg a 3kg
HE L xm)
o 1 2
a a
1. (0,0)2. (1,1) 3. (1,1.5) 4.(1,1.25)
6. A 1000kg automobile is moving along a straight
highway at 10ms™'. Another car with mass lkg a 2kg X
2000kg and speed 20ms ™! is 30m ahead of
the first. The position of the centre of mass of 1 (E,ﬁj b (2,7_‘1)
the system from the first is 10 2 (210
1. 0 2. 10m 3.20m 4.30m
7. Inthe above problem the velocity of centre of (i , 3—aj Ta 3a
mass of the system is 3.\2 10 4. (10" 2
1. 142 ms ! 2 15ms ! 2. Auniform wire is bent into the form of a rect-
1 1 angle of length L and width W. The coordi-
3. 18.5 ms 4. 16.7ms nates of'its centre of mass are
8. A 2kg body and 3kg body are moving along
the x—axis. At aparticular instant the 2kg body Y
is Im from the origin and has a velocity of 3
ms| and 3kgbody is 2m from the origin and W
has a velocity of —1 ms |, The position ofthe
centre of mass of the system is o C <
I.Im 2.1.6m 3.22m 4.0
9. Inthe above problem, the velocity of centre of I
mass of the system is 1. (0,0 2. (Ea W)
1.0 2.0.6ms "
1 1 w LW
3.1ms 4.1.8ms 3. (L,?J 4 (E’?j
10. Intheabove problem the momentum ofthe cen- i
re of mass of the system is 3. The coordinates of centre of mass of'the sys-
-1 1 tem in the figure are
1. 6kgms 2. 9kgms
3. 3kgms ! 4.0 g S
11. A 4kgmass travelling at 6 ms! along the x— 5
axis collides with a stationary 2kg mass atrest. =
The velocity of centre of mass of the system is 3cm
1.0 2.6ms' 3. 3ms! 4.4ms
vekg dem lkg
KEY
1.2 23 3.4 44 54 1.(1.3, 1.5) 2. (25,32
6.3 7.4 82 9.2 10.3 3.08,1.4) 4. (0,0
11.4
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4. The coordinates of centre of mass ofthe system 9. A bomb of mass ‘m’ at rest atthe original of
in the figure are coordinates explodes into three equal pieces.
Ata certain instant one piece is on the x—axis
10kg at x=40cm and another is atx=20cm, y=—60cm.
The position of the third piece is
Fin Im 1. x=60cm, y=60cm
2.x=-60cm, y=—60cm
3. x=-60cm, y=60cm
22 (0.0 o Ske 4.x=60cm, y=—60cm
1. (0433, 065) 2. (065, 0433) 10. The distance between carbon and oxygen at-
3. (0.65,0.51) 4. (0.5, 0.65) oms in carbon monoxide moleculeis 1.12 4°.
5. Ifthree particles of masses 2kg, 1kg and 3kg The distance of the centre of mass of the mol-
are placed at corners of an equilateral triangle ecule from the carbon atom is
of perimeter 6m then the distance of centre of 1. 0.48A° 2. 0.56A° 3.0 4.0.64A°
mass of particles from 1kg mass is (approxi- 11.  Inequilibrium, the potassium (39) and iodine
mately) (127) atoms of KI are separated by approxi-
| mately 3A°. The centre of mass of KI from
—m potassium is
L T6m 2 m 3 h2m 1. 1.2A° 2.2.13A° 3.2.28A° 4.1.8A°
6. Twoidentical thinuniform rods oflength .each are 12.  The separation between hydrogen (1) and chlo-
joined to form T shape as shown in the figure. The rine (35) atoms in the hydrogen chloride mol-
distance of centre of mass from D is ecule (HCI) is about 0.13nm. The distance of
C centre of mass of HCI molecule from hydro-
A B gen atom is
1. 0.126 nm 2. 0.11lnm
3. 0.128 nm 4. 0
13.  Twocircular plates of radii 8cm and 6¢m are
cut fromauniform metal sheet. They are placed
b side by side, touching each other lying in the
same plane. The position of the centre of mass
of the system from the centre of the larger
L 3L dics is
1.0 2.4 34 4L 1. 408 cm 2. 5.4cm
7. The distance of the centre of mass of the T— 3. 5.04cm 4.6.2cm
shaped plate from ‘O’ is 14. Three identical spheres each of mass ‘m’ and
radius ‘R’ are placed touching each other so
_}n%\’_ that their centres A, B and C lieon astraight
\ line. The position of their centre of mass from
%m b Sl A i centre of A is
*
=3¢ ¢ 3¢ 122, 2R P
. 3 3 3
A : 15. Three identical spheres each of mass 1kg are
B * placed touching each other with the centres on
T : astraight line. The centres are marked as A, B
1. 7m 7 2.7rr21m 3 4m 4.1m and C respectively. The distance of centre of
8. The coordinates of a centre of mass of a sys- mass from Ais
tem having masses 2kg (3, 2), 3kg (1, —4) and AB+ BC AB+ AC
4kg (-3, 5) are 3 2.7 3
(l,iJ (i,lj (—_l,ij (i,—_lJ AB+ BC AB+ AC
1.332.33 3.334.33 5 4. 5
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16. Arigid body consists of a 3kg mass located at || 24. Two particles A and B of masses 2kg and 3kg
E —@i+5)m and a2kg mass located at are atrest separated by 10m. If they move
i towards each other under a mutual force of
r2=(4f + 2}) m. The position of centre of mass is attraction, the distance of the point from the
initial position of A where they meet is
L BBy D 1.5m 2.4m 3.6m 4. 8m
S S S S 25. Two particles having masses m and 2m are
19, 14~ travelling along x—axis on a smooth surface
3. ?1 * ?]m 4.0 with velocities u,and u, collide. If their veloci-
17.  Two charged particles of masses m and 2m are ties a.ft'er COIIISlf)n are v, andv,, then the ratio
placed at a distance d apart on a smooth hori- Vel(?C‘ltle'S of their centre of mass before and after
zontal table. The position of centre of mass from collision s
lighter oneis 1. 2:1 ' 2.2:33.1:1 4.1:2
26. Two particles of masses 4kg and 6kg are at
1.0 7. d 3 2d 4 d rest separated by 20m. If they move towards
3 3 each other under mutual force of attraction,
18.  Two charged particles of masses m and 2m are the position ofthe point where they meet is
placed at a distance d apart on a smooth hori- 1. 12m from 4kg body
zontal table. Because of their mutual attrac- 2. 12m from 6kg body
tion, they move towards each other and collide. 3. 8m from4kg body
Where will the collision occur from lighter one? 4. 10m from 4kg body
d 2d
1. 0 2. E 3. ? 4. d KEY
19. Two boats of masses 400kg and 500kg are é g § ; ; ; 3 g f624
connected by a long rope. A boy of mass 1'1 3 1'2 | 1'3 3 1;‘ ) 15' )
50kg in the first boat pulls other boat by 16‘ ) 17' 3 18' 3 19' ] 20' N
means of arope with a force 950N. With 21' 1 22' ) 23' N 24' 3 25' 3
what acceleration does the centre of mass of the 5 6' ) ' ' ' ’
system of boats move? '
1.0 2. 1m/s 3. 2mis? 4.0.5 m/s’ 1. The coordinates of masses are 1(0,0),2(a,0)
20. In a system of'two identical particles, one of 3(a, a) and 4 (0, a).
the particles is atrest and the other has an ac-
celeration a, then the centre of mass has an X = Zmixi v = ZmiYi
acceleration om Z m, " Zmi
1. 0 2. %2a 3.a 4. 2a
21. Aboyofmass 50kg is standing at one end of a L W
boat of length 9m and mass 400kg. He runs to 2. Coordinate of centre of mass are (E’ 7)
the other end. The distance through which the
centre of mass of the boat boy system moves is
1. 0 2. Im 3. 2m 4.3m "
22. Aboyofmass 50kgis standing atone end ofa W
boat oflength 9m and mass 400kg. He runs to
the other end. The distance through which the L
boatmoves back is 3. The coordinates are % (0,0), 1(4,0) and 1.5
1. 0 2. Im 3. 2m 4.3m
23. A boatofmass 60kg is floating in still water. A 0.3) X, = 2 mx, Y = 2. m;y;
boy of mass 20kg walks from one end to the (0,3) Sem Zmi o Zmi
other end. Ifthe length of the boat is 3m, the 4. See problem 3.
distance through which the boat moves is 5 Take 1k t th . d caleulat
. g mass at the origin, and calculate
I Im 2.0.75m 3. 0.5m  4.0.9m the coordinates of c.m. and find the distance
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L 24. Equal to the distance of ¢.m.
6. c.m. islocated ata distance 2 from ¢ 25. The velocity of e.m. of particles in a closed
system does notdepend upon individual ve-
L L 3L o . . . .
distance from D = . n 3= locities of particles in a collision
7. Moment are equal about c.m., and mass is 26. x=X= 6 20 {x L ) AB)
proportional to area 4+6 m, +m,
LmX =myX,
LEVEL — 111
8 x 2x = 6 x 2(4—x) (or) X = E 1. A circular disc of radius 2Qcm 1S cut.from one
7 edge ofalarger circular disc of radius 50cm.
12 19 The shift of centre of mass is
c.m. from O = e +1= —m 1.57cm 2.(-5.7cm)3.3.2cm 4. -3.2cm
2. Acircular plate has a uniform thickness and has
Z:mi X; Z:mi \ a diameter 56cm. A circular disc of diameter
8. Xem= Zm Y om = Zm' 42cmis removed from one edge of the plate.
' ' The distance of the centre of mass of the re-
- N maining portion from the centre of mass of the
9. n =40i :
i plate is
- > > -, 1. 18cm 2. 9cm 3. 27cm 4. 4.5cm
r, =201-60 ;- 3= 3. A uniform disc ofradius R is putover another
N uniform disc of radius 2R of same thickness and
n+n+r =0 density. The peripheries of the two discs touch
R L . R R each other. The position of their centre of mass is
60i-60j+1, =0 (Of) r, =-60i+60 R ' _
. X=—60cm; y = 60cm 1. at 3 from the centre of the bigger disc
m towards the centre ofthe smaller disc
10 Xc = +0 ‘xw R
M, +m, 2. at 5 from the centre of the bigger disc to-
11. See problem 10 _
12.  Seeproblem 10 wards the centre of the smaller disc
2R
r, ’ 3. at —from the centre of the bigger disc
13. x="7 , (r;+1) S
notro towards the centre of the smaller disc
AB+AC 2R+4R _6R 4. None . ,
14. X= 3 = 3 = 3 =2R 4. Froma sphere ofradius 1m, asphere of radius
0.5m isremoved from the edge. The position
15. Seeproblem of centre of mass of the remaining portion from
. - - centre of the sphere is
16, 1, =T 13 16 14 1
m; +m, 1. Zm Z.Em?). Em 4.Hm
17. See [')r'oblem 10 5. From auniform circular plate of radius R, a
18. Cou1§10n occurs at ¢.m. . circular plate of diameter R is removed such
19. Position of c.m. remains stationary
20 m, a, +m,a, that the centre of the hole is at a distance 3
La = T
om m, +m, from original centre. Shiftin centre of mass is
21. c.m.of the system remains stationary R R R R
22. (400 +50)d =50x9 1. — 2. — 3.— 4.—
6 14 9 3
23.  Seeproblem 22
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10.

As shown in figure from a uniform rectangular
sheeta triangular sheetis removed from one
edge. The shift of centre of mass is

30 cm

20 cm

e B0om o |

1. 42cm 2. 4.2cm 3.6.67cm 4.—6.67 cm
Half of the rectangular plates oflength 1 as shown
in the figure is made up of a material of density
p and the other half of density 3 p. The dis-
tance of centre of mass from O is

PR - S
—1i2—
i 3 ¥ 3p
1. 0 2 l 3 é1 4.1
) 3 -3 .

A machine part is shown in cross section in
figure consists of two homogenous solid, co—
axial cylinders AB as the common axis. Where
is its centre of mass from A? ...inm

12
*
\l/ﬁ'Pfff;foﬁffB
2tm y 1m
\L‘:— EAIZIm —_
L2 s
"7 "7 "7 7

The mass of a uniform ladder oflength 5mis 20
kg. Aperson ofmass 60kg stand on the ladder
ataheight of 2m from the bottom. The position
of centre of mass of'the ladder and man from
the bottom is

1.1m 225m 3.35m 42.1m
Onalarge tray of mass M, anice cube of mass
m, edge Liskept. Ifthe ice melts completely,
the centre of mass of the system comes down by

mL (M —m)L
LS+ m) 2M +m)
(M +2m)L ML

2(M +m) & oM +m)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Iftwo particles of masses 3kg and 6kg which
are at rest are separated by adistance of 15m.
The two particles are moving towards each other
under a mutual force of attraction. Then the
ratio of distances travelled by the particles be-
fore collision is

1.2:1 2.1:2 3.1:3 4.3:1

In the above problem, theratio of accelerations
acquired by the particles is

1.2:1 2.1:2 3.1:3 4.3:1
In the above problem, the ratio of velocities
acquired by the particles before collision is
1.4:1 2.1:2 3.1:94.2:1
Iftwo particles of masses 3kg and 6kg which
are at rest are separated by a distance of 15m.
The two particles are moving towards each other
under a mutual force of attraction. Then the ra-
tio of final momenta of two particles before
collision is

1.2:1 2.1:3 3.1:1 4.1:2
Masses 8,2,4,2kgare placed at the corners
A, B, C,D respectively of asquare ABCD of
diagonal 80 cm. The distance of centre of mass
from A is

1. 30cm 2.15cm  3.40cm4. 60 cm
Three particles each of mass 2kg are at the
corners of an equilateral triangle of side \3m.
If one of the particles is removed, the shift in
the centre of mass is

1. 0.2 2.05 3.04 4. 0.3

A uniform rod of length one metre is bentat its
mid point to make 90°. The distance of centre
of mass from the centre of the rod is

1. 20.2 cm 2. 13.4cm

3. 15 cm 4.17.68 cm
Auniform thinrod of length 1m and mass 3kg is
attached to a uniform thin circular disc of radius
30cm and mass 1kg at its centre perpendicular to
its plane. The centre of mass of the combination from
the centre ofdisc is

1. 0.375m 2.0.25m 3.0.125m 4. 0.475
A dog weighing Skg is standing on a flat boat so
that heis 10 metres from the shore. He walks
4m on the boat towards the shore and then
hatts. The boat weighs 20kg and one can as-
sume that there is no friction between it and
water. The dog from the shore at the end of this
time is

I.34m 2.6.8m 3.12.6m 4. 10 m
A man weighing 80kg is standing on a trolley
weighing 320 kg. The trolley is resting on friction-
less horizontal rails. The displacement relative to
ground after 4s, if the man starts walking on the
trolley alongtherails at a speed of Ims . is
I.1.6m  2.2.8m 3.32m 4.4.6m

A circular plate of diameter ‘a’ is kept in
contact with a square plate of side ‘a’. The
density ofthe material and the thickness are the
same every where. The centre of mass of the
system will be
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1. at the point of contact of the bodies
2. inside the circular plate

3. inside the square plate 4. outside the system

27.

Figure shows a square plate of uniform thick-
ness and side length ./ m. One fourth ofthe

22. Four identical planks each oflengths ‘L’ are plate isremoved as indicated. The distance of
arranged one above the other over a table as centre of mass of the remaining portion from
shown. Each projects a distance ‘a’ beyond the centre of the original square plate is
the edge of the one thatis below it. Whatis the
maximum possible value of ‘a’ for the system 9)
to be in equilibrium without tripping forward?

[.13m 2. 12m 3.1/6m 4. 1/8m
E = 28. Two spheres made of copper have radii ‘r’and
% ‘2r’. They are arranged to touch each other.
1. L/5 2. 1J4 3. L3 4. L The distance of the centre of mass of the system
23. Twomasses ‘m,’ and ‘m,’ (m >m,)are con- from the point of contact of the two spheres is
A ; . 1. 32 2. 51/3 3. 81/3 4. 2r
nected to the ends of'alight inextensible string : o o
. 29. Two particles of masses “p” and “q” (p>q) are
which passes over the surface of a smooth separated by a distance “d”. The shift in the
fixed pulley. If the system is released from centre of rzass when the t\‘)vo articles are
rest, the acceleration of the centre of mass of . hanoed i p
the system will be (g=acceleration due to gravity) antzr((;)fgig? (I;S Q) 2. d(p-q)/ (p+q)
g (m, -m,) g (m, -m,)’ 3. dp/(p—9) 4. dg/ (p—a)
(m, +m,) (m, +m,)* 30. A force of 15N is acting on a particle .ofm.ass
3kg towards north and a force of 20N is acting
g(m, +m,) g(m, +m,) on another particle of mass 2kg towards east.
(m, —m,) (m, —m,) The acce}eratmn of ‘Fhe centre of mass of the

24. Three identical particles each of mass 0.lkg two part;cle system 12S )
are arranged at three corners ofa square of 1'. 7.m/ S 2.5 m/s 3.1m/s*  4.Zero
side 7 m. The distance ofthe centre of mass 31. Six identical particles each of mass % kg are

. arranged at the corners of aregular hexagon
from the fourth corneris of side length 2m. If one of the particles is
1. 2/3 m 2.43m 3 . Im 4.8/3m removed, the shiftin the centre of mass is

25. ABCD isasquare of side “L”. Two masses 1. 1/10m 2. 1/12m 3.1/14m  4.1/Sm
cach of lkg are placed atthe corners C and || 35 Tyq particles of masses 1kg and 2kg are sepa-
D. Where should amass of 2kg be plac§d, rated by a distance of 60cm. If the 1kgparticle
SO that .the centre of mass of the system coin- moves towards the 2kg particle over a distance
cides with the centre of the square? of 15cm, the shift in the centre of mass will be
1. atthe corner A 2. at the corner B 1. 5em 2 10em3.7.5cm 4. 15cm
3. atthe m%d Po}nt of AB 33. A uniform hemisphere has radius ‘R’. The
4.at t.he m}d point _OfAC centre of mass lies on the line perpendicular to

26. Two identical particles each of mass ‘m’ are its base. The height of the centre of mass
projected from points A and B on the ground above the centre of the base is
with same initial speed ‘v’ making an angle ‘0’ 1.3R/S 2. R/2 35R/S 4. 3R/4
as shown in the figure, such that their trajecto- 34. Two bodies of masses (M+m) and (M-m)
Ties are in the same vertical pl.ane. The initial are connected to the ends of alight inextensible
velocity of the centre of mass is string and the string is laid over a smooth fixed

pulley. The system is released fromrest. The
- velocity of the centre of mass of the two body
A E system ‘t’ seconds after the release is
. . 2 2
I.ucos® 2. 2ucos03. usin® 4. 2usin 0 1_gt% 2,2gt% 3_gt% 4 Zero
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35.

36.

37.

38.

39.

Two bodies of masses ‘m1 >and ‘mz’ are mov-

ing with velocity ‘v,” and ‘v, respectively in
the same direction. The total momentum of the
system inthe frame of reference attached to the
centre of mass is (v isrelative velocity between
the masses)

m,m,v 2m,m,v

. ——— 2. —— —
m; —m, m, +m,
4m m,v

3. zero 4, — —
m, +m,

A circular hole of radius ‘r’ is made in adisk of
radius ‘R’ and of uniform thickness ata dis-
tance ‘a’ from the centre of the disk. The dis-
tance of thenew centre of mass from the origi-
nal centre of mass is

ar
1. 2 2. 2
a(R* —r? a(R* —r?
3. —( 5 ) 4.( 5 )
r R

A smooth string passes over a fixed light pulley
and masses lkg and 2kg are tied to the two
ends ofthe string. The system is held atrestand
then released. The centre of mass of the system
1. remains in the same position

2. moves down 3. moves up

4. first moves up and then moves down

Four identical particles each of mass 1kg are
arranged at the corners of a square of side

length 2,/p m. If one of the particles is re-

moved, find the shift in the centre of masses?
1.8/3m 2.43m 3.23m 4.2m

Two particles of masses 0.2kg and 0.3kg are
initially at a distance 1.5m apart. The 0.2 kg
mass is moved towards the 0.3kg mass over a
distance of 30cm. By how much distance the
0.3kg mass is to be moved towards the 0.2kg
mass, if the centre of mass ofthe system is to
remain at the original position?

1. 0.6 2.0.72 3.0.12 4.0.36

40.

41.

42.

43.

44.

45.

46.

Two particles of masses 2kg and 3kg are at a
distance of Smapart. Ifhalf ofthe mass of the
lighter particle is removed fromitand added to
the heavier mass, the shift in the centre of mass
1.3m 2.4m 3.1lm 4.0
Four identical particles each of mass ‘m’ are
arranged at the corners of a square of side
length “/”. If the masses of the particles at the
end ofa side are doubled, the shift in the
centre of mass of the system?

[ / / /
1.4\/5 2'6\/5 3.\/5 4.5\/5
Six identical particles each of mass ‘m’ are ar-
ranged at the comers of a regular hexagon of side
length “L”. If the mass of one of the particles is
doubled, the shiftin the centre of mass?

1. L 2.6L/7 3.L/7 4.L/\3
A bomb shell of mass 3kg is moving with a
velocity of 10m/s on the ground. Suddenly it
explodes in to two pieces of masses lkg and
2kg. The 2kg mass continues to move in the
same direction with a velocity of 8 m/s. The
velocity of the centre of mass ofthe bomb after
the explosion?

1. 8m/s 2.16m/s 3.10m/s 4.2m/s
Three particles each of mass ‘m’ are arranged
at the corners of an equilateral triangle of side
“L”. If one of the masses is doubled, the shift in
the centre of mass of the system.

L L V3L L
l.\/g 2.4\/53.7 4.2\/5
Four identical particles each of mass “m” are
arranged atthe corners of a square of side
length “L”. If the masses of the particles atthe
end of a diagonal are doubled the shift in the

centre of mass of the system?

L Lo 4L
1. NG 2. 22 3.0 4. 3
Four identical particles each of mass “m” are

arranged at the corners of a square of side of
side length “L”. If one of the masses is doubled,
the shift in the centre of mass of the system.
w.r.t. diagonally opposite mass

L WL, | !
l'\/f 2'73'4\5 4.5\/5
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47.

48.

49.

50.

51.

52.

(13 2

Three identical particles each of mass “m” are
arranged at the corners of an equilateral triangle
of side length “L”. If two of the particles are
replaced by particles of double the mass, the
shift in the centre of mass of the system is

S e
1. 2\/3 .5\/5 .3\/5 .4\/5
Six identical particles each of mass “m” are

arranged at the corners of a regular hexagon of
side length “L”. Ifthe masses of any two adja-
cent particles are doubled, the shiftin the cen-
tre of massis

1.L/8 2.N3L/8 3.\3L/16 4.\3L/4
Three identical rods each of length “L.” and mass
“m” are joined to form a U-shape as shown in
the figure. The distance of the centre of mass of

the system from the corner indicated?

X0
L L . 5L
1. 2. = 3. V3L 4.—
3 2 6 6

A thin uniform rod of length “L” is bent atits
mid point as shown in the figure. The distance
of'the centre of mass from the point “O” is

i}
i
"4 402 72 2 4 2

A thin uniform rod of length “L”” is bent at its mid
point as shown in the figure. The distance of the
centre of mass from the point “O” is

Two identical rods each of length “L” and
mass “m” are arranged along two sides of an
equilateral triangle of side “L”. The distance
of the centre of mass of the system from the

corner where the two rods meet each other is

L NEYS A NEYS

1= ). 3. 2
4 3L 4 2

53.

54.

55.

56.

57.

58.

(13 2

Three identical balls each of mass “m” are at
the vertices of an equilateral triangle of side
length “L”. If the balls move under the
influence of the mutual gravitational forces, the
distance each ball moves before meeting the
other two is

L L 2L

1. ; 2. \/g 3. \/g 4. L

A bomb is initially at rest on the ground and
suddenly explodes into two fragments of equal
masses. One of the fragments is found
moving north with a velocity of 20 m/s. The
velocity and acceleration of the centre of mass
of the bomb after the explosion are

1.20,0 2.20,g 3.0, g 4. 0,0
Two particles of mass “p” and “q” (p>q) are
atacertain distance apart. On interchanging the
position of the masses, the centre of mass of the
system is found to shift through a distance “d”.
The distance between the two particles is

. dip—9q) d(p—q)
q P
; d(p+q) d(p—q)
T pP—q pP+q

A uniform square sheet has a side length of
2R. Acircular sheetof maximum possible area
is removed from one of the quadrants of the
square sheet. The centre o fmass of the re-
maining portion from the centre of the original
sheet is ata distance of

IR I
EENCTIT Y 2 6]
e — P
- T[16 —1I1] T 16-T1

A uniform circular sheet has a radius r. A
square sheet of diagonal length equal to radius
ofthe plate is removed from one end ofit. The
distance of the centre of mass of the reminder
plate from the centre of the original sheet is

r r
L Sem-n 2 m-2]
s R
" I-3 ©2(IT-1)

A shell in flight explodes into n equal frag-
ments k of the fragments reach the ground ear-
lier than the other fragments. The acceleration
oftheir centre of mass subsequently will be
n—k n—k
(n-k)g '( )g

1. g 2.(n-k)g 3. i 4 p
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KEY il

10. Theinitial position of c.m.is x = W

1.2 2.2 3.2 4.4 5.3
and itshifts by the same

?141 1231 21333 4 ?443 }(5) } 11. Distance travelled = Distance from centre of
16.2 17.4 18.1 19.2  20.3 mass

21.3  22.1 232 242 253 1,

26.3 27.3  28.2 29.2 30.2 s, LAl a m,

31.1  32.1 33.3 34.3 353 12. g =1 " a. m. ;F=constant

36.2 37.2 383 39.3 40.3 - L

41.2 423 43.3 442 453

46.4 47.2 48.2 49.3 50.4 v, _at m, P m,v,

5.3  52.3 53.2 543 553 3. T et m 4 =

56.1 57.1 58.4

TRUE OR FALSE TYPE QUESTIONS :
HINTS 1. Consider the following statements A and B and
identify the correct answer.

A. centre of mass lie inside or outside the body
B. Mass must be present at centre of mass

1. Both A& B are true

2. A istrue but B is false

3. A isfalse butBis true

_ .2
1. Shift of centre of mass x = Rzr a

2
-r
Where r radius of removed disc
R radius of original disc
a distance between the centres

2. See problem | 4. Both A & B are false
r’a 2. Consider the following two statements A and B
3. x= R? 42 and identify the correct answer

1. The centre of mass of a system of particles
depends on forces on the particles.

2. In the absence of external force, the centre of

mass of system moves with uniform velocity

compare with problem 1
New position = R—x
4. Referproblem 1

mx, +m,x, B 1. Both A & B are true

6. O=Xem= m, +m, °’ but m=eAt 2. A istrue but B is false
3. A i1s false but B is true

—4,x, 4, x, 4. Both A & B are false

0= Ale * AZXZ (or) A, T oA- A, 3. Choose the correct statement about the centre

of mass (CM) of system of two particles.

Here A’s are areas, and x,, is the second body’s ; ..
*2 4 a. The C.M. lies on the line joining the two

centre of mass . .
particles midway between them
ex, +ex, b. The C.M. lies on the line joining them at a
7. X= e +e, point whose distance from each particle is in-

versely proportional to the mass of that particle
c. The C.M. lies on the line joining them at a
_m (AC,)+m,(AC,) point whose distance from each particle is pro-
B m, +m, portional to the square of the mass of the particle
d. The C.M. is on the line joining them at a point
whose distance from each particle is proportional
to the mass of that particle

1. ais correct 2. bis correct

m, x, +m,x, 3. ciscorrect 4. dis correct

8. IfCis the centre of mass, then

AC

and mass = density x volume
9. Massofladder acts at 2.5m
Mass of man acts at2m

SoX=
m;, +m,
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4. Consider the two statements A and B and || 7.  Studythe following
identify the correct answer LIST-1 LIST-1I

1. A wooden sphere and a copper sphere of a. centre of mass of ring €. mass is present
same radius are kept in contact with each other b. centre of mass of non f. coincides with

the centre of mass will be with in the wooden uniformrod centre of gravity
sphere. c. centre of mass of small ~ g. on the heavier side
b. Three identical spheres each of radius R are funnel
placed touching each other on horizontal table. d. centre of mass o fa h. at geometric centre
The centre of mass of the system is located at the uniform disc
point of intersection of the medians of the triangle l.a—>f;b—>ec—>gd—h
formed by the centres of spheres. 2.a—>gbohcoed>f
1. Both A & B are correct 3.a>hibogcofid—oe
2. Ais false but B is correct 4, a»e;bo>ficohdog
3. Aistrue but Bis false 8.  Study the following
4. Both A & B are false LIST—1 LIST—1I1

5. Two particles of masses m, and m, (m>m,) a. position of centre of e. at one—fourth of
attract each other with a force inversely propor- mass of a triangle maxi-mum height

from the base

tional to the square of the distance between b. Position of centre of f. at the point of inter-

them. The particles are initially held at rest and

mass of a sphere section of medians
then released. Which oneis correct. c. Position of centre of g. at the point of inter-
a. the c.m. moves towards m . .
¢ oves towards m, mass of a cone section of diagonals

b. the c.m. moves towards m d

2 . Position of centre of h. atthe centre

. the c.m. remains at rest
c. thece ¢ Sat Tes mass of square

d. c.m. moves at right angles to the line joining lLasfibohcoedog

m, and m, 2.a—g;bohcoedof
1. ais correct 2. biscorrect 3.agboshceosfidose
3. c1iscorrect 4. dis correct 4. agbo>ficoed—h
6. Match the following : A : Assertion
R : Reason
LIST -1 LIST-11

A : Both A and R are true. R is correct
explanation of A
B. Both A and R are true. But R is not

a. Position of centre of mass e. is zero

b. The algebraic sum of f. innon uniform gravi correct explanation of A
moments of all the masses  rational field C. A is true. R is false
about centre of mass o D. Both A and R are false.
¢. Centre ofmas. and g is independent of 9. A:The centre of mass of abody may lie where
centre of gravity frame of reference )
coincide there is no mass
d. Centre of mass and centre h. in uniform gravita- R Centre of mass of a body is a point, where
of gravitydonotcoincide  tional field the whole mass of the body is supposed to be
The correct match is concentrated
l.a—>e;b—>gc—>f,d—>h LA 2. B 3. C 4. D
2. a>gbe;c>fdoh 10. A:Two particles (starting from rest) move
3.aogboecohdof towards each other under a mutual force of at-
4. a>h;boe;cofidog traction. The velocity of centre of mass is zero

R : Internal forces do not alter the state of mo-
tion of centre of mass
1.A 2. B 3. C 4. D
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11.  A:The centre of mass of atwo particle system MULTI CORRECT TYPE QUESTIONS
lies on the line joining them, being closer tothe || 19.  Identify the correctstatements fromthe following
heavier particle. a. Algebraic sum of moments of masses about
R : Thecentreofmassisapoint where whole mass of centre of mass is zero o
the system is supposed to be concentrated b._ For small bodlc?s centre of mass coincides
LA 2’ B 3 C 4 D with centre of gravity.

12. A: particle. in the systfzm ofparticles hasa com- (c).rdl:rcl):zzlzl;s?eflg.entre ofmass depends on co
plex motion. But its centre of mass has d. Position of centre of mass is independent of
translatory motion mass distribution
R : The centre of mass is a point where whole 1. a&barecorrect 2. b & care correct
mass of the system is supposed to be concentrated 3. a,b & care correct 4. All are correct
1.A 2. B 3. C 4. D 20. Ifexternal forces acting on a system have zero

13.  A: The centre of mass of an isolated system resultant, the centre of mass
has constant velocity. a. may move b. may accelerate
R : The proton and electron attract and move i I:l:étgl Z;::rt;(z)\fr:ect g ?lgtcngseaggiizrcite
towards each.other. No external forfze is applied, 3: ¢ & d are correct 4: a & d are correct
therefore their centre of mass remains at rest 21. Pick out the wrong statements out of the follow-
LA 2.B 3. C 4. D ing. Inthe absence of external force

14. A : Whenaperson walks on a stationary boat a. theK.E. ofthe system of particles do not follow
in still water, centre of mass of person and boat the law of conservation of kinetic energy
system is not displaced b. the centre of mass of the system of particles
R : Internal force cannot alter the position of obey the Newton’s law of motion.
centre of mass c. the centre of mass is accelerated
1A 2 B 3 C 4 D d. the centre of mass always moves along a

15. A :Whenanexternal forceis applied atthe cen- iu;v(eélg):‘;l; wrong  2.a &b are wrong
tre of mass of a free system of particles then it 3: a, b & c are wrong 4: a, ¢ & d are wrong
undergoes translatory motion only 22.  Identifythe correct one from the following statements.
R : The torque of'the force acting at centre of a. the position of centre of mass in a co—ordinate
mass about that centre of mass is zero system does not change if aman moves from
1.A 2. B 3. C 4. D the one end to other end on a floating wooden

16. A : The position of centre of mass of a body long instill water.
depends onits shape and size b. Whena man moves from one e_nd to othqr
R : Centre of mass ofabody isa point where end on a ﬂoatmg W(?Odel.] log in still water, it

. moves 1n opposite direction
the whole mass of the body is supposed to be c. Dueto aggon and reaction the wooden log
concentrated floating in still water moves in opposite direc-
LA 2.B 3. C 4. D tion as the man on it moves from one end to the

17.  A: Ashell moving in a parabolic path explodes other end
in mid air. The centre of mass of the fragments will 1. b & c are true 2. a & d are true
follow the same parabolic path 3. a,b&caretrue 4.Allare correct
R : Explosion is due to internal forces, which || 23. A stationary bomb explodes into two parts of
cannot alter the state of motion of a body. masses in the ratio 2 : 3. If the heavier part
1.A 2. B 3. C 4. D moves with a velocity 6ms™! towards east,

18. A :When abody dropped from a height ex- then 1
plodes inmid air, the pieces fly in sucha way a. the lighter part moves with velocity 9ms™
that their centre of mass keeps moving vertically towards west )
downwards. b. the hghte.r part remains at rest
R : Explosion occurs under internal forces only. ¢ the_veloc1ty ofthe centre of mass of the two
External forces =0 parts is zero after explosion. .

d. the centre of mass moves along a parabolic
1.A 2. B 3. C 4. D path
1.b & care true 2.a & daretrue
3.a & care true 4.a, c & daretrue
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24.

In which of the following cases, the centre of mass
ofarod is certainly not at its centre?

a. The density increases from left to right upto
the centre and then decrease

b. The density decreases from left to right upto
the centre and then increase

c. The density continuously increases from left
to right

d. The density continuously decreases from left
toright

l.a &b are correct
3. c & d are correct

2. b & c are correct
4.a & d are correct

28.

A trolley filled with sand moves on a smooth
horizontal surface with a velocity v0. A small
hole is made at the base of’it from which sand is
leaving out vertically down at constant rate. As
the sand leaves out

a. the velocity ofthe trolley remains constant
b. the velocity of the trolley increases

c. the velocity of the trolley decreases

d. the momentum of trolley + leaked out sand is
conserved

1.a & b are correct
3.a & c are correct

2.¢c & d are correct
4.b & d are correct

25. Mass ofaringis non—uniformly distributed around
its geometric centre. IfR isradius of thering, then KEY
a. centre of mass does not coincide with geo- 1.2 2.3 3.4 4.2 53
metric centre 6.3 7.3 81 9.2 10.1
b. Position centre of mass from the geometric 1.1 12.2 131 14.1 15.2
centre willbex (0<x<R) 16.4 17.1 18.1 19.1 20.4
c. centre of mass will be nearer to the greater 21.4 22.3 233 24.3 25.3
mass distribution 26.1 27.1 28.4
d. centre of mass may lie out side the periphery
1. onlya &b are correct QUESTION FROM PREVIOUS
2.only b & c are correct EAMCET QUESTIONS
3.a, b & c are correct 4. All the correct '

26' P is the centre Ofmass Ofa System offour pomt 1 . Pa.rtlcles OfmaSSCS m, 21’1’1, 3m ........... nm grams
masses A, B, C and D which are coplanar but are placed on the same line at distances, 1, 21,
not collinear 3 ... nl cm from a fixed point. The distance
a. P may or may not coincide with one of the of centre of mass of'the particles from the fixed
point masses point in centimeters in [2002 Engg]

b. P must lie within or on the edge of atleast one 2n+1)l /

ofthe triangles formed by taking A, B, Cand D L. 3 2. n+l

three atatime

c. Pmustlie on a line joining two of the points A, 3 n(n® + 1)l 4 21

B,C,D ) 2 “n(n® + 1)l

d. Plies outside the quadrangle ABCD 2. Asystem consists of two identical particles. One
1. a&bare correct 2. Allare correct particle is at rest and the other particle has an
3. All are false 4.a & c are correct acceleration ‘a’. The centre of mass of the sys-

27. Adiscofradius ‘r’ isremoved from the disc of tem has an acceleration of

radius ‘R’ then . .
a. the minimum shift in centre of mass is zero 1. 2a 2. a 3. — 4. —
b. the maximum shift in centre of mass cannot be 2 4

, 3. Twoparticles of mass 1kg and 3kg have posi-

r
greater than (R+7) tion vectors ;4 3 }_ 2k and 2.3 }_ 4k
c. centre of mass must lie where mass exists respectively. The centre of mass has a position
R vectors [1999 Engg]
r
d. theshlftlncentreofma531sm 1. i43)-2k 2. _ip3j-2k
l1.abare correct 2. b,c are correct 3 iAo 4 o
3. a,b, dare correct 4.a,b,c,d are correct C i3+ 2k C—i+3j-2k
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A bomb travelling in a parabolic path under the 9. Two objects of masses 200gm and 500gm
effect of gravity explodes inmid air. The centre of have velocities of 10i m/s and 3i+ 5j m/s re-
mass of the fragments will [1993] spectively. The velocity of'their centre of mass is
1. moves vertically upwards and then vertically 2003 E]
downwards 15105 2. 2i-25] 3. 542 )4 25>
2. move vertically upwards 7 7 7
3. move in irregular path 10.  Thecentreof’ mass of three particle's_ of masses 1kg,
4. move in parabolic path, the unexploded bomb Zkg,and 3kgisat(2,2,2). The position of the fourth
mass of 4kg to be placed in the system so that the
would have tre}velled . new centre of massisat(0,0,0) is 2005 E
The two particles with masses 4kg and 2kg 1. (-3,-3,-3) 2. (-3,3,-3)
located at (1,0, 1) and (2, 2, 0) respectively. 3. (2,3,-3) 4.(2,-2,3)
Then the coordinates of their centre of mass is 11.  Three particles each 1kg mass are placed at the
[1990] corners of aright angled triangle AOB, O being
4 22 222 the origin of the co—ordinate system (OA and
1. (g '3 gj 2. (g '3 gj OB) along +ve x-direction and +ve y — direc-
249 25 4 tion. If the positive vector of the centre of OA =
3. (—,—,—j 4. (—,—,—j OB=I1m (inmeters) 2005 M
333 333 N . C
Four particles, each of mass 1kg, are placed at 1. i+ 2. 1=J 3. 2i+)) 4. (i)
the corners of a square of side one meter in the 3 3 3
X-Y plane. If the point of intersection of the
diagonals ofthe square is taken as the origin, KEY
the coordinates ofthe centre of mass are 1.1 2.3 3.4 4. 4 5.1
(Med 2004) 6.4 7.1 8.2 9.3 10.1
L(1,1) 2. (-1,1) 3. (1,-1) 4. (0,0) 1.1
Two particles of equal mass have velocities |7 = QUESTIONS FROM OTHER
! COMPETITIVE EXAMINATIONS
- - . 1.  Four particles of masses m,2m, 3m and 4m are
4iand V, =4j - Firstp article has an accel- atthe verticies of a parallelogram in x—y palne
) _ ) ) 5 _ with one of the adjacent angle 60° and smaller
eration ; = (54 5 jyms ~ while the accelera- side ‘a’ and larger side 2a. The mass ‘m’ isat
tion of the other particle is zero. The centre of thfe orgin fa ,[I}lld masts 4m. on )R/I;).ﬂ;l\;ﬂ,lel ;:;rgltre
mass of the two particles moves in a path of ofmass of the system is [MP: |
[Eng 2004] . (-’L‘QEJ 5 (2;3_“J
1. Straight line 2. Parabola "\2°2 "\2 2
3. Circle 4. Ellipse
One end of a thin uniform rod of length L and 3. (1 .65a; @J 4. (@ ;0-82(lj
mass M, isrivetted to the centre of a uniform
] . ) 2. Masses 8,2,4,2kg are placed at the corners
circular disc of ofradius ‘r’and mass M, so A, B, C, D respectively of a square ABCD of
that both are coplanar. The centre of mass of the diagonal 80cm. The distance of centre of mass
combination from the centre of mass of the com- from Ais [BHU 1998]
bination from the centre of the disc is (assume ; '11“ 20}:“(11_ 2, lg’%crfrfl 3. t40cm 24k~ 6003“41(

. - e . Twobodies of different masses 2kg and 4kg
that the point of attachment is at the origin) are moving with velocities 2m/s and 10m/s to-
1 LM, +M,) ) LM, wards each other due to mutual gravitational

e T A, VY attraction. Then the velocity of the centre of
2M, 2(M; +M,) mass is [CBSE 1997]
2(M, +M,) 2LM, 1. 5ms™' 2. 6ms™ 3. 8ms! 4. Zero
3. LMI 4' (Ml +M2)
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The centr of mass ofthe system of particles

does not depend on [CPMT 1993]

1. masses of the particles

2. forces on the particles

3. position of the particles

4. relative distances between the particles

Two spheres of masses 2M and M are

initially at rest at a distance R apart. Due to

mutual force of attrction, they approach each
R

5 the

acceleration of the centre of mass of spheres

would be [CPMT 1993]

2. g ms >

3. 3g ms 2 4. 12¢g ms 2

Two particles of masses 1kgand 3kg move to-

wards eac other under their mutual force of

attraction. No other force acts onthem. When

the relative velocity of approach of the two

particles is 2m/s, the velocity of centre of mass

is 0.5m/s. When the relative velocity of approach

becomes 3 m/s, the velocity of centre of mass is

other. When they are at separation

1. zeroms >

[IIT 1989]
1. 0.75 m/s 2. 0.5m/s
3. 2.5m/s 4. 0m/s

Two particles A and B initially at rest move
towards each other under a mutual force of at-
traction. At the instant when the speed of A is V
and the speed of Bis 2v, the speed of the centre
of'mass of the system is {IT)
1. 0 2. v 3.1.5v 4. 3v

Two particles of masses m; and m, (m >m,)
attract each other with a force inversely pro-
portional to the square of the distance between
them. The particles are initially held at rest and
then released

1. the C.M. moves towards m,

2. the C.M. moves towards m,

3. the C.M. remains at rest

4. the C.M. moves at right angles to the line
Joining m andm,

Three particles of masses 1,4,5 g are respec-
tively placed at the corners of an equilateral
triangle of side 10cm. Find the distance of
centre of mass ofthe system from the corner
where the particle of mass 1gis placed

1. 7.8 cm 2. 8.7cm

3.9.8 cm 4. 6.7 cm
KEY

1. 3 2.3 3.4 4.2

5.1 6.2 7.1 8.3

9.1
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