Center of Mass and Collision

Questionl

Two blocks of masses in the ratio m : n are connected by a light
inextensible string passing over a frictionless fixed pulley. If the
system of the blocks is released from rest, then the acceleration of
the centre of mass of the system of the blocks is

(g = acceleration due to gravity)
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Options:

Answer: B

Solution:

For block m (moving down)

mg—T = ma .. (9)
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For block n (moving up)
T —ng=na ... (47)
From Egs. (1) and (i1), we get

mg — ng = ma + na
(m —n)g = (m+na

(m —n)
= g
(m+n)
a,, =+aanda, = —a
then, aow = Z478e = 1 ¢ g

acm = (24-”)29

Question2

A ball A of mass 1.2 kg moving with a velocity of 8.4 ms ' makes
one-dimensional elastic collision with a ball B of mass 3.6 kg at rest.
The percentage of Kinetic energy transferred by ball A to ball B is
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Options:

A. 25%

B. 50%

C. 75%

D. 60%

Answer: C

Solution:

Given,
Mass of ball, my = 1.2 kg

Mass of ball, mp = 3.6 kg

Initial velocity of ball, v4, = 8.4 ms™"
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Initial velocity of ball, vg, = 0 ms™*

In a one-dimensional elastic collision, the final velocities ( v 4 ; and vp ; ) of the two masses can be calculated
using the following formula

(ma—mp)va,+2mpup,
ma+mp

’UAf =

After putting values, we get

 (12-36)84 —24x84
4T 7194136 4.8

vy, = —4.2m/s

(mp —ma)vp, + 2m vy,

Similarly, vp ;= n
my +mp

0+2x12x84

UBy T T 124136
B 24 x 84
4.8

Ve, =4.2 m/S

Initial kinetic energy of ball A is,

1 1
KE,4, = EmA(vAi)2 =5 X 1.2x84 x84

=42.33J

Final kinetic energy of ball B is,

1
KEBf = EmB(va)2

1
=5 x 3.6 x4.2x42=3175]

The percentage of kinetic energy

transferred from ball A to ball B is,

KE 4,
KEtransferred = KE x 100%

31.75
= 1533 x 100% = 75%
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Question3

A meter scale is balanced on a knife edge at its centre. When two
coins, each of mass 9 g are kept one above the other at the 10 cm
mark, the scale is found to be balanced at 35 cm . The mass of the
meter scale is
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Options:

A.15¢g

B.30g

C.45¢

D.60g

Answer: B

Solution:

Let mass of meter scale be m.

Mass of each coin=9 g

Total mass of coin =18 g

Length of meter scale = 100 cm

The new balance point is at 35 cm

The torque due to the coins placed at the 10 cm mark

Distance from the new balance point to the coins = (35 — 10)cm
= 25 cm

Torque due to coins

=F-r=mgr=18 xgx 25

The centre of mass of the meter scale is at its mid-point ( 50 cm mark).
Distance from the new balance point to the = (50 — 35)cm
Centre of the meter scale = 15 cm

Torque due to meter scale = m x g x 15
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“10em’  25em 15¢m

For the scale to be balanced, the net torque will conserver. So, from Eq. (i) and Eq. (ii), we get

18 x gx25=mxgx15

1825

m= =35

m=30g

Question4

A ball P of mass 0.5 kg moving with a velocity of 10 ms ' collides
with another ball () of mass 1 kg at rest. If the coefficient of
restitution is 0.4 , the ratio of the velocities of the balls P and () after
the collision is
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Options:

A l:7

B.2:7

C.2:5

D.5:6

Answer: A

Solution:
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m, =—kg m, = lkg

up =10m/s wuy =0m/s
Coefficient of restitution,
e=04

Velocity of m (ball P ) after collision is given by
(ml — ems >
v =|——— |wm
mi + m2

(05-04x1)
— X
vt 15

2
v = gm/s

Velocity of ball @ (initially rest) after collision

| ma—emy (14-e)myiug
U2 - |: m1+m2 :| + m1+m2

w = drde
(asu2 =0)
vy — H0D05)(10)

5
vy = 174 m/s

Ratio of v; and vy

V1 2 3 1

_ = = X — = —

V2 3 14 7
V1 1 Vg = 1:7
QuestionS

A circular plate of radius 7 is removed from a uniform circular plate
P of radius 4r to form a hole. If the distance between the centre of
the hole formed and the centre of the plate P is 27, then the distance
of mass of the remaining portion from the centre of the plate P is
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Options:

A.

wl=

B. &
C. &

D. 2r

Answer: C
Solution:

When the section is cut out we use area formula of COM.

XfO

i Plate P

_ Az Ay
Xem = A—A,

where A; area of plate P, A, arca of cut out portion

1 =0,29 =2r,A; = 7r(4r)2,A2 = 7r(7")2
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0—mr2-2r
Xcm —

7(4r)?—mr?
2
Xcm — 77:1%
2r
n =15

2
Distance = | X .| = 1—2

Question6

A ball of mass 1.2 kg moving with a velocity of 12 ms~ ' makes one-

dimensional collision with anothe stationary ball of mass 1.2 kg . If

the coefficient of restitution is ——, then the ratio of the total Kinetic

\/5 9
energy of the balls after collision and the initial kinetic energy is
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Options:

A.3:4

B.1:1

C.2:3

D.3:v2

Answer: A

Solution:

Given,

Mass m1 = 1.2kg,u1 = 12m/s. my = 1.2kg,u2 =0

Coefficient of restitution = 1/v/2
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Now apply conservation of linear momentum equation for the collision.
miUy + Moy = M1V + MaVy

(v1,v2 = velocity after collision)

m[uy + us] = m[vy +vy] [same masses]

asug = 0,u; = 12m/s

12 = vy + v1

From coefficient of restitution

Vg — Vg 1 Vg — Vg
e = = =

U1 — Us \/Q 12

= 6vV2 =10y, — 1,

Solving Egs. (1) and (i1)

v1 = (6 — 3v/2)m/s

and

v2 = (3v2 + 6)m/s

Kinetic energy before collision
= Lmyu} = $(m)(144)
Kinetic energy after collision

= 3m [o} + 3

= 1m[108]

Ratio of final (after collision) kinetic energy to initial

= T =4 =3:4
Question7

An alphabet 7' made of two similar thin uniform metal plates of
each length L and width a is placed on a horizontal surface as shown
in the figure. If the alphabet is vertically inverted, the shift in the
position of its centre of mass from the horizontal surface is
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d Horizontal surface
LI PP rr
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Options:

Answer: A

Solution:

Initial condition,

Centre of mass of two rod, ( Y-axis)
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T
'

L+a/2-

L/2

N\, . b

Horizontal surface

_ mayi+may2
Yem = mi+my

As rod are identical m1 = mo = m

ylzgayZZL_‘_%

m[g+L+§ 3L
Y'Cm: [22m 2} — Z—a

Final case,

Centre of mass of two rod,

m;
Lol
n LJ//Q a+l/2
[1l [ F
my a/2 } a

Horizontal surface

/ /
_ may; + Moy,
m1 + mgo
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Difference in shift

}fcm_K:,m:%[L_a’]

Question8

Three particles A, B and C of masses m, 2m and 3m are moving
towards north, south and east respectively. If the velocities of the

particles A, B and C are 6 ms '.12ms ' and 8 ms ™" respectively,
then the velocity of the centre of mass of the system of particles is
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Options:
A 7Tms™!
B.5ms
C.26 ms '

D.8ms ©

Answer: B

Solution:

From the figure, velocity of centre of mass,
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LY

A (m, 6 ms™)

3 > E
(3m, 8 ms™)

i

L (12 ms ™, 3m)

i
)

m x (6§) + 2m(—12j) + 3m(81)
m —+ 2m + 3m

VCcoOM =

 6mj — 24mj + 24mi
- 6m

= —3j+4i
Magnitude of velocity of centre of mass

= V32 4+ 42

=5m/s

Question9

The sphere A of mass m moving with a constant velocity hits
another sphere B of mass 2m at rest. If the coefficient of restitution
is 0.4 the ratio of the velocities of the spheres A and B after collision
is

TG EAPCET 2024 (Online) 9th May Morning Shift

Options:

A.3:1
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B.1:5
C.1:7
D.4:1

Answer: C

Solution:

Here,
m-v4, =m-vB, +2m-vp,
Vg, — V4, = 0.4 x V4,
m-vy, =m-vy, +2m x (0.4 X vy, +vy,)

For A

v4, = 3-v4, +0.8 X vy,

Vg, = T X Vg,
For B
0.4x3+0.2
vB, = T X v4,
14
= —
3 4

The ratio of both masses

V4, (0_32) X V4,

v, () xva,

V4, l
v, 7
Question10

Four identical particles each of mass m are kept at the four corners
of a square of side a. If one of the particles is removed, the shift in
the position of the centre of mass is
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Options:
A.v2a

3a_
B.\/§

C'E

D.3\/§

Answer: D

Solution:

Original system (with 4 particles)

Let coordinates of the particle as

A=(0,a)
B =(a,a)
C = (a,0)
D = (0,0)

The centre of mass of system
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mx 4 +mxpg+mxec+mxp

Xcom = m
v _ myaA +myp -+ myc + myp
com - 4m
Solving,
O+a+a+0 a
X m-— = —
CO:. 4 2
Yo — at+a+0+4+0 _a
4 2

The centre of mass of original system at (%, %)

New centre of mass, when one particle (B) is removed,

A

1

m-Tp+m-To+m-Tp

X' =
com 3m
v _ m-yg+m-yo+m-yp
com 3m
O+a-+a 2a
X/ p— p
con 3 3
v ~a+0+0 a
com - 3 _3
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Now, shift in position

2a
3

P~

a2 a a2 a
-3 +(5-3) =35

—a_

Thus, centre of mass of 3 system shift to G

Questionll

A system consists of two particles of masses m; and mo». If the
particle of mass m is moved towards the centre of mass through a
distance d, then the distance the second particle should be moved, so
as to keep the centre of mass at the same position is
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Options:

A —2d

B.

C.—1td

D. -d

Answer: C

Solution:

Given,

Two masses m; and ma moves toward CM by d distance.
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xl 0 x2
@ccccc@occca®
M; CM M,
:
|
We know position of CM

_ mizi+moxe
Xem = mi+my

Shift in position of centre of mass,

miAz+moAxy
m1+m2

AwCM —

But Azcoar = 0 (Given)

miAxy + moAxs =0
<E>Aaz1 = —Ax,

my

Azy = ——14
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