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Question 1

(Only one correct answer) 2021

If the Kinetic energy of a moving body becomes four times its initial Kinetic energy, then the

percentage change in its momentum will be
(a) 400 %
(b) 100 %
(c) 300 %

(d) 200 %

Question 2

(Only one correct answer) 2021

Two billiard balls of equal mass 30 g strike a right wall with same speed of 108 kmph (as shown) but
at different angles. If the balls get reflected with the same speed then the ratio of the magnitude of

impulses imparted to ball'a’ and ball 'b. by the wall along ' X' direction is :

ball (b) Y

Question 3

(Only one correct answer) 2021

Three objects A, B and C are kept in a straight line on a frictionless horizontal surface. The masses of
A, Band C arem, 2m and 2m respectively. A moves towards B with a speed of 9 m/s and makes
an elastic collision with it. Thereafter B makes a completely inelastic collision with C. All motions

occur along same straight line. The final speed of C'is:

A B C
m 2m 2m




(@)3m/s
(b) 9 m/s
(c)4dm/s

(d)6m/s

Question 4

(Integer type question) 2021

A bullet of 10 g, moving with velocity v, collides head-on with the stationary bob of a pendulum and
recoils with velocity 100 m/s. The length of the pendulum is 0.5 m and mass of the bob is 1 kg. The

minimum value of v =....... m/s so that the pendulum describes a circle. (Assume the string to be

inextensible and g = 10 m/s?)

M 1

10g Lkg

Question 5

(Only one correct answer) 2021

A body of mass M moving at speed Vj collides elastically with a mass’'m’ at rest. After the collision,
the two masses move at angles 8; and 0, with respect to the initial direction of motion of the body of

mass M. The largest possible value of the ratio M/m, for which the angles 6; and 0, will be equal, is:

Question 6

(Only one correct answer) 2021

A block moving horizontally on a smooth surface with a speed of 40 m/s splits into two parts with

masses in the ratio of 1 : 2. If the smaller part moves at 60 m/s in the same direction, then the

fractional change in kinetic energy is:

(a)

oo | =
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(d) .
4

Question 7

(Integer type question) 2021

The disc of mass M with uniform surface mass density o is shown in the figure. The center of mass of

ra Ta
the quarter disc (the shaded area) is at the position ——, — — wherex is ....... (Round off to the

3T 37

Nearest Integer) [a is an area as shown in the figure]

Question 8

(Only one correct answer) 2021

A large block of wood of mass M = 5.99 kg is hanging from two long massless cords. A bullet of
mass m = 10 g is fired into the block and gets embedded in it. The (block + bullet) then swing
upwards, their center of mass rising a vertical distance h = 9.8 cm before the (block + bullet)
pendulum comes momentarily to rest at the end of its arc. The speed of the bullet just before

collision is: (take g = 9.8 ms~2)

: A
m M .
- | | v

(a) 841.4m/s

(o) 831.4m/s



(c) 821.4 m/s

(d) 811.4m/s

Question 9

(Integer type question) 2021

A ball of mass 10 kg moving with a velocity 104/3 m/s along the z-axis, hits another ball of mass

20 kg which is at rest. After the collision, first ball comes to rest while the second ball disintegrates
into two equal pieces. One piece starts moving along y-axis with a speed of 10 m/s. The second piece
starts moving at an angle of 30° with respect to the x-axis. The velocity of the ball moving at 30° with
T-axisis m/s. The configuration of pieces after collision is shown in the figure below. The vale of x

to the nearest integer is............

Y- aXiS 1 Piece 1
vy=10m/s

\_)w\* X - axis

'y

Question 10
(Integer type question) 2021

The projectile motion of a particle of mass & g is shown in the figure.

A5 45"
A B

The initial velocity of the particle is 5\@ ms~! and the resistance is assumed to be negligible. The
maghnitude of the change in momentum between the points A and Bis x X 1072 kgms_l. The
value of x, to the nearest integer, is ........

Question 11

(Integer type question) 2021

A body of mass 2 kg moving with a speed of 4 m/s, makes an elastic collision with another body at

rest and continues to move in the original direction but with one fourth of its initial speed. The speed

T
of the two body center of mass is 1—0 m/s. Then the valueof x is ...........

Question 12

(Only one correct answer) 2021

a
A circular hole of radius (5) is cut of a circular disc of radius 'a’ as shown in figure. The centroid of

the remaining circular portion with respect to point O will be



O 22 »X-axis

Question 13
(Integer type question) 2021

A block moving horizontally on a smooth surface with a speed of 40 ms~! splits into two equal parts.
If one of the parts moves at 60 ms~! in the same direction, them the fractional change in the kinetic

energy willbe ¢ : 4 where g = .......

Question 14
Integer type question) 2021
(Integer type q

Two particles having masses 4 g and 16 g respectively are moving with equal kinetic energies. The

ratio of the magnitudes of their linear momentum is n : 2. The value of n will be .......... :

Question 15

(Only one correct answer) 2021

An object of mass my collides with another object of mass moy, which is at rest. After the collision the

objects move with equal seeds in opposite direction. The ratio of the masses my : my is:



(d)3:1

Question 16

(Only one correct answer) 2021

The initial mass of a rocket is 1000 kg. Calculate at what rate the fuel should be burnt so that rocket is
given an acceleration of 20 ms 2. The gases come out at a relative speed of 500 ms~ 1 with respect to

the rocket: [Use g = 10 m/s?]
(@) 6.0 x 10% kg s~ !
(b) 500 kg s+
(c)10 kg s~ !

(d) 60 kg s !

Question 17

(Integer type question) 2021

A ball with a speed of 9 m /s collides with another identical ball at rest. After the collision, the
direction of each ball makes an angle of 30° with the original direction. The ratio of velocities of the

balls after collisionis x : y, where x is .......

Question 18
(Integer type question) 2021

Two solids A and B of mass 1 kg and 2 kg respectively are moving with equal linear momentum. The

A
ratio of their kinetic energies (K. E. )4 : (K. E.)p will be T so the value of A will be ........

Question 19

(Integer type question) 2021

A ball of mass 10 kg, moving with a velocity 104/3 ms~! along X-axis, hits another ball of mass 20 kg
which is at rest. After collision, the first ball comes to rest and the second one disintegrates into two
equal pieces. One of the pieces starts moving along Y -axis at a speed of 10 m/s. The second piece
starts moving at a speed of 20 m/s at an angle 6 (degree) with respect to the X-axis.

The configuration of pieces after collision is shown in the figure.

The value of 8 to the nearest integer is ............

After Collision

Al

P X axis
\x




Question 20

(Only one correct answer) 2021

Two identical blocks A and B each of mass m resting on the smooth horizontal floor are connected
by a light spring of natural length L and spring constant K. A third block C' of mass m moving with a

speed v along the line joining A and B collides with A. The maximum compression in the spring is

C A B
m —_— m LY YYY Ll m
| m
(@) vy | —
2K
mu
(b) ’/ —
K
mu
) 4| 7=
2K
m
(d) 4| ===
2K
Question 21
(Only one correct answer) 2021

Given below are two statements : one is labelled as Assertion A and the other is labelled as Reason R.
Assertion A : Body P having mass M moving with speed u has head-on collision elastically with
another body @) having mass m initially at rest. If m << M, body @ will have a maximum speed

equal to 2u after collision.
Reason R : During elastic collision, the momentum and kinetic energy are both conserved.
In the light of the above statements, choose the most appropriate answer from the options given

below:

(@) Ais correct but R is not correct.
(b) Both A and R are correct but R is not the correct explanation of A.
(c) A'is not correct but R is correct.

(d) Both A and R are correct and R is the correct explanation of A.

Answer 1

Correct answers is B

Solution:
P2
K FE — K=—

2m
P x VK



Py K,
P 4K
:> — = -
Py K
Py
— - =
Py
P, — P P
— 22 "loy_(Z2_1)x100
Py Py
=(2—-1) x 100
— % = 100 %
1
Answer 2

Correct answers is A

Solution:
ratio of impulse

J1 AP,

kAP,
m(u+ u)

=+2:1

()

Answer 3

Correct answers is A

Solution:

O9m = muy + 2mup
9= vy + 2vp ..(i)

9 =wvp — vy ..(ii)
Thusvg = 6m/s
Collision between B & C
2mvg = dmug

ve =3m/s

Answer 4

Solution:
Final velocity of system (bullet + mass) should be = /5gR

Now M ,/5gR = m(v + 100)
M
thusv = —+/bgr — 100
m
v =500 — 100 = 400 m/s
Answer 5

Correct answers is D

Solution:



During collision, linear momentum is conserved along x and y directions
Along y-direction

mus sin @ = Mwq sin 6

mvy = Muvq - - (i)

Along x-direction
Mvy = mwvs cos0 + Mwvq cos@ - - -(ii)

From (i) and (ii)
Mvy = Mvycos + Mwvy cosb

Vo
— v = -« +(110)
2cos 6
M Vo .
and vy = - +(iv)
m 2cosf

Now, since the collision is elastic, mechanical energy i.e. kinetic energy is conserved as well, i.e.

1 1 1
EM’UO = EM'U% -+ Emvg

or M’U% = Mv? + mv3

Substituting values for v1 and vy from (iii) and (iv), we get

M
~~ —4cos?0-1
m

Now, maximum value of cos 0 = 1

M
SO, (—) =4—-1=3
m max

Answer 6

Correct answers is A

Solution:

m — 40 m/s 2m/3|—» v m/3 |— 60 m/s

mx40=gmv+ﬁx60
3 3

120 = 2v 4 60
v=30m/s

1
NowKiZE x m x 40° = 800 m

1 2m 1 m
K== x —(30)2 + = x —(60)2
F=3 3( ) 5 3( )

1
= ~[m(1800 +3600)]



~ m(5400)

=6 = 900 m
AKFE B 900 m — 800 m B 1
K, 800 m -8
Answer 7
Solution:

4R -9
3= I
——
4R
3n
So,valueof z is 4
Answer 8
Correct answers is B
Solution:
mu = (m+ M)v
0.01u = (0.01 + 5.99)v
u = 600 v (1)
1
§(m+ M)'v2 = (m+ M)gh
v=,/2gh =1/2%x9.8x98x10% =138 ..(ii)

From equation (i) and (ii), u = 831.4m/s

Answer 9

Solution:

Applied conservation of momentum along horizontal axis
M v, = mvj, cos 30°
10 x 104/3

vl = =20m/s
2 10cos 30° /

Answer 10

Solution:



J=AP=Ft

1
2 X Hy/2 X —
V2 7

:mng:5><10_3><10><

g
=5x107° x 10 = 0.05 kg — m/s
=5x10%2kg—m/s
T =295

Answer 11

Solution:
From linear momentum conservation

2><4—|—O:2><1—|—m2v2

From the definition of elastic collision
vy —v1 = e(u; — ug)

Vo — 1= 1(4 — O)

’02:5

8=24+m9 X5

m2:6/5

y :m1v1+m2v2

o m1+m2
2x4+0

— ) ;
"3

=2.5m/s

T = 25

Answer 12

Correct answers is C

Solution:
M 3
M)+ {—— )| =a
4 2 Sa
Xcom = v, =5
M-
4
Answer 13
Solution:

om s 4d0m/s = | M |V | m }|—»B0ms

Initial Final
2m x 40 = 60 x m + mv
v=20m/s

Now AKE = KE; — KF;
1 1 1
= 5mx (20)2 + 7m X (60)2 — 5zm x (40)?



1
= —m(800
m(800)

1 , 1
— KE,; = §2m x (40)* = 5T X 3200

. AKE 1
Fractional change = = —
KE; 4
Answer 14
Solution:

pP= \/Qm(K. E.

)
P 4

Thus, L L — =1:
P2 mo 16

Answer 15

Correct answers is D

Solution:
Conservation of momentum
miu = —Mm1v -+ Myv

.1

O

Consider collision is elastic

e =2v/u
u = 2v
my (2v) = —myv + mav
3m1 = Mo
m
me g
my
Answer 16

Correct answers is D

Solution:

fr —mg = ma
dm

EVP = mg + ma

dm
5500 = 1000(10 + 20)

d
o 60 kg s *
dt

Answer 17

Solution:

2

after collision

@)= A



v =9 mis
@ )

Hesl

By momentum conservation along perpendicular direction
z sin 30° = ysin 30°

T
So, — =1
Yy
Answer 18
Solution:

sz
Answer 19
Solution:
From conservation of momentum along X axis:
-
P, = Py

10 x 104/3 = 200 cos 6§
V3

cosf = —

6 = 30°

Answer 20

Correct answers is A

Solution:
In elastic collision of same mass particles interchange their velocity. So block 1 will come in rest and
block 2 move with same velocity v, just after the collision. At maximum compression block 2 and 3

v
will have common velocity 5 (from linear momentum conservation)

From energy conservation

2

1 1 v 1
—mv® = —(2m)[ = | + =Kz’
2 2 2 2

1

“mv? = Kz?

2




Answer 21

Correct answers is D

Solution:
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