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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

A particle of mass 2m is projected at an angle of 45°
with horizontal with a velocity of 202 ms™. After
1s explosion takes place and the particle is broken
into two equal pieces. As a result of this explosion,
one part comes to rest. The maximum height from the
ground attained by the other part is (g =10 rns'z]

(A) 25m (B) 35m

(€) 40m (D) 50m

Ablock of mass M =2kg with a semi-circular track

of radius R=1.1m rests on a horizontal frictionless
surface. A uniform cylinder of radius =10 cm and

M . .
mass #= ) is released from rest from the top point
A. The cylinder slips on the semi-circular frictionless

track. The speed of the block when the cylinder reaches
the bottom of the track at B is (Take g =10 ms?)

m
A

(A) \/?ms1
© \Ems'1

Three point masses of 1g, 2¢g and 3 g have their

(B) \E ms’

(D) V10 ms™

centre of mass at (2,2,2). A fourth mass of 4g is
placed at position vector 7 such that the centre of
mass of new system is now at (0, 0, 0).

(A) r=(-1,-1,-1) (B) r=(-2,-2,-2)

(©) r=(-3,-3,-3) (D) r=(-4,4,-4)

A system of two blocks A and B (having masses m
and 2n1) and a wedge C (having mass 2m) is released
from rest as shown in figure. The displacement of
wedge C when block B slides down the plane, a
distance 10 cm is (neglect friction)

(B) 3v2cem
(D) 5V2cm

(A) 242 ecm
(C) 42 em

A body of mass m, is placed on a smooth horizontal
surface. The mass of the body is decreasing exponen-
tially with disintegration constant A. Assuming that
the mass is ejected backward with a relative velocity
u . Assuming the body to be at rest initially, the speed
of body at time  is

(A) ue" (B) uht

(C) ue™ D) ull-e™)

A bullet, moving with a speed of 150 ms™, strikes a
wooden plank. After passing through the plank, its
speed becomes 125 ms™. Another bullet of the same
mass and size strikes the plank with a speed of 90 ms™.
Its speed after passing through the plank would be

(A) 25ms™ (B) 35ms™
(C) 50 ms™ (D) 70 ms™

A mass 2m lying on a horizontal table is attached to
a light inextensible string which passes over a smooth
pulley and carries a mass m at the other end. If the
mass 1 is raised vertically through a distance /i and
is then dropped, then the speed with which the mass
2m begins to rise is
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Anisolated particle of mass m is moving in horizontal

plane (x-y) , along the x-axis, at a certain height above
the ground. It suddenly explodes into two fragments

of masses % and STm An instant later, the smaller

fragmentis at y =+15 cm . The larger fragment at this
instant is at

(A) y=-5cm
(C) y=+bcm

B) y=+20cm
(D) y=-20cm
A non-zero external force acts on a system of particles.
The velocity and the acceleration of the centre of mass

are found to be v, and 4, atan instant f. It is possible
that

(A) 0,=0,a,=0
€ v,20,a,=0

B) ©v,=0,a%0
D) v,#0,a,#0
A ball is projected from the point O with velocity
20 ms™ at an angle of 60° with horizontal as shown
in figure.

20 ms™

A
60° 400

0]

At highest point of its trajectory it strikes a smooth
plane of inclination 30" at point A . The collision is
perfectly inelastic. The maximum height from the
ground attained by the ball is (Take g=10 ms‘z]

(A) 15m (B) 18.75m
(C) 20.25m (D) 225m

A small block of mass M moves with a velocity of
5ms™ towards another block of same mass M placed
atadistance of 2 m onarough horizontal surface. The
coefficient of friction between the blocks and ground is
0.25 and the collision between the two blocks is elastic.
The separation between the blocks, when both of them
come to rest, is (Take g =10 ms?)

(A) 15m (B) 2m

(C) 3m (D) 4m

After perfectly inelastic collision between two
identical particles moving with same speed in different
directions, the speed of the particles become half the
initial speed. The angle between the velocities of the
two before collision is
(A) 30°

(C) 60°

(B) 45°
(D) 120°
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In one dimensional collision of two particles, the
velocities are interchanged when

(i) collision is elastic and masses are equal

(ii) collision is inelastic but masses are unequal
Select the correct alternative

(A) only (i) is correct

(B) only (ii) is correct

(C) both (i) and (ii) are correct

(D) both (i) and (ii) are wrong

A hemisphere and a solid cone have a common base.
The centre of mass of the common structure coincides
with the centre of the common base. If R is the radius
of hemisphere and / is height of the cone, then

h h 1
h h 1
©) §=3 (D) 23

Velocity of centre of mass of two particles is v and the
sum of the masses of two particles is m. Kinetic energy
of the system is K. Then

(A) K:%mv2 (B) K<%mv2

C) K= 1mv2 (D) K> lmvz
2 2

A circular plate of uniform thickness has a diameter
of 56 cm . A circular portion of diameter 42 cm is
removed from the right edge of the plate with centres
for both lying on the same line. The position of the
centre of mass of the remaining portion is
(A) 9cm to the right of the centre of full plate

(thereafter referred to as “Origin”).
(B) 9 cm to the left of the “Origin”.

49
© r) cm to the right of the “Origin”.

(D) % cm to the left of the “Origin”.

A neutron collides head-on and elastically with an
atom of mass number A, which is initially at rest. The
fraction of kinetic energy retained by the neutron is

AY (A —1)2

A) 5 B) |[—
) (A+1) ®) A+l

A-1Y A-1
o () » (3]
€ A ®) A+1
A ball of mass m is released from point A inside a
smooth wedge also of mass m as shown in Figure.
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The speed of the wedge when the ball reaches point B is
gR

A) = B) 2¢R

A 32 (B) y28

5sR \/@
©) 25 (D) i

A ball moving with a speed v towards north, collides
with an identical ball, moving with a speed v towards
east. After collision the two balls stick together
and move towards north-east. The speed of the
combination is

(A) © (B) o2
v v
© Wi (D) 5

In a one dimensional collision between two identical
particles A and B, B is stationary and A has momen-
tum P before impact. During impact B gives an
impulse | to A. Then coefficient of restitution between
the two is

2] 2]
(A) S+1 ®) -1

I J_
@ 5+ D) -1

Two smooth objects with a coefficient of restitution e,
collide directly and bounce as shown, then Newton's

Law of Restitution gives
Just before impact e——» 3u —— U

Just after impact  e——» v, —V,

(A) deu=v,+v,
© 2eu=v,-v

(B) Z2eu=v -v,
(D) 2eu=v,+v,

Two particles of equal masses have velocities
7,=2ims" and 7,=2jms". First particle has an

acceleration 4, = (3§+3}') ms while the acceleration
of the other particle is zero. The centre of mass of the
two particles moves in a
(A) circle

(C) straight line

(B) parabola
(D) ellipse

A rope thrown over a pulley has a ladder with a man
of mass m on one of its ends and a counterbalancing
mass M on its other end. The man climbs with a
velocity v, relative to ladder. Ignoring the masses of
the pulley and the rope as well as the friction on the
pulley axis, the velocity of the centre of mass of this

system is
m m
- By —
CV v ®) -2,
(@) Mv, D) %Ur
m m

24,
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26.
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29.

Consider a system of two identical particles. One of
the particle is at rest and the other has an acceleration
a. The centre of mass has an acceleration

1

(A) zERO (B) Eé

€ i (D) 2

Two blocks of mass 3 kg and 6 kg respectively are
placed on a smooth horizontal surface. They are con-
nected by a light spring of force constant k = 200 Nm™.
Initially the spring is unstretched and velocities of
1ms™ and 2 ms™ are imparted in opposite directions
to the respective blocks as shown in figure.

1ms™
—

3ko[ P UIIIN

The maximum extension of the spring will be
(A) 15cm (B) 20 cm
(C) 25cm (D) 30 cm

2 ms™!
—

6 kg

A ball moving horizontally with speed v strikes the
bob of a simple pendulum at rest. The mass of the bob
is equal to that of the ball. It the collision is elastic the

bob will rise to a height
2 2
a = B —
g 28
2 ,U2
o = D) =
4g 8¢

In PROBLEM 26, if the collision is completely inelastic,
the height to which the ball-bob system will rise is

n O ® =
(A) 2 %

v i
© % (D) %

Aparticle of massm collides elastically with a stationary
particle and continues to move at an angle of 45° with
respect to the original direction. The second particle
also recoils at an angle of 45° to this direction. The mass
of the second particle is

(A) m (B) 2m
m m
© N1 (D) B

Two blocks m, and m,, having masses 10 kg and 5 kg
respectively, are placed on a frictionless horizontal
surface and are connected by a light spring of force
constant 5 Nm™. m, is in contact with a rigid wall. m,
is pushed through a distance of 4 cm towards m, and
then released. The velocity of the centre of mass (in
cms ') of the system when m, breaks off the wall is
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A) = B) —
(A) 3 (B) 3
< 2 (D) 4
30. A steel ball of radius 2 cm is initially at rest on a

31.

32.

33.

horizontal frictionless surface. It is struck head-on and
elastically by another steel ball of radius 4 cm moving
with a speed of 81 cms™. The speeds of the two balls
after the collision are, respectively

(A) 63cms ', 144cms’  (B) 144 cms ', 63 cms™

(C) 126 cms™,72cms™ (D) 72cms™, 126 cms™

A1kg ball, moving at 12 ms™, collides head-on with a
2 kg ball moving in the opposite direction at 24 ms ™
If the coefficient of restitution is —, then the energy lost
in the collision is 3
(A) 60]

(C) 240]

(B) 120]
(D) 480]

Threemen A, Band C of mass 40 kg, 50 kg and 60 kg
are standing on a plank of mass 90 kg, which is kept

on a smooth horizontal plane. If A and C exchange
their positions then B

Cc
B 60 kg

A 50 k
40 kg g

L P

2m

2m

(A) shifts % m , towards left
o 1 .
(B) shifts 3 m, towards right

(C) shifts g m , towards left

(D) will not shift at all

A small sphere of radius R held against the inner
surface of a smooth spherical shell of radius 6R as
shown in figure.
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The masses of the shell and small spheres are 4M
and M respectively. This arrangement is placed on
a smooth horizontal table. The small sphere is now
released. The x-coordinate of the centre of the shell
when the smaller sphere reaches the other extreme

position is
(A) R (B) 2R
©) 3R (D) 4R

A ball hits the floor and rebounds after an inelastic

collision. In this case

(A) the momentum of the ball just after the collision is
the same as that just before the collision

(B) the mechanical energy of the ball remains the
same in the collision

(C) the total momentum of the ball and the earth is
conserved

(D) the total energy of the ball and the earth is
conserved

Abead can slide on a smooth straight wire and a particle
of mass m is attached to the bead by a light string of
length L. The particle is held in contact with the wire
with the string taut and is then let fall. If the bead has
mass 2. Then, when the string makes an angle 6 with
the wire the bead will have slipped a distance

2m

(A) =(1-cos9) (B) L(1-cos8)

(C) =(1-cosH)

[N Ran il SN N

(D) %(1 —cos)

A particle of mass m moving with a velocity 7 makes
a head-on elastic collision with another identical
particle which is initially at rest. The velocity of the
first particle after the collision is

(A) -0 (B) ©

v
C) =
© 3
A particle of mass m moving with a speed v hits
elastically another stationary particle of mass 2m on

a smooth horizontal circular tube of radius r. The time
in which the next collision will take place is equal to

(D) zEro

m

2m
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A body of mass 2.9 kg is suspended from a string of
length 25 m and is at rest. A bullet of mass 100 g,
moving horizontally with a speed of 150 ms™, strikes
and sticks to it. What is the maximum angle made
by the string with the vertical after the impact?

(§=10ms?)

(A) 30° (B) 45°

(C) 60° (D) 90°

Aball of mass m collides head-on and elastically with

a ball of mass nm, initially at rest. The fraction of the
incident energy transferred to the heavier ball is

n n
. ®) (n+1)*
©) 2n D 4n

(n+1) (n+1)°

In the figure shown, the blocks A and B have equal
masses . The system is released from rest with the
spring unstretched. The string between A and ground
is cut, when there is maximum extension in the spring.
The acceleration of centre of mass of the two blocks at
this instant is

(A) ¢ ® &
© 2¢ (D) zErO

A particle of mass 3m is projected from the ground
at some angle with horizontal such that its horizontal
range is R. At the highest point of its path it breaks
into two pieces of masses m and 2m respectively.
The smaller mass comes to rest. The larger mass finally
falls at a distance x from the point of projection where
¥ equals

3 3
© >R D) 3R

4

42,

43.

44,

45,
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Two blocks of masses 10 kg and 4 kg are connected
by a spring of negligible mass and placed on a friction-
less horizontal surface. An impulse gives a velocity
of 14 ms™ to the heavier block in the direction of the
lighter block. The velocity of the centre of mass is

(A) 30ms™ (B) 20ms™
(C) 10 ms™ (D) 5ms™

Two blocks of masses 10 kg and 4 kg are connected
by a spring of negligible mass and placed on a friction-
less horizontal surface. An impulse gives a velocity
of 14 ms™" to the heavier block in the direction of the
lighter block. The velocity of the center of mass is

(A) 30ms” (B) 20ms’

(C) 10 ms™ (D) 5ms”

A man hangs from a rope attached to a hot-air balloon.
The mass of the man is greater than the mass of the
balloon and its contents. The system is stationary in
air. If the man now climbs up to the balloon using
the rope, the centre of mass of the ‘man plus balloon’
system will

(A) remain stationary

(B) move up

(C) move down

(D) firstmove up and then returns to its initial position

A block A slides over another block B which is
placed over a smooth inclined plane as shown in
figure. The coefficient of friction between the two
blocks A and B is |. Mass of block B is twice the
mass of block A. The acceleration of the centre of mass
of two blocks is

(A) gsin® — g cosd (B) 2¢sin0 - g cosH
3 3
gsin®
3

Two particles A and B each of mass m are attached
by a light inextensible string of length 2I. The whole
system lies on a smooth horizontal table with B
initially at a distance | from A. The particle at
end B is projected across the table with speed u
perpendicular to AB. Velocity of ball A just after the
string is taut is

©

(D) gsin®
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47. When a ball collides head-on and elastically with an

48.

49,

50.

identical ball on a horizontal frictionless surface, the

first one comes to rest while the second one moves with

the same velocity as that of the first ball before collision.

This result

(A) canbe derived by using momentum conservation
alone

(B) can be derived by using energy conservation
alone

(C) cannot be derived by using any of the two
conservation principles

(D) can be derived by using both conservation of
energy and momentum

In gravity-free space, a man of mass M standing
at a height /i above the floor throws a ball of mass
m straight down with a speed u. When the ball
reaches the floor, the distance of the man above the
floor will be

m
(A) h(nﬂ]

(B) h(z— %)

(C) 2h
(D) a function of m, M, h and u

A body of mass m, moving with velocity u, collides
with another body of mass i, at rest. After the colli-

2
sion the velocity of mass m;, is Eul , what is the ratio

Ofﬂ?

m,
(A) 1:25 (B) 1:5
€ 5:1 (D) 25:1

A block of mass m slides down an inclined wedge of
same mass m shown in figure. Friction is absent every-
where. Acceleration of centre of mass of the block and
wedge is
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m
(]
(A) ZERO (B) M
(1+sin’6)
© gsin’® gsin®
(1+5in’6) (1+cos)

All the particles of a body are situated at a distance R
from the origin. The distance of the centre of mass of

the body from the origin is
(A) =R (B) <R
€ >R D) =R

In the arrangement shown, the mass m starts from the
top of the wedge of mass M. The system (m+ M) was
initially at rest. Assume all surfaces in contact to be
frictionless. The distance moved by M when m just
reaches the floor is

mh mhtano
(A) (B)
M+m M+m
mhcoto mhsino
© (D)
M+m M+m

Acar C of mass m is initially at rest on the boat A
of mass M tied to the identical boat B of same, mass
m through a massless inextensible string as shown in
Figure.

C
e
m
M A B M

The car accelerates from rest to velocity v, with respect
to boat A in time f; sec. At time f; the car applies
brake and comes to rest relative to boat in negligible
time. Neglect friction between boat and water, the
velocity of boat A just after applying brake is
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54.
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58.

Mmw, Mmy,

A emoem ® rzmoiem
2Mmv,

(@) m (D) zErRO

A gardener waters the plants by a pipe of diameter
1 cm . The water comes out at the rate of 20 ccs™ . The
reactionary force exerted on the hand of the gardener is

(A) zERO (B) 1.62x10° N
(C) 254x10° N (D) 51x10° N

A particle of mass m is made to move with uniform
speed v along the perimeter of a regular polygon of
2n sides. The magnitude of impulse applied at each
corner of the polygon is

(A) mvsin(i)

2n

(B) mvcos(i)

2n

n

(@] vacos(lJ (D) 2mvsin[£)
2n 2

Two particles, each of mass n, moving in opposite
directions with equal speeds along the same straight
line strike elastically. If the velocities of the first and
the second particle before collision are denoted by +7,
and -7, respectively, then if there is no change in the
line of motion of the two particles, their velocities after
collision are

(A) -0 and 40
(C) 0 and 20

(B) +7 and -7
(D) 27 and 0

A bullet of mass m moving with velocity u passes
through a wooden block having mass M = nm. The
block is resting on a smooth horizontal floor. After
passing through the block, the velocity of bullet is v.
Its velocity relative to block is

N —
/O=TM =nm
no -1 ni—-v
(A) (B)
n+1 n+1
(1+n)vo-u (n+Du+v
€ —— D) ——
n 2n+1

A girl throws a ball with initial velocity v at an
inclination of 45°. The ball strikes a smooth vertical
wall at a horizontal distance d from the girl and after
rebounding returns to her hand. The coefficient of
restitution between the wall and the ball is

gd s
A) & B)
(A) 7 (B) o
d 2 _od
© -2 o) ==8
v—gd v

59.

60.

61.

62.

63.

64.

A uniform sphere is placed on a smooth horizontal
surface and a horizontal force F is applied on it at a
distance h above the surface. The acceleration of the
centre

(A) is maximumat =0

(B) is maximum when h=R

(C) is maximum when s =2R

(D) isindependent of h

Aball of mass m approaches a wall of mass M(>m)
with speed 4 ms™ along the normal to the wall. The
speed of wall is 1ms™ towards the ball. The speed of
the ball after an elastic collision with the wall is

(A) 5ms away from the wall

(B) 9ms™ away from the wall

(C) 3ms" away from the wall

(D) 6ms " away from the wall

A bullet is fired from a gun whose barrel is inclined
at an angle of 45° with horizontal. When the bullet
leaves the barrel, it will be travelling at an angle ¢ to
the horizontal, then

(A) ¢=45°
(C) ¢>45°

(B) ¢<45°
(D) ¢0=0

Massisnon-uniformly distributed on the circumference
of a ring of radius a and centre at origin. Let b be the
distance of centre of mass of the ring from origin. Then
(A) b=a (B) b<a

(C) b>an (D) 0<b<a

A bomb of mass 1kg , initially at rest, explodes into

three fragments of masses in the ratio 1:1:3. The two

pieces of equal mass fly off perpendicular to each other,

each with a speed of 30 ms™ . What is the velocity of

the heavier fragment?

(A) 10v2 ms™ at 45° with each of the other two
fragments

(B) 10v2 ms™ at 135° with each of the other two
fragments

(C) 20ms™ at 45° with each of the other two
fragments

(D) 20ms™ at 135° with each of the other two
fragments

Two identical balls A and B are released from the
positions shown in figure. They collide elastically on
horizontal portion MN . The ratio of heights attained
by A and B after collision will be (neglect friction)
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(A) 1:4 (B) 2:1
(C) 4:13 (D) 2:5
From a circular disc of radius R, a square is cut out with

the radius as its diagonal. The distance of the centre of
mass of the remainder from the centre of the disc is

R R
(A) — (B) -

R R
© 2(2n-1) (D) 2(n-1)

Aballoon has 2 g of air. If a small hole is pierced into
it, the air comes out with a speed of 2ms™. If the
balloon shrinks completely in 5 s, the average thrust
experienced by the balloon is

(A) 8x10"'N (B) 8x107° N
(C) 8x10°N (D) 8x10™ N
Aball A, moving with a speed u, collides directly with

another similar ball B moving with a speed v in the
opposite direction. A comes to rest after the collision.

u
If the coefficient of restitution is e then — is

v
l+e 1-¢
A B) —
(&) 1-e ®) 1+e
e e
D R
© 1-e ) 1+e

A canon ball is fired with a velocity of 200 ms™' at an
angle of 60° with the horizontal. At the highest point
it explodes into three equal fragments. One goes verti-
cally upwards with a velocity of 100 ms™ and other
goes vertically downwards with 100 ms™. The third
one moves with a velocity of

(A) 100 ms™ horizontally

(B) 300 ms™ horizontally

(C) 200 ms™ at 60° with horizontal

(D) 300ms™ at 60° with horizontal

The maximum offset that can be obtained by piling up
three identical bricks of length [ is

2 4
(A) 51 (B) g’

5 11
(@) g! (D) Et

Aball A of mass 1 kg, moving with a speed of 12 ms™,
collides obliquely and elastically with another ball

Chapter 2: Centre of Mass, Conservation of Linear Momentum and Collisions
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B which was initially at rest. Ball A then moves off
at right angles to its initial direction with a speed of
5 ms . The momentum of ball B after collision is

(A) 5kgms” (B) 11kgms™

(C) 13 kgms™ (D) 17 kgms™

The displacement of a particle of mass 2 kg moving
in a straight line varies with time as x = (2> +2)m.
Impulse of the force acting on the particle over a time
interval between f=0 and t=1s is

(A) 10Ns (B) 12Ns

(C) 8Ns (D) 6Ns

A man of mass m moves with a constant speed on a
plank of mass M and length L kept initially at rest
on a frictionless horizontal surface, from one end to
the other in time f. The speed of the plank relative to
ground while man is moving, is

@ {3 ® (i)

L[ M
@ {5%)

(D) None of these

Two blocks A and B of mass m and 2m are
connected by a massless spring of force constant k and
are placed on a smooth horizontal plane. The spring
is stretched by an amount x and then released. The
relative velocity of the blocks when the spring comes
to its natural length is

m_qn'm'\_ B
3k
(A) ( ﬂ]x

2kx 3km
(O R D) ==

m 2x
A small ball falling vertically downwards with
constant velocity 2 ms™ strikes elastically an inclined

plane moving with velocity 2 ms™ as shown in figure.
The velocity of rebound of the ball with respect to

ground is
I 2ms™

2ms™

457
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75.

76.

77.

78.

79.

(B) 22 ms™
(D) 245 ms™

(A) 2ms™
(C) 4ms™

A 6000 kg rocketis set for vertical firing. If the exhaust
speed is 1000 ms™, the amount of gas that must be
ejected per second to supply the thrust needed to
overcome the weight of the rocket is (g =10 ms‘z)

(A) 30kg (B) 60kg
(C) 75kg (D) 90kg

In PROBLEM 75, the amount of gas that must be
ejected to give the rocket an initial upward acceleration
of 20 ms™ is

(A) 90 kgs™
(C) 150 kgs™

(B) 120kgs™
(D) 180kgs™

Two particles A and B, initially at rest, move towards
each other under a mutual force of attraction. At the
instant when the speed of A is V' and the speed of B
is 2V, the speed of the centre of mass of the system is
(A) zErO B) V

(C) 15v (D) 3V

Ball A collides with an another identical ball B at rest
as shown in Figure.

@ ®

The value of coefficient of restitution e, for which the
velocity of ball B becomes two times that of A after
collision is

(A)

(B)

== N

© D)

= W=

Six identical steel balls are lined up in a straight
frictionless groove made on a horizontal surface. Two
similar balls moving with speed v collide elastically
with the row of 6 balls from the left. Then

>,

QO OO00CO.

(A) all the § balls will move with a speed % each

(B) all the 6 balls in the row will move with a speed
% each and the two incident balls will come to

rest

(C) two balls from the row will move with a speed v
other balls remaining at rest

(D) one ball from the row will move with a speed 2v,
other balls remaining at rest

80.

81.

82.

83.

84.

Two blocks of masses 2kg and 1kg respectively
are tied to the ends of a string which passes over a
light frictionless pulley. The masses are held at rest
at the same horizontal level and then released. The
distance traversed by centre of mass in 2 second is
(Take g =10 ms™)

(A) 142m
() 312m

(B) 222m
(D) 333m

A shell is fired from a canon with a velocity v at an
angle 0 with the horizontal. At the highest point it
explodes into two pieces of equal masses. One of the
pieces retraces its path to the canon. The speed of the
other piece immediately after the explosion is

(A) 3vcosd (B) 2vcos6

Q) %UCOSB (D) wvcosH

Aforce F=(2i+]+3k)N acts ona particle of mass 1 kg
for ¢ =25 Ifinitial velocity of particleis i = (2i + ]) ms ™,
then the speed of particle at the f =2 s will be

(A) 4ms™ (B) 6ms™

(C) 9ms’ (D) 12ms”

A block of mass m is pushed towards a movable
wedge of mass 2m and height i with a velocity u.

All surfaces are smooth. The minimum value of u for
which the block will reach the top of the wedge is

T

h

2m
m
l ONu+ ]
CNER ®) gh
(OENET (D) 2,/gh

A moving particle of mass m makes a head-on elastic
collision with a particle of mass 2m which is initially
at rest. The fraction of the initial kinetic energy lost by
the colliding particle is
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1 2
A) — B) -
@A) 3 ® 3

4 8
0 - D) —
© 3 D) 3

85. Ablock of mass m slides over a smooth wedge of mass

86.

87.

M which is placed over a rough horizontal surface.
If u be the coefficient of friction between the wedge
and the ground, then the centre of mass of the system
will move towards left

A)
B) if mgsin®>uMg

(
(
(C) if mgcosBsin >puMg
(D) None of these

if mgcosOsin®>p(M+m)g

Aheavy ball of mass 2m rests on the horizontal surface
and the lighter balls of mass m is dropped from a
height 11> 2] as shown in Figure. The upward velocity
of the heavy ball at the instant when string gets taut is

h>2¢

2m

2,/gl
o 5

-l

D)

Alarge tray of mass M has in it a cubical block of ice
of mass m and edge length L. The ice starts melting.
The shift in the height of centre of mass of system
(ice + tray) is

1 mL
A ———; d
(A) 2(m+M) Hpwar

1 ML
B) - . d
®) 2(m+M) Hpwar

(@] Lomk ; downward
2(m+M)

1 ML
@) 2 (m+M)

; downward
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89.
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A block of mass m is pushed towards a movable
wedge of mass nm and height 1, with a velocity u.
Assume all surfaces to be smooth. The minimum
value of u for which the block will reach the top of
the wedge is

NG

/L"lm m

(&) (2gh (B) ny2gh

1 / 1
C) |2gh|1+— D) [2¢h|1-—
© g1[+ﬂ] ®) g[ Tl)

A particle of mass m; moves with speed v and
collides head on with a stationary particle of mass
m, . If e be the coefficient of restitution and the first
particle continues to move in the same direction, then

m, .

m2
(A) e (B) >e
Q) <e D) >é’

A uniform rod of length [ is kept vertically on a rough
horizontal surface at x=0. It is rotated slightly and
released. When the rod finally falls on the horizontal
surface the lower end will remain at

=0 > X-axis

(A) x=0 (B) x=é
(@) x<i (D) x>i
2 2

Two spheres of masses M and 2M are initially at rest
atadistance R apart. Due to mutual force of attraction
they approach each other. When they are at separation

R . .
5 the acceleration of their centre of mass would be

(A) 0
(C) 3gms™

(B) gms™
(D) 12g ms™
Aball A is falling vertically downwards with velocity

v,. It strikes elastically a wedge moving horizontally
with velocity v, as shown in figure.
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93.

94.

95.

96.

A
?\H
Va

30°

The ratio % , so that the ball bounces back vertically

Uy
upwards relative to the wedge is
1
A) V3 B) =
(A) (B) 7
1
0 2 D) —
© @) 5

The mass per unit length of a non-uniform rod of
2

. X .
length L varies as m = m, T where m, is a constant

and x is the distance of any point on the rod measured
from one end. The centre of mass of the rod is at

L L
® 5 ®
3L 3L
© 3 ® =

A gun fires a shell and recoils horizontally. If the shell
travels along the barrel with speed v, the ratio of speed
with which the gun recoils if

CASE-1 the barrel is horizontal

CASE-2inclined at an angle of 30° with the horizontal is

(A) 1 (B)

A radioactive nucleus of mass number A, initially at
rest, emits an o particle with speed v. The recoil speed
of the daughter nucleus is

4p 4p
&) (B) —
(A-4)v (A-4)v
©) 1 (D) 1

Two blocks of equal masses are tied to a light string,
which passes over a massless pulley as shown in
figure.

60° 30°

The magnitude of acceleration of centre of mass of
both the blocks is (neglect friction everywhere)

97.

98.

99.

100.

101.

1)
(A) (f—gg] ® (3-1)g

g J3-1
© 5 (D) (TJS

A tennis ball bounces down a flight of stairs striking
each step in turn and rebounding to the height of the
step above. The coefficient of restitution is

1
® 5

1
© +7

Three particles A, B and C of equal masses, moving
with the same speed v along the medians of an
equilateral triangle, collide at the centroid G of
the triangle. After collision, A comes to rest and B
retraces its path with speed v. The speed of C after the
collision is

(A) zERO (B) % along GB

(C) v along BG (D) v along CG

A bomb of mass 12 kg, initially at rest, explodes into
two pieces of masses 4 kg and 8 kg. The speed of the
8 kg mass is 6 ms ™. The kinetic energy of the 4 kg
mass is
(A) 32]
(C) 144]

(B) 48]
(D) 288]

The momentum of a particleis P = A+ Bt*, where A
and B are constant perpendicular vectors. The force
acting on the particle when its acceleration makes an
angle of 45° with the velocity is

o ()

(D) 2B

(A) ZERO

o ()

The blocks A (of mass m)and B (of mass 2m ), in
the given arrangement shown, are given together
a horizontal velocity towards right. If a_ be the
subsequent acceleration of the centre of mass of the
system of blocks then 4 equals
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ae
n=03
—>v
=02 L~

(A) Oms™ (B) 2ms™
©) > ms™ (D) 7 ms™

3 3

102. A moving mass of 8 kg collides elastically with a

103.

104.

105.

106.

107.

stationary mass of 2 kg. If E be the initial kinetic
energy of the mass, the kinetic energy left with it after
collision will be

(A) 0.80E (B) 0.64E

(C) 036E (D) 0.08E

A particle of mass 1 kg is projected with velocity
u=40ms " atan angle of 30° with horizontal. The
change in linear momentum of the particle after time
f=1sis (Takeg =10 ms’z)
(A) 7.5kgms™
(C) 10 kgms™

(B) 15kgms™
(D) 20 kgms™

A projectile of mass 3m explodes at the highest
point of its path and breaks into three equal parts
such that one part retraces its path and the second
one comes to rest. The range of the projectile was
100 m if no explosion would have taken place. The
distance of the third part from the point of projection
when it finally lands on the ground is

(A) 100 m (B) 150m

(€) 250 m (D) 300 m

A 6 kg box sled is travelling on ice at a speed of
9ms” when a 12kg packet is dropped into it
vertically. The velocity of the sled will now be

(A) 3ms™ (B) 4ms™

(C) 6ms’ (D) 8ms"

A smooth sphere is moving on a horizontal surface
with velocity vector 2i +2j immediately before it hits

a vertical wall. The wall is parallel to j vector and the
coefficient of restitution between the sphere and the

wallis e= % . The velocity vector of the sphere after
it hits the wall is

~

(A) i-]
Q) -i-j

(B) -1+2]
(D) 2i-]

The figure shows a small prism of mass M sliding
on the bigger prism of mass 5M from the top to the
bottom. Assuming all surfaces to be frictionless and
the system (big prism + small prism) to be at rest ini-
tially, the distance moved by the prism combination is
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15

Iy

\g"=.1==\

(A) %L to left (B) %L to right

©) %L to right (D) %L to left

A drum major’s baton consists of two masses 2M
and M separated by a thin light rod of length L. The
baton is thrown into the air. Neglecting air drag, if R
is the position vector of the centre of mass of the baton
then the equation of motion for the centre of mass is

AR 23 3

A) T8 B Lt_8
(&) a3 ®) art 3
d’R 'R 43
=0 D —_—

© =8 D) =73

Two billiard balls of the same size and mass are in
contact on a billiard table. A third ball of the same
size and mass strikes them symmetrically and comes
to rest after the impact. The coefficient of restitution
between the balls is

(A) (B)

© (D)

WM | =
=W M=

Four particles of masses 1, =2m, m,=4m, m;=m
and m, are placed at four corners of a square. What
should be the value of m,, so that the centre of mass
of all the four particles are exactly at the centre of the
square?

(A) 2m
(C) 8m

(B) 6m
(D) None of these

A ball strikes a horizontal floor at an angle 6= 45°.
If the coefficient of restitution between the ball and

o1 . e
the flooris e = X then the fraction of its kinetic energy

lost in collision is
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112.

113.

114.

115.

(A) (B)

© D)

0| W | =
o Ul = | W

Two particles of masses m, and m, in projectile
motion have velocities v, and v, respectively at time
t = 0. They collide at time ¢, . Their velocities become

v; and o, at time 2f;, while still moving in air. The
value of |(m,3] +m,5}) - (m,3, +m,o,)| is

(B) (m, +m,)gt,

1
(D) > (m, +m,)gt,

(A) zERO
(C) 2(m, +m,)gt,

Two block m;, and m, are pulled on a smooth
horizontal surface, and are joined together with a
spring of stiffness k as shown in Figure. Suddenly,
the block 1, receives a horizontal velocity v,, then

the maximum extension x__ in the spring is
m, | ] m, '—’4%
(A) o, B) o, |
Nk \k(m, +m,)
[ mm i
C ) 1772 D) v 1772
© = 2k (m, +m,) ©) = k(m, +m,)

A man of mass 80 kg is riding on a small cart of
mass 40 kg which is rolling along a level floor at a
speed of 2 ms . He is running on the cart, so that his
velocity relative to the cart is 3 ms™ in the direction
opposite to the motion of cart. The speed of the centre
of mass of the system is

(A) zERO (B)
(C) 15ms™ (D) 3ms™

Aball of mass m1 collides with the ground at an angle
o with the vertical. If the collision lasts for time ¢
and ¢ is coefficient of restitution between the ball
and ground, then the average force exerted by the
ground on the ball is

1ms™

(TN
\\\\Oﬂ
emu EMUCOSOL
(A) — B) ———
t t
2(1+e)mucoso. (1+e)mucosa
< — D) ——

t t

116.

117.

118.

119.

A light particle moving horizontally with a speed of
12 ms™ strikes head-on a very heavy block moving
in the same direction at 10 ms™. The collision is
one-dimensional and elastic. After the collision, the
particle will

—>10ms™

12ms™ O

(A) moveat 2ms™ in its original direction
(B) moveat 8 ms in its original direction
(C) moveat 8 ms™ opposite to its original direction
(D) moveat 12 ms™ opposite toits original direction

A small block of superdense material has a mass M,

where M is the mass of earth. It is released from rest
from a height /i (« radius of earth) above the surface

of earth. The speed of the block at a height ;-1 is

(A) @ (B) g
3¢l
©) @ (D) |2gh

An object, initially at rest, explodes into three

fragments. The momenta of two parts are 2pi and

p;i where p is a positive number. The momentum of

the third part 1

(A) will be of magnitude 3p inclined at tan'l(E]
with x-axis

(B) will be of magnitude 5p inclined at tan™(2)
with x-axis

(C) will be of magnitude 3p inclined at 1 —tan™(2)
with x-axis

(D) will be of magnitude +5p inclined at

n—tan’ (;) with x-axis

There are some passengers inside a stationary railway

compartment. The centre of mass of the compartment

itself (without the passengers) is C,, while the centre

of mass of the ‘compartment plus passengers’

system is C,. If the passengers move about inside the

compartment,

(A) both C, and C, will move with respect to the
ground

(B) neither C, nor C, will move with respect to the
ground

(C) C, will move but C, will be stationary with
respect to the ground

(D) C, will move but C,; will be stationary with
respect to the ground
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A ball, moving with a speed of 9 ms™, strikes an
identical stationary ball such that after the collision
the direction of each ball makes an angle of 30° with
the original line of motion. The speeds of the two
balls after the collision are

(A) 3v3 ms™and 3 ms™
(B) 3ms™ and 3v/3 ms™
(C) 3ms™ and 3 ms™

(D) 33 ms™and 3y/3 ms

A ball of mass m, collides head-on and elastically
with an identical ball of mass m, , initially at rest. The
transfer of energy will be maximum when

(A) m,=m, ®) ="
(C) m, =2m, (D) None of these

A meter rule weighing 100 g rests on a table with a
part projecting over the edge. The length of the part
to be projected out if a 5 g body hung at the end just
tilts the rule is
(A) 26.8cm
(C) 40.2cm

(B) 37.5cm
(D) 47.6 cm

Two particles of equal mass m are projected form
the ground with speeds v, and v, at angles 8, and
6, as shown in figure. The centre of mass of the two
particles

(A) will move in a parabolic path for any values of
v, 7, 6, and 6,

(B) can move in a vertical line

(C) can move in a horizontal line

(D) will move in a straight line for any values of v,,
v,, 0, and 6,

A hemisphere of radius R and of mass 4m is free
to slide with its base on a smooth horizontal table.
A particle of mass m is placed on the top of the hemi-
sphere. The angular velocity of the particle relative
to hemisphere at an angular displacement 8, when
velocity of hemisphere has become v is
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2v 3v
A B
(&) RcosB ®) Rsin®
5v 5v
C D
© RcosB D) Rsin®

Two blocks of masses m and 2n1, kept on a smooth
horizontal surface, are connected by an ideal spring
of force constant k. Initially the spring is unstretched.
A constant force is applied to the heavier block in the
direction shown in figure. If the displacement of the
smaller block at time f is x, then displacement of the
heavier block at this moment is

om |"T=£

L~
x F¥: «x
A) = B —-=
*) 3 ® -
© = o X
3 6m 3

Aspace-craft of mass M is moving in free space with
velocity V. Itexplodes and breaks into two. One part,
which has a mass m, is left stationary. The velocity of

the other part is
MV mV
(A) (B) :
m+m M+m
MV mV
C D
© M-m D) M-m

A boy of mass 60 kg is standing over a platform
of mass 40 kg placed over a smooth horizontal
surface. He throws a stone of mass 1kg with
velocity u=10ms™ at an angle of 45° with respect
to ground. The displacement of platform (with boy)
on the horizontal surface, when the stone lands on
the ground is (Take g =10 ms™)

(A) 5am (B) 10cm

(C) 25cm (D) 50 cm

Two particles one of mass m and the other of mass
2m are projected horizontally towards each other
from the same level above the ground with velocities
10ms™ and 5ms™ respectively. They collide in air
and stick to each other. The distance from A, where
the combined mass finally land is

2m

0

10ms™ 5ms™

m

+—— 60 m—»

(A) 40m
(€) 30m

(B) 20m
(D) 45m
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MULTIPLE CORRECT CHOICE TYPE QUESTIONS

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE is/are correct.

1.

Aball B of mass m is lying at rest on the top surface of
a smooth horizontal table 5 m high. Another moving
ball A of same mass makes an elastic collision with
B and B slides off the table and strikes the floor at
a horizontal distance of 10 m from the table. Then
select the correct alternative(s) (g =10 ms™)

(A) The velocity of the ball A before collision is
5ms™

(B) The kinetic energy of the ball B at the time of
striking the ground is (mx100) ]

(C) The velocity of the ball A before collision is
10 ms™

(D) The kinetic energy of the ball B at the time when
it strikes the ground is (50 xm) |

A horizontal block A is at rest on a smooth horizon-
tal surface. A small block B, whose mass is half of A,
is placed on A at one end and projected along other
end with some velocity u#. The coefficient of friction
between blocks is 1. Then

A

(A) the blocks will reach a final common velocity %

(B) the work done against friction is two third of the
initial kinetic energy of B
(C) before the blocks reach a common velocity, the

2
acceleration of A relative to B is 3 ug
(D) before the blocks reach a common velocity, the

acceleration of A relative to B is % g

Two identical particles A and B each of mass m are
connected together by a light and inextensible string
of length [. The particles are held at rest in air in
same horizontal level at a separation /. Both particles
are released simultaneously, however particle A is
given speed v, vertically upwards. Select the correct
statement(s). Ignore air resistance.

(A) The maximum height attained by t?e centre of

mass of the system of A and B is ;—“
$
(B) The kinetic energy of the system of A and B
when the centre of mass is at its highest point, is
o,
5 "

(C) The maximum height attained by the centre of
2

mass of the system of A and B is Z—;
(D) The kinetic energy of the system of A and B
when the centre of mass is its highest point, is
mo;
4
A ball of mass 1kg strikes a wedge of mass 4 kg,
horizontally with a velocity of 10 ms™. Just after
collision, the velocity of wedge becomes 4ms™.
Assuming friction to be absent everywhere and colli-
sion to be elastic, select the correct statement(s)

10 ms™
-—Y

30°

(A) Speed of ball after collision is 6 ms™.

(B) Speed of ball after collision is 8 ms™.

(C) Impulse between ball and wedge during collision
is16 Ns.

(D) Impulse between ball and wedge during collision
is 32 Ns.

A cannon and a supply of cannon balls are inside a
sealed rail road car at rest. The cannon fires to the
right, the car recoils to the left. The balls remain in the
car after hitting the farther wall. Assume friction to be
absent. If L is the length of the rail road car, D is the
distance traversed by the rail road car relative to the
ground, m is the total mass of cannon balls fired and
M is the total mass of remaining system (cannon +
car) then
(A) D>L (B) D<L
ML mL

(D) D=
M+m M+m

A particle of mass m moving with a velocity

) D=

(37 +2j) ms ™ collides with another body of mass M

and finally moves with velocity (72§ +}) ms . Then
during the collision o

(A) impulse imparted to m is m(Si + ])

(B) impulse imparted to m is m(75§ - })

(C) impulse imparted to M is m(fStL j)

(D) impulse imparted to M is m(5;+})
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Aball A collides elastically with another identical ball
B with a velocity of 10 ms™ making an angle of 30°
with the line joining their centres C, and C, . Select
the correct statement(s).

(A) Velocity of ball A after collision is 5 ms™.

(B) Velocity of ball B after collision is 513 ms .

(C) Kinetic energy will not be conserved here, because
collision is not head on.

(D) Both the balls move at right angles after collision.

Ball A of mass 1 strikes a stationary ball B of mass M
and undergoes an elastic collision. After collision ball
A has a speed one third of its initial speed. The ratio of
M .

— is

m

(A)
©

Velocity of a particle of mass 2 kg changes from

(B)

1
2
(D) 4

1
4
2

~

U, = 2 - 2:5 ms' to = (.!A - ]) ms after colliding
with a plane surface. Select the correct statement(s).
(A) The angle made by the plane surface with the

1
positive x-axis is tan™’ (5)
(B) The angle made by the plane surface with the
. oo a1
positive x-axis is 90° +tan 3
(C) The direction of change in momentum makes an
angle 90° + tan™ (%) with the plane surface
(D) The direction of change in momentum makes an
angle tan‘l(%) with the +ve x-axis

A block of mass m moving with a velocity v, col-
lides with a stationary block of mass M at the back
of which a spring of spring constant k is attached, as
shown in the figure. Select the correct alternative(s)

Vp k
r wf—»”,
L~ smooth L~

(A) The velocity of centre of mass is + (o
m
(B) The initial kinetic energy of the system in the
1 mM Y,
centre of mass frame is —| —— |0}
A\ M+m
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(C) The maximum compression in the spring is

mM 1
v, —
m+Mk

(D) When the spring is in the state of maximum com-
pression the kinetic energy in the centre of mass
frame is zero

Two blocks A and B each of mass m are connected
by a massless spring of natural length L and spring
constant k. The blocks are initially resting on a smooth
horizontal floor with the spring at its natural length, as
shown in figure. A third identical block C, also of mass
m, moves on the floor with a speed v along the line
joining A to B and collides with A. Then

=y

g A |PIWT B

(A) the kinetic energy of the A-B system, at maxi-
mum compression of the spring is zero
(B) the kinetic energy of the A-B system, at

. . om
maximum compression of the spring is v

(C) the maximum compression of the spring is v‘j%

(D) the maximum compression of the spring is v\/i

For the case of rocket propulsion, select the correct

statements.

(A) Momentum of system always remains constant.

(B) Newton’s Third Law is applicable.

(C) If exhaust velocity and rate of burning of mass is
kept constant, then acceleration of rocket keeps on
increasing.

(D) Newton's Second Law is applicable.

Abag of mass M hangs by a long thread. A bullet of
mass n comes horizontally with a velocity v and gets
embedded in the bag. Then for the combined system,
immediately after the collision, the

(A) momentum is
+m

(B) momentum is mv
2,2

C) kineti is ——
(C) kinetic energy is M)

)
(D) kinetic energy is HT

In a one-dimensional collision between two particles
A and B, the particle B is stationary and A has
momentum p before impact. During impact, A
gives an impulse | to B. Then select the incorrect
statement(s)
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15.

16.

17.

(A) The total momentum of A plus B system before
and after the impactis p and during the impact
is (p-J)

(B) During the impact B gives an impulse | to A

2
(C) The coefficient of restitution is Y -1
p

2]

(D) The coefficient of restitution is —+1
P

The elastic collision between two bodies, A and B
can be considered using the model in which A and
B are free to move along a common line without fric-
tion. When separation between the surfaces is greater
than d =1m, the interacting force is zero. However,
when their distance less than d, a constant repul-
sive force F=6 N is present. The mass of body A is
n, =1kg and it is initially at rest. The mass of body
B is m, = 3 kg and it is approaching towards A witha
speed v, =2 ms . Then select the correct statement(s).

S

(A) The minimum separation between the bodies is
0.25m

(B) The common velocity attained by the bodies are
15ms™

(C) The common velocity attained by the bodies are
2.0 ms™

(D) The minimum separation between the bodies is
0.75 m

Two identical balls are thrown obliquely from the

ground simultaneously. The acceleration of centre of

mass

(A) does not depend on the mass of the two balls

(B) depends on the direction in which two balls are
projected

(C) isequalto g

(D) is zero

Two small balls A and B of mass M and 3M hang
from the ceiling by strings of equal length. The ball
is drawn aside so that it is raised to a height H. Now
the ball A is released such that it collides with ball B.
Select the correct statement(s).

18.

19.

(A) If collision is perfectly elastic, ball B will rise to a
H
height —
&
(B) If the collision is perfectly elastic, ball A will rise
upto a height %
(C) If the collision is perfectly inelastic, the combined

mass will rise to a height %

(D) If the collision is perfectly inelastic, the combined

H
mass will rise to a height 1

A particle of mass m strikes a horizontal smooth floor

with a velocity u making an angle 8 with the floor

and rebound with velocity v making an angle ¢ with

the floor. The coefficient of restitution between the

particle and the floor is e. Then

(A) the impulse delivered by the floor to the body is
mu(1+e)sin®

(B) tan¢=etand

(C) v=uy1-(1-¢*)sin0

(D) the ratio of the final kinetic energy to the initial
kinetic energy is cos’8+¢’sin’6

Abody is fired from point P and strikes at Q inside a
smooth circular wall as shown in the figure. It rebounds
to point S (diametrically opposite to P), then

(A) the coefficient of restitution is zero

(B) the coefficient of restitution is 1

(C) kinetic energy is conserved in this collision
(

1
D) the coefficient of restitution is —=
V3
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Aparticle of mass 0.1 kg moving with an initial speed
v collides with another particle of same mass kept at
rest. If after collision total energy becomes 0.2 J. Then
(A) minimum value of v is 3 ms™

(B) minimum value of v is 2 ms™'

B)
(C) maximum value of v is 242 ms™
(D) maximum value of v is 6 ms™

In the arrangement shown, all surfaces are smooth and
system is released from rest. The x and y components
of acceleration of centre of mass are

[
y
[m.[]
m,m m,m
W )= (o)
1 2 1 2

O (1), = ( m1"i2mj g (D) (ag), =(m:22m2 )S’

A point mass of 1kg collides elastically with a

stationary point mass of 5kg. After their collision,

the 1kg mass reverses its direction and moves with

a speed of 2 ms™'. Which of the following statement(s)

is (are) correct for the system of these two masses?

(A) Total momentum of the system is 3 kgms™

(B) Momentum of 5kg mass after collision is
4 kgms™

(C) Kinetic energy of the centre of massis 0.75]

(D) Total kinetic energy of the system is 4 ]

A ball strikes the ground at an angle o and rebound
atan angle § with the vertical as shown in the figure.
Then

oy p

- ... fano
(A) coefficient of restitution is
tanf3

(B) if oo<P the collision is inelastic
(C) if o=p the collision is elastic
(D) if oo>P the collision is inelastic

A particle of mass n1, moving with velocity v collides

with a stationary particle of mass 2m. As a result of
collision, the lighter particle deviates by 45° and has

v I
final speed of —. For this situation, select the correct
statement(s).
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(A) The angle of divergence between particles after
collision is 90°

(B) The angle of divergence between particles after
collision is less than 90°

(C) Collision is elastic

(D) Collision is inelastic

On a frictionless surface a block of mass 1kg is
pushed with a velocity of 6 ms™ towards another
block of mass 2 kg placed at a distance of 6 m from
it as shown in Figure. Just after collision, the velocity
of 2kg block becomes 4 ms™. Select the correct
statement(s).

=2 6 ms”’

6m a

1
A) Coefficient of restitution between two blocks is y

(
(B) Coefficient of restitution between two blocks is 1
(C) Velocity of centre of massat t=2s is 2 ms™

(D) Velocity of centre of mass at =055 is 2ms™

Aball of mass 10 g is dropped on the ground from a

height of 10 m. It rebounds to a height of 2.5 m. If the

ball is in contact with the ground for 0.01 s, then which

statement(s) is incorrect?

(A) Impulse force between the ground and ball is
15N

(B) Impulse force between the ground and ball is

52 N

(C) Coefficient of restitution between the ground and
ball is 0.25

(D) Coefficient of restitution between the ground and
ballis 0.5

If the coefficient of restitution between A and B

1
(shown in Figure) is e=§, then select the correct
statement(s).

A B

Smooth

(A) Velocity of B after collision is g

(B) Impulse between the bodies during collision is
—muv

(C) Loss in kinetic energy during the collision is
imv2
16

(D) Loss in kinetic energy during the collision is

—mv’
4
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28.

29.

30.

31.

A charged particle A moves directly towards another

charged particle B. For the(A+B) system, the total

momentum is p and the total energy is E.

(A) p and E are conserved if both A and B are free
to move

(B) Option (A) is true only if particles A and B have
similar charges

(C) If B isfixed, E is conserved but not p.

(D) If B is fixed, neither E nor p is conserved

A projectile is fired from a point on the horizontal
ground. The coefficient of restitution between the
projectile and the ground is e. Let 2, b and ¢ be the
ratio of the time of flights, the maximum heights and
the horizontal ranges for the first two collisions with
the horizontal ground, then

(&) a=t ®) b=_
e e
© c=+ (D) a=be=c

A pendulum bob of mass m connected to the end
of an ideal string of length [ is released from rest
from horizontal position as shown in Figure. At the
lowest point, the bob makes an elastic collision with
a stationary block of mass 5m, which is kept on a
frictionless surface. Select the correct statement(s) for
the instant just after the impact

m ¢

(A) Tension in the string is 3mg
7mg

(B) Tension in the string is !

2gl
(C) The velocity of the block is g

(D) The maximum height attained by the pendulum
bob after impact is (measured from the lowest

Lo 4l
position) 5

A particle moving with kinetic energy K makes a

head on elastic collision with an identical particle at

rest. During collision, the

(A) elastic potential energy of the system is always
Zero.

(B) maximum elastic potential energy of the system is
K

5

32.

33.

34.

(C) kinetic energy of the system is constant.

K
(D) minimum kinetic energy of the system is 7

Two particles having equal masses are projected simul-
taneously from the roof of a tower of height 20 m with
same speed 20 ms™, one horizontally and the other
vertically upwards. Select the correct alternative(s).

(A) The acceleration of centre of mass is %

downwards.

(B) The acceleration of centre of mass is g downwards.

(C) Maximum height of centre of mass from the
ground is 25 m.

(D) Maximum height of centre of mass from the
ground is 40 m.

Adisk moving on a frictionless horizontal table collides
elastically with another identical disk as shown in
Figure. The direction of motion of the two disks makes
angle 6 and ¢ with the initial line of motion. Select
the correct values of 6 and ¢.

(A) 6=60°
€ ¢=60°

(B) 6=30°
(D) ¢=30°

A particle of mass m moving with a speed v collides
elastically with another particle of mass 2m on a
horizontal circular tube of radius R, then select the
correct alternative(s)

2m

(A) The time after which the next collision will take
lace is R
P v

(B) The time after which the next collision will take
place is proportional to m

(C) The time after which the next collision will take
place is inversely proportional to m

(D) The time after which the next collision will take
place is independent of the mass of the balls
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Ablock of mass m is lying at rest on a smooth wedge of
mass M also lying at rest on a smooth horizontal surface.
When the system is released select the correct statements.

(A) The CM of the system remains stationary.

(B) The CM of the system has an acceleration g verti-
cally downward.

(C) Momentum of the system is conserved along the
horizontal direction.

(D) Acceleration of CM is vertically downwards and
a<g.

Two particles having same mass and charge are both
thrown along the horizontal with same velocity
from two different height h, and h, (h, <h,). Initially
they were located in the same vertical line. Select the
correct alternative(s).

q, mo—v

h, Tc;,m

h;

b

REASONING BASED QUESTIONS
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(A) Both the particles always lie on a vertical line.

(B) Acceleration of the centre of mass of the two par-
ticlesis ¢ downwards.

(C) Horizontal displacement of particle lying at /, is
less than the value, which would had been in the
absence of charges on them.

(D) Horizontal displacement of particle lying at /, is
more than the value, which would had been in
the absence of charges on them.

A man of mass m is standing on a stationary flat car.
The car can move without friction along horizontal
rails. The man starts walking with velocity v relative
to the car. The work done by him

(A) is greater than %mvz , if he walks along the rails.

(B) is less than %mvz, if he walks along the rails.
(C) isequalto %mv2 , if he walks normal to rails.

(D) can never be less than %mvz.

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: In case of bullet fired from a gun, the
ratio of kinetic energy of gun and bullet is equal to
ratio of masses of bullet and gun.

Statement-2: In firing, momentum is conserved.

Statement-1: The position of centre of mass of a body
does not depend upon shape and size of the body.
Statement-2: The centre of mass of a body may lie
where there is no mass.

Statement-1: A particle of mass m strikes a smooth
wedge of mass M as shown in the Figure.

Smooth

Linear momentum of particle along the surface of
wedge is conserved during collision.

Statement-2: Wedge exerts a force perpendicular to
inclined face of wedge on particle during collision.
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4. Statement-1: A body of mass m, collides head on
elastically with another stationary body of mass .
After the collision, velocity of mass n1, is maximum,
when m1; > 1.

Statement-2: Velocity of second body is always
maximum, when its mass 11, is greater than mass of
the hitting body.

5. Statement-1: Ona 8 m boat as shown in figure, when
man moves from centre to end B, the boat moves back-
ward on water by 4 m.

Statement-2: Conservation of momentum principle is
being followed.

6. Statement-1: If no external force acts on a system of
particles, then the centre of mass will not move in any
direction.

Statement-2: If net external force is zero, then the
linear momentum of the system remains constant.

7. Statement-1: A block is kept at the top of a smooth
wedge which is kept on a smooth horizontal surface.
As the block slides down the wedge, centre of the mass
of system will be accelerated.
Statement-2: When external force acting on the system
is zero, centre of mass is in rest.

LINKED COMPREHENSION TYPE QUESTIONS

10.

Statement-1: A block of mass M, balances a man at rest
on a stationary ladder. If man moves upwards with
respect to the ladder, the centre of mass will not move.
Assume string to be massless and pulley to be smooth.
Statement-2: For a system on which no net external
force acts and if u_, =0 then position of centre of
mass will remain fixed.

Statement-1: Change in momentum of a particle in
small time interval depends upon net impulse acting
on it.

Statement-2: Internal force on the particle must be zero.

Statement-1: In a two body collision, the momenta of
the particles are equal and opposite to one another,
before as well as after the collision when measured in
the center of mass frame.

Statement-2: The momentum of the system is zero
when measured from the centre of mass frame.

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of
competitiveness there may be a few questions that may have more than one correct options)

Comprehension |

A horizontal frictionless string is threaded through a bead
of mass . The string is pulled between two vertical oppo-
site sides of a cart of mass M, as shown in figure. The length
of the cartis L and the radius of the bead, r, is very small
in comparison with L(r<L). Initially, the bead is at the
right edge of the cart. The cart is struck and as a result, it
moves with velocity v,. When the bead collides with the
cart’s walls, assume the collisions to be completely elastic
always.

—— | ————»i

| —~

—

Based on above information, answer the following
questions.

1.

The velocity of the centre of mass of the cart and the
bead is
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[ ] ]
mu My,
A) —= (B) ——
m+ M m+ M
My, Mo,
C g D 0
©) M-m ) M-m

2. The first collision of the bead with the cart’s wall takes
place at the time £, given by

) L ® =
U(] Ucm
o * o *
vcm vO

3. The velocity of the bead after the first collision, in the
centre of mass frame is

2Mvy My,
(A) ! (B) £
M+m M+m
2my, 2mMuy
C 0 D) —%
© m+M ©) m* + M?

Comprehension 2

Two blocks of mass 2 kg and M are at rest on an inclined
plane and are separated by a distance of 6.0 m as shown

&

0

The coefficient of friction between each block and the
inclined plane is 0.25. The 2 kg block is given a veloc-
ity of 10.0 ms™ up the inclined plane. It collides with M,
comes back and has a velocity of 1.0 ms™ when it reaches
its initial position. The other block M after the collision
moves 0.5 m up and comes to rest. Take sinf = tan6 = 0.05
and ¢=10 ms. Based on the above facts, answer the
following questions.

4. The approximate velocity of the 2 kg block just before

collision is
(A) 4ms™ (B) 8ms™
(C) 16 ms™ (D) 32ms™
5. The approximate velocity of 2kg block just after
collision is
(A) 1ms’ (B) 3ms '
(C) 5ms’ (D) 7ms’
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6. The approximate velocity of block M just after collision
is

(B) 1.25ms™
(D) 2ms™

(A) 1ms™
(C) 1.75ms™

7. If e be the coefficient of restitution between the blocks,
then ¢ equals

(A) 0.24
(C) 0.64

(B) 0.44
(D) 0.84

8. The approximate value of the mass M is
(A) 2.5kg (B) 5kg
(C) 10kg (D) 15kg

Comprehension 3

Two pendulum bobs of mass m and 2m are attached to
threads of length L suspended from a rigid support. Both
the bobs are taken to a height H from the lowest point
and then released so they collide elastically at the lowest
point in their motion. Based on the above facts, answer the
following questions.

9. Velocity of bob of mass m just after impact is

() 52 ®) |2

© 2 ©) JogH
10. The height to which 2m will rise after impact is
4H
@ 5 ® %
© H ® =

11. The height to which m will rise after impact is
H

(A) 9 (B) H
25H 16H
©) 5 (D) e

Comprehension 4

A plank of mass M is placed on a smooth horizontal
surface. Two light identical springs, each of stiffness K, are
rigidly connected to struts at the end of the plank as shown
in Figure.

3¢ ¢ _ String _

1
Strut . »re]] Strut
}-’Mjﬁﬂﬁh{ O el L1110
I

M
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When the springs are in their natural position, the distance
between their free ends is 3/. A block of mass m is placed
on the plank and pressed against one of the springs so that
itis compressed to [. To keep the block at rest it is connected
to the strut by means of a light string. Initially, the system is
at rest. Now if the string is burnt, then answer the following
questions.

12. The maximum displacement of the plank is

5ml 3ml
A) — B
(A) M (B) Mam
4ml 5ml
C D
© M+m D) M+m

13.  The maximum velocity of the plank is
km k
A | B) [|——
* V(M+M) : \(M+m)
kim kM
J———
© M(M+m)

D) || ——
14. The maximum kinetic energy of the block 1 is

(
(

m(M+m)

kml® kMI?
(&) 2M(M+m) ®) 2(M+m)

kml? 2kMI?
© Soarem O e

Comprehension 5

A uniform sphere with mass 2m and radius 2r is at rest
in a place where no external forces are applied. A second
sphere of mass m and radius r moves towards it with
a velocity v (without rotating). The two spheres stick
together and then continue their motion as one body. Given
that d = 2r.

m

@L»___ _ 2m
i
d

S

Based on above information, answer the following questions.

15. The distance of the centre of mass of system from the
centre of bigger sphere at the moment of collision is
(A) r (B) 2r
€ 3r (D) 4r

16. The velocity of centre of mass immediately after the
collision is

2v 20
(A) 3 (B) 3
3v v
©) e (D) 3

17. The moment of inertia about the center of mass of the
unified body after the collision is

(A) 25—41111‘2 (B) Erm‘z
(©) ?mr2 (D) 4—;::'11‘2

Comprehension 6

To describe the momentum and kinetic energy of a particle,
we need a reference frame. A very popular reference frame
is the one which is attached with the centre of mass of a
system. To describe the motion of the constituent particles
of a system we have to find the velocity of centre of mass
and then the velocities of the constituent particles with
respect to centre of mass frame called C-frame. For simplic-
ity consider a two particle system having masses m,, m, and
their velocities in a stationary frame of reference to be 7;,
7, respectively. Based on information given, answer the
following questions.

18. The total momentum of the system in the C-frame is

(A) myTy + my0, (B)  mydy + 1150,

(C) (%)(fh—ﬁl] (D) zErO

19. The total kinetic energy of the system in the C-frame is

(A) %( mlz)f + mzvg)
1 .
(B) E( iy + 1y )( Ty — Uy )2

©) 1(—””1’”2 ](51—52 i

2\ my+my

(D) zERO

20. Let the velocity of centre of mass of two particles is v
and the sum of the masses of two particles is m. Kinetic
energy of the system in stationary frame

(A) Will be equal to %mvz

(B) Will always be less than %mv2

(C) Will be greater than or equal to %mv2

(D) Will always be greater than %mvz

Comprehension 7

Two friends A and B (each weighing 40 kg ) are sitting
on a frictionless platform some distance 4 apart. A rolls
a ball of mass 4 kg on the platform towards B, which B
catches. Then B rolls the ball towards A and A catches it.
The ball keeps on moving back and forth between A and B.
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The ball has a fixed speed of 5ms™ on the platform. Based
on above information, answer the following questions.

21. The speed of A after he rolls the ball for the first time
is

(A) 025ms™ (B) 05ms™
(C) 1ms™ (D) 15ms™
22. The speed of A after he catches the ball for the first

time is

0 %
A) — B) —
(A) T (B) Tha

_ 50

C) —ms! D) = ms’'
©) I (D) I

23. The speed of A and B after the ball has made four
round trips and is held by A are

(A) @ ms’l, E ms” (B) 9 ms | . E ms'
11 11 11 11
2
(C) = ms™, 5 ms? (D) 2 ms?, 30 ms™!
11 11 11 11

Comprehension 8

Ablock A of mass 2m is placed on another block B of
mass 4m which in turn is placed of a fixed table. The
two blocks have a same length 44 and they are placed
as shown in figure. The coefficient of friction (both static
and kinetic) between the block B and table is u. There is
no friction between the two blocks. A small object of mass
m moving horizontally along a line passing through the
centre of mass (CM) of the block B and perpendicular to
its face with a speed v collides elastically with the block B
at a height d above the table.

A 2m
AN 1 - L.
] v
P
— 4d —»

Based on the above facts, answer the following questions.

24. The minimum value of v (say vp) so as to make the
block A topple is

5

(B) ©vy= E,Bpgcl
2

D) o= g\,r'?’ﬂgd

25. Assume v =27, the distance measured from point P
at which the mass m falls on the table after collision
(ignoring the role of friction during the collision) is
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(A) 3d\6u (B) 6d\3u
(©) 24\3u (D) 3d\2u

Comprehension 9

A small bullet of mass m is fired with velocity u at an
angle 6 with the horizontal, freely under gravity. At the
highest point of its path, it strikes with a wooden block
(mass M) and emerges out with half of its velocity (just
before collision). During the impact (collision), the string
(supporting the wooden block) remains almost vertical.

(Given (M >nt))
& |

26. Velocity of block as the bullet emerges out of it

u_.
ml

t=0s

Mucos@ mi
(A) B) —
2m 2M
miucos@ mitcosB
© (D)
2M M

27. Loss in K.E. of (bullet + block) system as the bullet
emerges out of block

m(3M -2m) 2
8M

(B) Muz cos” 0
8M

(A) cos* @

(C) SﬂM(BM +m)u*cos’ @

3m
D) —(M-m)u’cos’6
(D) M

Comprehension 10

Auniformrod of mass m islying on a frictionless horizontal
surface. A particle of same mass as that of rod collides with
rod at its centre with an angle 6, from the normal at mid-
point of the rod as shown in the figure. Assume that there
is no friction between the rod and particle and that the
collision is elastic.

- [1m
o m
7

d"/\?wo

/

/ ~
________ $——————=—-L_x
Normal O by
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Based on above information, answer the following
questions.

28. The magnitude of change in velocity of rod after
collision is
(A) 7

(C) v,cos6,

(B) v,sing,
(D) None of these

29. The magnitude of change in velocity of particle after
collision is
(A) 7

(C) v, cosb,

(B) 1©,sing,
(D) None of these

30. The magnitude of change in angular momentum of the
particle about the point O after collision is
(A) moyd (B) zERrO
(C) 2muyd (D) None of these

Comprehension ||

The figure shows a long cart moving on a smooth horizon-
tal surface due to an external constant force of magnitude F.
Initial mass of the cartis M, and its initial velocity is zero.
At t=0, sand starts falling from a stationary hopper onto
the cart at constant rate u kgs™ and sticks to the cart. After
time f, the sand starts leaking from the bottom at the same
constant rate 4 kgs™ . Eventually at time f=2{,, the sand
stops falling from the hopper on to the cart and force F also

stops acting.

My

A

Based on above information, answer the following
questions.

_’.F

31. The velocity of the cart at time (<t )

(A) Ri (B) ﬂgﬂf
My My

() LE#I (D) Ft
M, + ut M, + ut

32. In the same model of the above question if the cart is
to be moved with constant velocity v, then the power
supplied by external agent applying that force is

(A) 2w (B) wo
©) o’ (D) %wz

33. In the above question the rate of increase of the kinetic
energy of the cart (with sand) is

(A) 2u0* B) wo
€ wo D) %mz

34. In the above model (for f, <t<2f,) what additional
force over and above the force v already applied to
the right is required to move the cart with the speed
acquired at f;,

(A) uv towards right
(C) zErO

(B) 2uv towards right
(D) pov towards left

Comprehension 12

Abody of mass n1; moving with velocity u;, collides with
a body of mass 1, having velocity u,, elastically. The col-
lision is observed to be head on. Based on the above facts,
answer the following questions.

35. Assume a massive body to collide with a light body at
rest, then immediately after impact

(A) massive body comes to rest and the light body
has velocity 1,

(B) massive body continues to move with the same
velocity but light body attains velocity of massive
body

(C) massive body continues to move with the same
velocity but light body attains twice the velocity
of massive body

(D) None of above seems to be correct

36. It is observed that for a ratio M _ (3-x%+ x), maxi-
L
mum transfer of momentum takes place from body 1
to body 2. Then

(A) x=1 (B) x=2
C) x=3 D) x=-1

37. The fraction of total energy lost by m; is

(A) 4mym, . (B) y
(my +my) y + iy

2

© niy — 1, D) my — 1y
iy + 11, My + 1,

Comprehension 13

A system consists of block A and B each of mass m
connected by a light spring with block B in contact with a
wall as shown in Figure.

Theblock A compresses the spring by 3mg/k from natural
length of spring and then released from rest. Neglect friction
everywhere, answer the following questions.



ICON

38. Acceleration of centre of mass of system comprising
A and B just after A is released is

g

(A) g ® 3
3 g
© 5 @) 5

39. Velocity of centre of mass of system comprising A
and B whenblock B justloose contact with the wall is

g |m g m
(A)Zk (B)4k
38 m 38 |m
© T3 D) 5

40. Maximum extension in the spring after system loses
contact with wall is

ms _mg
(&) k2 ®) 3kV2

3mg mg
©) 2 (D) p

Comprehension 14

A small block of mass M moves on a frictionless surface
of an inclined plane, as shown in figure. The angle of the
incline suddenly changes from 60° to 30° at point B.
The block is initially at rest at A . Assume that collisions
between the block and the incline are totally inelastic
( ¢=10ms™ ) .

\/§m 3\/§m

41. The speed of the block at point B immediately after it
strikes the second incline is

(A) 60 ms™ (B) 45 ms™
© V30 ms™! (D) V15 ms™

42. The speed of the block at point C, immediately before
it leaves the second incline is

(A) V120 ms™! (B) V105 ms’
(€) V90 ms™ (D) 75 ms™
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43. If collision between the block and the incline is
completely elastic, then the vertical (upward)
component of the velocity of the block at point B,
immediately after it strikes the second incline is

(A) /30 ms™ (B) V15 ms™
€ 0 (D) —/15 ms™

Comprehension 15

An experiment is done on two metal balls of equal masses
moving with unequal speeds u; and u, collide inelastically
head on. The experiment is repeated with initial same
speeds of the two balls #; and u, but balls are charged
with unequal charges of same polarity moving in the same
line from a large separation. Assume no radiation loss
during collision when balls are charged. Assume in second
case balls do not touch each other.

Based on above information, answer the following
questions.

44. Which of the following statements is correct for
potential energy between balls?

(A) When balls are charged the maximum potential
energy is more than the case when balls are
uncharged during collision

(B) When balls are charged the maximum potential
energy is less than the case when balls are
uncharged during collision

(C) When balls are charged the maximum potential
energy is equal to the case when balls are
uncharged during collision

(D) Nothing can be said about the maximum potential
energy as it depends on the magnitude of charges
of the ball

45. Which of the following statement is correct about

center of mass of the two balls during collision

1. Infirst case when balls are uncharged, the centre
of mass of balls moves at uniform speed during
collision

2. Insecond case when balls are charged, the centre
of mass of balls moves at uniform speed during
collision

3. Insecond case, centre of mass of balls will move
at uniform speed only when the balls are equally
charged

(A) only 11is correct

(C) 1and 3 are correct

(B) 1and 2 are correct
(D) None of these

46. If an observer moving with constant velocity parallel
to the line of motion of balls observes the collision
when balls are uncharged
1. The kinetic energy of the system in the frame of

observer remains conserved
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2. The velocity of center of mass in the frame of
observer remains constant
) only (1) is true
B) only (2)is true
C) both (1) and (2) are true
D) both (1) and (2) are wrong

2>

(
(
(
(

Comprehension 16

A large heavy sphere and a small light sphere are dropped
onto a flat surface from a height /1. The radii of both spheres
is much smaller than height /i. The large sphere collides
with the surface with velocity v, and immediately thereafter
with the small sphere. The spheres are dropped so that all
motion is vertical before the second collision and the small
sphere hits the larger sphere at an angle o from its upper-
most point, as shown in Figure. If all collisions are perfectly
elastic and there is no surface friction between the spheres.

.y

47. The angle made by velocity vector of small sphere
with the vertical just after the second collision in the
frame of large sphere is

(A) o (B) 2o
©) 370{ (D) zEro

48. The vertical velocity of smaller sphere just after the
collision with respect to ground is
(A) 2vycosu (B) wvycosa+u,

(C) 2vuycos2a+v, (D) vycos2a+v,

Comprehension 17

A small block of mass m=1kg is placed over a wedge of
mass M=4kg as shown in figure. Mass m is released
from rest. All surfaces are smooth and the origin O is fixed
on the ground shown. Based on above information, answer
the following questions.

4m T

M 2m

I,

+X-axis

e——4m

49. Final velocity of the wedge is

(A) % ms™ (B) V3 ms™
1 1
© g ms (D) V2 ms
50. The block strikes the x-axis at
(A) 42 (B) 5.6
€) 6.8 (D) 7.6

51. At an instant when absolute acceleration of m is
543 ms 2 at 60° with horizontal, the normal reaction
(N) between the two blocks make an angle of 30°
with horizontal. Then N (in newton) equals
(A) 4 (B) 5
) 6 (D) 10

52. At the same instant reaction on the wedge from the
ground (in newton) is
(A) 385
(C) 425

(B) 40
(D) 45

Comprehension 18

A piece of wood of mass 0.03 kg is dropped from the top
of a building 100 m high. At the same time a bullet of
mass 0.02 kg is fired vertically upwards with a velocity of
100 ms™ from the ground. The bullet gets embedded in
the wooden piece after striking it. Taking g =10 ms™.

Based on above information, answer the following
questions.

53. The time after which bullet strikes the wooden block is
(A) 1sec (B) 0.5sec
(C) 1.5sec (D) 2sec

54, If the time of collision is 100 s and 1}, i, and
U, U, are velocities of block, bullet before and
after the collision respectively, then the value of

‘(mlﬁl + igily ) — (myy + My, )‘ is
(B) 5x10° Ns
(D) 5x10™° Ns

(A) 5x10°* Ns
(C) 5x107° Ns

55. The velocity of the (block + bullet) system after the

collision is
(A) 14 ms™ (B) 2lms™
(C) 42ms™ (D) 30ms™

Comprehension 19

Ablock of mass M is held at rest on the smooth inclined
plane by the stop block at A. The bullet of mass m is trav-
elling at speed u, when it becomes embedded in the block.
Based on this information, answer the following questions.
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For the collision between block and bullet, which of

the following conservative law can be applied?

(A) Conservation of mechanical energy

(B) Conservation of linear momentum
horizontal

(C) Conservation of linear momentum along vertical

(D) Conservation of linear momentum in a direction
parallel to inclined surface

along

In which of the following directions, net impulsive
force on the system is zero?

(A) Along horizontal

(B) Along vertical

(C) Along the inclined surface

(D) Along a normal to the inclined surface

What is the impulse generated between the block and
the inclined plane?

(A) musing

(B) mucos6

(C) (M+m)ucos6

(D) (M+m)usin®

The distance up to which the block slide before
momentarily stopping is

u? ®) mu?
2¢sin@ 2¢sin@(m+M)*
i’ cos” @ D) mu” sin® 0
2¢sin6(m+M)’ 2¢sin6(m+M)*
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Comprehension 20

A disc of mass M and radius of curvature R is lying on
a frictionless ground. A small ball of mass M moving on
the ground with a velocity V strikes the disc and collides
with it. The coefficient of restitution being e.

Based onabove information, answer the following questions.

60.

6l.

62.

Velocity of approach for the system (ball + disc) along
line of impact is
(A) V

(C) Vcost

(B) Vsin@
(D) zEro

Velocity of the disc after collision is

VcosO eV cosf
(A) 5 (B) 5
© V cos (;(1 —e) D) Vcos {;(1 +e)

The speed of the ball after the collision is
(A) eVcosh

2 2
(B) VJW +sin26

sin’@

mv#ﬂm#+

2 2
(D) V\/M+ sin®@

MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in
COLUMN-I are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, q, 1, s (and t). Any given
statement in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-IL The appropriate
bubbles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A — p,sand t; B— qand r; C - p and g; and D — s and t; then the correct darkening of
bubbles will look like the following:

U0 w >
CICICICI

@00V e
OO -
@@@®| -

@0~
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1. Match the quantities in COLUMN-I to their respective
values in COLUMN-IL

COLUMN-I COLUMN-II

(A) Momentum is increased (p) 8
by 200%, corresponding
change in kinetic energy as
multiple of 100%

(B) Kinetic energy is increased | (q) 2
by 300%, corresponding
change in momentum as
multiple of 100%

(C) Momentum is increased by | (r) 1
1%, corresponding change
in kinetic energy as multiple

of 1 %
2

(D) Kinetic energy is increased | (s) 4
by 1%, corresponding
change in momentum as

multiple of %%

(t) None of these

2. In the arrangement shown in figure, ball and block
have the same mass m =1kg each, 6=60° and length
I'=2.5 m . The coefficient of friction between block and
floor is 0.5. When the ball is released from the position
shown in the figure, it collide with the block and the
block stops after moving a distance 2.5 m. Match the
quantities in COLUMN-I with their respective values
in COLUMN-IL

COLUMN-I COLUMN-II

(A) velocity of ball just before (p) 5
collision (ms™)

(B) velocity of block just after (q) 3
collision (ms™)

(Continued)

ae
COLUMN-I COLUMN-II
(C) velocity of block after (1
travelling 1.6 m (ms™)
(D) coefficient of restitution (s) 0
(dimensionless)

A particle is projected from the ground upwards with a
velocity of 20 ms™ . At the same instant, another iden-
tical particle is dropped from a height of 180 m but
not along the same vertical line. Assume that collision
of first particle with ground is perfectly inelastic, match
the quantities given in COLUMN-I for the centre of
mass of the two-particle system with their respective
magnitudes in SI system given in COLUMN-IIL. Take
g=10ms~.

COLUMN-I COLUMN-II
(A) Initial acceleration (p) 5
(B) Initial velocity (q) 10
(C) Accelerationat t=5s (r) 20
(D) Velocity at t=5s &) 2

A particle of mass 1kg has velocity 7, =(2f)i and
another particle of mass 2 kg has velocity 7, = (.tz)} X

Match the quantities in COLUMN-I at =2 to their
respective values in COLUMN-IL

COLUMN-I COLUMN-II

20
(A) Magnitude of net force on (p) — unit
centre of mass 9

(q) J68 unit

(B) Magnitude of momentum of

centre of mass

(C) Magnitude of velocity of (r) @ unit
centre of mass 3

(D) Distance of centre of mass (s) /80 unit

from origin

Two blocks having masses 3 kg and 6 kg placed on
a horizontal frictionless surface are connected by an
ideal spring as shown in Figure. The 3 kg block is
imparted a speed of 2 ms ™' towards left. Considering
leftward to be the positive direction, match the
quantities in COLUMN-I with their respective
answers in COLUMN-IL
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COLUMN-I

COLUMN-II

(A) When the velocity of
3 kg blockis % ms™

(B) When the velocity of
6 kg block is % ms '

(C) When the speed of

(p) velocity of centre

.2
of mass is 5 ms

(q) deformation of the
spring is zero

(r) deformation of the

3 kg block is minimum |  spring is maximum

(s) both the blocks are
at rest with respect
to each other

(D) When the speed of 6 kg
block is maximum

A particle of mass m , kinetic energy K and momen-
tum p collides head on elastically with another
particle of mass 2m at rest. Match the quantities in
COLUMNY-I (quantities after collision) to their respec-
tive values in COLUMN-IL

COLUMN-I COLUMN-II

(A) Momentum of first P 2
particle (multiple of p) 3

(B) Momentum of second (q) 1
particle (multiple of p ) 9

(C) Kinetic energy of first (r) 1
particle (multiple of K) 3

(D) Kinetic energy of second | (s) 8
particle (multiple of K ) 9

Two identical blocks A and B lying on a smooth
horizontal surface (along the x-axis) are connected
by a spring as shown in Figure. The block A is not
connected to the wall (along the y-axis). When the
block B is moved to the left and released, then
match arguments in COLUMNG-I to the results in
COLUMN-IL

y

8.
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COLUMN-I

COLUMN-II

(A) Acceleration of centre
of mass of two blocks

(B) Velocity of centre of
mass of two blocks

(C) x-coordinate of centre
of mass of two blocks

(D) y-coordinate of centre

of mass of two blocks

(p) remains constant

(q) first increases
then becomes
constant

(r) first decreases
then become zero

(s) continuously
increases

A pan of mass m=15kg and a block of mass
M =3 kg are connected with each other by a flexible,
light and inextensible string, passing over a small,
light and frictionless pulley. Initially the block is
resting over a horizontal floor as shown in Figure.

g
Pan ﬁ

At t=0, an inelastic ball of mass m,=0.5kg

collides with the pan with velocity ©v,=16 ms™
(vertically downward). Take ¢=10ms~, match the
quantities in COLUMN-I with the respective values
in COLUMN-IL

COLUMN-I COLUMN-II
(A) velocity of panin ms™ just | (p) 0.64
after collision
(B) accelerationin ms™* of pan | (q) 1.6
just after collision
(C) maximum height rise in m (r) 2
of block
(D) time in s at which block (s) 9.8
strikes the floor

A 1kg blockislyingona 2 kg platform which liesona
smooth horizontal surface. Friction is present between
the block and the platform. At some instant the block
has a horizontal velocity of 10 ms™ towards right
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and the platform has a horizontal velocity of 5ms™
towards left. Match the contents of COLUMN-I with
their respective answers in COLUMN-IL

[1kgl— 10 ms™
5ms 2kg

COLUMN-I

COLUMN-II

(A) Velocity of centre of
mass

(B) Momentum of centre
of mass

(C) Momentum of block

(D) Kinetic energy
platform

(p) constant

(q) first decreases
then become zero

(r) is ZERO

(s) keeps changing all
the time

10. For a system of particles, if the net force is zero, then
match the quantities of COLUMN-I with their best

matches in COLUMN-IL.

COLUMN-I

COLUMN-II

(A) Acceleration of centre
of mass

(B) Velocity of centre of
mass

(C) Momentum of centre
of mass

(D) Velocity of an
individual particle of
the system

(p) Constant

(q) Zero

(r) May be zero

(s) May be constant

(t) None of these

11. Twoboys A and B having masses 30 kg and 60 kg
are standing on a plank P of mass 30 kg lying on
the smooth horizontal surface as shown in Figure.
Match the displacement of plank of COLUMN II
with the conditions given in COLUMN 1. Note that
the displacements mentioned in two columns are with

respect to ground.

1

{

Smooth

12.

COLUMN-I

COLUMN-II

(A) A moves x towards
right

(B) B moves x towards left

(C) Amoves x towards
right and B moves x
towards left

(D) A and B both move x
towards right

(p) x, towards right

(q) 2x, towards left

(r) 3x, towards left

(s) g, towards left

Abody is initially moving towards right explodes into
two pieces 1 and 2. Match the direction of motion of
the pieces shown in COLUMNG-I to the possible mass

relationships in COLUMN-IL

COLUMN-I COLUMN-II
(A) v
?1 (p) m,>m,
Va
B
(B) @W (@ my=m,
Vs
V
© ‘ (x) my<m,
;"/2
(D) v (s) Impossible for any
masses
Vo
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13. Twoidentical balls A and B are kept on a smooth table as

shown. The ball B moving with a speed v collides with
the ball A at rest. For different conditions mentioned
in COLUMN-I, give the corresponding match for the
speed of ball A after collision given in COLUMN IL

O @

COLUMN-I COLUMN-II
. .. 3v
(A) Elastic collision (p) "
(B) Perfectly inelastic collision (Q %U
. .. . 1
(C) Inelastic collision with e = 5 (r) v
. .. . 1 i)
(D) Inelastic collision with e = 7 (s) B

14. In the arrangement shown in figure, match the

15.

quantities in COLUMN-I with the respective values in
COLUMN-IL

—»2ms
K =4 Nm™
2 kg UL 2kg
all smootf?
COLUMN-I COLUMN-II
(A) Velocity of centre of (p) 2
mass (in ms™)
(B) Velocity of combined (1
mass, (in ms™') when
compression in the
spring is maximum
(C) Maximum compression | (r) 4
(in m ) in the spring
(D) Maximum potential (s) 0.5
energy, in joule stored in
the spring
(t) None of these

A man of mass M is standing on a platform of mass
m, =10 kg connected to a mass m,=20kg. The
man is holding a string passing over a system of
ideal pulleys as shown in Figure. Taking ¢ =10 ms~,
match the quantities given in COLUMN-I with their
respective values in SI system in COLUMN-IL

Chapter 2: Centre of Mass, Conservation of Linear Momentum and Collisions
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COLUMN-I COLUMN-II
(A) Weight of man for equilibrium | (5) 100 N
(B) Force exerted by man on string | (q) 150 N

so that the centre of mass of

system accelerates upwards
(C) Force exerted by man on string | (r) 500 N

so that the centre of mass of

system accelerates downwards
(D) Force exerted by platformon | (s) 600 N

man in equilibrium is

In the system shown in figure, mass m is released
from rest from position A. Suppose potential energy
of m at point A with respect to point B is E. Size
of m is negligible and all surfaces are smooth. When
mass m reaches at point B.

COLUMN-I COLUMN-II
(A) Kinetic energy of m (p) g
2E
(B) Kinetic energy of 2m @ 5
(C) Momentum of m (r) 4’;_”5
2mE
(D) Momentum of 2 (s) =
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17.

18.

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

Match the quantities in COLUMN-I with the respective
quantities in COLUMN-IL

COLUMN-I COLUMN-II

(A) In the absence of
external force

(p) Inside the body

(B) If a man walks on a (q) The state of centre

platform, which is of mass will
placed on frictionless remain unchanged
horizontal surface then

(r) The linear
momentum of
system remains
conserved

(C) Centre of mass of a
body can be

(D) Centre of mass of solid
cube is

(s) Outside a body

Consider two identical blocks A and B each of mass
0.5 kg. A light elastic spring is connected to block A
as shown in Figure. The block B is moving towards
A with a kinetic energy of 4 ]. Match the momenta
in COLUMN-I to their respective values in SI
system in COLUMNG-II. Assume friction to be absent
everywhere.

-—

00000

COLUMN-I COLUMN-II
(A) Initial momentum of B (p) 0
(B) Momentum of centre of mass | (q) 1
of two blocks
(Continued)

19.

ee
COLUMN-I COLUMN-II
(C) Momentum of A at maximum | (r) 2
compression
(D) Momentum of B when spring | (s) 4

is relaxed after compression

Four point masses are placed at four corners of a
square of side 4 m as shown. Match the quantities
in COLUMN-I to their respective values in
COLUMN-IL

y

4

: 3kg
4 ng -------- Q

i

! I

! |

! I

| I

| i
1 kg (IS- ———————— é(?(é ---- » X

COLUMN-I

(A) x co-ordinate of centre of mass ()
of 4kg and 2 kg P

7

2

(B) x co-ordinate of centre of mass @ 4
of 4kg, 2kg and 3 kg EE

(C) y co-ordinate of centre of mass

of 1kg, 4kg and 3 kg () 3m
(D) y co-ordinate of centre of mass | () 20
of 1kg and 3 kg 9

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data
given in the question(s).

1.

After perfectly inelastic collision between two identical
particles moving with same speed in different direc-
tions, the speed of the particles becomes half the initial
speed. The angle between the two colliding bodies just

before impact is ¢. Find 2%, in degree.

Block A has a mass of 3 kg and is sliding on a rough
horizontal surface with a velocity v, =2 ms™ when
it makes a direct collision with block B, which has a

mass of 2 kg and is originally at rest. If the collision is
perfectly elastic, calculate the distance, in cm, between
the blocks when they stop sliding. The coefficient of
kinetic friction between the blocks and the plane is
i, =04 and given g =10 ms™.

The maximum tension that an inextensible rope of
mass density 0.2kgm™ can bear is 40 N. Length of
rope is 2 m. Calculate the maximum angular velocity,
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in rads™', with which it can be rotated horizontally in a
circular path on a frictionless table.

A wedge (free to move) of mass M has one face
making an angle o with horizontal and is resting
on a smooth rigid floor. A particle of mass m hits
the inclined face of the wedge with a horizontal
velocity v, . It is observed that the particle rebounds
in vertical direction after impact. Neglect friction
between particle and the wedge and take M =2m,
0,=10ms™, tano =2, ¢ =10 ms™. Calculate the coef-
ficient of restitution for the impact.

Two particles A and B of equal masses lie close
together on a horizontal table and are connected by
a light inextensible string of length I. A is projected
vertically upwards with a velocity /10g/. The

velocity with which it reaches the table again is ,/xgl .
Find x.

Two 20 kg cannon balls are chained together and fired
horizontally with a velocity of 200 ms™ from the top
of a 30 m wall. The chain breaks during the flight of
the cannon balls and one of them strikes the ground at
t=2s,atadistance of 250 m from the foot of the wall
and 5m to the right of the line of fire. The position of
the other cannon ball at that instant is (x,, y,,z,) m.
Calculate x, +y, +z, . Neglect the resistance of air.

> <

<>200 ms™’

o

74 250 m

Awedge having a vertical slot in it is placed on smooth
horizontal surface. Two blocks are arranged as shown
in Figure.
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The system is released from rest. The speed of the
wedge when block 1 comes down a distance h is
2gh

—2—. Calculate o.
o

A system consists of two particles. At t=0, one par-
ticle is at the origin and the other particle having a
mass of 600 kg, is on the y-axisat y=80 m.At t=0
the centre of mass of the system is on the y-axis at

y =24 m and has a velocity given by (6 ms™)*].

(a) Find the total mass of the system in kg.

(b) Find the acceleration of the centre of mass, in
ms”,attimef=2s.

(c) Find the net external force, in N, acting on the
systemat f=3s.

Arod of mass 10 kg of length 100 cm with point masses
tied to it at different positions as shown in Figure. Find
the location of a point on the rod from its left end at
which if the rod is placed over a knife edge, it will be
in equilibrium about that knife edge.

5 100 cm N
30 cm 50 cm ~10cm.
€ [ ] [ ] [ ]
25 kg 8.5 kg 5ky 5kg

Aballof mass 1kg isattached to aninextensible string.
The ball is released from the position shown in Figure.
The impulse imparted by the string to the ball imme-
diately after the string becomes taut is o kgms™.
Calculate o .

im

A ball of mass m is just disturbed from the top of a
fixed smooth circular tube of radius a in a vertical
plane and falls impinging on a ball of mass 2m at the
bottom. If the coefficient of restitution between the

balls is % then the heights to which the balls m and

2m rise after the second impact are 2 and 2. Then
find x and y. ' y
A flexible chain of length L=20v2 m and weight
W=10kg is initially placed at rest on a smooth
frictionless wedge surface ABC. It is given a slight
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13.

14.

15.

push on one-side so that it will start sliding on that
side. Calculate the speed of the chain, in ms~', when
its one end will leave the vertex of the wedge. Take
¢=10ms™

10v2m

A c

Two balls A and B of equal masses are projected
upward simultaneously, one from the ground with
speed 50 ms™ and other from a lower of height
40 m above the first ball with initial speed 30 ms™.
Calculate the maximum height attained by their centre
of mass in metre.

y]130ms™
o e S

40m

50 ms™

A

Two blocks A and B of equal mass are released on
two sides of a fixed wedge C as shown in Figure.

Calculate the acceleration of centre of mass of blocks
A and B,in ms” . Neglect friction.

A block A (mass =4M) is placed on the top of a
wedge block B of base length 12 m (mass =20M )
as shown in Figure. When the system is released from
rest. Find the distance moved by the block B (in metre)
till the block A reaches ground. Assume all surfaces
are frictionless.

16.

18.

19.

Disc A of mass m collides with stationary disc B of
mass 2m as shown in Figure.

.\\\ -
_51_55/ u
A
2m

B

The value of coefficient of restitution for which the two
discs move in perpendicular direction after collision is
1
e. Calculate —.
e
In an elastic head-on collision of bodies of mass
and (x* —9x+21)m , the second body is at rest and the
maximum transfer of momentum takes place. Find the
value(s) of x.

From a hemisphere of radius R, a cone of base radius
R
5 and height R is removed as shown in Figure.

Calculate the height of centre of mass of the remaining
objectin cm if R=28 cm.

f——>
R/2

R

Two identical balls A and B lie on a smooth horizon-
tal surface, which gradually merges into a curve to a
height 3.2m . Ball A is given a velocity of 10 ms™,
to collide head-on with ball B, which then takes up
the curved path. Calculate the minimum coefficient of
restitution, e, for the collision between A and B so
that ball B reaches the highest point C of the curve.

C

3.2m
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22,

23.

24,

25.

ICON

A balloon having mass m is filled with gas and is held
in hands of a boy. Then suddenly it get released and
gas starts coming out of it with a constant rate. The
velocities of the ejected gases is also constant 2 ms™
with respect to the balloon. Find out the velocity of the
balloon, in ms™, when the mass of gas is reduced to
half. Take In(2)=0.7

Ablock of mass 0.18 kg is attached to a spring of force
constant 2 Nm ™. The coefficient of friction between
the block and the floor is 0.1. Initially the block is at
rest and the spring is un-stretched. An impulse is
given to the block as shown in the figure. The block
slides a distance of 0.06 m and comes to rest for the
first time. The initial velocity of the block in ms™ is

V= % . Find the value of N.

T

Two particles A and B of equal mass are projected
simultaneously with speed of 10 ms™ each as shown
in Figure. Find the co-ordinate of centre of mass at
t=10s is(x,y) m. Calculate x - y. Take g =10 ms™.

10 ms™ 10 ms™

30 30°

(0,0)

|
|
|
|
1
|
|
|
|
= |
|
1
|

Three identical balls each of mass m=05kg are
connected with each other as shown in Figure and rest
over a smooth horizontal table. At moment f =0, ball B
is imparted a horizontal velocity v, =9 ms™. Calculate
velocity of A just before it collides with ball C.

@i$g©

Rahul having mass 50 kg and Mohit having mass
60 kg are sitting at the two extremes of a 4 m long
floating platform having mass 40 kg standing still in
water. To discuss a problem, they come to the middle
of the platform. Neglecting friction with water, how
far does the platform move in the water during the
process (in centimetre).

A shell of mass 1 kg is projected with velocity 20 ms™
atanangle 60° with horizontal. It collides inelastically
with a ball of mass 1 kg which is suspended through
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a thread of length 1 m. The other end of the thread
is attached to the ceiling of a trolley of mass 18 kg as
shown in figure. Initially the trolley is stationary and
it is free to move along horizontal rails without any
friction. The maximum deflection of the thread with

.. 1 .
vertical is 0, such that cos®=-, where * is not
*

readable. Taking ¢ = 10 ms’, find *.
im

16 m

20 ms-
60°

Aball of mass m =1kg falling vertically with a veloc-
ity v, =2ms™ strikes a wedge of mass M =2 kg kept
on a smooth, horizontal surface as shown in figure.
The coefficient of restitution between the ball and the

wedgeis ¢ = % . The velocity of the wedge and the ball

immediately after collision is % ms™ . Calculate o.

mT
Yo

30°

Two particles A and B of mass 5kg and 2kg are
projected simultaneously from same ground level as
shown in Figure. Find the maximum height (in cm)
reached by the centre of mass. Assume that only gravi-
tational force of attraction by the earth is present and
take g=10ms™.

10ms! 17 ms’
A_/év 30708
5kg 2 kg

A sphere A is of mass m and another sphere B of
identical size but of mass 2m, move towards each
other with velocity i+2j and -i+3] respectively.
They collide when their line of centres is parallel to

i - J. Taking e:% the velocities of A and B after

impact are é(—xlg + yu:') and %(—ng + yj). Find o, B,

X, Xy, Y, and y,.
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29.

30.

31

32.

A light rope supporting four monkeys, is hanging
from roof as shown in Figure.

1ms?] | 1(15kg)

i
3ms?) %2(25 kg)
At rest % 3 (20 kg)
g AR
velocity

Monkey 1 of mass 15kg is going upwards with an
acceleration 1 ms~, monkey 2 of mass 25 kg is going
downwards with acceleration 3 ms~, monkey 3 of
mass 20 kg is at rest and monkey 4 of mass 40 kg is
moving downward with constant speed. Calculate the
force exerted by ceiling on the rope in newton. Take
g=98ms”

A gun is mounted on a railroad car. The mass of the
car with all of its components is 80m and mass of
each shell to be fired is 5m. If the muzzle velocity of
the shells is 100 ms™ horizontally, then calculate the
recoil speed of the car after second shot (in ms™).
Consider car to be at rest initially.

A 4 g bullet travelling horizontally with a velocity
of magnitude 600 ms™ is fired into a wooden block
with a mass of 1 kg, initially at rest on a level surface.
The bullet passes through the block and emerges with
speed 100 ms™'. The block slides a distance of 0.4 m
along the surface from its initial position.

(a) The coefficient of kinetic friction between the

block and surface is p, = 1, where # is not read-
able. Find . ’

(b) What is the decrease in kinetic energy of the
bullet, in joule?

(c) What is the kinetic energy of the block, in joule,
at the instant after the bullet passed through it?
Neglect friction during collision of bullet with the

block. Take g =10 ms™.

Two equal discs are in contact on a table. A third
disc of same mass but of double radius strikes them
symmetrically and remains at rest after impact. Find
the coefficient of restitution.

33.

34.

35.

36.

37.

A space shuttle of mass M, moving at 4000 kph
relative to earth ejects a capsule backward of mass % .

If speed of ejection of capsule is 120 kmph relative to
state of shuttle before ejection, find the final velocity of
the shuttle in kmph.

Three objects A, B and C are kept in a straight line
on a frictionless horizontal surface. These have masses
m, 2m and m, respectively. The object A moves
towards B with a speed 9 ms™ and makes an elastic
collision with it. Thereafter, B makes completely
inelastic collision with C. All motions occur on the
same straight line. Find the final speed (inms™) of
the object C.

1) =]

A B c

Two balls A and B having different but unknown
masses, collide elastically. A is initially at rest when

B has a speed v. After collision B as a speed ® and
moves at right angles to its original motion.
The direction in which ball A moves after collision

, 1
is tan™ (—

). Calculate 0. If the speed of A is Jﬁv.
o
Calculate f.

Two blocks A and B each of mass m=1kg are lying
on a smooth horizontal surface as shown in figure.
Aspring of force constant k =200 Nm " is fixed at one
end of block A. Block B collides with block A with
velocity v, =2 ms™. Find the maximum compression,
in cm, of the spring.

Ablock A of mass 6m having a smooth semi-circular
groove of radius a placed on a smooth horizontal
surface as shown in Figure.



ICON

e

Chapter 2: Centre of Mass, Conservation of Linear Momentum and Collisions

2.125

whereas the particle M recoiled at an angle 6=30°
to the direction of the initial motion of the particle m.
Find the percentage change in kinetic energy of this
system after collision.

A square shaped hole of side [ =% is carved out at a

. a . .
distance d = 2 from the center O of a uniform circular

disk of radius a . If the distance of the center of mass of

- . . a
the remaining portion from O is —— , value of X (to
the nearest integer) is ...... X

A
39. On a spring block system, a time varying force
A block B of mass m is released from a position in ;:_:(St) N is applied on 2kg mass as shown in
grove where its radius is horizontal. If the speed of 1gure.
bigger block when smaller block reaches its bottommost my=3K3 4 _gp utm=' M2 = 2kg
position is \/g_? where * is not readable. Calculate *. s *—’Wﬁ‘ﬁﬁ\—@—»’f: (5O N
%
38. A particle of mass m having collided a stationary After 10s, the velocity of 3kg mass is 30 ms .
. . T Calculate velocity of 2 kg mass at this instant in ms ™.
particle of mass M=5m deviated by an angle 3
ARCHIVE: JEE MAIN
1. [Online September 2020] R
A particle of mass m with an initial velocity ui
collides perfectly elastically with a mass 3m at rest.
It moves with a velocity o] after collision, then, v is
given by
2
A) v=|-u
(A) \E
1
(B) ©v= Eu 4. [Online September 2020]
Ablock of mass 1.9 kg is at rest at the edge of a table,
Q) v=-% of height 1m. A bullet of mass 0.1kg collides with
V3 the block and sticks to it. If the velocity of the bullet
D) po b is 20ms™ in the horizontal direction just before
(D) U‘E the collision then the kinetic energy just before the
. . . _ -2
2. [Online September 2020] combined systfam strlkes:, the ﬂoor,. is [Take g =10 ms™.
. . . . Assume there is no rotational motion and loss of energy
A particle of mass m is moving long the x-axis with L .
o oo 2 . , . , after the collision is negligible]
initial velocity ui . It collides elastically with a particle A) 21 B 2
of mass 10m at restand then moves with half its initial (4) 21] ®) 23]
kinetic energy (see figure). If sin6; =+nsin6, then © 197 (D) 20]
value of n is ...... 5. [Online September 2020]
om Blocks of masses m, 2m, 4m and 8m are arranged in
A L a line on a frictionless floor. Another block of mass m,
o }9_1____ moving with speed v along the same line (see figure)
m 1om <% collides with mass m in perfectly inelastic manner. All
) 0 10m the subs‘equent collisions are also perfectly inelas_tic.
By the time the last block of mass 8m starts moving
3. [Online September 2020] the total energy loss is p% of the original energy.

Value of p is close to

—V

[1[]

2m 4m 8m
(A) 77 (B) 37
€ 87 (D) 94
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10.

[Online September 2020]

Two bodies of the same mass are moving with the
same speed, but in different directions in a plane.
They have a completely inelastic collision and move
together thereafter with a final speed which is half
of their initial speed. The angle between the initial
velocities of the two bodies (in degree) is

[Online September 2020]

Particle A of mass m; moving with velocity
(@ﬁ-}) ms ' collides with another particle B
of mass m, which is at rest initially. Let V; and

V, be the velocities of particle A and B after
collision respectively. If m; =2m, and after collision

I_/l = (? + \/5}) ms™, the angle between l_/l and ‘5?2 is

(A) 60° (B) 15°
(C) -45° (D) 105°

[Online September 2020]

The center of mass of a solid hemisphere of radius
8 cm is x em from the center of the flat surface. Then
valueof x is......

[Online January 2020]

Three point particles of masses 1.0 kg, 1.5kg and
25kg are placed at three corners of a right angle
triangle of sides 40cm, 3.0cm and 50cm as
shown in Figure. The center of mass of the system is at
a point

2.5 kg

o\

[BIEN

I \\

A
4.cmj \\\5Cm

:
10kg 3CM 15kg

(A) 15cm rightand 1.2 cm above 1kg mass
(B) 0.9 cm rightand 2.0 cm above 1kg mass
(C) 0.6 cm rightand 2.0 cm above 1kg mass
(D) 2.0 cm rightand 0.9 cm above 1kg mass

[Online January 2020]

The coordinates of center of mass of a uniform flag
shaped lamina (thin flat plate) of mass 4 kg. (The
coordinates of the same are shown in Figure) are

0,3) 2 3)

12 2,2)

(0, 0) (1,0)

11.

12.

13.

14.

(A) (1.25m, 1.50 m)
(© (0.75m,0.75m)

[Online January 2020]
Abody A, of mass m=0.1kg has an initial velocity of

(B) (1m, 1.75m)
(D) (0.75m, 1.75m)

3i ms™ . It collides elastically with another body, B of

the same mass which has an initial velocity of 5] ms™.
After collision, A moves with a velocity 7= 4(; +}) .

The energy of B after collision is written as S ] . The
value of x is...... 10

[Online January 2020]

A spherical cavity (centered at O) of radius 1 is cut
out of a uniform sphere of radius R (centered at C)
as shown in Figure. The center of mass of remaining
(shaded) part of sphere is at G, i.e., on the surface of
the cavity. R can be determined by the equation

[Online January 2020]
Two particles of equal mass m have respective initial

velocities ui and u(%). They collide completely

inelastically. The energy lost in the process is

3 5 1 5
A) —mu B) —mu
(A) 1 (B) 5

2 5 1 5
C Zmu D) —mu
© 3 (D) 3

[Online January 2020]

Arod of length L has non-uniform linear mass density
2

given by p(x)=a+ b( %) , where 2 and b are

constants and 0 £ x <L . The value of x for the center
of mass of the rod is at

SR = LR G

3(2a+b 3(2a+b
- L D) — L
© 2(3a+b) (D) 4(3a+b)
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16.

17.
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[Online January 2020]
Aparticle of mass m is projected with a speed u from

the ground at an angle 6= g w.r.t. horizontal (x-axis).

When it has reached its maximum height, it collides
completely inelastically with another particle of the
same mass and velocity ui. The horizontal distance
covered by the combined mass before reaching the
ground is

2 2
o 22¢ (B) 22—
4 g 8
3\/5 u? 5 u?
Q€ —— D) ——
8 g 8¢
[Online April 2019]

Four particles A, B, C and D with masses n, =m,
mg=2m, m-=3m and mp =4m are at the corners of
a square. They have accelerations of equal magnitude
with directions as shown. The acceleration of the
centre of mass of the particles is

(A) zERO
© 5li+j)

[Online April 2019]
Abody of mass m; moving with an unknown velocity
of v, undergoes a collinear collision with a body of
mass 1, moving with a velocity 02? . After collision,
m; and m, move with velocities of vgf and vﬁ ,
respectively. If n, =0.5m; and v; =0.5 v{, then v, is

&

A) v B) v,-2,
Q) v,+0, D) v~
[Online April 2019]

A uniform rectangular thin sheet ABCD of mass M
has length 2 and breadth b, as shown in the figure. If
the shaded portion HBGO is cut-off, the coordinates
of the centre of mass of the remaining portion will be

A9D v @b
23
2'2

E 5 G

D(0, 0 F @0
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2a 2b 52 5b
4) (? ?) ® (E E)

30 3b 5a 5b
o (%7 o (3 5)
[Online April 2019]

A body of mass 2 kg makes an elastic collision with
a second body at rest and continues to move in the
original direction but with one fourth of its original
speed. What is the mass of the second body?

(A) 15kg (B) 18kg
C) 10kg (D) 12kg
[Online April 2019]

A wedge of mass M = 4m lies on a frictionless plane.
A particle of mass m approaches the wedge with speed
v. There is no friction between the particle and the plane
or between the particle and the wedge. The maximum
height climbed by the particle on the wedge is given by

2 2
a = ® 2
g 5%
2 2
© = o) =
78 2g
[Online April 2019]

A particle of mass m is moving with speed 2v and
collides with a mass 2m moving with speed v in
the same direction. After collision, the first mass is
stopped completely while the second one splits into
two particles each of mass m, which move at angle
45° with respect to the original direction. The speed of
each of the moving particle will be

v v
(A) ;] (B) N
(€ 2v (D) 22v
[Online April 2019]

Two particles, of masses M and 2M, moving, as
shown, with speeds of 10 ms™ and 5ms™, collide
elastically at the origin. After the collision, they move
along the indicated directions with speeds v; and v,,
respectively. The values of v; and v, are nearly

A) 32ms™ and 12.6 ms™

B) 32ms” and 6.3 ms™

(
(
(C) 65ms™ and 32 ms™
(

D) 65ms™ and 6.3 ms™
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23.

24,

25.

[Online April 2019]

A man (mass=50kg) and his son (mass=20kg)
are standing on a frictionless surface facing each other.
The man pushed his son so that he starts moving at a
speed of 0.70 ms™" with respect to the man. The speed
of the man with respect to the surface is

(A) 020 ms™ (B) 0.14 ms™
(C) 047 ms™ (D) 028 ms™
[Online April 2019]

Three particles of masses, 50 g, 100 ¢ and 150 g are
placed at the vertices of an equilateral triangle of side

1m (as shown in the figure). The (x, i) coordinates
of the centre of mass will be

Y
Iy
my=150 g
R |
1
|
1
50g=m,; [£g0° i m2=1(10g
0 05m 10m
() (ﬁm, 1m] ®) (ﬁ m, im]
8 12 4 12
7 7
© (—m, ﬁm] (D) (—m, Em)
12 8 12 4
[Online January 2019]

An L-shaped object, made of thin rods of uniform
mass density, is suspended with a string as shown in
figure. If AB=BC, and the angle made by AB with
downward vertical is 6, then

(A) tanf=

(B) tan@=

- i

(C) tanf= (D) tanf=

W= N =
}e]
&

26.

27.

28.

29.

[Online January 2019]

Three blocks A, B and C are lying on a smooth
horizontal surface, as shown in the figure. A and B
have equal masses, m while C has mass M. Block A
is given an initial speed v towards B due to which it
collides with B perfectly inelastically. The combined

mass collides with C, also perfectly inelastically gth

of the initial kinetic energy is lost in whole process.

What is value of E ?

m
A B C
m m m
(A) 3 (B) 4
©) 2 (D) 5
[Online January 2019]

A piece of wood of mass 0.03 kg is dropped from the
top of a 100 m height building. At the same time, a
bullet of mass 0.02 kg is fired vertically upwards, with
a velocity 100 ms™, from the ground. The bullet gets
embedded in the wood. Then the maximum height to
which the combined system reaches above the top of

the building before falling below is ( g=10ms" )

(A) 30m (B) 40m
€ 20m (D) 10m
[Online January 2019]

Abody of mass 1 kg falls freely froma heightof 100 m,
on a platform of mass 3 kg which is mounted on a
spring having spring constant k=125x10° Nm ™.
The body sticks to the platform and the spring’s
maximum compression is found to be x . Given that
¢=10ms™, the value of x will be close to

(A) 80cm (B) 8cm
(C) 4cm (D) 40 em
[Online January 2019]

A simple pendulum, made of a string of length [
and a bob of mass m, is released from a small angle
tp- It strikes a block of mass M, kept on a horizontal
surface at its lowest point of oscillations, elastically.
It bounces back and goes up to an angle 6, . Then M
is given by

&) mf Bt L
6, - 6, 21 6,+6,

© E(%+@] @)ﬂ{%_%J
21 6,-6, 6,+6,
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[Online January 2019]

The position vector of the center of mass 7 of an
asymmetric uniform bar of negligible area of cross-
section as shown in Figure is

y

b

> X
0 L 2L 3L

5 . 13 . 3 . 11 .
A) 7 ==lx+—L B) 7 =—Lx+—L
(A) 7, s o (B) 7, 5 =

. 18, 5. 11, 3.
Q) in,= 8Lx+8Ly D) im= 8Lx+8Ly
[2018]
In a collinear collision, a particle with an initial speed
vy strikes a stationary particle of the same mass. If
the final total kinetic energy is 50% greater than the
original kinetic energy, the magnitude of the relative
velocity between the two particles, after collision, is

*) 7 (B) v,

% 2
© 7 ® %
[Online 2018]

A proton of mass m collides elastically with a particle
of unknown mass at rest. After the collision, the proton
and the unknown particle are seen moving at an
angle of 90° with respect to each other. The mass of

unknown particle is

(A) m (B) 2m
i n

0 —-= D) —

© % ®) 3

[Online 2017]

An object is dropped from a height /i from the ground.
Every time it hits the ground it looses 50% of its kinetic
energy. The total distance covered at f — oo is

(A) 2h (B) %h
5
~h D) o
© 3 (D)
[Online 2016]

In the figure shown ABC is a uniform wire. If centre of

b
mass of wire lies vertically below point A, then A_(l:%
is close to
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A
60°
B Cc
(A) 1.85 (B) 15
(C) 137 D) 3
[2015]

Distance of the centre of mass of a solid uniform cone
from its vertex is z,. If the radius of its base is R and
its heightis / then z; is equal to

A) ® 2
5h 3K
= D)y —

©) 3 (D) R

[Online 2015]

A uniform thin rod AB of length L has linear mass
b
density pu(x)=a+ Ix , where x is measured from A.

If the CM of the rod lies at a distance of 7L from A,
then a and b are related as 12

(A) a=b (B) a=2b
(C) 2a=b (D) 3a=2b
[2015]

A particle of mass m moving in the x direction
with speed 2v is hit by another particle of mass 2m
moving in the y-direction with speed v . If the collision
is perfectly inelastic, the percentage loss in the energy
during the collision is close to

(A) 4% (B) 50%
(C) 56% (D) 62%
[2010]

Statement-1: Two particles moving in the same
direction do not lose all their energy in a completely
inelastic collision.

Statement-2: Principle of conservation of momentum

holds true for all kinds of collisions.

(A) Statement-1 is true, Statement-2 is false.

(B) Statement-1 is true, Statement-2 is true;
Statement-2 is the correct explanation of
Statement-1.

(C) Statement-1 is true, Statement-2 is ftrue;
Statement-2 is not the correct explanation of
Statement-1.

(D) Statement-1 is false, Statement-2 is true.
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ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

(In this section each question has four choices (A), (B), (C)
and (D), out of which ONLY ONE is correct)

1.

[JEE (Advanced) 2017]

Consider regular polygons with number of sides 1 =3,
4,5..... as shown in the figure. The centre of mass
of all the polygons is at height /i from the ground.
They roll on a horizontal surface about the leading
vertex without slipping and sliding as depicted. The
maximum increase in height of the locus of the centre
of mass for each polygon is A. Then, A depends on
n and h as

[JEE (Advanced) 2014]

Atennis ball is dropped on a horizontal smooth surface.
It bounces back to its original position after hitting
the surface. The force on the ball during the collision
is proportional to the length of compression of the
ball. Which one of the following sketches describes
the variation of its kinetic energy K with time # most
appropriately? The figures are only illustrative and not
to the scale.

(A) ¢ B 1
K K
_@_, —A»
€ (D) 1
K K
_At_. _Ath_,
[JEE (Advanced) 2013]

A pulse of light of duration 100ns is absorbed
completely by a small object initially at rest. Power
of the pulse is 30 mV and the speed of light is
3x10° ms . The final momentum of the object is

(A) 03x1077 kgms“1 (B) 1.0x1077 kgms'1

(C) 3.0x1077 kgms"1 (D) 9.0x1077 kgms_1

[JEE (Advanced) 2013]

Aparticle of mass m is projected from the ground with
an initial speed 1, at an angle o with the horizontal.
At the highest point of its trajectory, it makes a
completely inelastic collision with another identical
particle, which was thrown vertically upward from
the ground with the same initial speed 1. The angle
that the composite system makes with the horizontal
immediately after the collision is

i i

(A) 1 (B) 1 +a
i T

© 1°¢ (D) >

[JEE (Advanced) 2009]

Two small particles of equal masses start moving in
opposite directions from a point A in a horizontal
circular orbit. Their tangential velocities are v and 2v
respectively, as shown in the figure. Between collisions,
the particles move with constant speeds. After making
how many elastic collisions, other than that at A, these
two particles will again reach the point A?

A
v 2v
(A) 4 (B) 3
©) 2 (D) 1

[ITT-JEE 2011]

A ball of mass 0.2kg rests on a vertical post of
height 5m. A bullet of mass 0.01kg, travelling
with a velocity o ms™ in a horizontal direction, hits
the centre of the ball. After the collision, the ball and
bullet travel independently. The ball hits the ground
at a distance of 20 m and the bullet at a distance of

100 m from the foot of the post. The initial velocity v
of the bullet is

vms'
_b —._‘_\\
\‘ \\
| \
\ \
1 \
| \
! \
0 20 100
(A) 250 ms! (B) 250v2 ms!
(C) 400 ms™ (D) 500 ms™
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[ITT-JEE 2009]

Look at the drawing given in the figure, which has been
drawn with ink of uniform line-thickness. The mass of
ink used to draw each of the two inner circles and each
of the two line segments is #1. The mass of the ink
used to draw the outer circle is 6 m . The coordinates
of the centres of the different parts are: outer circle (0,
0), left inner circle (—a, a), right inner circle (a, a)
, vertical line (0, 0), and horizontal line (0, —a).
The y coordinate of the centre of mass of the ink in
this drawing is

-—--X

a

10

a

12

[IIT-JEE 2009]

If the resultant of all the external forces acting on a

system of particles is zero, then from an inertial frame,

one can surely say that

(A) linear momentum of the system does not change
in time

(B) kinetic energy of the system does not change in
time

(C) angular momentum of the system does not
change in time

(D) potential energy of the system does not change in
time

(A) (B)

Wla |

© D)

[ITT-JEE 2007]
A particle moves in the x-y plane under the
influence of a force such that its linear momentum is
ﬁ(f)=A[fcos(kt)f}sin(kt)] , where, A and k are
constants. The angle between the force the momentum
is

(A) 0°
(C) 45°

[ITT-JEE 2002]

Two blocks of masses 10 kg and 4 kg are connected
by a spring of negligible mass and placed on a
frictionless horizontal surface. An impulse gives
a velocity of 14ms' to the heavier block in the

(B) 30°
(D) 90°

direction of the lighter block. The velocity of the centre
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of mass is

(A) 30 ms™ (B) 20 ms™
(C) 10 ms™ (D) 5ms™
[IIT-JEE 2001]

Two particles of masses m; and m, in projectile
motion have velocities v, and v, respectively at time
t=0. They collide at time f,. Their velocities become
o) and 7, at time 2f, while still moving in air. The
value of |(rmyg; +myd) ) - (myy +myd, )| is

(A) zERO (B) (my+my)gty

(C) 2(my+m,)gty D) %(mﬁmz)gto

[IIT-JEE 1997)
Anisolated particle of mass 1 is moving in horizontal

plane (x-y), along the x-axis, at a certain height above
the ground. It suddenly explodes into two fragment

of masses % and BTm An instant later, the smaller

fragment is at y = +15 cm . The larger fragment at this
instant is at

(A) y=-5am (B) y=+20cm
(C) y=+bam (D) y=-20cm
[IIT-JEE 1986]

A shell is fired from a canon with a velocity v at an
angle 6 with the horizontal. At the highest point it
explodes into two pieces of equal masses. One of the
pieces retraces its path to the canon. The speed of the
other piece immediately after the explosion is

(A) 3vcosd (B) 2wcos®

(@) %vcosﬁi (D) vcosh

[ITT-JEE 1986]

A ball hits the floor and rebounds after an inelastic

collision. In this case

(A) the momentum of the ball just after the collision is
the same as that just before the collision

(B) the mechanical energy of the ball remains the
same in the collision

(C) the total momentum of the ball and the earth is
conserved

(D) the total energy of the ball and the earth is
conserved

[ITT-JEE 1982]

Two particles A and B, initially at rest, move towards
each other under a mutual force of attraction. At the
instant when the speed of A is V' and the speed of B
is 2V, the speed of the centre of mass of the system is
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(A) zERO B) V
(©) 15V (D) 3V

Multiple Correct Choice Type Problems

(In this section each question has four choices (A), (B), (C)
and (D), out of which ONE OR MORE is/are correct)

1. [JEE (Advanced) 2019]
A small particle of mass m moving inside a heavy,
hollow and straight tube along the tube axis undergoes
elastic collision at two ends. The tube has no friction
and it is closed at one end by a flat surface while the
other end is fitted with a heavy movable flat piston
as shown in figure. When the distance of the piston
from closed end is L =L, the particle speed is v =,
The piston is moved inward at a very low speed V

dL
such that V<« TUD, where dL is the infinitesimal

displacement of the piston. Which of the following
statement(s) is/are correct?

= =)

L

(A) If the piston moves inward by dL, the particle
dL
speed increases by ZvT

(B) The particle’s kinetic energy increases by a factor
of 4 when the piston is moved inward from L; to
(C) After each collision with the piston, the particle
speed increases by 2V ;
(D) The rate at which the particle strikes the piston i

2. [JEE (Advanced) 2017]

Ablock of mass M has a circular cut with a frictionless
surface as shown. The block rests on the horizontal
frictionless surfaced of a fixed table. Initially the right
edge of the block is at x =0, in a coordinate system
fixed to the table. A point mass m is released from rest
at the topmost point of the path as shown and it slides
down. When the mass loses contact with the block,
its position is x and the velocity is v. At that instant,
which of the following option is/are correct?

>

[

ae

. . . 2¢R
(A) The velocity of the point mass m is v = —
1+—

M

(B) The x component of displacement of the centre
of mass of the block M is - R
+1m

(C) The position of the point mass is x = —v/2 R

M+m

(D) The velocity of the block M is V = —%JZgR

(IIT-JEE 2010]

A point mass of 1kg collides elastically with a
stationary point mass of 5 kg. After their collision, the
1kg mass reverses its direction and moves with a
speed of 2 ms~" . Which of the following statement(s)
is (are) correct for the system of these two masses?

(A) Total momentum of the system is 3 kgms™

(B) Momentum of 5 kg mass after collision is 4 kgms™
(C) Kinetic energy of the centre of mass is 0.75 ]

(D) Total kinetic energy of the system is 4 ]

(IIT-JEE 2008] )

Two balls, having linear momenta p;=pi and
By = —p? , undergo a collision in free space. There is
no external force acting on the balls. Let 7} and p; be
their final momenta. The following option figure(s) is
(are) not allowed for any non-zero value of p, a;, a,,
by, by, ¢, and c,.

(A) p=ai+bj+ck, py=ayi+byj
B
(
(

pr=ck, Py =k

—

Q) ﬁi=a13+b1}+c1l2, P§=ﬂzf+52}—6112
D) B =alf+b1}, [ =a2§+b1}

[IIT-JEE 1993]

Two blocks A and B each of mass m are connected
by a massless spring of natural length L and spring
constant k. The blocks are initially resting on a smooth
horizontal floor with the spring at its natural length,
as shown in figure. A third identical block C, also of
mass 111, moves on the floor with a speed v along the
line joining A to B and collides with A. Then

=

G A | B

(A) thekineticenergy of the A-B system, at maximum
compression of the spring is zero

(B) thekineticenergy of the A-B system, at maximum
. om’
compression of the spring is -
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(C) the maximum compression of the spring is v\/%

(D) the maximum compression of the spring is v Jz_ﬂk

Reasoning Based Questions

This section contains Reasoning type questions, each hav-
ing four choices (A), (B), (C) and (D) out of which ONLY
ONE is correct. Each question contains STATEMENT 1 and
STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT
2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT
2isnot the correct explanation of STATEMENT
1.

Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2
is FALSE.

Bubble (D) If STATEMENT 1is FALSE but STATEMENT 2
is TRUE.

1. [IIT-JEE 2007]
Statement-1: If there is no external torque on a body
about its centre of mass, then the velocity of the centre
of mass remains constant.
Statement-2: The linear momentum of an isolated
system remains constant.

2. [IIT-JEE 2007]
Statement-1: In an elastic collision between two
bodies, the relative speed of the bodies after collision
is equal to the relative speed before the collision.
Statement-2: In an elastic collision, the linear momen-
tum of the system is conserved.

Linked Comprehension Type Questions

This section contains Linked Comprehension Type
Questions or Paragraph based Questions. Each set consists
of a Paragraph followed by questions. Each question has
four choices (A), (B), (C) and (D), out of which only one is
correct. (For the sake of competitiveness there may be a few
questions that may have more than one correct options)

Comprehension

A small block of mass M moves on a frictionless surface
of an inclined plane, as shown in figure. The angle of the
incline suddenly changes from 60° to 30° at point B.
The block is initially at rest at A . Assume that collisions
between the block and the incline are totally inelastic

(g:l[]ms_z).

Chapter 2: Centre of Mass, Conservation of Linear Momentum and Collisions

2.133

V3m 33 m

1. [IIT-JEE 2008]
The speed of the block at point B immediately after it
strikes the second incline is

(A) V60 ms™ (B) V45 ms™!
(C) V30 ms™ (D) 15 ms™

2. [IIT-JEE 2008]
The speed of the block at point C, immediately before
it leaves the second incline is

(A) J120 ms™ (B) V105 ms !
(C) /90 ms™ (D) 75 ms™

3. [IIT-JEE 2008]
If collision between the block and the incline is
completely elastic, then the vertical (upward)
component of the velocity of the block at point B,
immediately after it strikes the second incline is

(A) /30 ms™ (B) /15 ms™
€ 0 (D) —/15 ms™

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical
value obtained after series of calculations based on the data
provided in the question(s).

1. [IIT-JEE 2009]
Three objects A, B and C are kept in a straight line
on a frictionless horizontal surface. These have masses
m, 2m and m, respectively. The object A moves

towards B with a speed 9 ms™ and makes an elastic

collision with it. Thereafter, B makes completely
inelastic collision with C. All motions occur on the

same straight line. Find the final speed (inms™) of
the object C.

o Y

A B

O
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ANSWER KEYS-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-I

(Based on Centre of Mass)
1 myl | +myl,

lod

UG
3. (3i+]-F)m

R
g Ok
T

5. (a,b]
2 12

2r
6. | ———, 0
(3(4—?{) ]
7. 2kg

(p1+3py)L
4(py+p2)

) [1(4+J§+3EJI(5+2~/§+E”
2l 4+ B )2\ 4+ B4

3¢
4

n (L)
8 8

12.
T+4

_ R
2(21-1)

" M+24, L
Mty )3

10.

13.

Test Your Concepts-Il

(Based on Motion of Centre of Mass)
mL
! 2(my +my)

. \/ﬁ ms™

5m

. 45m, 10 ms™
13.6 m

2

. 51/28

9o W e W N

10.
11.

12.

13.

14.

15.

16.

17.

18.

- (@) (151 +2]) ms™, (b) (37 +4]) m

mRsing
m+M
1.25ms™
(a) 0, (b) not accelerate, (c) yes, upwards (d) % , up-
wards
(a) 03 kg, (b) 2.4] kgms ™, () 8j ms™
ML
m+ M
(a) 40 cm , (b) 2.67 ms™
ml
M+m

(my +my ) xy — 1yl
My + 11 + 11y

~151+2] ms™, (-3 +4]) m

ZHUCOS( E ]
— \2)

1+n

Test Your Concepts-lll

(Based on Work Energy Theorem for System
of Particles and its Applications from Centre
of Mass Reference Frame)

1

g

. 10]



Test Your Concepts-1V

(Based on Conservation of Linear
Momentum)

1o

r

1. ———

mu
m+ M

R 2(M+m)
M

4. \[2ghtan6, m,/2ghsecH, mgh(l—tan29)
5.255ms |, 241 ms !

6. gvo cosf , along x direction

7. 2msin(EJ 37{
2 )\(M+m)M

8. ( f=7 and jm_@ ) “‘/_

JTdt:mug@ © o ”‘f d'[Tdt_

mo
m+ M

10. 2
2
2miut mu mit

,(b) +
M+2m M+2m M+m

2k% + 2k +1
k
2MgR
M+m

11. (a)

12.

13.

mug sinfl

14. mu, cos0,

15 2m_ |2h  Mmgh
" M-m ¢ M+m

16. mo, cosecd, mu, cotd , v, cotd ,

17. 15ms™), 01m

Mu?

18 —
2¢(M+m)

Test Your Concepts-V
(Based on Variable Mass Systems)

P ,Eloge( T J
my—ut u g — it

2. pA(z)+u)2

and

mu\f

mo,
—L, umv, cotd
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3. (a) (i) 25 kgs ', (ii) 75 kgs ' (b) 4.156 kms ™'

(my —my +bt ) g + by,

4,
m, +m, — bt
5. W' +2g(h-y)
6. M.
kg
7 moe_(;)t

8. F , E1r1( ) J
my—pt - p\ my—ut
2M,g + uo, log, 2M, +gt
[ M, - pt

Test Your Concepts-VI

(Based on Head-On Collisions)
1

. 64]

o
.

. 0.23d

2
3. 4ms™
4
5 v,=0 and v, =6 ms™

6, 248! o~ 2pigd
' 2
n-1
7. []i) u
2

8. 9h

9. Jmyy

10. g [ My +2m,
k 2m,
11. 2v, v
12. x\/ M , x\j o
m(M+m) " \M(M+m)

Test Your Concepts-VII
(Based on Oblique Collisions)
HS
1. "

3~ o~ 27m (Qm},
2 ——itj,—, | —|i
2 8 2

5, M0yCosf m_vﬁ( M+ msin® BJ

M+m ' 2 M+m
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8. v=8ms™
4. m(-3i+4]), — ) 1
16 9. e=0,e=tan"f=tan E:g
5. Ju'+0°
) 10. (a) ¢*hy, (b) ¢’y
p {(He)msin@} (msin 0 - Me J’
" | M+msin’@ 0’ M+ msin’@ 0 11. %
7. e, {u sm(Za)_lJ
ag
Single Correct Choice Type Questions
1. B 2. A 3.C 4 B 5. B 6. b 7.D 8 A 9. B 10.
11. C 12. D 13. A 14. A 15. C 16. B 17. B 18. A 19. C 20.
21. C 22, C 23. B 24. B 25. D 26. B 27. D 28. A 29. B 30.
31. C 32. B 33. B 34. C 35.D 36. D 37.B 38. C 39.D 40.
41. C 42, C 43. C 4. A 45. D 46. A 47. D 48. A 49. C 50.
51. B 52, C 53. A 54. D 55. D 56. A 57. C 58. C 59. D 60.
6l. C 62. D 63. B 64. C 65. C 66. D 67. A 68. B 69. D 70.
71. B 72. B 73. A 74. D 75. B 76. D 77. A 78. B 79. C 80.
81. C 82. B 83. B 84. D 85. D 86. B 87. C 88. C 89. B 90.
91. A 92. A 93. D 9. B 95. A 96. A 97. B 98. C 99. D 100.
101. C 102. C 103. C 104. C 105. A 106. B 107. D 108. C 109. C 110.
111. C 112. C 113. D 114. A 115. D 116. B 117. C 118. D 119. C 120.
121. A 122. D 123. B 124. C 125. B 126. C 127. B 128. A
Multiple Correct Choice Type Questions
1. B,C 2. AB,D 3.AD 4. A,D 5. B,D
6. B,D 7. A,B,D 8. B,C 9. B,D 10. A,C,D
11. B,D 12. B,C,D 13. B,C 14. A,B,D 15. B,D
16. A, C 17. A,B,D 18. A,B,C,D 19. B,C 20. B,C
21. B,C 22, A, C 23. A,B,C 24. B,D 25. B,C,D
26. A, B,C 27. B,C 28. A, C 29. A,B,D 30. B,C,D
31. B,D 32. B,C 33. B,C 34. A D 35.C,D
36. A,B,C,D 37. B,C
Reasoning Based Questions
1. A 2D 3. A 4. C 5. D 6. D 7. C 8. D 9. C 10. A
Linked Comprehension Type Questions
1. B 2. A 3.B 4 B 5. C 6. C 7.D 8. D 9. B 10. A

11. C 12. D 13. C 14. B 15. A 16. D 17. C 18. D 19. C 20. C
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21. B 22. C
3. D 32. C
41. B 42. B
51. B 52. C
61. D 62. B

23.D
33.D
43. C
53. A
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Matrix Match/Column Match Type Questions

e e e e e ped e e
ol AT Ll - i =

19.

2= Il Il U Rl Y Ml

p)
p)
)
9

P 1,5)

el

I

— —

r
9

A—(
A= (
A=
A—(
A=
A=
A=
A=
A= (p,1)
. A->(q)
A=
A—(
A=
A—(
A—(
A=
A=
A=
A=

~—

S

S

r

Integer/Numerical Answer Type Questions

1
6
11

16.
21.
26.

31

36.

.6
. 35
. 2,8
2
4
2
. (3)2, (b) 700, (c) 2
10

2

7.
12.
17.
22,
27.
32
37.

70
45
10
4,5
450
180
0.56
21

24, C 25. B 26. C 27. D
34. C 35. C 36. B,D 37. A
44, C 45, B 46. B 47. B
54. B 55. D 56. D 57. C
B—(r) C—(s)
B—(p, C-1(q
B—(q) C—(p)
B—(s) C—(n)
B—(p,rs) C—(p)
B - (p) C-1(9
B—(q) C—(s)
B—(r) C—1(p)
B-(p,1) C-(9
B—(p,r) C—(p,1)
B (p) C-(p
B—(s) C—o(p,qr
B—(s) C—(p)
B—(q) C-(9
B (rs) C-(p.q
B—(p) C—(n)
B—(q,1) C—(p.s)
B—(r) C—=1(q)
B—(s) C—(p)
3. 10 4. 0.75
8. (a)2,(b)24,(c)72 9. 30
13. 100 14. 5
18. 11 19. 16
23. 6 24, 13
28.2,4,1,1,7,9 29. 920
33. 4030 34, 4
38. 40 39. 80

2.137

29. C
39. C
49. D
59. C

30. B
40. C
50. C
60. C

. 2,045
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ARCHIVE: JEE MAIN

1. D 2, 1000 3.2300 4 A 5.D 6. 120.00
11. 1.00 12 C 13. B 14. D 15. C 16. D
21. D 22. D 23. A 24. D 25. C 26. B
31. B 32. A 33. % 34. C 35. B 36. C
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems
1. D 2.B 3.B 4. A 5. C 6. D

11. C 12. A 13. A 1. C 15. A

Multiple Correct Choice Type Problems

1. B,C 2.AB 3. AC 4. A,D 5. B,D

Reasoning Based Questions

1. D 2D

Linked Comprehension Type Questions

1. B 2.B 3.C

*No given option is correct.

7.D
17. B
27. B
37. C

7. A

83
18. B
28. *
38. B

8 A

9. B
19. D
29. A

9. D

10. D
20. B
30. C

10. C



