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pAc E Impulse & Momentum Phy. XI

IMPULSE AND MOMENTUM

SOLUTIONS
LEVEL - 1
MOMENTUM CONSERVATION
1. The law of conservation of momentum is based on Newton’s is
(1) First law of motion (2) Second law of motion
(3) Third law of motion (4) Law of gravitation

2. A car of mass 400kg and travelling at 72 kmph crashes into a truck of mass 4000kg and travelling

at 9 kmph, in the same direction. The car bounces back at a speed of 18 kmph. The speed of the truck
after the impact is

(1) 9 kmph (2) 18 kmph (3) 27 kmph (4) 36 kmph

Solution :

(2) By the law of conservation of linear momentum myu, +m,u, = my\V, + m,v,

= 400x72+4000x9 =400x(-18)+4000xv, = v, =18km/h.

3. A body of mass m moving along a straight line collides with a body of mass nm which is also
moving with a velocity kv in the same direction. If the first body comes to rest after the collision,
then the velocity of second body after the collision would be

nv nv (d-nk)v @+ nk)v
1) (LK) ) k) @) ——— (4) ———
Solution :

(4) Initial momentum = mv+nm(kv) and  final momentum =0+nmV
By the conservation of momentum, mv+nm(kv) =0+nmV

1+nk
= Vv+nkv=nV = nV =1+nk)v =V :W
4. Three particles A, B and C of equal mass are moving with the same velocity v along the medians of

an equilateral triangle. These particle collide at the centre G of triangle. After collision A becomes
stationary, B retraces its path with velocity v then the magnitude and direction of velocity of C will
be

(1) vand opposite to B ©
(2) vand in the direction of A

(3) vand in the direction of C

(4) vand in the direction of B

Solution :

(4) From the figure (1) it is clear that before collision initial momentum of the system =0

After the collision, A becomes stationary, B retraces its path with velocity v. Let C moves with
velocity V making an angle & from the horizontal. As the initial momentum of the system is zero,
therefore horizontal and vertical momentum after the collision should also be equal to zero.
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From figure (I1) Horizontal momentum vcos@+vcos30° =0 (1)

Vertical momentum vsin@—vsin30° =0 ... (10)
By solving (i) and (ii) we get §=-30° and V =v i.e. the C will move with velocity v in the direction
of B.

5. A ball B, of mass M moving northwards with velocity v collides elastically with another ball B, of

samce mass but moving eastwards with the same velocity v. Which of the following statements will
be true

(1) B, comes to rest but B, moves with velocity J2v
(2) B, moves with velocity J2v but B, comes to rest

(3) Both move with velocity v/ J2 in north east direction
(4) B, moves eastwards and B, moves north wards

Solution :
(4) Horizontal momentum and vertical momentum both should remain conserve before and after
collision. This is possible only for the (4) option.

6. The change of momentum in each ball of mass 60gm, moving in opposite directions with speeds
4m/s collide and rebound with the same speed, is
(1) 0.98kg-m/s (2) 0.73kg-m/s
(3) 0.48kg-m/s (4) 0.22kg-m/s
Solution :
(3) Momentum before collision = mv, Momentum after collision = —mv
. Change in momentum =2mv = 2x60x10° x 4 = 480x10 °kg-m/s = 0.48kg -m/s

7. A ball strikes the floor and after collision rebounds back. In this state
(1) Momentum of the ball is conserved
(2) Mechanical energy of the ball is conserved
(3) Momentum of ball earth system is conserved
(4) The kinetic energy of ball earth system is not conserved

8. A bomb of mass9 kg explodes into two pieces of 3 kg and 6 kg. The velocity of 3 kg piece is 16 m/s.
The kinetic energy of 6 kg piece is
(1) 768 Joule (2) 786 Joule (3) 192 Joule (4) 687 Joule
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9.

10.

11.

12.

13.

14.

The graph between \/_ and = is (Ex = kinetic energy and p = momentum)-

(1) r i ) r @3) r @) r C

1/13

If similar bullets are fired from two guns out of which one is lighter and another one is heavier.
Which gun will give more violent jerk

(1) Same by both (2) Lighter one

(3) Heavier one (4) Will depend upon the type of gun

Bullets of mass 40 gm each are fired from a machine gun with a velocity of 10° m/s. If the person
firing the bullets experiences an average force of 200N, then the number of bullets fired per minute
will be

(1) 300 (2) 600 (3) 150 4) 75

ELASTIC COLLISION

n small balls each of mass m impinge elastically each second on a surface with velocity u. The force
experienced by the surface will be

(1) mnu (2) 2mnu (3) 4 mnu 4 %mnu

Solution :
(2) As the ball rebounds with same velocity therefore change in velocity = 2u and the mass
colliding with the surface per second = nm

Force experienced by the surface F = m?j_\t/ . F=2mnu.

A particle of mass m moving with horizontal speed 6 m/sec. If m<<M then for one dimensional
elastic collision, the speed of lighter particle after collision will be

(1) 2 m/sec in original direction

(2) 2 m/sec opposite to the original direction

(3) 4 m/sec opposite to the original direction

(4) 4 m/sec in original direction

Solution :
-m 2m,u
o vlz[ml zjw L ® @
m, +m, m, +m, — —_—
u;=6m/s u, =4 mfs

Substituting m: =0, v, =-u, +2u,
= v, =—6+2(4) =2m/s
i.e. the lighter particle will move in original direction with the speed of 2 m/s.

A ball of mass m moving with velocity V, makes a head on elastic collision with a ball of the same
mass moving with velocity 2V towards it. Taking direction of V as positive velocities of the two balls
after collision are
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15.

16.

17.

(1) —Vand2v (2) 2vand-V (3) Vand -2V (4)-2VandV

Solution :

(4) Initial velocities of balls are +V and — 2V respectively and we know that for given condition
velocities get interchanged after collision. So the velocities of two balls after collision are — 2V and V
respectively.

Consider the following statements

Assertion (1) : In an elastic collision of two billiard balls, the total kinetic energy is conserved
during the short time of collision of the balls (i.e., when they are in contact)

Reason (R) : Energy spent against friction does not follow the law of conservation of energy of these
statements

(1) Both A and R are true and the R is a correct explanation of A

(2) Both A and R are true but the R is not a correct explanation of the A

(3) Aistrue but the R is false

(4) Both Aand R are false

Solution :

(4) (i) When they are in contact some part of kinetic energy may convert in potential energy so it is
not conserved during the short time of collision. (ii) Law of conservation of energy is always true.

A big ball of mass M, moving with velocity u strikes a small ball of mass m, which is at rest. Finally
small ball attains velocity u and big ball v. Then what is the value of v

M —m m 2m M
1 u 2 u 3 u 4 u
(1) M+m ) M +m ) M +m “) M+m
Solution :

(1) From the standard equation v, = L—ml —m, Jul = ( M _mju _
m +m, M +m

A smooth sphere of mass M moving with velocity u directly collides elastically with another sphere
of mass m at rest. After collision their final velocities are V and v respectively. The value of v is

2uM 2um 2u 2u
W == @ ®) — @ —W
1+— 1+—
M m
Solution :

(3) Final velocity of the target v, = [Mj u, L 2my

m, +m, m +m,
As initially target is at rest so by substituting u, =0 we get v, = 2Mu = 2 :
M+m 1+ m
M
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19.

20.

21.

Six identical balls are lined in a straight groove made on a horizontal frictionless surface as shown.
Two similar balls each moving with a velocity v collide with the row of 6 balls from left. What will
happen

v
(1) One ball from the right rolls out with a speed 2v and the remaining balls will remain at rest
(2) Two balls from the right roll out with speed v each and the remaining balls will remain
stationary
(3) All the six balls in the row will roll out with speed v/6 each and the two colliding balls will
come to rest
(4) The colliding balls will come to rest and no ball rolls out from right

Solution :
(2) Only this condition satisfies the law of conservation of linear momentum.

Which one of the following statement does not hold good when two balls of masses m, and m,

undergo elastic collision
(1) When m, <m, and m, at rest, there will be maximum transfer of momentum

(2) When m, >m, and m; at rest, after collision the ball of mass m, moves with four times the

velocity of m;
(3) When m, =m, and m, at rest, there will be maximum transfer of kinetic energy

(4) When collision is oblique and m, at rest with m, =m,, after collision the balls move in opposite

directions

Solution :

(2,4) We know that transfer of momentum will be maximum when target is massive and transfer of
kinetic energy will be maximum when target and projectile are having same mass. It means
statement (1) and (3) are correct, but statement (2) and (4) are incorrect because when target is very
light, then after collision it will move with double the velocity of projectile and when collision is
oblique and mz at rest with m, =m,, after collision the ball move perpendicular to each other.

A body falling from a height of 20m rebounds from hard floor. If it loses 20% energy in the impact,
then coefficient of restitution is

(1) 0.89 (2) 0.56 (3) 0.23 (4) 0.18
Solution :

(1) Itloses 20% energy in impact and only 80% energy remains with the ball

So ball will rise upto height h, =80% of h, = ﬂ><20 16m

Now coefficient of restitution e = \/7 f =4/0.8 =0.89.

A rubber ball is dropped from a height of 5m on a planet where the acceleration due to gravity is not
known. On bouncing, it rises to 1.8m. The ball loses its velocity on bouncing by a factor of
(1) 16/25 (2) 2/5 (3) 3/5 (4) 9/25
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22.

23.

Solution :
(3) If ball falls from height hy, then it collides with ground with speed

v, =[20h, ()

and if it rebound with velocity v, then it goes upto height h, from ground,
v, =4/2gh, .....(ii)

From (i) and (ii) ‘\j—zz /23—:;:\/%:\/?:\/%:%'

Two identical spheres move in opposite directions with speeds v, and v, and pass behind an opaque

screen, where they may either cross without touching (Event 1) or make an elastic head - on
collision (Event 2)

(1) We can never make out which event has occurred

(2) We cannot make out which event has occurred only if v, =v,

(3) We can always make out which event has occurred
(4) We can make out which event has occurred only if v, =v,

Vl%@ Cﬂ}—% \lp

\feloci'f'é L‘% &epm;*\g
Veloci ry Jb opproch
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SniHal welakive vetoci
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V\‘)U‘ elantic head BB collisimn € =1

e =
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! F ang voew:
\ il e the Covvet
lhmesofeﬁ opH en) @ \

A light particle moving horizontally with a speed of 12 m/s strikes a v

heavy block moving in the same direction at 10 m/s. The collision is 10 m/s
one-dimensional and elastic. After the collision, the particle will 12 mfs
(1) Move at 2 m/s in its original direction Q_,

(2) Move at 8 m/s in its original direction
(3) Move at 8 m/s opposite to its original direction
(4) Move at 12 m/s opposite to its original direction
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24,

25.

Conservation of momentum,

my vy T IpVy = Iy vy T eV,

= my(vi —vy) = ma(vz = Vy)eeeeen(1)

Conservation of kinetic energy requires,

1 1 : :
;(mlvf +mpvi) = E(mlvl2 + 1112\-‘22)

2 2% 2 '2
=>my(vy — V) =mp(v; —v,)

= my(vy — V) )(V1 + V) = mp(Va — V3)(Va + V) ).veeeeen(2)

dividing (2) and (1)
VitV =V tv,
12+v; =10+10

v, = 8m's

A sphere A moving with a speed u and rotating with an angular velocity », makes a head- on elastic
collision with an identical stationary sphere B. There is no friction between the surfaces of A and B.
Disregard gravity.

(1) A will stop moving but continue to rotate with an angular velocity o

(2) A will come to rest and stop rotating

(3) B will move with a sped u without rotating

(4) B will move with a speed u and rotate with an angular velocity

The bob of a simple pendulum (mass m and length I) dropped from a horizontal position strikes a

block of the same mass elastically placed on a horizontal frictionless table. The K.E. of the block
will be (after collision)
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26.

27.

28.

29.

(1) 2mgl (2) mgl/2
(3) mgl 4 0
P.E. of bob at point A = mgl

This amount of energy will be converted into kinetic energy
K.E. of bob at point B = mg|

o A
T
"
i
'
»
r

=1
B

and as the collision between bob and block (of same mass) is elastic, after
collision bob will come to rest and total Kinetic energy will be transferred to

block. So kinetic energy of block = mgl

A neutron moving with a velocity 'v' and kinetic energy 'E' collides perfectly elastically head on with
the nucleus of an atom of mass number ‘A" at rest. The energy received by the nucleus and the total
energy of the system are related by

4A A-1Y (A+1) A+1Y
@) (A+1)? @) [A_Hj @) 472 @ (ﬂj

A body of mass m moving with velocity V makes a head - on collision with another body of mass 2m
which is initially at rest. The ratio of kinetic energies of colliding body before and after collision will
be

1) 9:1 2 1:1 (3) 4:1 4 2:1

KEbefore _ %111"72 _ v 2

r 2
KEaer  +smvi  V{

3 1
. o my-—mpy_ ., m-—2m__ V
Since V; = V= V =——
mj + 1o m+2m 3

. v 2
Hence ratio of KE~ V2 9:1
72

An object A collides head on elastically with a stationary object B. The object A will recoil with
maximum speed if (e = 1)

1) Mg>M, (2) Mz<<M,

3) M,=M, (4) Can not be predicted due to incomplete data

In above question the momentum transferred to B will be maximum if
1) Mg>M,

(2) Myg<<M,

(3) M, =Mg

(4) Can not be predicted as information is incomplete
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30.

31.

32.

33.

34.

35.

36.

37.

A ball collides elastically with another ball of the same mass. The collision is oblique and initially
one of the body was at rest. After the collision, the two balls move with same speeds. What will be
the angle between the initial and final velocities of the colliding ball

1) 30° 2) 45° (3) 60° @) 90°

A frictionless steel ball of radius 2 cm, moving on a horizontal plane with a velocity of 5 cm/s,
collides head-on with another stationary steel ball of radius 3 cm. The velocities of two bodies after
collision will respectively be (in cm/s)

1) 27,23 2 -27,23 3 2.7,-23 4) -27,-23

INELASTIC COLLISION
One sphere collides with another sphere of same mass at rest inelastically. If the value of coefficient

of restitution is % , the ratio of their speeds after collision shall be

1) 1:2 2 2:1 3 1:3 4) 3:1
Solution :
3) ﬁ_l—e_l—1/2_1/2_1

v, l+e 1+1/2 3/2 3

The co-efficient of restitution depends upon
(1) The masses of the colliding bodies (2) The direction of motion of the colliding bodies
(3) The inclination between the colliding bodies (4) The materials of the colliding bodies

During inelastic collision of two particles
(l) (KE) final — (KE)initiaI (2) (KE) final must be greater than (KE)initiaI

(3) (KE) i must be less than (KE); i (4) (KE)ga may be greater or less than (KE),ia
Inelastic collision is the

(1) Collision of ideal molecules with the walls of the container

(2) Collision of electron and positron to annihilate each other

(3) Collision of two rigid solid spheres lying on a frictionless table

(4) Scattering of « -particles with the nucleus of gold atom

PERFECTLY INELASTIC COLLISION
Which of the following is not a perfectly inelastic collision

(1) Striking of two glass balls (2) A bullet striking a bag of sand
(3) An electron captured by a proton (4) A man jumping onto a moving cart
Solution :

(1) For perfectly elastic collision relative velocity of separation should be zero i.e. the colliding
body should move together with common velocity.

A neutron having mass of 1.67x10?"kg and moving at 10°m/s collides with a deutron at rest and
sticks to it. If the mass of the deutron is 3.34x107?"kg ; the speed of the combination is
(1) 2.56x10°m/s (2) 2.98x10°m/s
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38.

39.

40.

41.

(3) 3.33x10'm/s (4) 5.01x10°m/s
Solution :

(3) m =1.67x10"kg, u, =10°m/s, m, =3.34x10""kg and u, =0
mu, +mu,  1.67x107% x10°+0

= — —=3.33x10"m’s.
m+m, 167x107 +3.34x10

Speed of the combination V =

A particle of mass 'm' moving with velocity 'v' collides in elastically with a stationary particle of
mass '2m’. The speed of the system after collision will be

(1) % @ 2v 3) % (@) 3v
Solution ;

(3) By the conservation of momentum mv+2mx0=3mV .. V = %

A bullet of mass a is fired with velocity b in a large block of mass c. The final velocity of the system
will be

C ab (a+b) (a+¢c)
) P (2) P 3) — 4) I b
Solution :

(2) Initially bullet moves with velocity b and after collision bullet get embedded in block and both
move together with common velocity.

By the conservation of momentum
axb+0=(a+c)V b c El G

a+c /

A particle of mass 1g having velocity 31 —2] has a glued impact with another particle of mass 2g

and velocity as 4 ] — 6Kk . Velocity of the formed particle is

(1) 5.6ms™ (2 0 (3) 6.4ms™ (4) 4.6ms™

Solution :

(4) By conservation of momentum m, +my0, = (M, +m,)V

Ly oMb rml, 13 ~2])+2(4j—6k) _3i+6j-12k _ 2] ak
m, +m, m +m, @+2)

IV = @7 + (27 + (-4) =17 4+16 =4.6ms™.

OBLIQUE COLLISION
A ball of masslkg, moving with a velocity of 0.4m/s collides with another stationary ball. After

the collision, the first ball moves with a velocity of 0.3m/s in a direction making an angle of 90°
with its initial direction. The momentum of second ball after collision will be (in kg-m/s)
(1) 0.1 (2) 0.3 (3) 05 (4) 0.7
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42.

43.

Solution :

(3) Let second ball moves with momentum P making an angle & from the horizontal (as shown in
the figure).

By the conservation of horizontal momentum 1x0.4 = Pcosé 0.3 mjs

By the conservation of vertical momentum 0.3 6 1kg
=Psine . (||) 1kg 0.4 m/s '

From (i) and (ii) we get P = 0.5 kg-m/s O—’ ”)9 """

Before collision

Q:z
P

N

Keeping the principle of conservation of momentum in mind which of the following collision diagram is
not correct

1) )

My

) a0

(3)

M; M, M,

Solution :

(4) In this condition the final resultant momentum makes some angle with x-axis. Which is not
possible because initial momentum is along the x-axis and according to law of conservation of
momentum initial and final momentum should be equal in magnitude and direction both.

Two cars of same mass are moving with same speed v on two different roads inclined at an angle &
with each other, as shown in the figure. At the junction of these roads the two cars collide in
elastically and move simultaneously with the same speed. The speed of these cars would be

0
1) vcos—
(1) veos:

v
2) —cosé
@ 5

v 0
3) —cos—
3) 5005~

(4) 2vcosd
Solution :

. . 7 0
(1) Initial horizontal momentum of the system =mv cosE+ mv cosE.

If after the collision cars move with common velocity V then final horizontal momentum of the system
=2mV.

: % % 0
By the law of conservation of momentum, 2mV =mv cosE+ mv cosE =V = vcosz.
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44,

45.

46.

47.

48.

49.

A ball moving with velocity of 9m/s collides with another similar stationary ball. After the collision
both the balls move in directions making an angle of 30° with the initial direction. After the collision
their speed will be

(1) 2.6 m/s (2) 5.2m/s (3) 0.52m/s (4) 52m/s
The law of conservation of momentum is based on Newton’s is

(1) First law of motion (2) Second law of motion

(3) Third law of motion (4) Law of gravitation

A sphere has a perfectly elastic oblique collision with another identical sphere which is initially at
rest. The angle between their velocities after the collision is

(1) 30° (2) 45° (3) 60° (4) 90°

A billiard ball moving at a speed 2m/s strikes an identical ball initially at rest, at a glancing blow.

After the collision one ball is found to be moving at a speed of Im/s at 60° with the original line of
motion. The velocity of the other ball shall be

(1) (3"?m/s at 30° to the original direction ~ (2) 1m/s at 60° to the original direction
(3) (3)Y?’m/s at 60° to the original direction  (4) 1m/s at 30° to the original direction

A particle of mass m collides perfectly elastically with another particle of massM =m. The angle
between the velocities of two particles will be
(1) 15° (2) 90° (3) 45° (4) 60°

A moving neutron is deflected by an angle of 45° after colliding with a stationary proton (assuming
the masses of both particles equal). Then it again collides with another stationary proton and so on.
In this way the particle is deflected through an angle 45° in each collision. When its energy becomes
107° times the initial energy, the approximate number of collision must have been

(1) 20 (2) 40 (3) 80 (4) 100
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LEVEL - 2

ELASTIC COLLISION
1. A body of mass m moving with velocity v makes a head-on collision with another body of mass 2m
which is initially at rest. The loss of kinetic energy of the colliding body (mass m) is

1) % of its initial kinetic energy 2 % of its initial kinetic energy

3 % of its initial kinetic energy 4) % of its initial kinetic energy

Solution :
(3) Loss of kinetic energy of the colliding body

2 2 2
&:1_ m—m, :1_(m—2mj :1_(1j
K m, +m, m+2m 3

AK = (1—%) K= g K .. Loss of kinetic energy is g of its initial kinetic energy.

2. A sphere of mass 0.1 kg is attached to a cord of 1m length. Starting from the height of its point of
suspension this sphere hits a block of same mass at rest on a frictionless table, If the impact is
elastic, then the kinetic energy of the block after the collision is

o
2) 10J @ ;
3) 0.1J

4) 051

Solution :

1)

As two blocks are of same mass and the collision is perfectly elastic therefore their velocities gets
interchanged i.e. the block A comes into rest and complete kinetic energy transferred to block B.
Now kinetic energy of block B after collision = Kinetic energy of block A before collision

= Potential energy of block A at the original height =mgh=0.1x10x1=1J.

3. 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. If the collision is elastic the bob will rise to a height
V2 V2 V2 V2
1 — 2 - @) — (4) -
9 29 49 89
Solution

(2) Total kinetic energy of the ball will transfer to the bob of simple pendulum. Let it rises to height
‘h’ by the law of conservation of energy.
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1

A moving body with a mass my strikes a stationary body of mass mz. The masses m, and m, should

. ..m : . : .
be in the ratio — so as to decrease the velocity of the first body 1.5 times assuming a perfectly
m2

. .m .
elastic impact. Then the ratio — is

mZ
(1) 1/25 (2) 15 (3 5 4) 25
Solution:
(3) Vlz[ml_szul_i_ 2m,u, =(ml_m2jul [As uz = 0 and (Vl :i] given]
m +m, m, +m, m, +m, 15
u -m

A moving mass of 8 kg collides elastically with a stationary mass of 2 kg. If E be the initial kKinetic
energy of the mass, the kinetic energy left with it after collision will be

(1) 0.80E (2) 0.64E (3) 0.36E (4) 0.08E

Solution :

2
(3) Kinetic energy retained by projectile Ak _ [ m, — M, j
K m +m,

2
— AK = 8-2 EzziEzo.seE.
8+2 25

A neutron travelling with a velocity v and K.E. E collides perfectly elastically head on with the
nucleus of an atom of mass number A at rest. The fraction of total energy retained by neutron is

A-1Y A+1Y A-1Y A+1Y
® (5 @ (34) @ [*3) @ (3]

Solution :

2
(1) Fraction of kinetic energy retained by projectile aK = ( m, —Mm, J
K m, +m,

Mass of neutron (m1) = 1 and Mass of atom (m2) = A
CAK_(1-AY (ALY
K 1+A A+l)

A neutron with 0.6MeV kinetic energy directly collides with a stationary carbon nucleus (mass
number 12). The kinetic energy of carbon nucleus after the collision is
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(1) 1.7 MeV (2) 0.17 MeV (3) 17 MeV (4) Zero
Solution :

2
(2) Kinetic energy transferred to stationary target (carbon nucleus) % = [1—(M] ]

m, +m,
2
AR _Jq (112 |y 12l) 48 AK:ﬁx(o 6MeV) =0.17MeV.
K 1+12 169 | 169 169
8. Which of the following statements is true

(1) Kinetic energy is conserved in all types of collisions

(2) By definition there is no difference between elastic and perfectly elastic collisions

(3) By definition there is no difference between inelastic and perfectly inelastic collisions
(4) After the collision, the relative displacement of the particles can decrease with time

INELASTIC COLLISION
9. A body of mass 40kg having velocity 4m/s collides with another body of mass 60kg having

velocity 2m/s. If the collision is inelastic, then loss in kinetic energy will be

(1) 4407 (2) 39217 (3) 481J (4) 1449
Solution :
(3) Loss of K.E. in inelastic collision

1 m, 1 40x60 12400

L UL S RIS i daliealf R ) CRanicea ST B

2 (m +m,) 2 (40+60) 2 100

10.  The ratio of masses of two balls is 2 : 1 and before collision the ratio of their velocities is 1 : 2 in
mutually opposite direction. After collision each ball moves in an opposite direction to its initial
direction. If e = (5/6), the ratio of speed of each ball before and after collision would be
(1) (5/6) times
(2) Equal
(3) Not related
(4) Double for the first ball and half for the second ball
Solution :

(1) Let masses of the two ball are 2m and m, and their speeds are u and 2u respectively.

up=u u,=2u Vi \
—_ -— D D —
Before collision After collision

By conservation of momentum m,us +m,Uz = m,Vi +Mm,V,

= 2mu—2mu=mv, —2mv, = Vo = 2v;
Coefficient of restitution = ( =) (utw) 3w v 5 [As e 2 given]
—ul) (2u-u) -3u u 6 6

= 1= % = ratio of the speed of first ball before and after collision.
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11.

12.

- . - v, 2v, Vv, 5
Similarly we can calculate the ratio of second ball before and after collision, —% = 2—1 =-1= 3
u, 2u u

Two identical billiard balls are in contact on a table. A third identical ball strikes them symmetrically

NG
2

and come to rest after impact. The coefficient of restitution is

2 1 1
1) — 2) = 3) = 4
o 3 @ 5 ®) ¢ )
Solution :
. r 1
(1) sind=—== = =30
2r 2
From conservation of linear momentum
u

mu = 2mv cos 30° or V= ﬁ
Relative velocity of separation .

Now e = - - in common normal direction.
Relative velocity of approach

v u/\/§ 2

Hence, e= = =—
ucos30° u«3/2 3

A body of mass 3kg, moving with a speed of 4ms™, collides head on with a stationary body of

mass 2kg . Their relative velocity of separation after the collision is 2ms™. Then

(1) The coefficient of restitution is 0.5

(2) The impulse of the collision is 7.2 N-s

(3) The loss of kinetic energy due to collision is 3.6 J
(4) The loss of kinetic energy due to collision is 7.2 J
Solution:

(1,2,3). m =3kg, m,=2kg, u, =4m/s, u, =0

Relative velocity of approach u, —u, =4m/s

Relative velocity of separation v, —v, =2m/s (given)

relative velocity of separation 2
relative velocity of approach 4

Coefficient of restitution e = = % =05

2
Loss in kineticenergy:1 MM, (1-e)*(u, —u,)? —E3X2 1—(% (4)?=7.2]
2m +m, +2 2

Final velocity of m; mass, Vl:(ml—em J ) [(1+e)m }
m, +m, m +m

_(3-05x2) x4+0:—m/s
3+2 5
Impulse of collision = change in momentum of mass mz1 (or my)

= M1V1 — MUz —3X§—3x4—%—12 48-12=-7.2N-5s.
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13.

14.

15.

16.

17.

18.

19.

20.

A ball falls vertically onto a floor, with momentum P and then bounces repeatedly. The coefficient of
restitution is e. The total momentum imparted by the ball to the floor is

(1) P@+e) @ - 3) P(1+%J @) P(H—e]

l-e 1-e

A particle strikes a horizontal frictionless floor with a speed u, at an angle & with the vertical and rebounds
with a speed v, at an angle ¢ with the vertical. The coefficient of restitution between the particle and the floor

is e. The magnitude of v is
(1) eu (2 (@1-e)u (3) uysin2@+e’cos?d (4)  uye’sin?6+cos’ o

In the previous question the angle ¢ is equal to

1 o (2) tan'[etand] (3) tan‘l[%tan 0] (4) @1+e)o

A bullet of mass 0.01kg, travelling at a speed of 500ms ™, strikes a block of mass 2kg , which is suspended

by a string of length 5m and emerges out. The block rises by a vertical distance of 0.1m. The speed of the
bullet after it emerges from the block is

(1) 55ms™ (2) 110ms™ (3) 220ms™ (4) 440ms™

A ball is dropped from a height of 10 m. If 40% of its energy is lost on collision with the earth then after
collision the ball will rebound to a height of
(1) 10m (2) 8m 3 4m (4) 6m

A disc of mass 1.0 kg kept floating horizontally in air by firing bullets of mass 0.05 AF
kg each vertically at it, at the rate of 10 per second. If the bullets rebound with the
same speed, the speed with which these are fired will be

(1) 0.098 m/s (2) 0.98 m/s

(3) 9.8mis (4) 98.0 m/s

Mg

PERFECTLY INELASTIC COLLISION
A mass of 20kg moving with a speed of 10m/s collides with another stationary mass of 5 kg. As a

result of the collision, the two masses stick together. The kinetic energy of the composite mass will
be

(1) 600J (2) 800J (3) 1000J (4) 1200J

Solution :

(2) By conservation of momentum myu, +m,u, = (m, +m,)V

mu, +mu, 20x10+5x0
m, +m, 20+5

Velocity of composite mass V = 8m/s

. Kinetic energy of composite mass = %(ml +my)V? = %(20+5) x8° =800J.

A particle of mass m moving eastward with a speed v collides with another particle of the same
mass moving northward with the same speed v. The two particles coalesce on collision. The new
particle of mass 2m will move in the north-easterly direction with a velocity
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21.

22,

23.

(1) vi2 (2) 2v (3) viv2 (4) v
Solution : :
(3) Initially both the particles are moving perpendicular g @@/ v
to each other with momentum mv. So the net initial @L» ______
momentum = y/(mv)? +(mv)? =<2 mv. T y
After the inelastic collision both the particles (system) moves @
with velocity V, so linear momentum = 2mV

By the law of conservation of momentum \/Z_mv =2mV

VvV :v/\/E.

A ball moving with speed v hits another identical ball at rest. The two balls stick together after
collision. If specific heat of the material of the balls is S, the temperature rise resulting from the

collision is

V2 V2 V2 2
1) — 2) — 3) — 4
(1) 8 2 45 (3) 2s (4)
Solution :

(2) Kinetic energy of ball will raise the temperature of the system %mv2 =(2m) S At

2

:>At:V—.
4S5

A body of mass 2kg is placed on a horizontal frictionless surface. It is connected to one end of a
spring whose force constant is250N /m. The other end of the spring is joined with the wall. A
particle of mass 0.15kg moving horizontally with speed v sticks to the body after collision. If it
compresses the spring by 10cm, the velocity of the particle is

(1) 3m/s (2) 5m/s (3) 10m/s (4) 15m/s

Solution :

(4) By the conservation of momentum

Initial momentum of particle = Final momentum of system
=>mxv=(m+M)V I El v
: mv —©

.. velocity of system V =
4 y (m+M)

Now the spring compresses due to kinetic energy of the system so by the conservation of energy

2
lkx2:1(m+|\/|)v2:1(m+|v|) mv
2" T2 m+M

2,,2
:>kx2:m_V:>V M /k(m+M

m+M
Puttingm =0.15kg, M =2 kg, k =250 N/m, x=0.1 mwe getv=15m/s.

A bullet of mass m moving with velocity v strikes a block of mass M at rest and gets embeded
into it. The kinetic energy of the composite block will

1 ., 1 5
W M @ M W
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24,

25.

(3) l mv? x M (4) l Mv? x m
2 M 2 (m+M)
Solution :

(1) By conservation of momentum,
Momentum of the bullet (mv) = momentum of the composite block (m + M)V
my

m+ M

= Velocity of composite block V =

- 1 1 mv ) 1 mA? 1 m
. Kinetic energy=_(m+M)V2=—(m+M)( j == =—mv2( j
2 2 m+M 2m+M 2 m+M

A mass of 10gm, moving horizontally with a velocity of 100cm/sec, strikes the bob of a pendulum
and strikes to it. The mass of the bob is also 10gm (see fig.) The maximum height to which the

system can be raised is (g =10m/sec?)

(1) Zero
(2) 5cm
(3) 2.5cm
(4) 1.25cm
10gm
O—1mis 10 gm
Solution :

(4) By the conservation of momentum,

Momentum of the bullet = Momentum of system = 10x1=(10+10)xv = v = %m/s

i : Ve (1/2)?
Now maximum height reached by system H, , =—=-—+—m=1.25cm.
2g 2x10

A bullet of mass m moving with a velocity v strikes a suspended wooden block of mass M as shown
in the figure and sticks to it. If the block rises to a height h the initial velocity of the bullet is

m+M

1) ~ J2gh

" o (m+M)
M +m

®) v J2gh ) y o

(4) ——2gh il T
M +m g

Solution :

(1) By the conservation of momentum mv=_(m+M)V
and if the system goes upto height h then V :«/29h

L mv=(m+M)2gh = v:%«ﬁgh.
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26.

27.

28.

29.

30.

A bag P (mass M) hangs by a long thread and a bullet (mass m) comes horizontally with velocity v

and gets caught in the bag. Then for the combined (beg + bullet) system the
2

(1) Momentum is mvM (2) Kinetic energy mv

M +m
2
(3) Momentum is mv(M +m) (4) Kinetic energy is Z(rII]/I—ZVm)
_l_
Solution :
(4) Velocity of combined system V = mv
m+M

mv

Momentum for combined system =(m+M)V =(m+ M)
Kinetic energy for combined system

mv )2_1( M) miv:  miV?
m+M 2 (M+M)?> 2(m+M)

1 o1
=§(m+M)V = 2(mjLM)(

A wooden block of mass M is suspended by a cord and is at rest. A bullet of mass m, moving with a
velocity v pierces through the block and comes out with a velocity v/2 in the same direction. If
there is no loss in kinetic energy, then upto what height the block will rise

(1) m*?*/2M?g (2) m*?*/8M°%g (3) m*?*/4Mg (4) m*v®/2Mg

Solution :

(2) By the conservation of momentum

Initial momentum = Final momentum

mv+ M xO:m!+M xV =V :iv
2 2M

2 2 2,,2
If block rises upto height h then h :V—: (mv/2M) _m \2 .
29 29 8M“g

Two bodies of same mass are moving with same velocity V in mutually opposite directions. They collide and
stick together. The resultant velocity of the system will be
Vv

(1) Zero (2) B} 3) Vv (4) Fromzeroto o

A 50g bullet moving with a velocity of 10ms™ strikes a block of mass 950g at rest and gets embedded in it.

The percentage loss in kinetic energy is
(1) 100% (2) 95% (3) 5% (4) 50%

Two pendulums each of length | are initially situated as shown in figure. The first pendulum is released and
strikes the second. Assume that the collision is completely inelastic and neglect the mass of the string and any
frictional effects. How high does the centre of mass rise after the collision

2
my m
1) d|—— 2) d| ———
- Lw+wj @ Lw+mJ
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31.

32.

33.

34.

35.

36.

2
(3) d (ml + m2) (4) d |: mZ }

m, (m, +m,)

A body of mass 2.9kg is suspended from a string of length 2.5m and is at rest. A bullet of mass 100g,

moving horizontally with a speed of 150ms™, strikes and sticks to it. What is the maximum angle made by
the string with the vertical after the impact (g =10 ms™2)

1) 30° ) 45° (3) 60° @) 90°

A horizontally flying bullet of mass m gets struck in a body of mass M suspended by two identical threads of
length | as shown in fig. As a result, the threads swerve through an angle 6. Assuming m<<M . Then the
fraction of the bullet’s initial kinetic energy that turned into heat

m 2M M
W) -4 @ ==\2g @ 1-—

m
= — M ]

A bullet of mass m moving with velocity v strikes a suspended wooden block of mass M. If the block rises to
a height h, the initial velocity of the block will be

@ JZoh @ T 2gh @ e @ YT

+m

A bag of sand of mass M is suspended by a string. A bullet of mass m is fired at it with velocity v and gets
embedded into it. The loss of kinetic energy in this process is

(3) LM (4) 1mvz( M j
2 m 2 M +m

1 2 1 2
1) —mv 2) —mv
1) > 2 MV

A bullet of mass m and velocity v passed through a pendulum bob of mass M and emerges with velocity v / 2.
What is the minimum value of v such that the pendulum bob will swing through a complete cycle

ORENAT @ 27g ® L 5ig @ 2l

2m

Two particles each of mass m travelling with velocities u; and u; collide perfectly in elastically. The loss of
kinetic energy will be

(1) %m(ul —Uy)° (2) %m(ul —u,)? (3) m(u1—uz)? (4) 2m(u1 - u2)?
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Assertion and Reason

Each of the questions given below consists of two statements, an assertion (1) and reason (R). Select the number
corresponding to the appropriate alternative as follows

(1) If both Aand R are true and R is the correct explanation of A

(2) If both A and R are true but R is not the correct explanation of A

(3) If Alistrue but R is false

(4) If Aisfalse but Ris true

(5) Both are false

1. Assertion
Reason

2. Assertion
Reason

3. Assertion
Reason

4, Assertion
Reason

5. Assertion
Reason

6. Assertion
Reason

7. Assertion
Reason

8. Assertion
Reason

9. Assertion
Reason

A quick collision between two bodies is more violent than a slow collision, even when the
initial and the final velocities are identical.

Because the rate of change of momentum which determines the force is greater in the first
case.

Kinetic energy of a body becomes four times, when its linear momentum is doubled.

This is because, K.E. = p%2m.

Kinetic energy is conserved in both, perfectly elastic and inelastic collisions.

Because both the types of collisions are identical.

For any collisions, coefficient of restitution lies between 0 and 1.

This is because no collision is 100% elastic or 100% inelastic.

A body can have energy without having momentum.

A body can have momentum without having mechanical energy.

A truck and a car moving with the same kinetic energy are brought to rest by the application
of breaks which provide equal retarding forces. Both come to rest in equal distance.

It is possible that the speed of a body is zero but velocity is not zero

If two objects of different masses have same momentum, the lighter body possess greater
velocity.

For all bodies momentum always remains same.

In case of bullet fired from gun, the ratio of kinetic energy of gun and bullet is equal to ratio
of mass of bullet and gun.

In firing, momentum is conserved.

A quick collision between two bodies is more violent than a slow collision; even when the
initial and final velocities are identical.

The momentum is greater in first case.
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Previous Year’s Questions

10.

A body of mass (4m) is lying in x—y plane at rest. It suddenly explodes into three pieces. Two pieces, each of
mass (m) move perpendicular to each other with equal speeds (U). The total kinetic energy generated due to
explosion is : [AIPMT 2014]

(1) 2my? @) 4my? 3) mv? @) gmvz

An explosion breaks a rock into three parts in a horizontal plane. Two of them go off at right angles to each
other. The first part of mass 1 kg moves with a speed of 12 ms™ and the second part of mass 2 kg moves with

8 ms speed. If the third part flies off with 4 ms™ speed, then its mass is : [NEET 2013]
(1) 17 kg (2) 3kg (3) 5kg (4) 7kg
If two bodies stick together after collision and move as a single body, the collision is said to be

[J&K CET 2011]
(1) perfectly inelastic (2) elastic
(3) inelastic (4) perfectly elastic
A cricket ball of mass 0.25 kg with speed 10 ms collides with a bat and returns with same speed within 0.01
S. The force acted on bat is [WB JEE 2011]
(1)25N (2)50N (3) 250N (4)500 N
The coefficient of restitution e, for a perfectly elastic collision is [DUMET 2011]
(1 o (21 Q)1 (4) 0
A particle of mass m; moves with velocity vi and collides with another particle at rest of equal mass. The
velocity of the second particle after the elastic collision is [DUMET 2011]
1) 2w (2) v 3) —w 4o
A ball falls from a height of 20 m on the floor and rebounds to a height of 5 m. Time of contact is
0.02 s. Find the acceleration during impact. [Manipal 2010]
(1) 1200 ms2 (2) 1000 ms2 (3) 2000 ms2 (4) 1500 ms2
In a head an elastic collision of a very heavy body moving at v with a light body at rest, velocity of the heavy
body after collision is [KCET 2009]
1) v (2) 2v (3) zero (4) %

For a system to follow the law of conservation of linear momentum during a collision, the condition is

(1) total external force acting on the system is zero. [AFMC 2008]
(2) total external force acting on the system is finite and time of collision is negligible.

(3) total internal force acting on the system is zero,

(1) (1) only (2) (2) only (3) (3) only (4) Mor(

In the figure, pendulum bob on left side is pulled a side to a height h
from its initial position. After it is released it collides with the right
pendulum bob at rest, which is of same mass. After the collision the two
bobs stick together and rise to a height [Punjab PMET 2008]

3h 2h &

(1) vy 2 3
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11.

12.

13.

14.

15.

16.

17.

18.

19.

h h

©) (4)

A sphere of mass m moving with constant velocity u, collides with another stationary sphere of same mass. If
e is the coefficient of restitution, the ratio of the final velocities of the first and second spheres is

[Punjab PMET 2008]

l+e 1-e e l+e
1 — 2 — @) — 4) —

1-e 1+e 1-e e
Two identical balls A and B collide head on elastically. If the velocity of A and B before collision are 0.5 ms-
tand 0.3 ms respectively, then their velocities after collision will be [Kerala CEE 2008]
(1) 0.5mstand0.3ms™ (2) -05mstand0.3ms™
(3) 0.3mstand-0.5ms™ (4) 0.3mstand0.5mst

(e) -0.3mstand0.5ms™

Two balls of same mass each m are moving with same velocities v on
a smooth surface as shown in figure. If all collisions between the

masses and with the wall are perfectly elastic, the possible number of v Vv

collisions between the bodies and wall together is S ¥ e
[EAMCET 2008]

@1 (2) 2 (3)3 (4) infinity

A body of mass m strikes another body at rest of mass g Assuming the impact to be inelastic the fraction of

the initial kinetic energy transformed into heat during the contact is [EAMCET 2008]
(1) 0.1 (2 0.2 (3) 05 (4) 0.64

A stationary particle explodes into two particles of masses m; and m, which move in opposite directions with
velocities vi1 and v2. The ratio of their kinetic energies E1 / E; is [AFMC 2007]
@1 (2) my v2 / wav, B)mz/m (4 my/m;

A bomb of mass 3.0 kg explodes in air into two pieces of masses 2.0 kg and 1.0 kg. The smaller mass goes at
a speed of 80 ms™. The total energy imparted to the fragments is [UP CPMT 2007]
(1) 1.07 kJ (2) 2.14 kJ (3) 2.4 kJ (4) 4.8 kJ

A body from height h is dropped. If the coefficient of restitution is e, then calculate the height achieved after
one bounce. [UP CPMT 2007]
(1) hy=¢e%h (2) hy=¢e*h (3) hy1 =eh (4) hy = E

A body of mass m moving with velocity v makes a head-on elastic collision with another body of mass 2m
which is initially at rest. The loss of kinetic energy of the colliding body (mass m) is

[Punjab PMET 2007]
Q) % of its initial kinetic energy (2 % of its initial kinetic energy
3 gof its initial kinetic energy 4 % of its initial kinetic energy
For inelastic collision between two spherical rigid bodies [MP PMT 2007]
(1) the total kinetic energy is conserved (2) the linear momentum is not conserved
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20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

(3) the total mechanical energy is not conserved (4) the linear momentum is conserved

A ball of mass m elastically collides with a wall with velocity v, the change in its momentum is equal to

[RPMT 2007]
1) 2m (2) 2mv (3) 8 mv (4) zero
A body of mass m; collides elastically with another body of mass m; at rest. If the velocity of m; after
collision becomes 2/3 times its initial velocity, the ratio of their masses, is [J&K CET 2007]
1)1:5 (2)5:1 (3)5:2 42:5
A stationary bomb explodes into two parts of masses in the ratio of 1 : 3. If the heavier mass moves with a
velocity 4 ms™, what is the velocity of lighter part? [J&K CET 2007]
(1) 12 ms opposite to heavier mass (2) 12 ms?tin the direction of heavier mass
(3) 6 ms* opposite to heavier mass (4) 6 mstinthe direction of heavier mass
Which of the following is not an example of perfectly inelastic collision? [AMU 2006]

(1) A bullet fired into a block if bullet gets embedded into block
(2) Capture of electrons by an atom

(3) A man jumping on to a moving boat

(4) A ball bearing strinking another ball bearing

A bullet of mass 20 g and moving with 600 ms™ collides with a block of mass 4 kg hanging with the string.
What is velocity of bullet when it comes out of block, if block rises to height 0.2 m after collision?

[DUMET 2006]
(1) 200 ms (2) 150 ms (3) 400 ms* (4) 300 ms

In two separate collisions, the coefficients of restitutions e; and e; are in the ratio 3 : 1. In the first collision
the relative velocity of approach is twice the relative velocity of separation. Then the ratio between the
relative velocity of approach and relative velocity of separation in the second collisionis [EAMCET 2006]

1)1:6 22:3 (3)3:2 4)6:1
A bomb of mass 30 kg at rest explodes into two pieces of masses 18 kg and 12 kg. The velocity of 18 kg mass
is 6 msL. The kinetic energy of the other mass is [CBSE AIPMT 2005]
(1) 25617 (2) 48617 (3) 52417 (4) 3241
An electron with kinetic energy 5 eV is incident on a H-atom in its ground state. The collision

[UP CPMT 2005]
(1) must be elastic (2) may be partially elastic
(3) may be completely elastic (4) may be completely inelastic

A body of mass M moves velocity v and collides elastically with another body of mass m(M >> m) at rest,

then the velocity of body of mass m is [Punjab PMET 2005]
1 v (2) 2v (3) vI2 (4) zero

A body of mass m is moving towards east and another body of equal mass is moving towards north. If after
collision both stick together, their speed after collision would be [DUMET 2005]

1 v () vI2 (3) v @) vi2

A ball falling freely from a height of 4.9 ms™ hits a horizontal surface. If e:%, then the ball will hit the
surface second time after [DUMET 2005]
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(1) 05s (2) 15s (3) 35s (4 34s

A moving body of mass m and velocity 3 kmh collides with a body at rest and of mss 2m and then sticks to
it. Now the combined mass starts to move, then the combined velocity will be [RPMT 2005]
(1) 4kmh' (2) 3kmh' (3) 2kmh' (4) 1kmh?

1 kg body explodes into three fragments. The ratio of their masses is 1 : 1 : 3. The fragments of same mass
move perpendicular to each other with speed 30 ms, while the heavier par remains in the initial direction.

The speed of heavier part is [BCECE 2005]
(1) 1—\/%ms‘1 @) 1042ms” (3) 2042ms’ (@) 3042ms"

An a-particle of mass m suffers one dimensional elastic collision with a nucleus of unknown mass. After the
collision the a-particle is scattered directly backwards losing 75% of the kinetic energy. The mass of the

unknown nucleus is [JCECE 2005]
M m @ 2m 3) 3m (@) %m

A body of mass 4 kg moving with velocity 12 ms collides with another body of mass 6 kg at rest. If two
bodies stick together after collision, then the loss of kinetic energy of system is [J&K CET 2005]
(1) zero (2) 2881J (3) 172.8] (4) 1449

A ball is dropped from a height of 20 cm. Ball rebounds to a height of 10 cm. What is the loss of energy?
[AFMC 2004]
(1) 25% (2) 75% (3) 50% (4) 100%

A 10 kg ball moving with velocity 2 ms™ collides with a 20 kg mass initially at rest. If both of them coalesce,

the final velocity of combined mass is [AMU 2004]

3 -1 1 -1 3 —1 2 -1
1) —ms 2) —ms 3) —ms 4) —ms
@ 7 ) 3 ©®) 7 (4) 3
A body x with a momentum p collides with another identical stationary body y one dimensionally. During the
collision y gives an impulse J to the body x. Then, the coefficient of restitution is [EAMCET 2004]
@ 2 @ L1 (3 -1 @ L

Y p p 2p

A neutron makes a head-on elastic collision with a stationary deuteron. The fractional energy loss of the
neutron in the collision is [AIIMS 2003]
(1) 1e6/81 (2) 8/9 (3) 827 4) 213
A particle of mass m moving with velocity v collides inelsatically with a stationary particle of mass 2m. The
speed of the system, will be [Punjab PMET 2003]
(1) 3v (2) vi2 (3) v/i3 (4) 2v
A Dball is dropped from a height h. If the coefficient of restitution is e then to what height will it rise after
jumping twice from the ground? [Kerala CEE 2003]
1) % (2) 2eh (3) eh (4) e*h
In the elastic collision of objects [RPET 2003]
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42.

43.

44,

45.

46.

47.

48.

49.

(1) Only momentum remains constant (2) Only kinetic energy remains constant
(3) Both remains constant (4) None of these

A body of mass 2kg makes an elastic collision with another body at rest and continues to move in the original
direction with one fourth of its original speed. The mass of the second body which collides with the first body

is [Kerala (Engg.) 2002]
(1) 2kg 2) 1.2kg 3) 3kg (4) 15kg
In above figure if transfer kinetic energy to B is maximum then (a\Y (=)

[Orissa JEE 2002; DCE 2001]

(1) Mg>M, (2) Mg<<M,
3) M,=Mq; (4) Can not be predicted as information is incomplete

In an elastic collision of two particles the following is conserved [MP PET 1994; DPMT 2001]
(1) Momentum of each particle (2) Speed of each particle
(3) Kinetic energy of each particle (4) Total kinetic energy of both the particles

A particle of mass m moving with a velocity V makes a head on elastic collision with another particle of same
mass initially at rest. The velocity of the first particle after the collision will be
[MP PMT 1997; MP PET 2001; UPSEAT 2001]

1 v 2 -V (3) —-2v (4) Zero
A particle P moving with speed v undergoes a head - on elastic collision with another particle Q of identical
mass but at rest. After the collision [Roorkee 2000]

(1) Both P and Q move forward with speed %

v

V2

(3) P comes to rest and Q moves forward with speed v
(4) P and Q move in opposite directions with speed

(2) Both P and Q move forward with speed

Two particles having position vectors 1, = (31 +5]) metres r, = (-5i —3]) metres are moving with velocities

v, = (4i +3])m/s and v, = (ai + 7 j)m/s . If they collide after 2 seconds, the value of '@’ is

[EAMCET 2003]
(1) 2 (2) 4 3) 8 @ 1

Two particles of masses m; and m; in projectile motion have velocities v, and v, respectively at time

t = 0. They collide at time to. Their velocities become v, and v, at time 2t while still moving in air. The

value of |(nyvi+m2v;)—(nh\Z+m2\E)| is [IT-JEE (Screening) 2001]
1

(1) Zero (2) [m +m,]at (3 2(m +m,)gt, 4 E(m1 +Mm,) gty

A particle falls from a height h upon a fixed horizontal plane and rebounds. If e is the coefficient of

restitution, the total distance travelled before rebounding has stopped is [EAMCET 2001]
1+¢? 1-¢° h(1-¢? h(1+e?

1) h 2) h 3) — 4) —

@ [1—e2J @ (1+e2J ®) 2[1+e2J @ 2(1—e2
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50.

51.

52.

On a frictionless surface, a block of mass M moving at speed v collides elastically with another block of same
mass M which is initially at rest. After collision the first block moves at an angle 6 to its initial direction and

has a speed v/3. The second block’s speed after the collision is [CBSE AIPMT 2015]
242 3
(1) iv (2 =v (3) 3y (4) ﬁv
3 4 NA 2
1)
'_'_1-'1',' L

@—H @—1_;_:5 \/<

According to law of conservation of kinetic energy, we have

2
1mv2+0=1M v +le§
2 2 3 2

\4 2
iV =§+V2

, V2, 8V
SV-—=Vi> —
9 9

Velocity of second block after collision

22,

V, 3

Two identical balls A and B having velocities of 0.5 m/s and —0.3 m/s respectively collide elastically in one

dimension. The velocities of B and A after the collision respectively will be [NEET 2016]
(1) -0.5m/sand 0.3 m/s (2) 0.5m/sand-0.3 m/s

(3) -0.3m/sand 0.5 m/s (4) 0.3m/sand 0.5 m/s

©)

In elastic collision, kinetic energy of the system remains unchanged and momentum is also conserved.
It is given that mass of balls are same and collision is perfectly elastic (e = 1) so their velocities will be
interchanged.

Thus, V, =Vy=-0.3m/s
vy, =v=05m/s

A moving block having mass m, collides with another stationary block having mass 4m. The lighter block
comes to rest after collision. When the initial velocity of the lighter block is v, then the value of coefficient of
restitution (e) will be [NEET 2018]

(1) 08 (2) 0.25 (3) 05 (4) 04

)

Since, the collision mentioned is an elastic head-on collision. Thus, according to the law of conservation of
linear momentum, we get

mu, +m,u, =m\v, +m,v,
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Where, m; and m; are the masses of the two blocks, respectively and u; and u. are their initial velocities and
vy and v are their final velocities, respectively.

Here, m; =m,m, =4m
u, =v,u, =0andv, =0
mv+4mx0=0+4mv,

= mv =4mv, or v, :% (1)

As, the coefficient of restitution is given as,
o relative velocity of separation after collision

relative velocity of approach

\'
vV, -V 0
=2 -\ [from Eq.(i)]
u,-u, 0-v
_1
4
-.e=0.25

An object flying in air with velocity (20? + 25] +12l2) suddenly breaks in two pieces whose masses are in the

ration 1 : 5. The smaller mass flies off with a velocity (100i + 35] + 8I2) . The velocity of the larger piece will

be [NEET Odisha 2019]
(1) 4i+23j-8k (2) -100i-35j—8k  (3) 20i+15)j—80k (4) —20i-15j—80k
1)

Let m be the mass of an object flying with velocity v in air. When it split into two pieces of masses in ratio 1 :
L i .__..bm
5, the mass of smaller piece is m/6 and of bigger piece is ry

This situation can be interpreted diagrammatically as below

A

N
(m/8)
_.-"-'. o _f-'
-

T ..-..'il."-
As the object breaks in two pieces, so the momentum of the system will remains conserved i.e. the total
momentum (before breaking) = total momentum (after breaking)
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m 5n
mV:€V1+€V2
Ly=Ya Ve

6 6

Here, v =20i+25j—12k
v, =100i +35]+8Kk
— 20i + 25]—-12k
(200i +35]+8k) 5y,

= 5 + 5
= (120?+150] - 7212)
= (100 +35]+8k ) +5v,

1 o ~ "
= v, —g(20| +115j-80K)
= 4i +23j-16k
A particle of mass 5 m at rest suddenly breaks on its own into three fragments. Two fragments of mass m
each move along mutually perpendicular direction with each speed v. the energy released during the process

IS
[NEET Odisha 2019]

3 2 5 2 3 2 4 2
1) —mv 2) —mv 3) —mv 4) —mv
1) c ) 3 @) > (4) 3
(4)
The particle of mass 5m breaks in three fragments of mass m1 m and 3m respectively. Two fragments of mass

m each, move in perpendicular direction with velocity v and the left fragment will move in a direction with
velocity v’ such that the total momentum of the system must remain conserved.

Ir|l\5 m — m L_zl L m

/-”Em

y
By law of conservation of momentum,
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5mx 0 =mvi+mvj+3mv'
Vo Va

SVi=——i——]
3 3

o[

.. Energy released

E:lmv +1mv +— x3m V\/_
2 2 2
, mv: 4,
=mv‘ + =—mv
3 3

Body A of mass 4m moving with speed u collides with another body B of mass 2m, at rest. The collision is
head on and elastic in nature. After the collision the fraction of energy lost by the colliding body A is

4
M g @ 2 @
o)

Final velocity of

M, +M, M, +M,
M, =4Mu, =u
M, =2Mu, =0
2(4M)u 4

—Uu
6M 3

2
1 2 1><2|v|(4j u?
EMZVB_Z 3

1Mluf Lame?
2 2

So, The fraction of energy lost = g

V, =

—

[NEET National 2019]
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