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Figure 6.    shows the results of a collision of two objects of unequal mass.
(a) Find the speed 2v  of the larger mass after the collision and the angle 2.
(b) Show that this collision is perfectly elastic.
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(a)  Let us select +ve X direction along the direction of the initial motion of the smaller mass and +ve Y direction
along a direction perpendicular to X direction in the plane of motion of balls, as shown in figure 6.74 .
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Considering the two balls as a single system, we can apply the conservation of linear momentum along both
X and Y direction directions because there is no external impulsive force is acting on the system during the
collision.
Applying conservation of linear momentum along X direction we get,
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Applying the same along Y direction, we get,
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Solving (i) and (ii), we get,

2 45
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(b) Now, we have
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Hence the collision was an elastic one.

A ball moving translationally at speed u with another stationary, ball of the same mass. At the moment of impact the
angle between the line joining the centres  of the balls and the direction of the initial motion of the striking ball is .
Assuming the balls to be smooth, find the final velocity of the each ball. Coefficient of restitution between the balls is
e.

The two balls just before the collision are shown in figure 6.75(a). If we  consider the line of impact, the line joining
the centres of the ball, coinciding with X-axis and a perpendicular direction in the same plane as Y-direction, then,
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components of incident ball’s velocity along X and Y directions are shown in figure 6.75(b). Impulsive normal
contact forces acting on each ball during the collision are shown in figure 6.75(c). As during the collision the force on
each body acts along the X-axis, components of their velocities along the X-axis do change but components of the
same along the Y-axis remain unchanged, as shown in figure 6.75(d). As there is no external force acting on the
system of the two balls during the collision, we have,

, , , ,x sys fin x sys inP P

1 2 cosmv mv mu

1 2 cosv v u ...(i)

Using equation (6.36), we have,

speed of separation . speed of approach
(along the line of impact) (along the line of impact)

e
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Solving (i) and (ii), we get,
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• , , , ,y sys fin y sys inP P

• Final speed of the incident ball = 2 2
1 ( sin )v u

• If e , i.e. , then,

1 0v

and 2 cosv u
Therefore, in this case the balls exchange velocities along the line of impact, which is in accordance with previously
established concepts. In this case the angle of divergence, the angle between the final velocities of the balls, is 90:

A small ball of mass m hits the inclined surface of a wedge of mass
M perpendicularly with speed u, as shown in figure 6.76(a). Before
the impact, the wedge was at rest and friction is negligible at all
contact surfaces. If the collision between the ball and the wedge be
elastic, find the velocity of each body just after the collision.
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At some instant during the collision the system “ball + wedge” is shown in figure 6.76(c). During the
impact the impulsive normal contact force acting on the wedge from the ball, N, has a component in the vertically
downward direction, due to which the normal contact force acting on the wedge from the fixed horizontal surface,
N ', also
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becomes impulsive. Hence, there is a net impulsive force acting on the system along the vertical direction due to
which the momentum of the system is not conserved along the vertical direction.  As there is no external force acting
on the system along the horizontal direction, the momentum of the system along the horizontal direction is conserved.
Just after the collision the wedge moves on the horizontal surface, let with speed 1v  and the ball moves along the line
of its initial motion, let with speed v  as shown in figure 6.76(d)



PHYSICS 91LOCUS

u

v

v

v  

v  

Applying conservation of linear momentum along the horizontal direction, we have,

, , , ,sys H fin sys H inP P

1 2 sin sinMv mv mu ...(i)

Applying equation (6.36), along the line of impact, we get,
velocity of separation =  velocity of approach

1 2sinv v u ...(ii)

Now, solving equations (i) and (ii), we can solve for 1v  and 2.v
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Choose the correct statement(s) from the following:
(i) In an elastic collision of two bodies, the momentum and energy of each body is conserved.
(ii) The work done by a force on a body in nature, over a closed loop is always zero.
(iii) In an inelastic collision of two bodies, the final kinetic energy is less than the initial kinetic energy of the

system.

(a) (i) (b) (ii)
(c) (iii) (d) all.

For a system consisting of two particles that undergo an elastic collision,
(a) momentum is conserved but the total energy is not conserved
(b) neither the kinetic energy nor the momentum is conserved
(c) neither the total energy nor the momentum is necessarily conserved
(d) the mechanical energy is conserved but momentum is not conserved
(e) both kinetic energy and momentum are conserved.

A block of mass 2M, moving with constant velocity 3v  collides with another block of mass M which is at rest
and sticks to it. the velocity of the compound block after the collision is :
(a) 3v (b) v
(c) 2v (d) 3 /2v .

A ball hits the floor and rebounds after an inelastic collision. In this case, choose the correct alternative;
(a) the momentum of the ball just after the collision is the same as that just before the collision
(b) the total energy of the ball and the earth is conserved
(c) the mechanical energy of the ball remains the same in the collision
(d) the total momentum of the ball and the earth is conserved.

A man in a spacecraft that is moving with a velocity 0V  in free space runs forward and then stops.  The center
of mass of the system (that is, the ship and the man)
(a) slows while the man is running, then speeds up when he stops
(b) slows while the man is running, then resumes its original velocity when he stops
(c) moves faster while the man is running, then slows when he stops
(d) moves faster while the man is running, then resumes its original velocity when he stops
(e) continues all the while at its original velocity.

Two bodies having masses m1 and m2 and velocities 1u  and 2u  collide and form a composite system of
momentum  1 1 2 2 1 20( ).m u m u m m  The velocity of the composite system is :
(a) 0 (b) 1 2u u
(c) 1 2u u (d) 1 2( )/2u u .

 A car having a mass of 200 kg is rolling at a speed of 0.1 m/s towards a spring-stop system. If the spring is
non-linear such that it develops 300x²N force for a deflection of x m. The maximum deceleration that the car
A undergoes;
(a) 1 m/s²
(b) 1.5 m/s²
(c) 2 m/s²
(d) 2.5 m/s².
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In head-on elastic collision of two bodies of equal masses:
(a) the velocities are interchanged
(b) the speeds are interchanged
(c) the momentum are interchanged
(d) the faster body slows down and the slower body speeds up.

A mass m1 moves with a great velocity. It strikes another mass m2 at rest in a head on collision. It comes back
along its path with low speed after collision. Then:
(a) 1 2m m (b) 1 2m m
(c) 1 2m m (d) There is no specific relation between 1 2 and m m .

Two perfectly elastic particles A and B of equal masses traveling along the line joining them with velocity
15 m/s and 10 m/s respectively collide. Their velocities after the elastic collision will be (in m/s) respectively:
(a) 0 and 25 (b) 5 and 20
(c) 10 and 15 (d) 20 and 5.
A steel ball moving with velocity v  collides elastically with an identical ball originally a rest. The velocity of the
first ball after the collision is :
(a) v (b) –v
(c) (–1/2)v (d) Zero.

A 10-g bullet is fired with velocity of 300 m/s into a pendulum bob which has a mass of 990 g. How high does
the pendulum bob (plus bullet) swing after the collision?

A bullet of mass 1m  is fired with speed v into the bob of a ballistic pendulum of mass 2m . Find the maximum

height attained by the bob if the bullet passes through the bob and emerges with speed 1
4 .v

A 1-kg block of wood is attached to a spring
of force constant 200   N/m and rests on a smooth
surface, as shown in figure. A 20-g bullet    is fired                       
into the block, and the spring compresses 13.3 cm.
(a) Find the original velocity of the bullet before the collision.
(b) What fraction of the original mechanical energy is lost in this collision?

A 4-kg object moving at 5 m/s makes a perfectly elastic collision with a 1-kg object initially at rest. (a) Find
the final velocities of each object. (b) Find the energy transferred to the 1-kg object.

A 2-kg object moving at 3 m/s to the right collides with a 3-kg object moving at 2 m/s to the left. The
coefficient of restitution is 0.6. Find the velocity of each object after the collision.

A ball moving  at 10 m/s makes an off-center perfectly elastic collision with another ball of equal mass initially
at rest. The incoming ball is deflected at an angle of 30° from its original direction of motion. Find the velocity
of each ball after the collision.

Consider a ball falls from some height h. Let e be the coefficient of restitution between the ball and the ground
and ball rebounds again and again, then find
(i) velocity after nth collision
(ii) height attained after nth collision
(iii) total distance traveled by ball before stop
(iv) total time of motion.

A ball strikes a horizontal wall at an angle  with the vertical. It rebounds at an angle  with the vertical.
Calculate the coefficient of  restitution between the ball and wall.
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A railway car of mass M stands on a hill with its
brakes set. The brakes are released, and the car rolls
down to the bottom of the hill hm below its original
position (Figure). It collides with a car of same mass
resting at the bottom of the track (with brakes off).
The two cars couple together and roll up the track
to a height H. Find H.

A 8 kg ball moving with velocity 4 m/s collides with a 2 kg ball moving with a velocity 8 m/s in opposite
direction. If the collision be perfectly elastic, what are the velocities of balls after the collision.

A ball moving with a velocity v strikes a wall moving towards the ball with a velocity u. An elastic impact
occurs. Determine the velocity of ball after the impact. What is the cause of change in kinetic energy of the
ball? Consider the mass of the wall to be infinitely great.

A small particle traveling with a velocity v collides elastically with a spherical body of equal mass and radius r
initially kept at rest. The centre of the spherical body is located at a distance (  < r) away from the direction
of motion of the particle. Find the final velocity of the particle.

A block of mass m1 = 150 kg is at rest on a very long
frictionless  table, one end which is terminated in a wall.
Another block of mass m2 is placed between the first block
and the wall, and set in motion towards m1 with constant
speed  u2. Assume that all collisions are perfectly elastic, find
the value of m2 for which both the blocks move with the
same velocity after m2 once with m1 and once  with the wall.
The wall has effectively infinite mass.     

mm Wall
u

A military tank whose mass together with the artillery gun is M moves at a speed of v. The gun barrel makes
an angle  with the horizontal. A shell of mass m leaves the barrel at a speed v relative to the barrel in the
direction of the tank’s motion. The speed of the flat car in order that it may stop after the firing is ;

(a)
cosmv

M m (b)
mv

M m

(c) (M + m) v cos (d)
cosmu

M m .

A set of n identical cubical blocks lies at rest parallel to each other along a line on a smooth horizontal surface.
The separation between the near surfaces of any two adjacent blocks is L. The blocks of one end is given a
speed v towards the next one at time t = 0. All collisions are completely inelastic, then;

(a) The last block starts moving at ( 1)n Lt
v

(b) The last block starts moving a ( 1)
2

n n Lt
v

(c) The centre of mass of the system will have a final speed v

(d) The centre of mass of the system will have a final speed 
v
n

.
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In a one-dimensional collision between two identical particles A and B, B is stationary and A has momentum
P before impact. During impact, B gives impulse J to A;
(a) The total momentum of the ‘A plus B’ system is P before and after the impact, and (P–J) during the

impact.
(b) During the impact, A gives impulse J to B.

(c) The coefficient of restitution is 
2 1.J
P

(d) The coefficient of restitution is 1.J
P

The magnitude and direction of the two identical smooth balls before central oblique collision are as shown in
figure. Assuming coefficient of restitution e = 0.9, determine the magnitude and direction of the velocity of
each ball after the collision.

A molecule collides with another, stationary, molecule of the
same mass. Demonstrate that the angle of divergence
(a) equals 90° when the collision is ideally elastic;
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(b) differs from 90° when the collision is inelastic.

Show that for a perfectly elastic collision between two particles of equal mass with one particle initially at rest,
the energy transferred to the originally stationary particle is 2

0(sin ) ,E  where 0E  is the initial energy and  is
the angle of deflection of the incoming particle.

A 10 g bullet moving 1000 m/s strikes and passes through a 2.0 kg block initially at rest, as shown. The
bullet emerges from the block with a speed of 400 m/s. To what maximum height will the block rise above
its initial position?
(a) 78 cm
(b) 66 cm
(c) 56 cm

v(d) 46 cm
(e) 37 cm


