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COLLISIONSCOLLISIONSCOLLISIONSCOLLISIONSCOLLISIONS

We learn much about atomic, nuclear, and elementary particles experimentally by observing collisions between
them. On a larger scale we can better interpret such things as the properties of gases in terms of particle collisions.
In this chapter we apply the principles of conservation of energy and conservation of momentum to the collisions of
particles.

In a collision a relatively large force acts on each colliding particle for a relatively short time. The basic idea
of a collision is that the motion of the colliding particles (or of at least one of them) changes rather abruptly and that
we can make a relatively clean separation of times that are “before the collision” and those that are “after the
collision”.

When a bat strikes a baseball for example, the begimning
and the end of the collision can be determined fairly precisely. The
bat is in contact with the ball for an interval that is quite short in
comparison to the time interval for which we are watching the ball.
During the collision the bat exerts a large force on the ball, as shown
in figure 6.48. This force varies with time in a complex way that we
can measure only with difficulty. Both the ball and the bat are
deformed during the collision. Forces that act for a time that is
short compared to the time of observation of the system but bring
noticeable change in the momentum of the part of the system on
which they act are called impulsive forces.
Consider now a collision between two particles, such as those of
masses 1m  and 2 ,m  as shown in figure 6.49. During the short time
of collision these particles exert large forces on one another. At any
instant 1F  is the force exerted on particle 1 by particles 2 and 2F
is the force exerted on particle 2 by particle 1. By Newton’s third
law these forces at any instant are equal in magnitude but are
oppositely directed, i.e., 1 2.F F

The change in momentum of particle 1 resulting from the collision is  
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The change in momentum of particle 2 resulting from the collision is
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 the 1p  and 2p  give the total change in momentum for

each particle. But have seen that at each instant 1 2 ,F F  so that 1, 2, ,av avF F  and therefore

p p
If we consider the two particles as an isolated system, the total momentum of the system is

1 2p p p
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Hence,  the total momentum of the system is not changed by the collision. The
impulsive forces acting during the collision are internal forces which have no effect on the total momentum of the
system.

We have defined a collision as an interaction which occurs in a time interval t that is negligible compared
to the time during which we are observing the system. We can also characterize a collision as an event in which
external forces that may act on the system are negligible compared to the impulsive collision forces. When a bat
strikes a ball, a golf club strikes a golf ball, or one billiard ball strikes another, external forces do act on the system.
Gravity and friction exert forces on these bodies, for example; these
external forces may not be the same on each colliding body nor are
they necessarily cancelled by other external forces. Even then it is
quite safe to neglect these external forces during the collision
and to apply conservation of linear momentum provided that
the external forces are negligible compared to the impulsive
forces of collision.
As a result the change in momentum of a particle during a collision
arising from an external force is negligible compared to the change
in momentum of that particle arising from the impulsive collisional
force, as shown in figure 6.50.    
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tFor example, when a bat strikes a ball, the collision lasts only a

small fraction of a second. Since the change in momentum is large
and the time duration is small, it follows from

p t

that the average impulsive force avF  is relatively large. Compared to this force, the external force of gravity is
negligible.  we can safely ignore this external force in determining the change in motion of the
ball; the shorter the duration of collision the more  this is to be true.
In practice, therefore, 

 We can then say that the momentum of a system of particles just before the particles
collide is equal to the momentum of the system just after the particles collide.
Later in this chapter we will see that in some cases of collision external forces of relatively high magnitude act on the
system during the collision or we can say external forces acting during collision are also impulsive. In such cases
conservation of linear momentum can not be applied on the system.

Consider the example 15 once again. As the
horizontal surface, on which the block is placed, is
smooth no frictional force act on the system “bullet
+ block” during the collision. Force  applied by
the bullet on the block and that applied by the block
on the bullet are internal forces.

F = – F

m kf
kf =µm g

direction of motion

F F

Therefore, there is no net external force on the system along the horizontal direction. Hence, we used conservation
of linear momentum along the horizontal direction and obtained the desired result. Now, suppose that the horizontal
surface is made rough. Is conservation of linear momentum applicable now? The system “bullet + block” is shown
in figure 6.51. at an instant during the collision. F  is the force applied on the block by the bullet due to collision. F
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strikes the block at 1t t  and the system starts moving with common velocity or we can say collision ends at 2 ,t t
then, for the time interval 2 1,t t t  the change in momentum of the bullet
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The magnitude of kf  is 2m g  but 2F  has a relatively very high magnitude because it is arising due to high speed

impact, therefore, the sum of kf  and 2F  would be the nearly same as 2F  itself, as suggested figure 6.52. Therefore,
the change in momentum of the block can be approximated as

2

1

2 2

t

t

p F dt

Therefore, the change in the total momentum of the system is
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Hence, we can assume that linear momentum of the system to be conserved in this case also. But you should not
forget that it is possible only because the friction force has relatively very less magnitude as compared to the forces
arising due to the collision. Here, you must notice that if we continue the observation of the system after the collision
for a duration of length much larger than that of the collision, then, the change in momentum caused by the frictional
force (or we can also say the impulse of the frictional force) can not be neglected.

Generally, the same approach is followed for the most of the cases of collision. External forces are present
during collision but the impulse contributed by them during the interval of the collision is negligible as compared to
that contributed by the forces arising due to the collision. Hence, we forget them for the duration of the collision.

To understand the collision in a more comprehensive way
let us first analyze the situation shown in figure 6.53. Two
small balls having masses 1m  are moving at speeds 1u  and
u2, respectively, along the same direction. An ideal spring
is connected to 2m  as shown in the same figure. In this
case 1m  is moving with a speed greater than that of 2m
and  hence 1m  is approaching to wards 2m  at a relative

m m 

u
u  > u
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At a certain moment 1m  touches the spring connected with 2m  and starts compressing it owing to its higher
speed, as shown in figure 6.54 (a).  As the compression in the spring increases, spring force on the each ball also
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 increases, as shown in figure 6.54(b). Spring force on 1m  decreases its speed and that on 2m  increases its speed.
Hence, the rate at which 1m  is approaching 2m  is decreasing, but compression in the spring keeps on increasing as
long as the speed of 1m  is higher than that of 2.m Then comes a moment when the speed of 1m  becomes equal to
that of 2m  or we can say the relative speed of 1m  and 2m  becomes zero, as shown in figure 6.54(c). Now, 1m  can
not cause more compression in the spring and hence, at this moment compression in the spring is maximum. As the
compression in the spring is maximum at this instant, the potential energy stored in it is maximum and the system
“ 1 2 springm m ” has minimum kinetic energy at this moment.

In figure 6.54(c), 1m and 2m  have common velocity but spring forces are still acting on them. And due to maximum
compression state of the spring, the spring force on each ball has maximum magnitude at this moment. Due to this
reason the speed of the ball 1 suffers further decrease and that of the ball 2 suffers further increase in its magnitude,
as shown in figure 6.54(d). Now, 2m  is separating from 1m  because it has a higher speed and hence, compression
in the spring decreases thereafter. As the compression decreases, magnitude of the spring force on each ball also
decreases but it continues to retard the motion of 1m  and to accelerate the motion of 2m  until the spring has
regained its natural length.

Figure 6.54(e) shows the system when the spring has regained its natural length. The speed of ball the ball 2 2, ,m v
is higher than that of 1 1, ,m v  and hence, 2m  is separating from 1m  at a rate of 2 1.v v

A more detailed analysis of the figure 6.54(d) would
led you to the fact that it is possible that when the spring
regains its natural length, 1m  has a velocity along the
direction opposite to the direction of its initial velocity, as
shown in figure 6.55. In such a case the speed of separation
of m  and m  is v v

m m 

v v
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Here we see that there is no external force acting on the system “ 1 2 springm m ” along the horizontal direction.
Therefore, linear momentum of the system is conserved along the horizontal direction and the centre of mass of the
system moves with constant velocity during the course of collision. Therefore, we can write,

system,initially system,at some intermediate instant

1 1 2 1 1 2 2( )

P P

m u m m u m m

system,when compression is maximum

1 2( )
P
m v m v

system, finally

1 1 2 2( )
P
m v m v

In this case normal contact forces acting on the system from the horizontal surface balance the weight of the system
and hence the momentum of the system is conserved along the vertical direction too. As the work done by
nonconservative forces (normal contact forces from the horizontal surface in this case) is zero, mechanical energy of
the system is also conserved. First some part of the kinetic energy is converted into potential energy and , then, it is
again converted back into kinetic energy.

The case we just discussed is very similar to the instances of collisions we have already discussed
(figures 6.48, 6.49, 6.51, 6.53) and the instances we will discuss later in this section only. Here the spring is getting
deformed while in the real collisions, colliding bodies get deformed. Here, the spring is an ideal one, therefore, there
is no loss of energy in the form of left deformation in the spring while in the cases involving real collisions, bodies may
or may not regain there actual shape after the collision. Bodies which are able to regain their original shape are called
elastic bodies and bodies which overcome the deformation only partially or we can say they are not able to regain
their original shape are called inelastic bodies. Collisions involving elastic bodies are defined as elastic collisions. In
an  there is no loss of kinetic energy of the system. The kinetic energy of the system just after the
collision is equal to the kinetic energy of the system just before the collision. Collisions involving at least one inelastic
body are defined as inelastic collisions. In an as the colliding bodies do not regain their actual
shape after the collision, a part of initial kinetic energy is lost in the form of deformations in the colliding bodies.
Therefore, kinetic energy of the system of the colliding bodies just after an inelastic collision is smaller than its value
just before the collision.

Materials which are incapable of regaining their actual shape, even partially, once they are deformed are
called plastics. When bodies involved in a collision are made up of plastic materials, such a collision is called
or  collision. In a completely inelastic collision, once the colliding bodies get maximum
deformation they continue to move in this state only. Alternatively, we can also say that during the collision bodies
stick together and they move together with a common velocity even after the collision. In this case duration of
collision is spread from the momentum when the bodies touch each other to the moment when deformation in each
body has become maximum. As the bodies do not separate from  each other after the collision, velocity of separation
after the collision is zero in plastic collisions. It is also obvious that the loss  of kinetic energy due to the collision is
maximum in such collisions.

 Consider first an elastic one-dimensional collision.
We can imagine two smooth nonrotating spheres moving initially along the line joining their centres, then colliding
head-on and moving along the same straight line without rotating after the collision, as shown in figure 6.56. These
bodies exert forces on each other during the collision that are along the initial line of motion, therefore,
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just before collision
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During collision
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the final motion is also along this same line. We take the positive direction of the momentum and the velocity to be
to the right, then, from conservation of linear momentum we have

, ,sys in sys finP P

m u m u m v m v
Because the collision is elastic, kinetic energy is conserved and we have

. . . .in finK E K E

m u m u m v m v

It is clear at once that if we know the masses and initial velocities, we can calculate the two final velocities from these
two equations.
The momentum equation can be written as

1 1 1 2 2 2( ) ( )m u v m v u ...(6.37a)

and the energy equation can be written as

2 2 2 2
1 1 1 2 2 2m u v m v u ...(6.37b)

Dividing equation (6.37 b) by equation (6.37a) and assuming 2 2v u  and 1 1,v u  we obtain

1 1 2 2v u v u

v v u u ...(6.38)

This tells us that in an elastic one-dimensional collision, the relative velocity of approach before the collision is equal
to the relative velocity of separation after the collision. Solving equations (6.37a) and (6.37b), we find that

m m mv = u + u
m m m m

and
12m m mv u u

m m m m

There are several cases of special interest. For example, when the colliding particles have same mass, we have,

1 2v u    and   2 1v u
That is, 

 as shown in figure 6.57.
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If 1m  is much greater than 2m  and 1 0,u  we obtain
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That is, 

 For example, suppose that we drop a ball
vertically onto a horizontal surface attached to the earth. This is in effect a collision between the ball and the earth.
If the collision is elastic, the ball will rebound with a reversed velocity and will reach the same height from which it
fell.
If a collision is  then, by definition, the kinetic is not conserved. The final kinetic energy may be less than the
initial value, the difference being ultimately converted to heat or to potential energy of deformation in the collision but
the conservation of momentum  still holds (if there is an external force, its impulse for the duration of collision must
be negligible for this to be true), as does the conservation of 
Let us consider finally a . The two particles stick together after the collision, so that
there will be a final common velocity .v  It is not necessary to restrict the discussion to one-dimensional motion.
Using only the conservation of momentum principle, we find

m u m u m m v ...(6.39)

This gives v  when 1u  and 2u  are known. In such a case velocity of separation after the collision is zero.


