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Abstract
Forces in collision are internal to the system of colliding bodies.

Collision of objects is a brief phenomenon of interaction with force of relatively high magnitude. It is
a common occurrence in physical world. Atoms, molecules and basic particles frequently collide with each
other. An alpha particle, for example, is said to collide when the nucleus of gold atom repels incoming alpha
particle with a strong electrostatic force. The "contact" is an assessment of the event involving force of high
magnitude for small period . Two objects of macroscopic dimensions are said to collide making physical
contact like, when a tennis ball is hit hard to rebound.
Collision

(a)

(b)

Figure 1: (a) Alpha particle and nucleus of gold atom come very close to each other. (b) Tennis racket
and ball collide making contact with each other.

Two stationary objects in a given reference can not collide. Therefore, one of the basic requirements
of collision is that at least one of the objects must be moving. Since motion is involved, the system of
colliding objects has certain momentum and kinetic energy to begin with. Our objective in this module is
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to investigate these physical quantities during dierent states associated with a collision process. A collision
is typically studied in terms of three states in "time" reference : (i) before (ii) during and (iii) after.
The state of contact - actual or otherwise - spans a very brief period. The total duration of contact
between tennis racket and ball may hardly sum up to 30 seconds or so in a set of a tennis match, which
might involve hundreds of hits ! Typically the contact period during a single collision is milli-seconds only.
This poses a serious problem as to the measurement of physical quantities during collision. We shall see
that study of collision is basically about making assessment of happenings in this brief period in terms of
quantities that can be measured before and after the collision.
Further, a collision involves forces of relatively high magnitude. To complicate the matter, the force
during collision period is a variable force. It makes no sense to attempt investigate the nature of this force
quantitatively as it may not be possible to correlate the force with the motions of colliding objects using force
law for this very small period. There is yet another reason why we would avoid force analysis during collision.
We must understand that a collision need not end up with change in motion only. It is entirely possible that
a collision may result in the change in shape (deformation) or even decomposition of the colliding bodies.
Such changes resulting from force is not the domain of analysis of motion here.
It is, therefore, imperative that we take a broader approach involving momentum and kinetic energy to
study the behavior of objects, when they collide. However, before we proceed to develop the theoretical
framework for the collision, it would be helpful to enumerate the characterizing aspects of a collision as :
•
•
•
•
•

A collision involves interaction of an object with force.
A collision involves forces of relatively high magnitude.
Collision takes place for a very small period usually in milliseconds or less.
A collision involves certain momentum and kinetic energy to begin with.
The study of collision is not suited for force analysis, using laws of motion.

1 Forces during collision
Collision usually occurs in the absence of any external force or comparatively negligible external force with
respect to collision force. Two bodies collide because a body comes in the line of motion of other body.
The forces during collision between colliding bodies are essentially internal forces to the system of colliding
bodies. The internal force is a variable force of relatively high magnitude.
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Force during collision

Figure 2: The internal force is a variable force of relatively high magnitude, which operates for a very
small period.

The gure here captures the attributes of the collision force. It is important to note that the plot has
time in milli-seconds.
The collision forces between colliding objects appear in pair and follow Newton's third law. The force
pairs are equal and opposite. This has important implications. Irrespective of the masses or sizes of the
colliding bodies, the pair (two) forces are always equal at any time during the collision. What it means that
force-time plot of either pair force is exact replica of force-time plot of the other collision force.
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Forces during collision

Figure 3: The force pairs are equal and opposite.

2 Impulse
As pointed out earlier, it is not very useful studying contact force as it is a variable force and secondly, we
can not measure the same with any accuracy for the short interval it operates. We can, however, relate
the collision force to the change in linear momentum. Here is a word of caution. If the collision forces are
internal forces, then how can there be a change in linear momentum? We are actually referring change in
linear momentum of one of the colliding bodies, which changes in such a manner so that linear momentum
of the system of colliding bodies remain constant. Now, using Newton's second law of motion, the collision
force operating on one of the colliding objects is :
p
t

F (t) =
⇒

p = F (t) t

Integrating for the period of collision,
p =

R

F (t) t

⇒ ∆p =

R

F (t) t

⇒

R

This is an important result. This enables us to measure the product of two immeasurable quantities (i)
variable force of relatively high magnitude, F(t) and (ii) very small time, dt, during the collision in terms of
measurable change in momentum, ∆p, before and after the collision. The integral of the product of force
and time equals change in momentum and is known as impulse denoted by the symbol "J" :
⇒ J = ∆p =
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Like linear momentum, impulse is a vector quantity. Evidently, it has the same dimension and unit as
that of linear momentum. It may be noted here that impulse is a measure of the product of force and time
of operation, but not either of them individually. Further, it must also be understood that impulse is rarely
evaluated using its dening integral; rather it is evaluated as the change in linear momentum - most of the
time.
We shall learn that a collision may be elastic (where no loss of kinetic energy of the system takes place)
or inelastic (where certain loss of kinetic energy of the system is involved).
The collision forces are normal to the tangent through the surfaces in contact. In real situation, the force
may not be passing through a contact point, but over an area. In order to keep the analysis simple, however,
we consider that contact is a point and the collision forces are normal to the tangent. This simplifying
assumption has important implications as we shall see while studying inelastic collision is a separate module.
Example 1

Problem :
A ball of 0.1 kg in horizontal ight moves with a speed 50 m/s and hits a bat
held vertically. The ball reverses its direction and moves with the same speed as before. Find the
impulse that acts on the ball during its contact with the bat.
Solution : We calculate the impulse on the ball by measuring the change in linear momentum.
Here, vectors involved are one dimensional. Therefore, we can use scalar representation of quantities
with appropriate sign. Let us consider that the ball is moving in positive x-direction. Then,
Collision

Figure 4: The ball reverses its direction with same speed after its hits the bat.

J = ∆ p = pf − pi = mvf − mvi
⇒ J = m ( vf − vi ) = 0.1 x ( − 50 − 50 ) = − 10

kg x m
s

Negative sign means that the impulse is acting in the "-x" direction, in which the ball nally
moves.
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2.1 Component form of impulse

Like linear momentum, impulse is a vector quantity. Impulse vector on a body is directed in the direction
of ∆p. This direction may not be the direction of either initial or nal linear momentum of the body under
investigation. Like stated before in the course, the direction of a vector and that of "change in vector"
may not be same. The component of impulse vector along any of the coordinate direction is equal to the
dierence of the components of linear momentum in that direction. Mathematically,
Jx = ∆ px = pfx − pix
Jy = ∆ py = pfy − piy
Jz = ∆ pz = pfz − piz
Example 2

Problem :
A ball of 0.1 kg in horizontal ight moves with a speed 50 m/s and is deected
by a bat as shown in the gure at an angle with horizontal. As a result, the ball is reected in a
direction, making 45 ◦ with the horizontal. Find the impulse that acts on the ball during its contact
with the bat.
Collision

Figure 5: The ball is deected at an angle with horizontal.

Solution : We calculate the impulse on the ball by measuring the change in linear momentum
in horizontal (x-direction) and vertical (y-direction) directions. Let us consider that the ball is
initially moving in positive x-direction. Then,
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Jx = ∆ px = pfx − pix = m ( vfx − vix )

⇒ Jx = 0.1 x
− 50cos450 − 50
= − 8.54 kg x

m
s

Similarly, component of impulse in y-direction is :
Jy = ∆ py = pfy − piy = m ( vfy − viy )

⇒ Jy = 0.1 x
50sin450 − 0
= 3.54 kg

x m
s

The impulse on the ball is :
J = Jx i + Jy j
⇒ J = ( − 8.54i + 3.54j )

kg x m
s

This example and the one given earlier illustrate that the impulse and its evaluation in terms of linear
momentum is independent of whether the collision is head on or not. No doubt the result is dierent in two
cases. The impulse force is greater for head on collision than when the colliding object glances the target at
an angle. It is expected also. The change in linear momentum when the striking object reverses it motion
is maximum and as such impulse imparted is also maximum when collision is head on.

3 Average force
We may not be able to relate impulse with the instantaneous force during the collision, but we can estimate
the average force if we have accurate estimate of the time involved during collision. For the sake of simplicity,
we consider one-dimensional contact force. Looking at the expression of impulse i.e the integral of force over
the time of collision is graphically equal to the area under the curve.

http://cnx.org/content/m14271/1.9/

OpenStax-CNX module: m14271

8

Force - time plot during collision

Figure 6:
curve.

The integral of force over the time of collision is graphically equal to the area under the

J =

R

F ( t ) t = Area

We can draw a rectangle such its area is equal to the integral. In that case ordinate on the force axis
represents the average force during the collision period.
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Average collision force

Figure 7: Average force is equal to the ordinate of the rectangle of area equal to that of area under
the force - time actual curve.

Mathematically,
Favg =
Example 3

R

F (t) t
∆t

=

J
∆t

=

∆p
∆t

Problem : A ball of 0.1 kg in horizontal ight moves with a speed 50 m/s and it hits a bat held
vertically. The ball reverses its direction and moves with the same speed as before. If the time of
contact is 1 milli-second, then nd the average force that acts on the ball during its contact with
the bat.
Solution :
We calculate the impulse on the ball by measuring the change in its linear momentum. Let us consider that the ball is moving in positive x-direction. Then,
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Collision

Figure 8: The ball reverses its direction with same speed after it hits the bat.

J = ∆ p = pf − pi = mvf − mvi
⇒ J = m ( vf − vi ) = 0.1 x ( − 50 − 50 ) = − 10

kg x m
s

The magnitude of average force is :
Favg =

10
1 x 10 − 3

= 10000 N

A collision may take place when external force is operating like when a cricket ball strikes the
racket in the presence of gravitational force. However, gravitational force is relatively small (mg
= 0.1 x 10 = 1.5 N). This force is negligible in comparison to the collision force of 10000 N! It is,
therefore, realistic to assume that collision takes place in the absence of external force.
This concept of average force allows us to estimate the average force on a target, which is bombarded with
successive colliding masses like a stream of bullets or balls as shown in the gure below. Here, the average
force is given as :
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Series Collision

Figure 9: The ball hits the target in quick succession.

Favg =

J
∆t

=

P

∆p
∆t

If the projectiles have equal mass "m" and there are "n" numbers of the projectiles hitting the target,
then
⇒

P

∆ p = nm ∆ v

and
Favg =

nm ∆ v
∆t

(4)

4 Linear momentum during collision
We have noted in the examples given here that we can neglect external force for all practical purpose as
far as the collision is concerned. Collision force is too large in comparison to forces like gravitational force.
For this reason, we shall neglect external forces unless stated otherwise. As such, linear momentum of the
system of colliding objects is conserved. This means that linear momentum of the system before and after
the collision is same.
Pbefore = Pafter
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This fact provides the basic framework for analyzing collision. It is valid irrespective of the type of
collision : elastic or inelastic. We shall make use of this fact in subsequent modules, while analyzing various
scenarios of collision.

5 Kinetic energy of colliding bodies
There are two types of collision - elastic and inelastic. In the elastic collision, the colliding bodies is restored
to the normal shape and size when the bodies separate. The deformation of colliding bodies is temporary
and is limited to the period of collision. This means that kinetic energy of the system is simply stored as
elastic energy during collision and is released to the system when bodies regain their normal condition. On
the other hand, there is loss of kinetic energy during inelastic collision as kinetic energy is converted to some
other form of energy like sound energy or heat energy, which can not be released to the system of colliding
bodies as kinetic energy subsequent to the collision.
In reality most of the macroscopic collisions involving physical contact are inelastic as kinetic energy of
the system is irrevocably converted to other form of energy. For example, when a tennis ball is released
from a height, it does not bounce to the same height on the return journey. However, if the ground is plane
and hard, then the ball may transverse the greater part of the height and we may say that the collision is
approximately elastic.
There is an interesting set up, which explains various aspects of elastic collision. We will study this set
up, which comprises of two blocks and a spring to get an insight into the collision process. We imagine
two identical blocks "A" and "B" moving on a smooth oor as shown in the gure below. The block "A"
moves right with speed vA towards block "B". On the other hand block "B" moves with speed vB such that
vA > vB . We also imagine that a "mass-less" spring is attached to the block "B" as shown in the gure.
Let us also consider that the spring follows Hook's law for elongation (F = -kx).
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Collision

Figure 10: The spring is compressed.

At the time when block "A" hits the spring, the end of the spring in contact with block "A" acquires the
speed of the block "A" ( vA ). The end of the spring in contact with block "B", however, moves with speed
vB . As the block "A" moves with relative speed towards "B", the spring is compressed. The spring force
for any intermediate compression "x" is given by :
F ( t ) = − kx

The spring forces act on both the blocks but in opposite directions. The spring force is equivalent to
the internal collision force. The spring force pushes the block "A" towards left and hence decelerates it.
Let its speed at a given instant after hitting the spring be vA . On the other hand, spring force pushes the
block "B" towards right and hence accelerates it. As such, block "B" acquires certain speed, say vB . If
vA > vB , then the spring is further compressed. The speed of block "A" further decreases and that of
block "B" further increases. The spring force during this period keeps increasing. This process continues
till the speeds of blocks become equal. Let us consider that common speed of each of the blocks be V.This
situation corresponds to the maximum compression and maximum spring force i.e the maximum collision
force.
The maximum spring force continues to decelerate block "A" and accelerates block "B". As such, block
"B" ( vB ) begins to move faster than the block "A" ( vA ) . It results in elongation of spring. The spring
force during this period keeps decreasing. The spring force, however, continues to decelerates block "A" and
accelerates block "B". This process continues till the spring attains its normal length. At this moment, the
block "A" looses contact with the spring. The block "B" moves with greater speed ( vB ) than block "A" (
vA ). Therefore, the separation between two blocks keeps increasing with time as they move with dierent
speeds.
'

'

'

'

''

''

'''

'''
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Collision

Figure 11: The spring is elongated.

:

The spring force - time plot during the contact with spring approximates the force curve during a collision
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Collision force

Figure 12: The force - time plot.

Since the spring is mass-less and elastic (follows Hooke's law), the kinetic energy of the system before
the collision is temporarily converted to elastic potential energy i.e spring energy during the compression of
the spring. The stored elastic potential energy is then released as kinetic energy during elongation of the
spring. At the end of elongation when spring attains its normal length, the kinetic energy of the system is
restored as before. In the nutshell,
Kbefore = Kafter

(6)

During collision, however, total energy has component of elastic potential energy as well and is equal to
the kinetic energy of the system before and after the collsion :
E = K + U = Kbefore = Kafter

In the same fashion, we can visualize inelastic collision. In this case, some of the energy is converted to
a form of energy, which can not be regained as kinetic energy like when a rubber ball hits a ground and is
unable to regain the height. Here,
Kbefore > Kafter
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6 Summary
Collision of objects is a brief phenomenon of interaction with force of relatively high magnitude.
The integral of the product of force and time equals change in momentum and is known as impulse
denoted by the symbol "J" :
1:

2:

J = ∆p =

R

F (t) t

3: The component of impulse vector along any of the coordinate direction is equal to the dierence of
the components of linear momentum in that direction. Mathematically,

Jx = ∆ px = pfx − pix
Jy = ∆ py = pfy − piy
Jz = ∆ pz = pfz − piz
4:

The average force during collision is by the ratio of impulse and time interval as :
Favg =

5:

R

F (t) t
∆t

=

J
∆t

=

∆p
∆t

Elastics collision :
Pbefore = Pafter

and
Kbefore = Kafter
6:

Inelastic collision :
Pbefore = Pafter

and
Kbefore > Kafter
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