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COLLISIONS

What is a collision?

We learn much about atomic, nuclear, and elementary particles experimentally by observing tatiseans
them. On a larger scale we can better interpret such things as the properties of gases iratacheoflsions.
In this chapter we apply the principles of conservation of energy and conservation of momestoafligahs of
particles.

In a collision a relatively large force acts on each colliding particle for a relatively shofthiergsic idea
of a collision is that the motion of the colliding particles (or of at least one of them) chamgestmauptly and tha
we can make a relatively clean separation of times that are “before the collision” and those dfiatr ahe
collision”.

When a bat strikes a baseball for example, the begimning
and the end of the collision can be determined fairly precisely. The
bat s 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 calléohpulsiveforces. fig. 6.48
Consider now a collision between two particles, such as those of
massesn andm,, as shown in figure 6.49. During the short time

of collision these patrticles exert large forces on one another. Atany

instantF, is the force exerted on particle 1 by particles 2@nd E
1

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.elf,l =-F,.

The change in momentum of particle 1 resulting from the collision is fig. 6.49
t

§
where the time interval of collisioAt =t; —t;.

The change in momentum of particle 2 resulting from the collision is
t

f;
If no other forces act on the particles during collision, the Ap, andAp, give the total change in momentum f
each particle. But have seen that at each infjaat-F,, so thatF, ,, =—F, ,,, and therefore
Ap =-Ap,
If we consider the two particles as an isolated system, the total momentum of the system is
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AP=Ap, +AD, =0
Henceijf there are no external forces 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 thenataltom of the
system.

We have defined a collision as an interaction which occurs in a time iztettvat is negligible comparedl
to the time during which we are observing the system. We can also characterize a collisiomasantdeh
external forces that may act on the system are negligible compared to the impulsive collisiofenesbat
strikes a ball, a golf club strikes a golf ball, or one billiard ball strikes another, exteresidom@ct on the systen
Gravity and friction exert forces on these bodies, for example; these
external forces may not be the same on each colliding body NOrgyg)
they necessarily cancelled by other external foEbe=n 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 impulsiye
forces of collision

As aresult the change in momentum of a particle during a collisipn
arising from an external force is negligible compared to the change
in momentum of that particle arising from the impulsive collisiona

force, as shown in figure 6.50.

For example, when a bat strikes a ball, the collision lasts onl
small fraction of a second. Since the change in momentum is large
and the time duration is small, it follows from fig. 6.50

—4

impulse of force
arising due to the
collision

impulse of
nonimpulsive
external forces

Ap=AF,, -At

that the average impulsive forég, is relatively large. Compared to this force, the external force of gravjty is

negligible During the collision we can safely ignore this external force in determining the change in motionjof the
ball; the shorter the duration of collision the miikely this is to be true.

In practice, thereforeve can apply the principle of momentum conservation during collisions if the time of
collision is small enough. We can then say that the momentum of a system of particles just before the pprticles
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 relativelgidmgiide act on the
system during the collision or we can say external forces acting during collision are also inpudsstecases

conservation of linear momentum can not be applied on the system. o _
SYSTEM (direction of motiom
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Consider the example 15 once again. As the |
horizontal surface, on which the block is placed, is i

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.

External force on the system
along the horizontal direction.

fig. 6.51
Therefore, there is no net external force on the system along the horizontal direction. Heeckcoresassation
of linear momentum along the horizontal direction and obtained the desired result. Now, suppedetteintal
surface is made rough. Is conservation of linear momentum applicable now? The system “bulleisishimek
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strikes the block at=t, and the system starts moving with common velocity or we can say collision eads, at
then, for the time intervalt =t, —t;, the change in momentum of the bullet
t
AP = | Fp-dt
t1
and the change in momentum of the block is

t

AP, = [(Fo+ )t

[’}
The magnitude ofk is um, g but F, has arelatively very high magnitude because it is arising due to high ppeed

impact, therefore, the sum tﬁf andF, would be the nearly same Bsitself, as suggested figure 6.52. Therefgre,
the change in momentum of the block can be approximated as

AISSVS:A_QI.+A_DZ 6\_ _____________________ T}§+B

If a >>>b, then, & + b can be
approximated by &

t2 t2

5] ty

tp
=J(Ifl+ F,)-dt

5]

:6 ['.' |E1+ |E2:6]

Hence, we can assume that linear momentum of the system to be conserved in this case alshoBlatyouls
forget that it is possible only because the friction force has relatively very less magnitudessisatohe force
arising due to the collision. Here, you must notice that if we continue the observation ofthaf$gsthe collision
for a duration of length much larger than that of the collision, then, the change in momentuivythededtional
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 fpressiar
during collision but the impulse contributed by them during the interval of the collision islilegiggcompared t¢
that contributed by the forces arising due to the collision. Hence, we forget them for the diifztionllision.

137

To understand the collision in a more comprehensive way
let us first analyze the situation shown in figure 6.53. Two

small balls having masseg are moving at speeds and u, >u,

u,, respectively, along the same direction. Anideal spring — ! 2
is connected tan, as shown in the same figure. Inthis  ,
casem is moving with a speed greater than thatrpf

and hencm, is approaching to waram, at a relativ

m, smooth
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At a certain momenty touches the spring connected with and starts compressing it owing to its higiler

speed, as shown in figure 6.54 (a). Asthe compression in the spring increases, spring foeeelobafalso
U )

u> u,; compression = 0.
o Q-

u,>uj; compression = 0 and

U “
is increasing
o frmmmn— s

— A+ —
u. =v =V __
— ! uz_, u,” =uit=v(say); V.= 0;

compression is maximum.
(©) e Re
my m,

V < V% compression = 0 and

s v
— s
is decreasing
(d) Rr m; m, Fe

V1 V2
—_— s .
V> V,; compression = (.
© Q-
fig. 6.54

increases, as shown in figure 6.54(b). Spring foragyaecreases its speed and thatgrncreases its speeq.
Hence, the rate at whigh, is approachingn, is decreasing, but compression in the spring keeps on increaging as
long as the speed af, is higher than that af,. Then comes a moment when the speed dfecomes equal g
that of m, or we can say the relative speedrpfandm, becomes zero, as shown in figure 6.54(c). Noycan
not cause more compression in the spring and hence, at this moment compression in the sprmgnis Asstkie
compression in the spring is maximum at this instant, the potential energy stored in it is mardithensgstem
“ m + m,+ spring” has minimum kinetic energy at this moment.

In figure 6.54(c)m andm, 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 thi©uetoehis
reason the speed of the ball 1 suffers further decrease and that of the ball 2 suffers fusbeimmsrenagnitude;
as shown in figure 6.54(d). Now, is separating fronm, because it has a higher speed and hence, comprgssion
in the spring decreases thereafter. As the compression decreases, magnitude of the springdbioalicaiso

decreases but it continues to retard the motiam adnd to accelerate the motionmf until the spring hag
regained its natural length.

Figure 6.54(e) shows the system when the spring has regained its natural length. The spéecbailival &, ,
is higher than that af, v, and hencemn, is separating fronm, atarate of;, — .

A more detailed analysis of the figure 6.54(d) would
led you to the fact that it is possible that when the spring

v V2
—— e
regains its natural lengtim, has a velocity along the m'O WWMD‘—O m,
direction opposite to the direction of its initial velocity, as ——_. /SRR, AR
shown in figure 6.55. In such a case the speed of separation
Af v ArnA s e s 0 v fio. 6.55
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Here we see that there is no external force acting on the systesm, + spring” along the horizontal directionl
Therefore, linear momentum of the system is conserved along the horizontal direction and tifercesgref the
system moves with constant velocity during the course of collision. Therefore, we can write,

P

system, initially

system, at some intermediate instant

(myy + ) (my+ mr)
=P

system,when compression is maximum
(myv+my

= I:)system, finally

(Mv+ M)

In this case normal contact forces acting on the system from the horizontal surface baland# thighecsgstem
and hence the momentum of the system is conserved along the vertical direction too. As the wayk
nonconservative forces (normal contact forces from the horizontal surface in this case) islzani;athewergy off
the system is also conserved. First some part of the kinetic energy is converted into potemgtateéndren, it is
again converted back into kinetic energy.

The case we just discussed is very similar to the instances of collisions we have already dlscussed

(figures 6.48, 6.49, 6.51, 6.53) and the instances we will discuss later in this section otig sfeheg is getting
deformed while in the real collisions, colliding bodies get deformed. Here, the spring is ameigisarefore, therg

is no loss of energy in the form of left deformation in the spring while in the cases invoiviodlisgaths, bodies ma)Ji

or may not regain there actual shape after the collision. Bodies which are able to regainnaeshaee are calle
elastic bodies and bodies which overcome the deformation only partially or we can say thepkréomegmin
their original shape are called inelastic bodies. Collisions involving elastic bodies are delastitca®llisions. In
anelastic collision there is no loss of kinetic energy of the system. The kinetic energy of the system just

collision is equal to the kinetic energy of the system just before the collision. Collisionspableast one inelastip

done

fter the

body are defined as inelastic collisions. lirmshastic collision, as the colliding bodies do not regain their actpal

shape after the collision, a part of initial kinetic energy is lost in the form of deformatiba<aoiliding bodies.
Therefore, kinetic energy of the system of the colliding bodies just after an inelastic cotlisialasthan its valug
just before the collision.

Materials which are incapable of regaining their actual shape, even partially, once they areldeéo
called plastics. When bodies involved in a collision are made up of plastic materials, suabrascliifegplastic

me

or completely inelastic collision. In a completely inelastic collision, once the colliding bodies get maxifnum

deformation they continue to move in this state only. Alternatively, we can also say that duwaligibie bodies
stick together and they move together with a common velocity even after the collision. In tigaage of

collision is spread from the momentum when the bodies touch each other to the moment when defosanctiip

body has become maximum. As the bodies do not separate from each other after the collisioof sefrtion
after the collision is zero in plastic collisions. Itis also obvious that the loss of kinefjgz éneto the collision is
maximum in such collisions.

ONE DIMENSIONAL (OR HEAD ON) COLLISION: Consider first an elastic one-dimensional collisi¢
We can imagine two smooth nonrotating spheres moving initially along the line joining their tegrreslliding
head-on and moving along the same straight line without rotating after the collision, as styn656. These
bodies exert forces on each other during the collision that are along the initial line of mexedor,eh

@ no i @e—v @ mo—

just before collision ; i just after collision
During collision
Vapproach: U2 - u] Vseparation = \4 - \é

fio. 6.56
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the final motion is also along this same line. We take the positive direction of the momentwsvalutity to be
to the right, then, from conservation of linear momentum we have

Py in= P

ys in sys fin
= MY+ Ml =my+my
Because the collision is elastic, kinetic energy is conserved and we have
K-E-in = K.E.ﬁn
1, 1 5, 1 1
= S MU oMy =2 m o m g

It is clear at once that if we know the masses and initial velocities, we can calculate thévelodifias from these
two equations.

The momentum equation can be written as

m(h—-w=m(%— ...(6.37a)
and the energy equation can be written as

m (£ -¥)=m(¥- ) ..(6.37b)

Dividing equation (6.37 b) by equation (6.37a) and assumiagu, andy; # u;, we obtain

Vit =V+

= Vi =h -y ...(6.38)

= velocity of separation = velocity of approach

This tells us that in an elastic one-dimensional collision, the relative velocity of approacthieeafoliesion is equa
to the relative velocity of separation after the collision. Solving equations (6.37a) and (6e3irto) that

m;, —m, 2m,

V1=m1+m2U1+ml+sz2
2my m—-m
= - = +—
and \/) [m1+mz]u1 (mlerz]Uz

There are several cases of special interest. For example, when the colliding particles havessarabavas
w=U; and v,=u

That is,in a one-dimensional elastic collision of two particles of equal masses, the particles simply exchange
velocities during the collision, as shown in figure 6.57.







