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7. Collision and Conservation of Momentum

7.1. Introduction

The following chapter is centred around collision processes where the term “momentum”
plays an important role. The term momentum can be defined for any moving object. It is

indicated as p and is defined as the product of mass m and velocity v: p = m-v

Just as with energy there exists a law of conservation of momentum, which has universal
validity.

The term “momentum”, which is of high importance within classical as well as modern
physics, will be introduced and explained by treating collisions processes of particles.

The video (http://’www.astrophysik.uni-kiel.de/~hhaertel/CGA_e/Flv/collision.flv) shows
such a collision process between 2 solid metallic balls and the smooth transition to a corre-
sponding simulation.

Fig 7.1.: Video about collision

The following simulations allow to study such collision processes in detail. Real experi-
ments with sliders on an air cushion track or solid balls like in the video are the base of
such simulations and should, if at all possible, precede or accompany any further study.

7.2. Collision with Realistic Objects

The simulation "7-collision-elastic-objects" shows a
collision between two bodies, modelled as extended
objects of 4 particles, interconnected by elastic
springs.

xperiment Show Exira

As a normal result of every collision process the col-
liding bodies change their velocity. In addition inter-
nal vibrations are excited and the bodies may start to
rotate.

Fig 7.2.: Simulation of colliding elastic objects
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Rotations and internal vibrations are phenomena which absorb energy and therefore over-
shadow the underlying principles. In order to detect and to understand these basic princi-
ples the collision experiments should to be designed in such a way that rotation is avoided
and that the effects caused by internal vibrations can be neglected.

To avoid rotational effects head-on collisions are necessary

(x| Such a head-on collision is shown in the simula-

=10 tion "7-head-on-collision". If the stiffness of all
: the springs are set to higher values it can be ob-
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'-,G'f'_ba' Farmelers When the stiffness is high enough, an object can
Btz ondencees be idealized as rigid and internal vibrations can
be neglected.

Nevertheless the object has to be completely
elastic during the collision process. The charac-
terization ,,rigid body* therefore has to be taken
as ,,very very elastic but very very stiff*.

Fig 7.3.: Simulation "7-head-on-collision"

When the spring constant D is increase it can be observed can the internal vibration can fi-
nally be neglected.

Interesting settings for D (spring constant) are
D =10: 50: 100; 500; 1000: 2000 units.

About the user interface

The spring constant D for all existing springs can be set in the "Spring Properties" win-
dow, to be called from a submenue of the Window menue (main menue line of the
JavaXYZ-cube). To apply the actual value to all existing springs, the related Button has to
be activated. .

=10l x|

Spring Type /\
Particle Management : _
Spring Constant 500.0 i
Electric Field And Potential |l Setoonsizniic sl spings
Global Parameters Rest Length 750.0 Remave All Springs

¥ Spring Properties
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Fig 7.4.: "Spring Properties" window where a common spring constant
can be applied to all existing springs



Collision and Conservation of Momentum 3

7.3. Collision with Idealistic Rigid bodies - Conservation of Momentum

The mathematical treatment of collision processes is based on the model of the rigid body
as an idealization, where internal vibrations can be completely neglected.

The particles in the following simulation are modelled as rigid objects. This means that the
elastic deformation during collision does not use up energy and that no internal vibrations
can exist.

The collisions with the walls of the cube, however, are modelled as completely inelastic.
This means that during collision with the walls all energy is absorbed.

The simulation "7-collision-rigid-objects" allows to study collision processes by changing
the x-component of the velocity of each particle as well as their mass.

To explain the outcome of such collision processes, two conservation laws of general va-
lidity have to be accepted: the conservation of energy and the conservation of momentum.

The derivation of these laws and the definition of energy and momentum is found in any
standard textbook.

Normally, when two particles collide, their veloc-

B ava-xvz - col rigid =181 s are changing. This implies that for every
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single particle its momentum p = m v is also
changing. However, it will be shown that the to-
tal momentum, the sum of both momentums, is
constant in every moment in time, in other
words: momentum is conserved.

In the given simulation (as mentioned above)
there is an exception when a particle collides
with the walls of the cube. These walls are mod-
elled as completely inelastic and the cube as hav-
ing an infinitely large mass. Therefore the cube
can absorb any momentum of the particle by
moving with an infinitely small velocity to the
opposite side.

OO0 D] —F— wm =

Fig 7.5.: Simulation "7-collision-rigid-objects"

The following table shows the result from some collision processes to demonstrate that
momentum is conserved.

To add momentum, it has to be known, that momentum is a vector.

When defined for one fixed directions, the 2 possible orientations are indicated as positive
(+) or negative(-).

The total momentum of 2 particles with +p; and -p, is p =tp; + -p; = 0. The procedure is
the same as if velocities with opposite orientations have to be added.

In the following table some collision processes with different settings have been document-

ed. More such processes can and should be entered to prove the law about conservation of
momentum.
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t, stands for a moment in time before and t, after collision. The numbers are given in suita-
ble units.

S P M O e O O P PG

! att,
t, It |t t, t, t, t, |t

1 |1 100 | 100 | O 0 1 0 0 100 | 100 | 100 100

2 1 100 | 100 | -100 | -100 | 1 -100 | -100 | 100 | 100 | O 0

3 |3 100 | 300 | 50 150 |1 0 0 150 | 150 | 300 300

4 |3 100 | 300 | O 0 1 -100 | -100 | 200 | 200 | 200 200

5 12 100 | 200 | ? ? 1 0 0 ? ? 200 ?

6 |2 100 | 200 | ? ? 1 -100 | -100 | ? ? 100 ?

7 11 100 | 100 1000 | -100 | -10% | 2 ? ? ?

Fig 7.6.. measurement protocol of collision processes
Basic law:

The total momentum of a system of interacting particles is conserved.



