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Abstract

The “conservation of energy” is a postulated law that implies the transformation of different
forms of “energy” into one another, while the total amount of “energy” remains constant.

In this paper | demonstrate that the conservation of “kinetic energy” in perfectly elastic
collisions, as well in its macroscopic form as “kinetic energy of bulk motion” as in its
microscopic form as “kinetic energy of internal motion”, is a quantitative expression of which
the numerical value remains constant when the total amount of motion of the particle system
at the given velocity level is physically conserved.

1. The present conservation laws in elastic collisions

In the present physics, the conservation of kinetic energy (K) together with the conservation
of linear momentum (p), allow us to calculate the final velocities in elastic collisions.

If we take the classical case of an head-on collision of two perfect elastic billiard balls with
masses m; and my, that move to each other along the x-axis with initial velocities vii and vy;
(Fig.1) and that exert no influence on each other (except during collision), the final velocities
(var and vy) of the particles after collision, are directly calculated from both conservation
laws.
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- The equation of the conservation of the total linear momentum (of any particle system),

P = mivii + MaVoi = MyVvis + Movys = constant

(i) Updated edition of my paper ‘Kinetic Energy’ December 1991.
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- together with the equation of the conservation of total kinetic energy (in elastic particle
systems):

2K = muvii? + MaVa? = Muvif + MoV = constant
lead to the classical equations for the final velocities (Fig. 2):
Vi = [(M1 - m2)vyi + 2mavy; /(Mg + my)

Vor = [(m2 - ml)vgi + 2mMyVy; ]/(ml + mg)
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To understand the physical meaning of these equations, we will take a closer look at both
conservation laws.

2. The conservation of translational motion in elastic collisions

To analyze the classic case of an head on collision in one dimension of two perfectly elastic
particles with initial velocities vi; and v,; we first decompose the initial velocities of both
particles into their fundamental components:

- their common/congruent velocity ‘v.’, and

- their opposite or internal velocities ‘qii” and ‘qqi” (Fig. 3).

2.1 The conservation of the congruent translational motion of particle systems

In my paper “Part 1: The physical nature of linear momentum” I have demonstrated that the
CM-velocity is in fact the common or congruent velocity component (v.) of all the particles
of a particle system, which means that it cannot be affected by the motions of the individual
particles and that it is therefore bound to remain constant.

Ve = (Myvyi + muvyi)/(my + my) = constant

This leads to the fact that in any collision the total amount of congruent translational motion,
which is in fact the resultant velocity of all the basic particles with unit mass (and which is
generally indicated as the linear momentum) is unaffected by the collision and is therefore
said to be ‘conserved’ in magnitude as well as in direction:
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p = (M1+myVe = Myvyj + MpVy = P1+ P2 = constant
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2.2 The conservation of the internal translational motion in elastic collisions

The former equation of the congruent or common velocity of both particles allows us to
calculate their internal velocities as the remaining velocity components:

Q1 = (Vai-Ve) = [ma/(Me+my)].(Vai — Vi)

O2i = (V2i-Ve) = [Mmy/(Me+my)].(Vai — Vi)
These are the velocities with which the two perfectly elastic particles will physically collide
with each other. It follows from the fact that the linear momentum (i.e. the total amount of
congruent translational motion) of the internal velocities is by definition equal to zero, that
the internal linear momentums with which the two objects collide are always equal but
opposite:

Pq = M1+ Mg = 0

that: M1z = -Ma0z;
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- On the one hand, the linear momentum, which was initially zero, must remain zero:
Pg = MiQui+ MoQai = MyQer+ MoQps = 0
or:  myQu =-Mx02 and MmMyQis = -M2Qys

This means that in an elastic collision, the internal linear momentums of the colliding
particle systems remain equal and opposite. Since both particles are however physically
hindered by each others presence, they cannot proceed their course.

- On the other hand, the present textbooks of physics tell us that a collision is ‘elastic’ if
the total kinetic energy of the colliding particles is the same before and after the
collision. In the light of my paper Part 3 about the true physical nature of work and
Kinetic energy, this means that in elastic collisions no translational motion can be
absorbed or dissipated, so that the total amount of internal translational motion at the
given velocity levels in each direction and consequently the magnitudes of the internal
linear momentums, must be conserved.

M1Qif = M1 = M202i = MQ¢
Both conditions lead to the fact that the equal but opposite internal linear momentums of the

colliding particles must inevitably conserve their magnitudes, while they simultaneously
reverse their directions (Fig. 3):

MaQif = -M1fai = M202i = -M2(2s
so that: myQir = M0y
and My = MiQ
This means that from the viewpoint of motion, it is like nothing happens and both equal and
opposite amounts of translational motion just proceed their way, or in other words, the
individual masses cannot proceed their way, but the amount of internal translational motion
(the momentum flows) in both directions does and is unaffected by the elastic collisions.
This allows us to conclude that in elastic collisions, the internal translational motion is
conserved, as well in magnitude as in direction.
2.3 The final velocities
The final velocities in the given reference frame are easily obtained by re-adding the
invariable "common™ velocity of the binary particle system to the final internal velocities of
the particles:

Vit = Vet Qi = Vo- Qi = [(M1 - mp)vii + 2mavzi]/(my + my)

Vor = Vet Oor = Ve-Q2i = [(M2 - my)vy + 2myvyi]/(mg + my).

which are the classical equations for the final velocities in elastic collisions (Fig. 2).
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For an elastic collision between two identical particles (m; = my), this gives us:
Vif = Voi and Vor = Vg
and it is like nothing happened and both (identical) particles proceed their way.

It is important to underline the fact that | have obtained these classical equations for the final
velocities, solely on the basis of the conservation of the translational motion of the particles:

- their external or congruent translational motion

- their internal or opponent translational motions
I will come back to the conservation of these external and internal amounts of motion in
section 2.5.

Although my deduction of the final velocities in a two-dimensional elastic collision, on the
sole basis of the physical conservation of external and internal translational motion is
extremely simple and obvious, it was in 1991 when | first submitted it for publication, totally
un known and therefore rejected by the Flemish engineers association (KVIV).

In 2014 1 discovered that my approach was in fact nothing new, because it was already
published in 1688 by the Dutch scientist Christiaan Huygens !

2.4 The conservation of the internal momentum flow

To conserve equilibrium at each moment, the equal but opposite internal linear momentums
of both colliding particles must remain equal and opposite at each moment:

me.(dau/dt) = - ma.(dga/dt)

This means that the transfer of momentum flow to particle 2 is at each moment equal but
opposite to the transfer of momentum flow to particle 1.

Since: gi = (vi—Vc) and v, = constant
this means that this conclusion is valid in any chosen reference frame
ml(dvlldt) =- mz(dVZ/dt)

Since “force” is defined as the as the momentum transfer per unit time, this equal but opposite
momentum transfer can be written as:

Fi = Qwu = -Qm = -F2.

which gives us Newton’s third law of motion: “Whenever a body exerts a force on another
body, the latter exerts a force of equal magnitude and opposite direction on the former”.

Our logical deduction of Newton’s equation allows us to conclude that Newton’s third law is
a logical consequence of the conservation of translational motion between colliding bodies in
their internal reference frame.

Newton’s third law leads us to the important conclusion that from the viewpoint of the
colliding bodies, collisions always take place in the internal reference frame, so that they are
always symmetric and the forces are always equal and opposite.
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2.5 The conservation of the velocity gap in elastic collisions

In section 2.2 we have seen that in elastic collisions, the internal linear momentums are
conserved in magnitude and in direction (the conservation of internal translational motion).

M1 = M2Q2i
MaQor = M1Qu;i

An important consequence of this conservation of the internal linear momentums is that the
internal velocities conserve their magnitudes, but reverse their directions:

d1f = -Qai or: (ar = Qi
and gz = -Qai or: 02t = Q2i

The consequence of this is that also the relative internal velocity conserves its magnitude but
reverses its direction:

(Q1i- d2i) = -(0ar- Gar)
Since: Qi = (V1i - Ve)
and Q2 = (Vai - Ve)
this means that

(Vi - V2i) = -(Vaf - Vzr)

This leads to the classic conclusion that in an elastic collision the relative velocity of the
colliding particles reverses during the collision that is, it conserves its magnitude but changes
its sign. In the present textbooks, this reversal of the relative velocity in elastic collisions is
considered as a consequence of the conservation of energy %1,

It is important to realize that this means that in the present physics, a bare physical fact such
as the conservation of the speed with which material objects physically collide with each
other, is regarded as the consequence of a postulated law.

| have hereby however demonstrated that, the reversal of the relative velocity in elastic
collisions is a direct consequence of conservation of the amount of translational motion in
each direction.

MiQir = MaOai and mMyQzr = MiQs;

In section 2.2, | came to the conclusion that from the viewpoint of motion it is like nothing
happens and both equal but opposite internal linear momentums proceed their way.

This means that from the viewpoint of the conservation of motion, the reversal of the relative
velocity is in fact a mathematical consequence of the physical conservation of the “velocity
gap” between both particles:

(Vai - V2i) = (Vor - Vi) = AV
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This velocity gap between two colliding particles is in fact of the same nature as the velocity
gap between the runners in a relay race, where the first runner runs with a velocity “v* and
the second runner stands still, waiting for the first runner to arrive. After the handing over of
the baton, the first runner stops and the second runner runs with a velocity “v*. In this case
also, it is mathematically correct to state that the relative velocity has conserved its magnitude
but has reversed its sign, but physically this has no sense because from the point of view of
the amount of motion, it is like nothing has happened and the motion continues its way. This
means that in analogy with our statement about the conservation of internal translational
motion, we can conclude that in elastic collisions, the velocity gap between colliding bodies
remains invariable.

It is very important to realize that the velocity gap between material particles is a hard
physical fact, because it is as a matter of fact the impact velocity with which they physically
collide with each other and which is the basis of the temperature scale (ii). This leads to the
important conclusion that the velocity and consequently the linear momentum of a physical
body in a reference frame that is linked to any other physical object, must also be real
physical (iii).

2.6 The conservation of external and internal kinetic energy in elastic collisions

The fact that in elastic collisions, the conservation of the kinetic “energy” is a mathematical
expression of the conservation of the total amount of motion, can also be illustrated by
considering the equation of the total amount of momentum flow (Qm.) of a colliding bi-
particle system and by decomposing the velocities (v; and v,) of the particles into their
internal (q; and g) and their coherent (v) velocity components:

_ 2 2
QML = mMwvy® + Moy

M1 (Ve + Qi )% + Ma(Vetzi )2

QL
QL

(M1 + Mo)ve? + (M1qai® + Magai®) + 2Ve(M1.G1i + M2.02i )

In the centre of mass reference frame of any collision, the total internal linear momentum is
by definition zero and must remain zero:

(M1Q1i + Ma02i ) = (M1Qes+ M) =0
So that:
QuL = (My+mve + (MiGai® + M2y

In the specific case of elastic collisions, the magnitudes of the internal velocities are
conserved:

Qui =-0ir and Qi = - Q2f

So that:

(ii) See my paper “The true nature of temperature and thermal energy”.
(iii) The physical nature of velocity will be revealed in my paper “The true nature of velocity”.
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Qur = (M1 + MV + (MiQsf” + MaQzr)

Qur = (M1 + MV + (MiQsf” + Mallar’) + 2Ve(M1Gas + MaGlaf )
QuL = Mi(Ve + Car )> + Ma(Ve + ot )?

QuL = M1.Vif+My. Vot

In this way | have demonstrated that the conservation of the total amount of momentum flow
“QumL” is the physical basis for the conservation of the kinetic energy in elastic collisions.

QmL = M.V + MoV = mpV2e + mov3 = 2K = constant
K = Qmu/2 constant

The previous equation of the conservation of the total amount of momentum flow can also be
written as:

QmL = (M + mz)Vc2 +(my (hi2 + szziz) = (my+ mz)Vc2 + (m1q1f2 + mZQZfZ)

So that:

K = (my+ ma)ve2 + (M1qei? + Magzi)/2 = (Mg + MoVeA/2 + (My0ae + Mo0ar)/2
In Hans Ohanians’s textbooks on physics &:

- the equation: (my + my V2
is defined as the kinetic “energy” associated with the translational motion of the center of
mass of the of the bi-particle system. We have hereby demonstrated that the numerical
value of this equation remains constant because of the physical conservation of the
congruent translational velocity of the bi-particle system.
| have hereby demonstrated that this congruent velocity v and its corresponding kinetic
energy are relative characteristics that depend on the chosen reference frame.

- the equation:
(M1.01i + Ma.G2i? )12 = (M1 + Ma.0ar’ )/2 = [Mima2/2(my + m2)](v1 — v2)° = constant
is defined as the “internal” kinetic energy that is associated with the translational motions
relative to the centre of mass of the bi-particle system. We have hereby demonstrated that
this equation remains constant because of the physical conservation of the magnitudes of
the internal velocities during elastic collisions.
| have hereby demonstrated that this internal kinetic energy is an absolute, physical
characteristic, that doesn’t depend on the chosen reference frame and

2.7 The conservation of the total amount of kinetic energy in elastic collisions

In our strictly logical development we have demonstrated that the final velocities of elastic
collisions can be obtained in a natural way:

- on the one hand by the general principle of the invariability of the congruent/external
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translational motion, which is mathematically expressed by the conservation of the
resultant linear momentum:

M1V + MV = MqVis + MoVos
sothat: my (Vii— Vi) = My (Vas - Vi)

- on the other hand by the invariability in elastic collisions, of the physical internal
translational motion, which is mathematically expressed by the conservation of the
velocity gap:

AV = (Vii- V2i) = (V2r— Vi)
Sothat: (vaj+ Vir) = (Vor + Vi )
The multiplication of both equations gives us:
My (Vi — Ve ). (Vi + Vag) = Mz (Vor - Vai).(Vor + Vi)
My (V2 —V25) = My (Vi — Vi)
so that:
M1.VZ + Mo.V2 = MyV2s+ Maver = 2K = Qumu = constant

which demonstrates once more that the conservation of the total amount of momentum flow is
the physical basis for the conservation of the kinetic energy in elastic collisions:

K = Qmu/2 = constant

3. Elastic collisions in two and three dimensions

The classic calculation of the final velocities of elastic collisions in two (or three) dimensions
on the basis of the two conservation laws is made impossible by the fact the equation of the
Kinetic energy is not a vector equation, so that there is no unique solution,
- in a 2-dimensional collision, for the four, and
- in a 3-dimensional collision, for the six
vector components, and the objects can move in a variety of directions with a variety of
speeds (. This is caused by the fact that the collisions are not necessarily head-on collisions
of point-like billiard balls. This means that if we want to solve these type of collisions, we
have to treat them in detail as non head-on collisions between perfect billiard balls. In that
case, the outcome of the collision is not only determined by the intersection angle of the
velocities of the colliding particles, but also by the relative position of their point of contact
when they collide. Taking this into account, these type of collisions can be solved by
decomposing the initial velocity vectors of the perfect billiard balls into two vector
components. In the case of a 2-dimensional collision, this means:
- a velocity component along the line that connects the two centers of the billiard balls
(which we call the x-axis) and,
- a velocity component along a line that is perpendicular to the x-axis and that passes
through the contact point between both billiard balls (and which we call the y-axis).
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- The velocity components along the x-axis will act as an head on collision and can be treated
as a one-dimensional collision between point like particles (see section 2).

- The velocity components along the y-axis will in the case of ideal frictionless billiard balls,
remain unchanged by the collision.

- The composition of these two velocity vector components of each billiard ball will
automatically give us their final velocities.

In the classic case of billiard balls that have equal masses and where one of the billiard balls
is at rest (in the reference plane of the billiard table), the velocity component of the launched
billiard ball along the x-axis will be completely transmitted to the billiard ball that was at rest
and the velocity component of the launched billiard ball along the y-axis will remain
unchanged, so that both billiard balls are perpendicular to one another .

4. Conclusion: The conservation of motion in elastic particle systems

In this paper | have demonstrated that the conservation of linear momentum and of kinetic
energy in elastic particle systems are both based on the physical conservation of the
translational motion in elastic collisions.

- The conservation of linear momentum is a mathematical expression of the physical
conservation of the congruent translational velocity (vc) with which all the individual
particles of the particle system move with the same speed in the same direction.

The conservation of this type of congruent motion is evident, because it is not affected by
the internal collisions in the particle system.

- The conservation of the kinetic energy is a mathematical expression of the physical
conservation of the isotropic, ‘thermal’ translational velocities of the individual unit
particles, which are evenly distributed over all possible directions so that frequent
collisions between the particles will take place:

- Between collisions, the motion/velocity of each particle and therefore its linear
momentum, remains necessarily constant

- During each elastic collision, the velocity gap between the colliding particles is
physically is physically conserved, so that the amount of motion of the colliding
particles is physically conserved

From this we can conclude that in perfectly elastic particle systems the internal collisions do
not modify the amount of motion or i.e. the momentum flow and that therefore in these
systems, the total amount of translational motion as well as the average velocity level of the
particles remains constant.

The reason for the fact that this principle of the conservation of motion has not yet been
formulated as a general principle is twofold:

- In the reference frame of the observer, the numerical values of the magnitudes of
the velocities do not in any way remain constant, and neither is their sum, nor the
sum of the magnitudes of their linear momentums, so that it is not obvious at first
sight that motion is conserved.

- The concept of ‘kinetic energy’ as been formulated simultaneously with the

10
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concepts of ‘force’ and ‘work’ on the basis of Newton’s second law of motion:
W = [F.ds = Imads = [mv.dv = mv¥2 = K
so that it was obvious to use the principle of the conservation of ‘kinetic energy’,

and not that of the conservation of congruent and internal motion to calculate the
final velocities in elastic collisions.
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