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Because of Einstein’s theory of relativity [2,3], it is generally admitted that the speed limit
of an object is the speed of light in vacuum. However, it cannot be the case since a mass
that travels at the speed of light would have, according to the equations of relativity, an
infinite mass [4]. Since the apparent mass of the universe is finite [5,6], it becomes
impossible to transfer to an object more energy than there is in the whole universe. So,
there must be a speed limit that is less than the speed of light for all objects. According to
our calculations, the difference between the speed of light and the speed limit of objects
would be what we call a speed quantum. This speed quantum would be about
2.34x10%m/s.
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1. INTRODUCTION

To calculate the value of the speed quantum and the speed limit of objects, we
will begin by calculating the number N that represents the maximum number of
photons that can be present in the whole universe. This will allow us to locate the
Planck mass on the mass scale between the smallest mass, which is associated
with the photon, and the biggest mass, the mass of the universe. Seeing, by
calculation, that the Planck mass is located in a very particular place in the mass
scale and by making a few hypotheses on the special relativity equations, we will
be able to calculate the speed limit of objects and the value of the speed quantum.
We will then be able to make a small analysis of the potential consequences on
particles and on agglomeration of particles (atoms and objects).

2. DEVELOPMENT

2.1. Calculation of the Number N

Let’s start by calculating the number N which corresponds to the number of
particles having the smallest quantity of energy.
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The energy of a photon is given by:
h-c )

E=—>
A

In this equation, h=~6.62606957x103J.s is the Planck constant [7],

€~ 2.99792458 m/s is the actual speed of light in vacuum [7] and A is the

wavelength.

Theoretically, the photon which has the smallest quantity of energy is the one that
has the greatest wavelength. There is no greater wavelength than the
circumference of the universe.

We define the apparent radius of curvature R, of the luminous universe as being
the distance that light traveled with a delay equivalent to the apparent age of the
universe ty :

c 6 2

—cot =— %1.29%x10%m
u u H0

The apparent age of the universe is given by the following equation [9]:
1 9 (3)
t =—=13.7x10" years
u H 0
Ho represents the Hubble constant. We will use the value obtained by David
Rapetti’s works [1]:

4
H —715+13— KM )
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This value is also in agreement with the value of Hyo ~ 70.4 £1.4 km/(s-MParsec)
measured by the WMAP team after seven years of observation [12] and by our
own researches [8].

So this photon would have the following energy:

0 «244x10" °2Joule

E: =
2-7-R 2.7
u

Let’s associate @ mass m to this energy by using the following equation of the
special relativity [2]:
E=m- c2 (6)
With the equations (5) and (6), we get:
h 69 (7

m, & =————=x272x10 "k
ph 2'72"RU'C 8 g
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The mass mpn is a mass associated with a photon having a wavelength of 2-7R,
(where Ry is the radius of the apparent radius of curvature of the universe). This
mass is the smallest unit of mass. Since the apparent radius of curvature of the
universe always increases because of the expanding universe [11], this mass is
supposed to diminish over time.

On the other hand, the biggest mass being would be the apparent mass of the
universe my. This mass is given by the following equation [5,6] :
3 53 (®)
m = ~1.74x10" kg
u G-H 0

Here, G represents the universal gravitational constant [7] which is about
6.67384x101'm%/(kg-s?).

We could obtain the maximum number of photons of wavelength 2-7-R,
contained in the universe by dividing the apparent mass of the universe m, by the
mass mpn. Furthermore, without doing the demonstration, here are some equalities
which may be easily demonstrated:

9)
m m? m? R2 1
No—U _u_ P u_ 1 6,002t
m 2° 2 2 2 42
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The Planck units are defined as following:

h-c -8 (10)
The Planck mass: m_ = ~ 2.17651x10 kg
p 2.-7-G
. _ (11)
The Planck length: L = h—Gzl.61699><10 35m
2-7-C
. _ (12)
The Planck time: t = h—Gz5.39106><10 495
2-7-C

We can have N appearing in a multitude of equations. It represents the maximum
of photons of wavelength 2-z-R, constituting the universe.

Without entering into details, let’s note that the three following numbers are
approximately equal to those that Paul Dirac has shown in his large numbers
hypothesis in 1974 [10]. Without doing all the demonstrations, we also observe
that these three large numbers seem approximately in agreement with certain
realities that are well tangible.
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Nll 3 ~ 4.OO><1040 ~ Ratio between the electrostatic energy and the (13)
gravitational energy in an electron
14
N2/3 ~ 1.60><1O81 ~ Number of protons in the universe (14)
3/3 (15)

& 6.41><10121 ~ Maximum number of photons of wavelength
2-7N in the universe
We notice that the only large number which seems to govern all the others is N.

N

2.2. Position of the Planck Mass in the Scale of Masses

An interesting question would be to find out what should be the geometrical
average between the largest mass (the apparent mass of the universe m,) and the
smallest mass (the mass of a photon of wavelength 2-zR,).

Using the equations (7), (8) and (10), we notice that the geometrical average
between two masses is given by:

. h-c
Geometrical average = /mu-mph = /2'”.6 =m,

We notice that the mass corresponds exactly to the Planck mass. Therefore, the
value of that mass is not just a coincidence.

(16)

The Planck mass also corresponds to the highest level of energy that a particle
rotating on itself can reach since the heavier is the particle, the smaller is the
rotating radius. In the case of the Planck mass, that radius is the Planck length
which corresponds to a quantum of length. It is not possible to spin faster since
the radius is at its minimum.

The energy E, contained in the Planck mass may be seen as a particle having the
energy E,=m,-c2. It may also be seen as a wave (a vector rotating at the speed of
light) 2=2-7-L, using the equation (1). Let’s note that the Planck length L, in the
calculation of the wavelength corresponds to the smallest radius of a confined
particle. Consequently, this also corresponds to a particle having the highest
energy. As explained in the preceding paragraph, it is IMPOSSIBLE to have a
particle that would have more energy than the Planck mass.

Ep:mp~c2: h-c (17)

2-7- Lp

Using the equations (11) and (17), we obtain the equation (10) which is the
definition of the Planck mass.
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2.3. Calculation of the Speed Quantum

According to the special relativity of Einstein [2], if we take a mass mg at rest and
we make it move at a speed v, its mass in movement m will be:

e Mo (18)

The problem with this equation is that it lets us suppose that it is possible to reach
an infinite value for m when we make v tending to reach c. A priori, our logical
sense would tell us that it is impossible to reach a mass superior to the one of the
universe.

To solve the problem, we think that v is limited by physical conditions. Since the
Planck mass represents the highest level of energy, we could calculate the speed
at which we might move a particle having the mass associated to a photon of
wavelength 2-zR, and so get the Planck mass m,.
—_——=m
2 p
1 Ymax

2

Let’s isolate Vmax in the equation (19) to get:

(19)

m2 (20)
_ ph
max = ¢ T2

p

Since mpy << my , we can make the following approximation:

2 (21)
ph c

=C———

.m?2 2-N
Zmp

Y

m

Vmax ~C- 1-

If we replace vmax by c-&, the value of & could be defined as being a speed
guantum.

_ 22

¢ =——~234x10" mss (22)
v 2-N

That speed variation is the smallest speed unit possible. To take better into

account the physical limitations imposed by the universe, we suggest to rewrite

the equation (18) as:
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. my (23)
following: m = wheren=1,2,3, ... (2:N)
B (c—n-gv
C2

In a general way, the Lorentz factor applied to the relativistic equations of energy,
momentum and masses should be written as follows:
24
(c—n-gv)2 (24)
1-———*~ wheren=1,2,3,... (2:N)
2
Be careful, n can go down to 1 only in the case when we want to accelerate
photons of wavelength 2-z-R,. The number n cannot equal 0. But this number
increases as the mass mg increases. It is a directly proportional ratio. In fact, the
minimum value of n is Nmin:

"m -
p

3. CONSEQUENCES OF OUR RESULTS
3.1. In Terms of the Particle

A single elementary particle must necessarily have a smaller mass than the
Planck mass, whatever its speed. The more the speed of the particle approaches
the speed of light in vacuum c, the more its mass approaches the Planck mass. Its
ultimate speed is ¢ - &,.

3.2. In Terms of Particle Agglomerations

An agglomeration of individual particles can be an atom or a complex
agglomeration of atoms.

In specific cases, as every elementary particle cannot exceed the Planck mass, the
boundary of the agglomeration rate is limited by the mass of the most massive
component of the said particle agglomeration. If a higher speed is reached, the
lighter particles will dissociate from the agglomeration. The heavier particles
would ionize and lose their electrostatic and nuclear cohesion.
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4. CONCLUSION

Based on our calculations, we conclude that the maximum velocity of particles
and objects is not the speed of light but ¢ - & . There would not be enough energy
in the whole universe to reach the speed c. This is true even for a photon. In fact,
the moving mass of a particle cannot exceed the Planck mass. This is why the
maximal speed of a particle is limited by its mass at rest. The bigger it is, the less
will be its ability to increase in speed.

The mass of atoms and objects is linked to the particles that constitute them. If we
want to preserve the cohesion of objects, we must respect the maximum speed of
the most massive particles constituting each object. Furthermore, the total mass
of an object is the sum of the particle masses constituting the moving object.

This document will perhaps enable us to find the theoretical limits that large
colliders can reach.
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