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About this book…
Partitioning this document
This theory is based on Einstein Spacetime. Since spacetime is often difficult to understand,
to improve readability, this book has been divided into five parts:
Part 1............Mass and Gravity
Part 2............Constitution of Matter
Part 3............Quarks and antimatter
Part 4............Electromagnetism
Part 5............Forces, Universe

Important note
Some readers may prefer to refer directly to a particular subject, skipping the others. If so, it is
recommended to download separately the relevant part from internet 1. Indeed, in this case,
each part begins with a summary of the preceding parts.
On the contrary, this book don't have a summary at the beginning of each part. If the reader
choose to read this book instead to read separately parts, it is absolutely necessary to start
reading from the very beginning.

Difficulty level
A knowledge of physics, if possible in quantum mechanics and general relativity, is recommended. Since this document doesn’t use mathematics except in supplementary information,
its reading is not difficult.

Mathematics
Mathematics used in quantum mechanics (QM) and general relativity (GR) are not affected
by explanations of basic phenomena covered by this document. Therefore, physicists can continue to use the well known theories in QM, such as the Schrödinger Equation, operator
mechanism, Lie Groups, QED, QCD, tensors in GR ...
There is no conflict between explanations given
in this document and QM/GR mathematics.

1

Download from internet: www.spacetime-model.com/subpages/en/download.htm
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Content of the five parts
The Spacetime Model presented here is based on spacetime discovered by Einstein in 1905.
However, instead of limiting it to relativity, the author has extended it to all elements of the
universe: particles, mass, charge, quarks, antimatter, forces... In combination and relying on
experimentation, the following five parts explain, in a perfectly logical and rational way, up to
53 enigmas of quantum mechanics.

Part 1 – Mass and Gravity
 Explanation of the curvature of spacetime
 Origin of Mass and Gravity
 Why E = mc²?
 Explanation of the increase of the mass of relativistic particles
 General Relativity : Why does the time increase?
Part 2 – Constitution of Matter
 The mystery of the wave-particle duality,
 Why the velocity of light is constant?
 The mechanism of waves and particles creation,
 What is the neutrino?
 Constitution of particles (matter)
Part 3 – Quarks and Antimatter
 Why the charge of the proton is exactly equal in absolute value to that of the electron?
 A logical explanation of the Schrödinger Probability Concept and of the E0 level,
 The internal constitution of quarks; origin of their charge -1/3 +2/3,
 New Standard Model,
 The origin of the strong nuclear force,
 The location of antimatter in the universe,
Part 4 – Electromagnetism
 The mechanism of electromagnetism,
 What is exactly the photon?
 Solution the Young Slits enigma,
 Understanding the Heisenberg Uncertainty Principle,
 Explanation of the EPR
Part 5 – Forces, Universe
 The unification of the basic forces in two generic forces,
 The dual internal structure of the nucleus,
 Unification of the three forces in only two,
 A new theory on the Big-Bang
To summarize, the Spacetime Model clearly shows that Spacetime is the key to the Theory of
Everything.
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Introduction
We could think that the basic laws of physics are extremely complex since the mathematics
of physics are. Such is not the case.
Let's consider, for example, a drum. A 5 years old child intuitively knows the principle,
namely that by striking it, he makes noise. On the other hand, the mathematical description
of the surface waves requires Bessel Functions. It is thus advisable to distinguish the basic
phenomena, always very simple, from the laws governing them, which may be extremely
complex.
Modern physics shares the same principle. The basic laws of the universe are not embedded in increasingly complex theories but, on the contrary, in simplicity. It is obvious that

The universe, in its elementary state, was very simple. It is a necessity.
Most scientists throughout the world agree with this point of view. For example, to detect
any trace of life on Mars, the biologists will not seek complex living organisms but elementary molecules like H2O.
The author entirely shares this point of view based on reductionism, which is logical, rational, and full of common sense. That is why this document does not contain pages and
pages of complex mathematical equations. To solve the ToE (Theory of Everything)
enigma, it is necessary to focus on simplicity using 4D spacetime only 1.
In other words,

The solution to the ToE must be very
simple, logical, rational, and in
accordance with experimentation

As you will see, the solution to all these unsolved enigmas such as Mass, Gravity, Matter,
Antimatter in the universe, Forces… is very simple.

1

There is no objection envisaging spaces with 5, 6, 7… n dimensions, but only as a last resort, after having
exhausted all the resources of the traditional spacetime. Since everything is logically explained with spacetime
(4D) in the Spacetime Model, it is not necessary to extend the number of dimensions to 5 (Higgs) or >11
(Strings). Indeed, this document shows that elementary particles, such as leptons and quarks, the charge, mass,
gravity, forces etc… are all expressed by equations of the form f (t,x,y,z). Particularly in physics, we must bear
in mind that "the simplest is the best".
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Part 1 - Mass and Gravitation

Introduction

Abstract
This part explains mass and gravity in a 4D space, with m = f(x,y,z,t). This explanation
the result of the association of three simple observations:
1/ The constitution of atoms,
2/ General relativity,
3/ The equivalence Attractive force ≡ Pressure force in absolute value.
Here we show that mass and gravitation are two similar phenomena, and that gravitation is not an attractive force but a pressure force exerted by the curvature of spacetime on
objects that tends to bring them closer to each other.
This article explains many other enigmas of physics such as the increase of the mass of
relativistic particles, dilatation of time, light deviation, E =mc2. . . and some astrophysics
anomalies. It also makes the connection with the Higgs Theory and, as a conclusion, shows
that the Higgs Field is Spacetime.

Spacetime exerts a
pressure force on
closed volumes

Closed volumes
curve spacetime

2
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3
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volumes
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Gravitation

Mass
Effect

Open
Volumes
(ignored)

Object

A mass effect is
associated to each
closed volume.
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1. Mass
To solve the mass and gravitation enigma, it is necessary to redefine the
concept of volume. As unexpected as it may sound, it is not the mass but a
kind of volume called "closed volumes" in this document that makes the
spacetime curvature. This chapter covers the mass explanation.

1.1 Current theory
Einstein's equations connect mass to spacetime curvature. Scientific authors often represent
the spacetime curvature by a drawing like that of figure 1-1. This representation is elegant but
highly speculative since it does not answer the question:
“How is it possible for a mass to curve spacetime?”

Fig. 1-1 Current representation of the curvature of spacetime

1.2 Curvature of spacetime
Let's consider a flat spacetime away from any gravitational field. This is called a "Minkowski
spacetime" (Fig. 1-2a, next page). A volume introduced in this spacetime will naturally produce a convex curvature of it 1 (Fig. 1-2b, next page). This curvature is convex.

1

Whatever the dimension of the space is, 1D, 2D, 3D or 4D, we always have the same phenomenon. For example, let's imagine a simple line (1D). A small segment inserted into the middle of the line will push out its two ends to make room. Similarly,
in 2D, a small surface inserted into a larger one will push out the surrounding surface to make room, and so on…. Spacetime
shares the same principle. Any volume inserted in spacetime pushes out surrounding spacetime to get room. The word "volume" may not be exact since a volume has three dimensions, not four. In reality, according to special relativity, time and
volume form a whole. Therefore, a 3D volume in everyday life becomes a 4D spacetime in physics.
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1 - Mass

b

Fig. 1-2 Flat and curved spacetime in 2D

However, Einstein Field Equations (EFE) show that spacetime is curved by mass.
As we will see, this strangeness is solved by a new definition of "volume". Indeed, the concept of volume plays a major role in the curvature of spacetime.

1.3 Two definitions of the volume
Let’s consider the two associations: Sun-Jupiter (fig. 1-3a) and nucleus-electron (fig. 1-3b).

a

Jupiter

b

Sun

Electron

Nucleus

Volumes

Fig. 1-3 Volumes of associations: Sun-Jupiter and atom
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 Sun-Jupiter (fig. 1-3a): The overall volume of this association is the sum of Sun +
Jupiter. It would not make sense to take into account the volume of the Jupiter's orbit around the Sun.
 Atom (fig. 1-3b): Curiously, the overall volume of atoms is that of their orbitals,
which doesn't make sense.
So, we see that in two identical situations, we have two different definitions of the word
"Volume". This introduces a problem because
In physics, it is not acceptable to have two
different definitions of the same quantity

1.4 Open and closed volumes
Let's drop an empty sphere into a container filled with water. The volume of
the sphere will produce a displacement of water. A pressure on the surface of
the sphere appears. The principle is shown in fig. 1-4a.
If we make some holes in this sphere (fig. 1-4b), water goes inside and the
pressure disappears. However, the sphere keeps its original volume.

a

b

Fig. 1-4 Closed and open volumes

So, two volumes of the same size may have two different behaviors: one is subject to an external pressure (a), the other doesn't (b).
The same phenomenon also exists in spacetime. We also have two classes of volumes:
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1. Volumes with mass, or "Closed volumes" (fig. 1-4a) such as elementary particles. Their internal spacetime "pushes" the surrounding spacetime to make room.
Thus, "closed volumes" produce a convex curvature of spacetime. Since the latter has
properties of elasticity (Einstein), it exerts a pressure on the surface of these volumes,
as shown in GR and Fluid Mechanics (Hooke Tensor). As a result, a "mass effect" appears, i.e. an effect having all the characteristics of mass. The mass component [M]
can be extracted from the pressure [M/LT²] by simple mathematical operations. This
conducts to a 4D expression of the mass as M = f(x,y,z,t).
2. Massless volumes, or "Open volumes" (fig. 1-4b). It is a vacuum but sometimes found in various forms such as the volumes of orbitals of atoms. These volumes
exist but they are "porous" regarding spacetime. More exactly, they are subject to
variations of spacetime but they don't curve spacetime themselves. Therefore, open
volumes are massless since no curvature means no mass (Einstein).
Closed volumes

M

Open volumes

Closed
volumes
curve
spacetime…

Open
volumes
don't curve
spacetime

…a pressure
[M/LT²]
appears…

Nothing
Happens

…that produces a
"mass
effect"

Fig. 1-5 Comparison between closed and open volumes

1.5 Apparent volumes
Objects we use daily are apparent volumes defined as:

Apparent volumes =
∑ closed volumes + ∑ open volumes

Part 1 - Mass and Gravitation
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Three categories exist:
1. Standard apparent volumes.
These volumes are an association of closed and open volumes. In atoms, for example,
the nucleus and electrons are closed volumes which curve spacetime and have masses,
whereas the orbitals are massless open volumes, which are transparent regarding
spacetime.
2. Hermetic apparent volumes.
These volumes are also associations of closed and open volumes but their global volume is hermetic regarding spacetime. For example, a nucleus is made of nucleons
(closed volumes), separated by empty space (open volume). The behaviour of this
open volume enclosed in the nucleus is that of a closed volume regarding spacetime.
Consequently, the whole volume of the nucleus (closed volumes of nucleons + enclosed open volume) deforms spacetime and gets mass since "spacetime curvature =
mass" (Einstein). Please note that open volumes enclosed inside the nucleus may have
energy (gluons). This explanation is consistent with Quantum chromodynamic (QCD).
3. Special apparent volumes.
These volumes are so called because we don't know exactly their behaviour regarding
spacetime. This is the case with 6He, 8He, 14Be... For example, 11Li has a core with 3
protons and 6 neutrons and a halo of 2 neutrons. Since we don't know exactly the
structure of such nuclei or the penetration of spacetime inside them, it is not possible
to classify these volumes into a particular category.
To summarize, we must always bear in mind that, strictly speaking, the word "volume"
without any qualification is meaningless. It is important to understand the difference between:
Mass (meaning a material concept),
Mass effect (meaning a virtual concept),
Volumes (undefined),
Closed Volumes (volumes with mass),
Open Volumes (massless volumes),
Standard Apparent Volumes,
Hermetic Apparent Volumes,
Special Apparent Volumes.
Since these volumes have different
behaviours regarding spacetime and
mass, they must be differentiated

On Earth, we feel that mass and volume are two different quantities. This is an illusion. It
is the proportion of closed to open volumes, as explained above in "Standard apparent volumes", which varies from one atom to another, from one molecule to another, from one object
to another, which gives us this feeling.
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1.6 Our view of the volume
So, we are faced with different points of view:
 In everyday life - Mass and volume are two different definitions because people
don't have to know the laws of physics.
 In traditional physics - (optic, geology, aeronautics etc…) - As in everyday life,
physicists consider rightly that volume and mass are two different quantities.
 In Physics of particles, Astrophysics - Physics of particles uses mainly closed
such as elementary particles. However, in some case, apparent volumes are used. This
is why it is so difficult to explain some behaviors. Astrophysics also use closed volumes (black holes…) or apparent volumes (galaxies…).

1.7 Confirmation: Atoms
A strong confirmation of this explanation of mass and gravitation is given by atoms, which
are made of (fig. 1-6):
 A nucleus and electron(s): These closed volumes deform spacetime. Since spacetime curvature ≡ mass effect, the nucleus and electron(s) have a mass1.
 Massless orbitals: It is obvious that orbitals, which are nothing but a vacuum, can't
curve spacetime. Therefore, according to Einstein (spacetime curvature ≡ mass effect), orbitals are massless and must be ignored in mass calculations.

Closed volumes:
Nucleus and electron(s)

Open volumes:
Orbitals
Fig. 1-6 Constitution of an atom

1

Theoretically, we must also take into account energy levels of atoms which are identical to mass since E = mc². In the same
way, we could make an objection saying that electrons are defined as a Schrödinger "cloud of probability". These two objections don't invalidate the proposed theory. Explanations of these particular cases can be found in the other parts of the
Spacetime Model.
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1.8 Relation M = f(closed volume)
The mass effect and closed volumes are connected by a 4D relation M=f(x,y,z,t) described in Supplementary Information C:

with:
M = Mass effect (kg),
V = Volume of the closed volume (m3),
S = Surface of the closed volume (m2),
c = Speed of light (m/s),
εv = Coefficient of elasticity of spacetime,
G0 = Universal constant of gravitation,
δ = Density of spacetime (vs. a flat spacetime).

1.9 Reality of the “Mass effect”
In our subconscious, the mass is "something material that has some weight", although
one should not confuse mass and weight.
In reality, the mass is a virtual entity produced by the curvature of spacetime. This is
why, in this document, we have replaced the word "mass" (meaning "material") by "mass
effect" (meaning "virtual").
Speed, energy, pressure etc... are some virtual quantities which exist ... without existing
in concrete terms. The "mass effect" is one of these virtual quantities. In our 4D universe, the
only real quantities are space (x,y,z) and time (t). Starting with these 4D, we can build all
quantities of the universe, such as:
Speed = f(x,y,z,t)
Energy = f(x,y,z,t)
Pressure = f(x,y,z,t)
Gravitation = f(x,y,z,t)
Force = f(x,y,z,t)
etc….
Some quantities contain the mass variable "m" and/or constants related to the mass, such
as G0, the universal constant of gravitation, or h, the Planck constant etc…. These terms can
be replaced by their expression of the "mass effect", m = f(x,y,z,t) (see Supplementary Information C), or by associations of constants or variables. This conducts to represent all the laws of
universe with only four dimensions: Laws = f(x,y,z,t).

Part 1 - Mass and Gravitation
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2. Gravitation
The precedent chapter shows that spacetime is curved by closed volumes, not by mass.
Now, the challenge is to understand how such a spacetime curvature
made by closed volumes can produce gravitation.

2.1 Principle of gravitation
If we replace the closed volume of figure 1-4a by two or more closed volumes (fig. 2-1b),
an external pressure made by spacetime on the two objects appears. The result is that of an
attraction. For example, if a sheet of paper is curved, the pressure on one side is equivalent to
an attractive force on the opposite side. On this sheet of paper, we will also have a convex
curvature on one side and a concave curvature on the opposite side. The latter compensates
the sign change (please compare fig. 1-1 and 1-2b).

Attractive force +
Pressure force +
Concave curvature of spacetime = Convex curvature of spacetime

a

b

Fig. 2-1 Mass and gravitation are two similar phenomena
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Finally, mass and gravitation are nothing but the consequence of the pressure of spacetime on closed volumes. As shown in fig. 2-1b, in both cases we are faced with the same phenomenon. So:
Gravitation is not an attractive force between masses
but an external pressure force exerted by the convex
curvature of spacetime on closed volumes that tends
to bring them closer to each other.

2.2 Principle of split
To understand gravitation, we can also use the "Split Principle" from the 1850's. This
thought experiment comes from the fluid mechanics to build the Hooke Tensor. Remember
that this tensor was used by Einstein and Grossman to devise the energy-momentum tensor.
Therefore, the following explanation with the split principle comes from Einstein's works.
Let's imagine a sphere, which has two opposite forces (fig. 2-2a). If we split this sphere down
the middle (fig. 2-2b), we have a movement of each half toward the other.
This sphere could be the Earth. Thus, each half of the Earth would be attracted to each other
not because of an unknown force called "gravitation", but because elasticity of spacetime exerts an external pressure on the surface of each half.

a

b

Fig. 2-2 Split Principle

2.3 Conclusions
As shown in figure 2-3 (next page), to date, no one is able to explain the enigma of curvature of spacetime, mass, and gravitation. Some theories such as the Higgs Mechanism could
explain the mass enigma, but the spacetime curvature and gravitation are still unsolved.
On the opposite, figure 2-4 (next page) explains with great simplicity the curvature of
spacetime, mass and gravitation in only 4 steps.
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Spacetime
Curvature ???

Gravitation ???

Volume

Mass ???

Object

Fig. 2-3 To date, explanation of the curvature of spacetime, mass
and gravitation

Spacetime exerts a
pressure force on
closed volumes

Closed volumes
curve spacetime

2

1

3
Closed
volumes

4

Gravitation

Mass
Effect

Open
Volumes
(ignored)

A mass effect is
associated to each
closed volume.

Object

Fig. 2-4 Explanation of the curvature of spacetime, mass and gravitation in 4 steps
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Let's compare an eraser and a
pen that weights two times more.
Note: weight and mass are two different
quantities but in this example, this has no
effect because we compare the mass/
weight of two objects.

Mass

2x

If we remove the 99.99% of a
vacuum (open volumes) existing
inside atoms, we get two "lots" of
nucleons (protons, neutrons). The
pen will have twice the number of
nucleons of the eraser because the
mass is proportional to the number
of nucleons (the proton mass ~
mass of the neutron).
Closed volumes

2x

Since volume (proton) ≈ volume
(neutron), nucleons of the pen will
have a total of "closed volumes"
twice as greater as those of the
eraser.
Weight

2x

The pen will produce twice more
spacetime curvature than that of
the eraser. This x2 curvature will
exert an x2 pressure over the pen.
So, the weight of the pen will be
twice that of the eraser in the
pen/eraser - Earth context.

Fig. 2-5 Simple example of the relation between the curvature of spacetime, mass and gravitation

This simple thought experiment demonstrates that what we call "mass" is, in reality, a
"mass-effect", which comes from the pressure exerted by the curvature of spacetime on the
closed volumes of the pen and eraser (nucleons and electrons)1. In this example, for teaching
purposes, gravitation has been taken into account, but this doesn't modify the reasoning because, far from any gravitation field, the curvature of spacetime also exists.
1

For teaching purposes, mass of electrons, binding energy etc… have been ignored. Moreover, we consider that the volume
of protons is identical to that of neutrons
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3. Applications
This chapter describes some well-known applications that tend
to confirm the theory proposed in this document. These application are deliberately simplified for teaching purposes.

3.1 Relativistic particles
Why does the mass of a particle increase when its speed approaches that of light: 300,000
km/s (relativistic particles)? Since mass does not increase, can mass travel at any speed or
does it have to be less than the speed of light? Does time still pass slower at relativistic
speeds? The proposed theory solves these enigmas with great simplicity (fig. 3-1). Please also
note that Supplementary Information D thoroughly covers this topic.

Current Theory

Proposed theory
V=0
m0

Relativistic speed V
m=

m0
1 – v2/c2

Fig. 3-1 Relativistic particles

Part 1 - Mass and Gravitation
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At v = 0, a particle naturally curves spacetime (right part of fig. 3-1).



If this particle moves at relativistic speed, an external observer sees a kind of spacetime compression. Geodesics seem condensed. This is a basic effect of length compression in special relativity.

Since spacetime curvature ≡ Mass effect, the compression of the curvature of spacetime
leads to an increase of the mass effect.
Therefore, contrary to what we think, at relativistic speed, the "mass" of a particle remains unchanged1. It is its "mass effect" due to the apparent compression of spacetime due to
special relativity that increases (see Supplementary Information D). So,
At relativistic speed, the volume of a particle remains
unchanged. It is its "mass effect" due to the apparent
compression of spacetime that increases.

3.2 Tides
Let's consider the spacetime curvature of the Earth on points L and R (fig. 3-2):
 Point L (Left side): The curvature of spacetime of the Moon is added to that of the
Earth.
 Point R (Right side): The curvature of spacetime of the Moon is subtracted from that
of the Earth because the two curvatures are in opposition.
So,

L curvature > R curvature

Fig. 3-2 Curvatures of spacetime of the Earth and the Moon

1

When relativist particles are broken in an accelerator, sub-particles produced follow the same rule. As original particles,
special relativity produces a length contraction and angle modification. Therefore, the mass of these sub-particles remains
unchanged.

Part 1 - Mass and Gravitation
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Since the curvature of spacetime ≡ pressure, the pressure of spacetime on the left side of the
Earth (black arrows on fig. 3-3) is greater than that on its right side (red arrows). The same
reasoning applies to the moon too. However, the influence of the sun (not represented here)
must also be taken into account. Figure 3-3 has been simplified for teaching purposes.

Fig. 3-3 Pressures of spacetime on the Earth and the Moon

In reality, fig. 3-2 and 3-3 are two different representations (curvature of spacetime vs
pressure) of the same phenomenon. This imbalance of pressures will generate forces that
move the Earth toward the Moon and conversely. This is "Gravitation".
It also explains tides1. Seas movements don't come from the attraction of the seas by the
Moon, a phenomenon that no one can explain (gravitation), but from the difference of pressures of spacetime on both sides of the Earth, as shown in fig. 3-3.

3.3 Mass excess
The mass excess of a nuclide is the difference between its actual mass and its mass number.
Let's consider the simplified case2 of a nucleus having 19 nucleons, i.e. protons or neutrons (fig. 3-4, next page). The "mass effect" is function of the closed volume of each nucleon, V, but also of its surface, S, because spacetime exerts pressure on the surface of each
nucleon.

1

In reality, tides are a complex phenomenon. Here we cover only the origin of this phenomenon, i.e. the moon influence,
which makes a difference of pressure of spacetime on the Earth, ignoring the effects of the Sun and other planets.
2
This simplified figure is not quite accurate for many reasons
a - This 2D scheme does not work in 3D, but fully explains the basic principle.
b - We do not know whether or not the nucleus contains open volumes in periphery. The "raindrop" or "Jensen and Goeppert-Mayer" models do not say anything about it.
c - Some irregularities, such as the size of the triton compared to that of the deuteron, raise questions.
d - Nuclei with halo, such as 11Li, may also have a mixing of closed and open volumes.
e – The open volume enclosed inside the nucleus may have energy (gluons). The quantum chromodynamics (QCD) is not in
contradiction with this theory because here we explain the basis of mass and gravity, not their behaviour.
However, all these exceptions do not question the basic principle described here.
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c

Fig. 3-4 Pedagogical explanation of the mass excess

 Independent nucleons (a): The total volume is 19V and the total surface 19S, V
and S being respectively the volume and surface of a nucleon.
 Nucleus (b): The 19 nucleons are linked to make a nucleus. The orange surface
represents a vacuum enclosed into the nucleus. Therefore, this open volume becomes
closed volume and curves spacetime as any closed volume would do.
 Nucleus (c): From an external view, figure (c) looks like (b). Since the global volume of (c) is greater to that of (a), and the global surface is smaller too, the curvature
of spacetime is greater. This conducts to an increase of the "mass excess".
This difference of mass effect is nothing but what we call "mass excess"1.

3.4 Nuclear fission
If an atom is broken into independent nucleons (fig. 3-4 b to a), closed volumes in orange
become open volumes. This depression produces "spacetime eddies", or a kind of "seism in
spacetime", which are nothing but high energy waves, mostly gamma rays.
So, the principle of the A bomb is exactly the same as that of a tsunami. A closed volume
is released, becomes open volume, and produces gamma radiations2.

When a closed volume becomes open volume,
the curvature of spacetime disappears producing a kind of "tsunami in spacetime".

1
2

The strong force is explained further in this book.
Gamma rays may be converted into particles. On the other hand, discussion about chain reactions or nuclear power

plants is out of the scope of this study.

Part 1 - Mass and Gravitation
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3.5 Light deviation
During a total solar eclipse in 1919, Sir Arthur Eddington observed a light deviation
made by the Sun.
Here we simulate this phenomenon replacing elasticity of spacetime by elasticity of expanded polypropylene foam1. A set of lines is drawn on the foam and a half-cylinder, acting
as a closed volume, is placed under these lines.
As shown on fig. 3-5, lines are curved. We have exactly the same phenomenon in spacetime. The light follows geodesics of spacetime, as predicted by Einstein, but this curvature of
spacetime is not a consequence of the mass - which doesn't make sense -, but of closed volumes (please remember that Closed Volumes  Mass Effect).

Light

Fig. 3-5 Light deviation near a massive object

3.6 E = mc²
a/ An empty sphere is immerged into a container filled with water.
The surface of water is quiet (fig. 3-6a).
b/ If the volume of the sphere disappears by a thought experiment,
the depression will make eddies (fig. 3-6b).
Converting a mass, more exactly a closed volume, into energy follows the same principle. If a
closed volume is transformed into an open volume, "eddies" in spacetime appear, mostly
gamma radiations2.

1

No one knows exactly the structure of spacetime. It is probably more complex than it seems. Some arguments suggest that
spacetime could be a part of continuum mechanics, more exactly rheology, despite the fact that this science is applied to nonNewtonian fluids. Obviously, spacetime isn't a "solid body", but could have however the behaviour of rheology. The magnitude of curvature of spacetime is very small, ΔR/R = 1.4166 E-39 for the proton. So, we are working in a linear part of elasticity curve in common situations. However, we have not the proof that this linearity also exists in particular situations as in
black holes. This is why rheology behaviour is such a possibility and must not be excluded.
2
In an unpublished but officially registered paper, the author explains, on the basis of closed and open volumes, the phenomenon of particle production from gamma, as the well-known γ → e+e-. The explanation of E = mc² developed in this
section therefore needs to be extended to all particles, fermions and bosons.
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b

a

Fig. 3-6 Pedagogical explanation of E=mc²

To fully understand E = mc² and how mass
can be transformed into energy, we must
think in "closed volumes" instead of "mass".

3.7 Nuclear fusion
Nuclear fusion is the process by which some light atomic nuclei join together to form a
single heavier nucleus (fig. 3-7).

+

Fig. 3-7 Principle of nuclear fusion
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A rearrangement of protons and neutrons takes place1. The volume and surface of the nucleus are modified. Since the ratio volume/surface is modified, closed volumes may disappear
in some nuclei. This release of closed volumes acts as E=mc² and produces a "seism in spacetime" with high energy waves, mostly gamma radiations.

3.8

Dilatation of time (twin paradox)

The twin paradox is a "thought experiment" in which a twin makes a journey into space
in a high-speed rocket and returns home to find he has aged less than his identical twin that
stayed on Earth. This phenomenon of time dilatation/contraction is covered by special and/or
general relativity as appropriate2.
Here, we cover only the general relativity angle. Let's consider two times, "t1" and "t2", in
a flat Minkowski spacetime (fig. 3-8a) and in a curved spacetime (fig. 3-8b):


a/ Shows a flat spacetime far from any object. Times t1 and t2 are identical.



b/ Shows a spacetime curved by a closed volume. Time t2 is greater than time t1.

Without enter in the complex mathematics of general relativity, we see that the time is different near and far from a closed volume. If the volume is static with a spherical symmetry, the
mathematical expression of t1 = f(t2) is given by the Schwarzschild Metric (see Supplementary
Information B).

b

a

t2

t2
t1

t1

Fig. 3-8 Dilatation of time (twin paradox)

1

In reality, it's not just the nucleons that have a rearrangement, but also quarks. Thus, in thermonuclear fusion, the rearrangement of the nuclei is a process far more complex than this figure shows.
2
The accurate calculation for a static body with a spherical symmetry is given by the Schwarzschild Metric. Please note that
this section concerns general relativity (GR), not special relativity (SR). However, if a twin is moving at relativistic speed
relative to a local observer, in this case, we will have a GR + SR combination.

- 20 -

Part 1 - Mass and Gravitation

3.9

3 - Applications

Galactic clusters
Why are galactic clusters moving away from each other despite gravitation laws?
Let's imagine two galactic clusters, A and B, containing 9 galaxies each (fig. 3-9).

A

B

Fig. 3-9 Galactic clusters

 Inside a galactic cluster, we have a traditional "gravitation", more exactly a pressure from the spacetime curvature as explained in this document.
 Outside a galactic cluster, this curvature is very weak. The expansion of the universe exerts a force greater than the pressure of spacetime on galaxy clusters, and they
move away from each other’s.

3.10 Galaxy filaments

Fig. 3-10 Galaxy filaments
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Spacetime pressure is "normal" perpendicular to the axis of a filament (fig. 3-10). In the
axis, the pressure decreases because galaxies located on the filament absorb a small quantity
of spacetime pressure. These galaxies produce a kind of "shadow" against each other.
All the galaxies normally would move closer to each other but this difference of spacetime pressure conducts to a difference of gravity. To summarize, the arrangement of galaxies
in filaments is due to the fact that spacetime pressure in the axe is different from that perpendicular to the axe.

3.11 Neutron stars
Neutron stars are exclusively made of closed volumes (neutrons). Their spacetime curvature is maximum and their "mass effect" too.
Conventional sun-like stars are made of atoms plasmas: hydrogen, helium... as shown in
the Bethe Cycle and other theories. All these elements are combination of closed and open
volumes. Since open volumes doesn't enter in the mass calculation, the "mass effect" of sunlike stars is much smaller than that of neutrons stars having the same apparent volume.

3.12 Dark matter
Figure 3-11 shows the universe and its bounds. The magnitude of pressure on an object
depends on its position in the universe. For example, the blue star in A has equipotential pressures, whereas the red one in B is subject to an internal pressure greater than the external
pressure. This difference of pressures leads to a difference of gravity that could explain dark
matter. The same phenomenon of difference of pressures also explain the increase of expansion of the universe.

A
B

Fig. 3-11 Dark matter
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3.13 Conclusion
Figure 3-12 gives a summary of the theory described in this document.

Today

Proposed theory

Spacetime curvature?

?
Closed volumes
curve spacetime

Mass?

?

M
Pressure  Mass
effect [M/LT²]

Gravitation?

?
Applications

?
?
?
?
?
?

Twin paradox?
Light deviation?
Mass excess?
Relativistic particles?
E = mc²?
Black holes …

Fig. 3-12 Conclusion
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4. The Higgs Field
This chapter explains why the Higgs Field could
be a Spacetime Field 1.

4.1 History
In 1964 three groups of physicists almost simultaneously released papers describing how
masses could be given to particles, using approaches known as symmetry breaking. This approach allowed the particles to obtain a mass, without breaking other parts of particle physics
theory that were already believed reasonably correct. This idea became known as the Higgs
mechanism (not the same as the boson), and later experiments confirmed that such a mechanism does exist, but physicists could not show exactly how it happens.
During the 1960s and 1970s the Standard Model of physics was developed on this basis,
and it included a requirement that for these things to be true, there had to be an undiscovered
boson - one of the fundamental particles - as the counterpart of this field. This would be the
Higgs boson. If the Higgs boson were confirmed to exist, as the Standard Model suggested,
then scientists could be satisfied that the Standard Model was correct.
The Higgs boson requires so much energy to create compared to many other fundamental
particles that it also requires a massive particle accelerator to create collisions energetic
enough to create it and record the traces of its decay. Given a suitable accelerator and appropriate detectors, scientists can record trillions of particles colliding, analyze the data for collisions likely to be a Higgs boson, and then perform further analysis to test how likely it is that
the results combined show a Higgs boson does exist, with however two reservations: 1/ the
prediction of its mass (today we know that it turns about 125 GeV but no one made this prediction), and 2/ the reality of the Higgs Field.
Experiments to try to show whether the Higgs boson did or did not exist began in the
1980s, but until the 2000s it could only be said that certain areas were plausible, or ruled out.
In 2008 the Large Hadron Collider (LHC) was inaugurated, being the most powerful particle
accelerator ever built. It was designed especially for this experiment, and other very-highenergy tests of the Standard Model. In 2010 it began its primary research role: to prove
whether or not the Higgs boson exists.

1

This chapter contains large abstracts from Wikipedia (http://en.wikipedia.org)
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In late 2011, two of the LHC's experiments independently began to suggest "hints" of a
Higgs boson detection around 125 GeV. The LHC at CERN announced results consistent with
the Higgs particle on July 4, 2012 but stressed that further testing is needed to confirm the
complete mechanism.
Further work is necessary for the evidence to be considered conclusive or disproved. If
the newly discovered particle is indeed the Higgs boson, attention will turn to considering
whether its characteristics match one of the existent versions of the Standard Model. The
CERN data include clues that additional bosons or similar-mass particles may have been discovered as well as, or instead of, the Higgs itself. If a different boson were confirmed, it
would require the development of new theories to supplant the current Standard Model.

4.2 The Higgs Mechanism
In the standard model, the phrase "Higgs mechanism" refers specifically to the generation
of masses for the W±, and Z weak gauge bosons through electroweak symmetry breaking. The
Higgs mechanism is the process that gives mass to elementary particles. The particles gain
mass by interacting with a (hypothetical) Higgs field that permeates all space. An often cited
analogy by CERN physicists describes it well1:

Imagine you're at a Hollywood
party. The crowd is evenly distributed around the room, chatting.
The room is like space filled with
the Higgs Field.

Fig. 4-1

When the big star arrives, the people nearest the door gather around
her.

Fig. 4-2

1

Courtesy of CERN, Cern Document Server (CDS):
http://cdsweb.cern.ch/collection/Press%20Office%20Photo%20Selection  Physics and Diagrams.
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As she moves through the party, she
attracts the people closest to her. This
increases her resistance to movement.
In other words, she acquires mass,
just like a particle moving through
the Higgs field.
Fig. 4-3

If a rumor crosses the room …

Fig. 4-4

…it creates the same kind of clustering, but this time among the
people themselves.
In this analogy, these clusters are
the Higgs particles.

Fig. 4-5

4.3 The Higgs Field
In quantum field theory, the fundamental entities are not particles but fields, like the electromagnetic field discussed in Part 4. Particles are represented by oscillations or persistent
changes in these fields. The oscillations in the electromagnetic field are called photons; those
in the Higgs field are called Higgs bosons.
The Higgs Field has a non-zero amplitude in its ground state, i.e. a non-zero vacuum expectation value. However, the existence of this view is not proven.
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Using the Higgs mechanism, Physicists found that the carriers of the weak interaction, the
W/Z bosons, have large masses, whereas the corresponding carriers of the electromagnetic
force have no mass. Therefore, the Higgs mechanism is often credited by academic Physicists
with explaining the "origin" or "genesis" of mass. But there is some doubt as to whether the
Higgs mechanism provides sufficient insight into the actual nature of mass. As Max Jammer
puts it, "if a process generates mass, it may reasonably be expected to provide information
about the nature of what it generates as well". In other words, the Higgs mechanism doesn't
contribute to our understanding of the nature of mass.
Another important point is that the Higgs Field is more a mathematical object than a
physical reality. We don't have the expression of the Higgs Field (HF) in 4D such as the
gravitational field g = GM Ȓ/R. So, imagining a field, that no one knows, not proven, with no
counterpart in the common life, is very speculative. However, even if the existence of the
Higgs Field is debatable, the Higgs Mechanism is correct and full of common sense.
To summarize, the problem today doesn’t concern the Higgs boson (or another boson),
which will be probably confirmed in the coming months, or the Higgs Mechanism which is
logical, but rather the Higgs Field. Indeed, the real question is: "Does the Higgs Field exist?".

4.4 Higgs Field vs. Spacetime Field
The cartoon of figure 4-3 has been duplicated below as fig. 4-6A. The proposed theory
uses the same mechanism but identifies the Higgs Field to a field due to the curvature of
spacetime.
The four particles in orange (Fig. 4-6b) curve spacetime, and the latter becomes more
dense in the center. An higher density of spacetime increases the resistance to movement of
the particle in blue, just like the density of people increases the resistance to movement to the
Star. In both cases, the object at the center (the Star or the particle in blue) acquires mass.

A

B

Fig. 4-6
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This explanation of Fig. 4-6 matches exactly formulae (1) of paragraph 1.8, also thoroughly
studied in Supplementary Information C:

where δ is the density of spacetime (vs. a flat spacetime) at the point of measurement. This
equation contains the density of spacetime, δ, whose function is identical to the people around
the Hollywood Star in Fig. 4-6a. Finally, there is no difference between the explanation of the
Higgs Field on figure 4-6a and the above equation, which can be expressed as: "the higher the
density of spacetime (here the parameter δ), the greater mass is".
This clearly shows that Fig. 4-6b, based on the density of spacetime, is built on the same principle as that of Fig. 4-6a, which requires a debatable Higgs Field, not proven, and without
physical counterpart.

4.5 Mass Field = Gravitational Field?
We have demonstrated in Fig. 2-1 and 2-4 that mass and gravitation are two similar phenomena where:
 Mass:
The mass variable [M] is extracted from the pressure [M/LT²] of the curvature of
spacetime on closed volumes,
 Gravitation:
The gravitational force [ML/T²] also comes from the same pressure [M/LT²] of the
curvature of spacetime on closed volumes.
On the other hand, the scientific community recognizes the reality of the curvature of spacetime, which is the basis of the proposed theory. In contrast, the existence of the Higgs Field is
very controversial.
Therefore, it seems logical to identify the Higgs Field to a "Mass Field", which could be the
well known gravitational field since mass and gravitation are two similar phenomena.
It also means that the theory presented here is not a competitor to the Higgs Theory but rather
"the missing part". The two theories, the Higgs Mechanism and the Spacetime Model, lead to
the same mechanism of mass creation, but by two different ways:
1/ trying to understand the origin of the mass of W/Z bosons using a Higgs Field,
2/ trying to understand the curvature of spacetime and its pressure on closed volumes
(basis of the Spacetime Model).
Finally, both theories are two different views of a common theory explaining mass and gravitation.
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Phenomenon

What happens if…

Gravitation

If the Higgs Field = Spacetime (spacetime is central to
the proposed theory), gravitation is fully explained.

Curvature of spacetime

If the Higgs Field = Spacetime (i.e. the proposed theory),
this explains the mechanism of curvature of spacetime.

EFE Compatibility

To be in accordance with EFE, the Higgs Field must be
replaced by Spacetime (i.e. the proposed theory).

Unification

If the Higgs Field = Spacetime (i.e. the proposed
theory), mass, gravitation, the curvature of spacetime
and EFE are unified in a common 4D theory.

Existence

Does the Higgs Field exist? Not sure… On the contrary
Spacetime is proven since 1919 by Sir Eddington.

4D or 5D…nD?

If the Higgs Field = Spacetime (i.e. the proposed theory), physics is described in 4D with f(x,y,z,t).

E=mc²

If the Higgs Field = Spacetime (i.e. the proposed theory), E=mc² is fully explained with common sense.

Relativistic Particles

No one can explain the increase of mass of relativistic
particles. If the Higgs Field = Spacetime (i.e. the
proposed theory), this is no longer a puzzle.

Deviation of the Light

If the Higgs Field = Spacetime (i.e. the proposed theory), the curvature of light near a mass is explained not
on a mathematical point of view (Einstein and Schwarzschild did it) but with logic and common sense.

Mass Excess

If the Higgs Field = Spacetime (i.e. the proposed theory), the mass excess is fully explained with consistency.

Mass Defect

If the Higgs Field = Spacetime (i.e. the proposed theory), the mass defect is explained with common sense.

Twin Paradox

If the Higgs Field = Spacetime (i.e. the proposed theory) the Twin Paradox if no longer a puzzle.

- Black Holes
- Dark Matter
- Galactic Clusters
- Galaxy Filaments
- Expansion of the
Universe …..

If the Higgs Field = Spacetime (i.e. the proposed theory), we are more able to understand all the great puzzles
of astrophysics (*).

(*) With reservations, these subjects must be studied.
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Notes: The Anderson-Higgs mechanism was proposed in 1960's. Identifying the Higgs Field to a
Spacetime Field from Einstein Theories appears to date from the 1980's [4].
Since the present theory has been registered in 2005, the author of this article does not have a
priority on these two subjects. His contribution mainly concerns the origin of the curvature of spacetime by closed volumes, the discover and unification of mass and gravitation in a single theory, as
shown in Fig. 3 and 4, and applications of the whole theory such as those described in Appendix I.
We must also note that, apart from any mathematical consideration, if the association of the
Higgs Theory and the Spacetime Model presented in this Part solve so many puzzles, it's not just a
matter of chance.

4.6 Validation of the Theory
As previously explained, the proposed theory is based on three basic observations, which do
not solve puzzles of physics when taken separately, but fully explain the origin of mass and
gravitation when taken together:
a/ The constitution of atoms
Since the 1930's, we know that atoms are made of two kind of volumes: volumes with
mass (here noted "closed volumes") such as nucleons, and massless volumes (or "open
volumes"), such as the volume of orbitals. The separation of volumes in two basic
classes, closed and open volumes, is a simple manipulation in physics and does not need
validation.
b/ General Relativity (GR)
The curvature of spacetime has been validated in 1919. Consequently, including GR in
the proposed theory does not need any supplementary validation.
c/ Attraction vs. pressure force
Appendix E demonstrates that concave curvature + attractive force = convex curvature +
pressure force, in other words (- -) = (+ +). Each sign is determined "by convention". So ,
it is a mathematical evidence that (- -) = (+ +).
In conclusion, since each basic component of the proposed theory does not require validation, the whole theory does not need validation as well. Finally, all these deductions lead to
the same conclusion:
.

The Higgs Field is a Spacetime Field
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Supplementary
Information
A – The Newton Law
Calculates the Newton Law of Universal Gravitation from scratch using only closed
volume considerations.
B – The Schwarzschild Metric
Calculates the Schwarzschild Metric from scratch, using also closed volume considerations. Calculations are very simple and don’t require tensor knowledge as in
Einstein Field Equations (EFE).
C – The Mass Effect Calculation
Expression in 4D of the mass effect: m = f(x,y,z,t).
D – Mass of Relativistic Particles
Explains the mass increase of relativistic particles.
E – Energy-momentum Tensor
Connects the proposed theory to EFE and energy-momentum tensor.
F – Von Laue Diagrams
Shows that the current explanation of mass and gravitation is in line with Von Laue
Diagrams.
G – Equivalence Principle
Demonstrates that the proposed theory also solves the Equivalence Principle.
H – Black Holes Simulation
This part simulates a black hole behavior. Before reading this supplementary information it is recommended to keep in mind that stars are combinations of open
and closed volumes (large apparent volume, small "mass effect") whereas black
holes are exclusively closed volumes (small apparent volume, large "mass effect").
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Appendix A

New Version of the
Newton’s Law
A-1 Introduction
The Newton’s Law is obtained from the Einstein Field Equations (EFE). It is a particular
solution for a spherical static symmetry object using the weak field approximation. Here we
show that the Newton’s Law can be easily obtained replacing mass by closed volume. This
method is much more simpler than calculating the Newton’s Law from the EFE.

A-2 Bulk Modulus
The bulk modulus KB of a substance measures the substance’s resistance to uniform
compression. It is defined as the pressure increase needed to cause a given relative decrease
in volume (fig. A-1).

Figure A-1: Bulk modulus

KB = −V

∆P
∆V

A-1

(1)

Appendix A

Starting with the Navier-Stokes Equations of the Fluid Mechanics, Einstein, helped by
Grossman, demonstrated in the 1910’s that spacetime:
• Can be identified to a newtonian fluid,
• Returns to its rest shape after having applied a stress (properties of elasticity).
Therefore, the Bulk Modulus (equation 1), which is a version of the Cauchy Tensor of
the Fluid Mechanics, can also be applied to spacetime. It means that the displacement of
spacetime made by a closed volume exerts a pressure on the surface of the latter (fig. A-1).
Note: This subject is also covered in Appendix E.

A-3 Elasticity Law
Elasticity phenomena follow the well-known logarithmic law:

 = ln

R − ∆R
R


(2)

with  = coefficient of elasticity.
The Schwarzschild Metric gives an order of magnitude of the curvature of spacetime, which
is infinitesimal. For example, the ratio curvature of spacetime/radius, or ∆R/R = GM/Rc2 ,
is 1.4166E-39 for the proton, with M = 1.672E-27 kg, R = 8.768E-16 m, G = 6.674E-11, c
= 8.987E+16. See Appendix B for the meaning of ∆R/R and of the factor 2 in 2GM/Rc2 .
Under these conditions, whatever the formula used, logarithmic or not, the curvature of
spacetime can be considered as a linear function since we are working on an infinitesimal
segment near to the point zero. So, equation (2) becomes in first order approximation:

R ≈

∆R
R

(3)

V ≈

∆V
V

(4)

or, with volumes:

For the moment, the linear R and volumetric v coefficients of elasticity of spacetime are
unknown.

A-2
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A-4 Curvature of Spacetime
A closed volume V inserted into spacetime pushes it to make room (Fig. A-2). So the
following volumes are identical:
V = V1 = V2 ... = Vn

(5)

Figure A-2: Volumes V, V1, V2, V3... are identical
Since the curvature is infinitesimal, the coefficient of elasticity of spacetime v can be
considered constant. So, combining (4) and (5) gives:
∆V = ∆V1 = ∆V2 ... = ∆Vn

(6)

However, there should not be any confusion between a simple displacement of spacetime,
Vx, produced by the insertion of a closed volume into a flat spacetime, and the curvature
∆Vx = v Vx due to the elasticity of spacetime (fig. A-3).

Figure A-3: Simple displacement (Vx ) vs curvature of spacetime (∆Vx )

A-3
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A-5 Solving ∆x = f(∆R)
Since the ∆V’s are infinitesimal, the volume ∆Vx is simply the product of ∆x by the
surface Sx (fig. A-4):
∆Vx = Sx ∆x = 4πd2 ∆x
(7)
The volume ∆VR is also the product of ∆R by the surface SR :
∆VR = SR ∆R = 4πR2 ∆R

(8)

Figure A-4: Displacement and curvature at distances R and d
From (6) we have:
∆VR = ∆Vx

(9)

Combining (7), (8) and (9) gives:
4πR2 ∆R = 4πd2 ∆x

(10)

Finally, we get:
∆x =

R2
∆R
d2

(11)

Where:
• R is the radius of the closed volume VR ,
• ∆R is the curvature of spacetime on the surface of the closed volume VR ,
• d is the distance of the point of measurement,
• ∆x is the curvature of spacetime at distance d.

A-4
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A-6 Curvature ∆x vs Mass M
As explained in the main text, a relation exists between the curvature of spacetime, ∆R
(or ∆x at a distance “d” from R), and the “mass effect” of the object:
∆R = f(M )

(12)

It is the pressure that produces the mass effect. This suggests that the latter is inversely
proportional to the surface S, or [1/L2 ], as any pressure does. On the other hand, it is obvious
that the mass effect is also proportional to the volume, or [L3 ]. Therefore, the dimensional
quantity of the mass effect is [1/L2 ][L3 ] = [L]. In other words, [M ] ≡ [L].
At this point, we don’t know the relation between ∆R and M but, in referring to Einstein’s
works, we have good reasons to believe that this relation is a simple linear function like:
∆R = KM

(13)

. . . where K is an constant having the dimensional quantity of [L/M].
Here we show that [K] = [L/M], but we will see later that K = G/c2 . This result is in
line with the dimensional quantity of some terms of the Schwarzschild Metric: 2 = 2∆r/r =
2GM/rc2 (see Appendix B). The challenge, now, is to calculate K to get the Newton’s Law.

A-7 The Newton Law
Porting (13) in (11) gives:
∆x =

R2
KM
d2

(14)

or
∆x
M
=K 2
2
R
d

(15)

Since x = ct, replacing R2 by c2 t2 gives:
M
∆x
=K 2
2
2
ct
d

(16)

or :
∆x
M
= c2 K 2
2
t
d

A-5

(17)
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The value ∆x/t2 has the dimensional quantity of an acceleration [L/T2 ]. So, replacing
this fraction by the acceleration symbol “a” (see the note below), we get:
a = c2 K

M
d2

(18)

Notes: ∆x is an infinitesimal quantity, not a differential quantity such as dx. Moreover, we are working in a linear segment of the elasticity of spacetime. In such a situation,
∆x/∆t ≈ x/t.
On the other hand, the multiplication of a constant c2 by a second constant K gives
another constant. So, we can replace the product c2 K by a new and unknown constant for
the moment, G for example:
c2 K = G

(19)

or (this equation isn’t necessary here but will be used for the calculation of the Schwarzschild
Metric in Appendix B.)
K

G
c2

=

(20)

Porting (19) in (18) gives:
a=G

M
d2

(21)

To be consistent, this unknown constant G must have the same dimensional quantity of
the product c2 K (equation 19):
• c2 : Dimensional quantity ⇒ [L2 /T 2 ]
• K : Dimensional quantity ⇒ [L/M ] (see paragraph A-6)
So,
The dimensional quantity of this new constant G is
[c2 K] = [L2 /T2 ][L/M] = [L3 /MT2 ].
On the other hand, we know that a force is the product of an acceleration by a mass, here
“m”. Therefore, equation (21) can be written as follows:
F =G

Mm
d2

A-6

(22)
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For the moment, G is unknown but we must note that:
• G is a constant,
• Its dimensional quantity is [L3 /M T 2 ].
So, we can identify G to the constant of gravitation issued from experimentation:
G = 6, 67428.E − 11

(23)

In other words,
Equation (22) can be identified to the
Newton Law of Universal Gravitation.

A-7

Appendix B

New Version of the
Schwarzschild Metric
B-1 Introduction
Here we show that the Schwarzschild Metric can be easily obtained using closed volumes
instead of masses. The following demonstration doesn’t require tensor knowledge.

B-2 The Minkowski Metric
The expression of the Minkowski Metric, in spherical coordinates, is:
ds2 = −c2 dt2 + dr2 + r2 (dθ2 + sin2 θdφ2 )

(1)

The Schwarzschild Metric refers to a static object with a spherical symmetry. It is built
from a Minkowski Metric, in spherical coordinates, with two unknown functions: A(r) and
B(r):
ds2 = −B(r) c2 dt2 + A(r) dr2 + r2 (dθ2 + sin2 θdφ2 )

(2)

The Minkowski Equation must follow the Lorentz Invariance in Special Relativity (SR)
or General Relativity (GR). To get this invariance, we must set A(r) = 1/B(r) . Details of
calculus are described in Appendix E and in books concerning GR. So:
B(r) A(r) = 1

(3)

B-3 The Schwarzschild Metric
To calculate the Schwarzschild Metric, we can start with fig. B-1 (next page), which is
issued from the theory described in the main article, where:

B-1
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• drout is an elementary differential radial variation outside of any mass,
• drin is an elementary differential radial variation inside a Schwarzschild spacetime,
• r is the point of measurement.

Figure B-1: Spacetime has been reduced to 1D
Supplementary Information A gives:


r − ∆R
 = ln
r

(4)

where:
•  is a coefficient of the increase of spacetime curvature at distance r,
• ∆R is the initial curvature of spacetime produced by the closed volume,
The order of magnitude of  is 10E-39. So, we can use the first order approximation from
Supplementary Information A, equation (3):
∆R
(5)
r
Since  is a simple coefficient, we can calculate the relation between two differential
elementary radius dr(out) and dr(in), out and in a gravitational field:
≈

drin = (1 + ) drout

(6)

Since   1, equation (6) becomes:
drin =

1
drout
(1 − )

B-2

(7)
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or, elevating in square:
2
drin
=

1
dr2
(1 − )2 out

(8)

Developing the denominator (1−)2 = 1−2+2 and ignoring the last term 2 , we obtain:
2
drin
=

1
dr2
(1 − 2) out

(9)

This result is nothing but the radial component of the Schwarzschild Metric, that is to
say the function A(r) of dr2 in (2). Then, the calculation of B(r) is immediate, taking into
account that A(r)B(r) = 1 from equation (3). So:
1
(1 − 2)

(10)

B(r) = (1 − 2)

(11)

A(r) =

Thus, equation (2) becomes:
ds2 = −(1 − 2)c2 dt2 +

1
dr2 + r2 (dθ2 + sin2 θdφ2 ) (12)
(1 − 2)

In Appendix A ”The Newton Law”, we have got ∆R = KM (equation 13). Since K =
G/c2 (Appendix A equation 20), equation (5) can be rewritten as:
=

∆R
KM
GM
=
=
r
r
rc2

(13)

Finally, porting this expression in equation (12) gives:


2GM
1
2
 dr2 + r2 (dθ2 + sin2 θdφ2 ) (14)
ds = − 1 −
c2 dt2 + 
2
2GM
rc
1−
rc2

B-4 Conclusions
This new calculus of the Schwarzschild Metric, which is exclusively based on closed volumes, gives identical results than developing the EFE in the special case of a static spherical
symmetry. This is due to the fact that the origin of EFE is the Fluid Mechanics, which is
itself based on volumes, not on masses (see Appendix E).
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Expression of the Mass Effect in 4D
C-1 Expression of ”m”
We have seen that the displacement of spacetime VR is equal to that of the closed volume, V,
which produces this displacement (fig. C-1):
VR = V

(1)

Figure C-1: The curvature of spacetime
On the other hand, the curvature of spacetime is:
∆VR = v VR

(2)

∆VR = v V

(3)

Porting (1) in (2) gives:

The radial curvature of spacetime, ∆R, at the surface of M, is calculated dividing the volume
by the surface:
∆R =

∆VR
S
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Replacing ∆VR by its expression (3) gives:
∆R = v

V
S

(5)

On the other hand, we have calculated the Newton’s Law starting with equation (13) of Appendix A:
∆R = KM
(6)
...where K is an unknown constant having the dimensional quantity of [L/M]. Porting (6) in
(5) gives:
V
(7)
KM = v
S
or
v V
M =
(8)
KS
Porting in equation (8) the expression of K given in equation (20) of Appendix A gives the
expression of the ”mass effect”. Here, we have added a new coefficient, ρ (see explanation below):
M =

c2 V
v ρ
G0 S

(9)

with:
M = Mass effect (kg)
V = Volume of the closed volume (m3 )
S = Surface of the closed volume (m2 )
v = Coefficient of volumetric elasticity of spacetime in a flat spacetime. This parameter is
unknown but can be calculated from the mass/diameter of spherical particles such as some
leptons or “magic” nuclei. See the next sections.
c = Speed of the light (m/s)
G0 = Universal constant of gravitation
ρ = Density of surrounding spacetime relative to a flat spacetime. This parameter is equal
to 1 in a Minkowsky Spacetime.
It seems useful to differentiate v , the coefficient of elasticity of spacetime in a flat spacetime,
and ρ, the density of surrounding spacetime. We could merge these two parameters in one common
parameter since we are faced with two coefficients. In both cases, result is the same. However,
we must note that the ”proper coefficient of elasticity of spacetime”, as proper length in special
relativity, must be measured in a flat spacetime. This is why the two parameters have been
separated. For example, the particle may be located in a riemanian spacetime, i.e. in a field
produced by another particle. In this case, since the mass effect is a function of the curvature of
spacetime, we need to know the latter before any calculation.
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C-2 Case of a sphere
In the particular case of a sphere, we have V = 4/3πR3 and S = 4πR2 . Thus, equation (9)
becomes:
M =

v Rc2
ρ
3 G0

(10)

C-3 Nuclei
Nuclei aren’t spherical generally. Since we don’t know exactly their shape, it is not possible to
apply equation (10) to calculate their mass effect.
The semi-empirical mass formula (SEMF), sometimes called the Bethe-Weizsacker mass formula, is used to approximate various properties of an atomic nucleus. It is based partly on the
liquid drop model proposed by George Gamow, and partly on empirical measurements. From the
SEMF formula, the radius R is defined as R = 1.2A1/3 , A being the mass number. In reality, the
right member does not mean that the mass vs. the radius follows a A1/3 law. It is the arrangement
of nucleons inside the nucleus that follows this rule. The result is equivalent but the significance
is different.
We must also note that a surface component also exists in the Bethe-Weizsacker expression. It
means that, early in 1937, Bethe and Weizsacker predicted the equation (9) here demonstrated.
We must keep in mind that nuclei are made of open and closed volumes. The space between
nucleons may vary from one nucleus to another. Thus, it is necessary to know the arrangement of
nucleons with accuracy before any calculations. A particular case are magic nuclei (nuclei having
a null quadripolar moment) because they are supposed to be spherical. It will be interesting to
make accurate experiments on the relation volume/surface/mass effect of magic nuclei.
On the other hand, some nuclei have a halo made of open volumes that are not relevant in mass
calculation. This is the case for example of the 11 Li (3p8n), which has open volumes between the
9
Li and the 2n orbitals. These exceptions highlight the difficulty to make accurate calculations of
the mass effect. In all cases, before any calculation, we must know exactly the geometry of closed
and open volumes inside the nucleus. It means that the calculus of the mass from the geometry
of the nucleus (equation 9) is not as simple as it sounds.
As a direct consequence of the proposed theory, it could be possible that a relationship exists
between the sphericity of particles or nuclei and the accuracy of measurements. This deduction
suggests that leptons could be spherical since their mass effect is known with an excellent accuracy.
This is also the case of some particles such as the proton, neutron, or π meson. Inversely, this is
not the case of quarks. It means that quarks could have a non-spherical or complex shape.
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Explanation of the Increase of the
Mass of Relativistic Particles
D-1 Introduction
The increase of the mass of relativistic particles is covered by special relativity. However, this
phenomenon remains particularly obscure and to date, we are still unable to explain with simple
words, i.e. without using mathematics, why does the mass increase with velocity. The proposed
theory gives a simple and rational explanation of this strange phenomenon.

D-2 Length contraction
Special relativity states that, at relativistic speed, times expand, lengths contract and angles
are modified. A simple demonstration is given in 1923 by Einstein himself in his book ”The Theory
of Special and General Relativities”. The length contraction is defined by the formula
r
v2
(1)
lm = l0 1 − 2
c
with
•
•
•
•

lm = Measured length
l0 = Proper length
v = Speed of object
c = Speed of light

D-3 Mass increase
Lets consider a particle at rest (fig. D-1a next page). Its closed volume produces a curvature
of the spacetime. Geodesics of spacetime are spaced of l0 .
If this particle moves at a relativistic speed ”v” (fig. D-1b), spacetime geodesics seems to
shrink. This is the well-known phenomenon of length contraction. The closer the geodesics are
to each other, the more important spacetime density is, according to equation (9) of Appendix
C. In other words, the curvature of spacetime is inversely proportional to the space between two
geodesics (see note 1). So, relation (1) becomes:
∆Rm = p

∆R0
1 − v 2 /c2
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with
•
•
•
•

∆Rm = Infinitesimal element of the curvature of spacetime measured (external observer)
∆R0 = Infinitesimal element of the proper curvature of spacetime
v = Speed of the particle
c = Speed of light

Figure D-1: Since the spacetime is more dense in (b), the mass effect increases.

Since the curvature is a function of mass ∆R = KM (see Appendix A, equations 13 and 20),
we can replace the curvature of spacetime ∆Rm of equation (2) by the mass effect m, and the
proper curvature of spacetime ∆R0 by the proper mass effect m0 (see notes 2 and 3).
m0
m = p
1 − v 2 /c2

(3)

Thus, the theory presented in this paper based on closed volumes instead of masses, and figure
D-1, give a very simple and rational explanation of the mass increase of relativistic particles.

Note 1: The spacetime curvature is the difference of displacement ∆R of a geodesic vs. to the
same geodesic in a Minkowski space. As shown in this article, the Schwarzschild metric gives an
order of magnitude of this spacetime curvature: 1.4166 E-39 meters for the proton on its surface.
This value is much smaller at distance r. Thus, regardless of the function used, the portion of
the curve on which we work is linear. Taking this linearity into account, there is no objection to
consider that the curvature is inversely proportional to the space between two geodesics.
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Note 2: The nature of expression ∆R = KM is not relevant because this section covers exclusively the calculation of the coefficient to be applied to a proper value to get the measured value.
This coefficient is noted γ (or 1/γ) in scientific literature. It means that the relationship between
the spacetime curvature and the mass effect is not affected by this study. For example, if we make
5 measurements of the curvature of spacetime at different speeds, we will not have 5 different relationships between ∆R and M, but only one applicable in all cases, ...but we will have 5 different
coefficients γ.
Note 3: The principles of special relativity state that the measurement of the mass of a relativistic particle increases. However, the converse is also true if we swap the reference systems. If
we could pick up a measuring device on a particle in movement, this device would indicate that our
spacetime, that in which we live, is much more dense as we see it. Thus, a section of the LHC for
example, with a mass of 3 tons, measured from a device located on the particle in motion, would
have a mass of 3000 tons if γ = 1000. From our point of view, the mass of a relativistic particle
increases, but from the particle’s point of view, it is our world that increases. In all cases, the
proper mass of the particle or that of our world remains unchanged. This ”relative view” is often
misunderstood.
Note 4: Many physicists think that the mass, so the ”volume”, of relativistic particles really
increases. In reality, it is the mass effect due to th apparent compression of spacetime that increases.
The volume remains unchanged. On Earth, we consider that ”mass” is an intrinsic value of a
particle, such as the volume. It is not true. Since the mass effect comes from the pressure of
spacetime on the particle, it is a virtual effect, such as pressure, speed, force, energy... On the
other hand, the mass effect depends of the surrounding density of spacetime. Thus, for example,
if the spacetime density was two times higher, the mass effect would be twice as important as well,
but the intrinsic characteristics of the particle would remain unchanged. This explanation is shown
in the graphic of fig. D-1.
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Partial Rewriting of the
Einstein Field Equations (EFE)
E-1 General Relativity Origins
Just after 1905, Einstein studied gravity. Following the reasoning of Faraday and Maxwell, he
thought that if two objects are attracted to each other, the medium was there for something. He
thought that the electromagnetic or gravitational actions between two objects could be an indirect
phenomenon. Einstein therefore deduced that the gravitational force was necessarily carried by
a kind of medium. The only medium he knew in 1905 was spacetime. He then deduced that
the gravitational force is an indirect effect of spacetime. Hence, with this very simple and logical
reasoning, he concludes that masses produce a perturbation of spacetime, and the latter produces
a reverse effect on other masses attracting them toward to each other. So, when an object enters
in the volume of the curvature of spacetime made by a mass, i.e. the volume of a gravitational
field, it is subject to an attracting force. In other words, the vector of gravitation is the curvature
of spacetime. Thus Einstein tried to find an equation that connects:
1. The curvature of spacetime. This mathematical object, called the ”Einstein Tensor”, is the
left member of EFE (equation 1): Rµν − 1/2gµν R.
2. The characteristics of the mass that curves spacetime. This mathematical object, called the
”Energy Momentum,Tensor”, is the right member of EFE: 8πG/c4 Tµν .
Curvature of spacetime

≡

Object producing this curvature

8πG
1
Rµν − gµν R = 4 Tµν
2
c

(1)

Einstein Tensor (curvature of spacetime)
Thus, Einstein early understood that gravity is a consequence of the curvature of spacetime.
Without knowing the mechanism of this curvature, he posed the question of the special relativity
in a curved space. He left aside the flat Minkowski space to move to a Gaussian curved space. The
latter leads to a more general concept, the “Riemannian space”. On the other hand, he identified
the gravitational acceleration to the inertial acceleration (see the Appendix G “New Version of the
Equivalent Principle”).
The curvature of a space is not a single number, though. It is described by “tensors”, which
are a kind of matrices. For a 4D space, the curvature is given by the Riemann-Christoffel tensor
which becomes the Ricci Tensor after reductions. From here, Einstein created another tensor called
”Einstein Tensor” (left member of equation 1) which combines the Ricci Curvature Tensor Rµν ,
the metric tensor gµν and the scalar curvature R (see the explanations below).
E-1
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Fluid Mechanics
In fluid mechanics, the medium has effects on objects. For example, the air (the medium)
makes pressures on airplanes (objects), and also produces perturbations around them. So, Einstein
thought that the fluid mechanics could be adapted to gravity. He found that the Cauchy-Stress
Tensor was close to what he was looking for. Thus, he identified 1/ the ”volume” in fluid mechanics to ”mass”, and 2/ the ”fluid” to ”spacetime”.
Energy-Momentum Tensor
The last thing to do is to include the characteristics of the object that curves spacetime in the
global formulation. To find the physical equation, Einstein started with the elementary volume
dx.dy.dz in fluid mechanics. The tensor that describes the forces on the surface of this elementary
volume is the Cauchy Tensor, often called Stress Tensor. However, this tensor is in 3D. To convert it to 4D, Einstein used the “Four-Vectors” in Special Relativity. More precisely, he used the
“Four-Momentum” vector Px, Py, Pz and Pt. The relativistic “Four-Vectors” in 4D (x, y, z and
t) are an extension of the well-known non-relativistic 3D (x, y and z) spatial vectors. Thus, the
original 3D Stress Tensor of the fluid mechanics became the 4D Energy-Momentum Tensor of EFE.
Einstein Field Equations (EFE)
Finally, Einstein identified its tensor that describes the curvature of spacetime to the EnergyMomentum tensor that describes the characteristics of the object which curves spacetime. He
added the coefficient 8πG/c4 to homogeize the two members of the EFE. This coefficient is calculated to get back the Newton’s Law (more exactly the Poisson’s equation) from EFE in the case
of a static sphere in a weak field. If no matter is present, the energy-momentum tensor vanishes,
and we come back to a flat spacetime without gravitational field.
The Proposed Theory
However, some unsolved questions exist in the EFE, despite the fact that they work perfectly.
For example, Einstein built the EFE without knowing 1/ what is mass, and 2/ the mechanism
by which spacetime is curved by mass. To date, these enigmas remain. Considering that ”mass
curves spacetime” does not explain anything. No one knows by which strange phenomenon a mass
can curve spacetime. It seems obvious that if a process makes a deformation of spacetime, it may
reasonably be expected to provide information about the nature of this phenomenon. Therefore, the
main purpose of the present paper is to try to solve these two enigmas, i.e. to give a rational
explanation of mass and spacetime curvature. The different steps to achieve this goal are:
- Special Relativity (SR). This section gives an overview of SR.
- Einstein Tensor. Explains the construction of the Einstein Tensor.
- Energy-Momentum Tensor. Covers the calculus of this tensor.
- Einstein Constant. Explains the construction of the Einstein Constant.
- EFE. This section assembles the three precedent parts to build the EFE.
- EFE Inconsistencies. Shows and solves four inconsistencies of EFE.
- Metrics. Explains how to build special metrics using the new theory.
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E-2 Special Relativity (Background)
Lorentz Factor
v
c

β=

(2)

1
1
=p
γ=p
2
2
1 − v /c
1 − β2
Minkowski Metric with signature (−, +, +, +):


−1 0 0 0
 0 1 0 0

ηµν ≡ 
 0 0 1 0
0 0 0 1

(3)

(4)

ds2 = −c2 dt2 + dx2 + dy 2 + dz 2 = ηµν dxµ dxν
Minkowski Metric with signature (+, −, −, −):


1 0
0
0
0 −1 0
0

ηµν ≡ 
0 0 −1 0 
0 0
0 −1

(5)

(6)

ds2 = c2 dt2 − dx2 − dy 2 − dz 2 = ηµν dxµ dxν

(7)

Time Dilatation
“τ ” is the proper time.
ds2 = c2 dt2 − dx2 − dy 2 − dz 2 = c2 dτ 2
ds2
dτ = 2
c
2

⇒

(8)



dx2 + dy 2 + dz 2
dτ = dt 1 −
c2 dt2
2

2

dx2 + dy 2 + dz 2
dt2
p
dτ = dt 1 − β 2

v2 =
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Lenght Contractions
“dx0 ” is the proper lenght.
dx
dx0 = p
1 − β2

(12)

Lorentz Transformation
ct0 = γ(ct − βx)
x0 = γ(x − βct)
y0 = y
z0 = z

(13)

 0 
 
γ
−βγ 0 0
ct
ct
 x0  −βγ
x
γ
0
0
 0 = 
 
y   0
0
1 0  y 
z0
0
0
0 1
z

(14)

Inverse transformation on the x-direction:
ct = γ(ct0 + βx0 )
x = γ(x0 + βct0 )
y = y0
z = z0

(15)

  
  0
ct
γ
+βγ 0 0
ct
 x  +βγ


γ
0 0   x0 
 =

y  0
0
1 0  y 0 
z
z0
0
0
0 1

(16)

Four-Position
Event in a Minkowski space:
X = xµ = (x0 , x1 , x2 , x3 ) = (ct, x, y, z)

(17)

Displacement:
∆Xµ = (∆x0 , ∆x1 , ∆x2 , ∆x3 ) = (c∆t, ∆x, ∆y, ∆z)
dxµ = (dx0 , dx1 , dx2 , dx3 ) = (cdt, dx, dy, dz)
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Four-Velocity
vx , vy , vz = Traditional speed in 3D.


dt dx dy dz
U = uµ = (u0 , u1 , u2 , u3 ) = c , , ,
dτ dτ dτ dτ

(20)

from (7):
2

2

2



ds = c dt

dx2 + dy 2 + dz 2
1−
c2 dt2


(21)

dx2 + dy 2 + dz 2
(22)
dt2


p
v2
2
2 2
⇒ ds = cdt 1 − β 2
ds = c dt 1 − 2
c
v2 =

(23)

Condensed form:
uµ =

dxµ
dxµ dt
=
dτ
dt dτ

(24)

Thus:
u0 =

dx0
cdt
c
p
=
= p
= γc
2
dτ
dt 1 − β
1 − β2

(25)

u1 =

vx
dx1
dx
p
=p
= γvx
=
dτ
dt 1 − β 2
1 − β2

(26)

u2 =

dx2
dy
vy
p
=
=p
= γvy
2
dτ
dt 1 − β
1 − β2

(27)

u3 =

dx3
dz
vz
p
=
=p
= γvz
dτ
dt 1 − β 2
1 − β2

(28)

Four-Acceleration
dui
d2 xi
=
ai =
dτ
dτ 2

(29)

Four-Momentum
px , py , pz = Traditional momentum in 3D
U = Four-velocity
P = mU = m(u0 , u1 , u2 , u3 ) = γ(mc, px , py , pz )
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(p = mc = E/c)
E2
− |~p|2 = m2 c2
(31)
2
c
dxµ
pµ = muµ = m
(32)
dτ

kPk2 =

hence

dt
= mu0 = γmc = γE/c
(33)
dτ
dx
p1 = m
= mu1 = γmvx
(34)
dτ
dy
p2 = m
= mu2 = γmvy
(35)
dτ
dz
p3 = m
= mu3 = γmvz
(36)
dτ

p0 = mc

Force
dpµ
F = Fµ =
=
dτ



d(mu0 ) d(mu1 ) d(mu2 ) d(mu3 )
,
,
,
dτ
dτ
dτ
dτ


(37)

E-3 Einstein Tensor
Since the Einstein Tensor is not affected by the presented theory, one could think that it is not
useful to study it in the framework of this document. However, the knowledge of the construction
of the Einstein Tensor is necessary to fully understand the four inconsistencies highlighted and
solved at the end of this document. A more accurate development of EFE can be obtained on
books or on the Internet.
The Gauss Coordinates
Let’s consider a curvilinear surface with coordinates u and v (Figure E-1A). The distance
between two points, M (u, v) and M 0 (u + du, v + dv), has been calculated by Gauss. Using the gij
coefficients, this distance is:
ds2 = g11 du2 + g12 dudv + g21 dvdu + g22 dv 2

(38)

The Euclidean space is a particular case of the Gauss Coordinates that reproduces the Pythagorean
theorem (Figure E-1B). In this case, the Gauss coefficients are g11 = 1, g12 = g21 = 0, and g22 = 1.
ds2 = du2 + dv 2
E-6
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Figure E-1: Gauss coordinates in a curvilinear space (A) and in an Euclidean space (B).
Equation (39) may be condensed using the Kronecker Symbol δ, which is 0 for i 6= j and 1 for
i = j, and replacing du and dv by du1 and du2 . For indexes i, j = 0 and 1, we have:
ds2 = δij dui duj

(40)

The Metric Tensor
Generalizing the Gaussian Coordinates to “n” dimensions, equation (38) can be rewritten as:
ds2 = gµν duµ duν

(41)

or, with indexes µ and ν that run from 1 to 3 (example of x, y and z coordinates):
ds2 = g11 du21 + g12 du1 du2 + g21 du2 du1 · · · + g32 du3 du2 + g33 du23

(42)

This expression is often called the “Metric” and the associated tensor, gµν , the “Metric Tensor”.
In the spacetime manifold of RG, µ and ν are indexes which run from 0 to 3 (t, x, y and z). Each
component can be viewed as a multiplication factor which must be placed in front of the differential
displacements. Therefore, the matrix of coefficients gµν are a tensor 4×4, i.e. a set of 16 real-valued
functions defined at all points of the spacetime manifold.


g00 g01 g02 g03
g10 g11 g12 g13 

gµν = 
(43)
g20 g21 g22 g23 
g30 g31 g32 g33
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However, in order for the metric to be symmetric, we must have:
gµν = gνµ

(44)

...which reduces to 10 independent coefficients, 4 for the diagonal in bold face in equation (45),
g00 , g11 , g22 , g33 , and 6 for the half part above - or under - the diagonal, i.e. g01 = g10 , g02 = g20 ,
g03 = g30 , g12 = g21 , g13 = g31 , g23 = g32 . This gives:


gµν

g00
g01
g02
(g10 = g01 )
g11
g12
=
(g20 = g02 ) (g21 = g12 )
g22
(g30 = g03 ) (g31 = g13 ) (g32 = g23 )


g03
g13 

g23 
g33

(45)

To summarize, the metric tensor gµν in equations (43) and (45) is a matrix of functions which
tells how to compute the distance between any two points in a given space. The metric components
obviously depend on the chosen local coordinate system.
The Riemann Curvature Tensor
α
is a four-index tensor. It is the most standard way to
The Riemann curvature tensor Rβγδ
express curvature of Riemann manifolds. In spacetime, a 2-index tensor is associated to each point
of a 2-index Riemannian manifold. For example, the Riemann curvature tensor represents the
force experienced by a rigid body moving along a geodesic.

The Riemann tensor is the only tensor that can be constructed from the metric tensor and
its first and second derivatives. These derivatives must exist if we are in a Riemann manifold.
They are also necessary to keep homogeneity with the right member of EFE which can have first
derivative such as the velocity dx/dt, or second derivative such as an acceleration d2 x/dt2 .
Christoffel Symbols
The Christoffel symbols are tensor-like objects derived from a Riemannian metric gµν . They are
used to study the geometry of the metric. There are two closely related kinds of Christoffel symbols,
the first kind Γijk , and the second kind Γkij , also known as “affine connections” or “connection
coefficients”.
At each point of the underlying n-dimensional manifold, the Christoffel symbols are numerical
arrays of real numbers that describe, in coordinates, the effects of parallel transport in curved
surfaces and, more generally, manifolds. The Christoffel symbols may be used for performing
practical calculations in differential geometry. In particular, the Christoffel symbols are used in
the construction of the Riemann Curvature Tensor.
In many practical problems, most components of the Christoffel symbols are equal to zero,
provided the coordinate system and the metric tensor possess some common symmetries.
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Comma Derivative
The following convention is often used in the writing of Christoffel Symbols. The components
of the gradient dA are denoted A,k (a comma is placed before the index) and are given by:
A,k =

∂A
∂xk

(46)

Christoffel Symbols in spherical coordinates
The best way to understand the Christoffel symbols is to start with an example. Let’s consider
vectorial space E3 associated to a punctual space in spherical coordinates E3 . A vector OM in a
fixed Cartesian coordinate system (0, e0i ) is defined as:
OM = xi e0i

(47)

or
OM = r sinθ cosϕ e01 + r sinθ sinϕ e02 + r cosθ e03

(48)

Calling ek the evolution of OM, we can write:
ek = ∂k (xi e0i )

(49)

We can calculate the evolution of each vector ek . For example, the vector e1 (equation 50)
is simply the partial derivative regarding r of equation (48). It means that the vector e1 will be
supported by a line OM oriented from zero to infinity. We can calculate the partial derivatives
for θ and ϕ by the same manner. This gives for the three vectors e1 , e2 and e3 :
e1 = ∂1 M = sinθ cosϕ e01 + sinθ sinϕ e02 + cosθ e03

(50)

e2 = ∂2 M = r cosθ cosϕ e01 + r cosθ sinϕ e02 − r sinθ e03

(51)

e3 = ∂3 M = −r sinθ sinϕ e01 + r sinθ cosϕ e02

(52)

The vectors e01 , e02 and e03 are constant in module and direction. Therefore the differential of
vectors e1 , e2 and e3 are:
de1 = (cosθ cosϕ e01 + cosθ sinϕ e02 − sinθ e03 )dθ . . .
· · · + (−sinθ sinϕ e01 + sinθ cosϕ e02 )dϕ
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de2 = (−r sinθ cosϕ e01 − r sinθ sinϕ e02 − r cosθ e03 )dθ . . .
· · · + (−r cosθ sinϕ e01 + r cosθ cosϕ e02 )dϕ . . .
· · · + (cosθ cosϕ e01 + cosθ sinϕ e02 − sinθ e03 )dr

(54)

de3 = (−r cosθ sinϕ e01 + r cosθ cosϕ e02 )dθ . . .
· · · + (−r sinθ cosϕ e01 − r sinθ sinϕ e02 )dϕ . . .
· · · + (−sinθ sinϕ e01 + sinθ cosϕ e02 )dr

(55)

We can remark that the terms in parenthesis are nothing but vectors e1 /r, e2 /r and e3 /r. This
gives, after simplifications:
de1 = (dθ/r)e2 + (dϕ/r)e3

(56)

de2 = (−r dθ)e1 + (dr/r)e2 + (cotangθ dϕ)e3

(57)

de3 = (−r sin2 θ dϕ)e1 + (−sinθ cosθ dϕ)e2 + ((dr/r) + cotangθ dθ)e3

(58)

In a general manner, we can simplify the writing of this set of equation writing ωij the contravariant components vectors dei . The development of each term is given in the next section. The
general expression, in 3D or more, is:
dei = ωij ej

(59)

Christoffel Symbols of the second kind
If we replace the variables r, θ and ϕ by u1 , u2 , and u3 as follows:
u1 = r;

u2 = θ;

u3 = ϕ

(60)

. . . the differentials of the coordinates are:
du1 = dr;

du2 = dθ;

du3 = dϕ

(61)

. . . and the ωij components become, using the Christoffel symbol Γjki :
ωij = Γjki duk
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In the case of our example, quantities Γjki are functions of r, θ and ϕ. These functions can be
explicitly obtained by an identification of each component of ωij with Γjki . The full development of
the precedent expressions of our example is detailed as follows:


ω 11





ω 21




ω 31



1


ω 2
ω 22



ω 32




ω 13





ω 23



ω 3
3

=0
= 1/r dθ
= 1/r dϕ
= −r dθ
= 1/r dr
= cotang θ dϕ
= −r sin2 θ dθ
= −sinθ cosθ dϕ
= 1/r dr + cotangθ dθ

(63)

Replacing dr by du1 , dθ by du2 , and dϕ by du3 as indicated in equation (61), gives:


ω 11 = 0





ω 21 = 1/r du2





ω 31 = 1/r du3



2
1


ω 2 = −r du
(64)
ω 22 = 1/r du1


3
3

ω 2 = cotang θ du





ω 13 = −r sin2 θ du2





ω 23 = −sinθ cosθ du3



ω 3 = 1/r du1 + cotang θ du2
3
On the other hand, the development of Christoffel symbols are:


ω 11 = Γ111 du1 + Γ121 du2 + Γ131 du3




ω 21 = Γ211 du1 + Γ221 du2 + Γ231 du3





ω 31 = Γ311 du1 + Γ321 du2 + Γ331 du3




ω 12 = Γ112 du1 + Γ122 du2 + Γ132 du3

(65)
ω 22 = Γ212 du1 + Γ222 du2 + Γ232 du3


3
3
1
3
2
3
3

ω 2 = Γ12 du + Γ22 du + Γ32 du





ω 13 = Γ113 du1 + Γ123 du2 + Γ133 du3




ω 23 = Γ213 du1 + Γ223 du2 + Γ233 du3



ω 3 = Γ3 du1 + Γ3 du2 + Γ3 du3
3
13
23
33

E - 11

Appendix E

Finally, identifying the two equations array (64) and (65) gives the 27 Christoffel Symbols.
Γ111
Γ211
Γ311
Γ112
Γ212
Γ312
Γ113
Γ213
Γ313

=0
=0
=0
=0
=0
=0
=0
=0
= 1/r

Γ121
Γ221
Γ321
Γ122
Γ222
Γ322
Γ123
Γ223
Γ323

=0
= 1/r
=0
= −r
=0
=0
= −r sin2 θ
=0
= cotang θ

Γ131
Γ231
Γ331
Γ132
Γ232
Γ332
Γ133
Γ233
Γ333

=0
=0
= 1/r
=0
=0
= cotang θ
=0
= −sinθ cosθ
=0

(66)

These quantities Γjki are the Christoffel Symbols of the second kind. Identifying equations (59)
and (62) gives the general expression of the Christoffel Symbols of the second kind:
dei = ωij ej = Γjki duk ej

(67)

Christoffel Symbols of the first kind
We have seen in the precedent example that we can directly get the quantities Γjki by identification. These quantities can also be obtained from the components gij of the metric tensor. This
calculus leads to another kind of Christoffel Symbols.
Lets write the covariant components, noted ωji , of the differentials dei :
ωji = ej dei

(68)

The covariant components ωji are also linear combinations of differentials dui that can be
written as follows, using the Christoffel Symbol of the first kind Γkji :
ωji = Γkji duk

(69)

On the other hand, we know the basic relation:
ωji = gjl ωil

(70)

Porting equation (69) in equation (70) gives:
Γkji duk = gjl ωil
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Let’s change the name of index j to l of equation (62):
ωil = Γlki duk

(72)

Porting equation (117) in equation (116) gives the calculus of the Christoffel Symbols of the
first kind from the Christoffel Symbols of the second kind:
Γkji duk = gjl Γjki duk

(73)

Geodesic Equations
Let’s take a curve M0 -C-M1 . If the parametric equations of the curvilinear abscissa are ui (s),
the length of the curve will be:
Z

M1

l=
M0


1/2
dui duj
ds
gij
ds ds

(74)

If we pose u0i = dui /ds and u0j = duj /ds we get:
Z M1
1/2
l=
gij u0i u0j
ds

(75)

M0

Here, the u0j are the direction cosines of the unit vector supported by the tangent to the curve.
Thus, we can pose:
f (uk , u0j ) = gij u0i u0j = 1

(76)

The length l of the curve defined by equation (74) has a minimum and a maximum that can
be calculated by the Euler-Lagrange Equation which is:
∂L
d
−
∂fi dx

∂L
∂fi0

!
=0

(77)

In the case of equation (74), the Euler-Lagrange equation gives:
d
1
(gij u0j ) − ∂i gjk u0j u0k = 0
ds
2
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or
1
gij u0j + (∂k gij − ∂i gjk ) u0j u0k = 0
2

(79)

After developing derivative and using the Christoffel Symbol of the first kind, we get:
gij

du0j
+ Γjik u0j u0k = 0
ds

(80)

The contracted multiplication of equation (79) by g il gives, with gij g il and g il Γijk = Γljk :
k
j
d2 u l
l du du
=0
+
Γ
jk
ds2
ds ds

(81)

Parallel Transport
Figure E-2 shows two points M and M’ infinitely close to each other in polar coordinates.

Figure E-2: Parallel transport of a vector.
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In polar coordinates, the vector V1 will become V2 . To calculate the difference between two
vectors V1 and V2 , we must before make a parallel transport of the vector V2 from point M’ to
point M. This gives the vector V3 . The absolute differential is defined by:
dV = V3 − V1

(82)

Variations along a Geodesic
The variation along a 4D geodesic follows the same principle. For any curvilinear coordinates
system y i , we have (from equation 81):
j
k
d2 y i
i dy dy
=0
+
Γ
kj
ds2
ds ds

(83)

where s is the abscissa of any point of the straight line from an origin such as M in figure E-2.
Let’s consider now a vector ~v having covariant components vi . We can calculate the scalar
product of ~v and ~n = dy k /ds as follows:
~v · ~n = vi

dy i
ds

(84)

During a displacement from M to M’ (figure E-2), the scalar is subjected to a variation of:
dy i
d vi
ds




dy k
+ vi d
= dvk
ds



d2 y i
ds2


(85)

or:
dy i
d vi
ds



= dvk

d2 y i
dy k
+ vi 2 ds
ds
ds

(86)

On one hand, the differential dvk can be written as:
dvk = ∂j vk

dy j
ds
ds

(87)

On the other hand, the second derivative can be extracted from equation (83) as follows:
j
k
d2 y i
i dy dy
=
−Γ
kj
ds2
ds ds
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Porting equations (87) and (88) in (86) gives:


dy j dy k
dy j dy k
dy i
= ∂j vk
ds − vi Γikj
ds
d vi
ds
ds ds
ds ds

(89)

or:
dy i
d vi
ds




= (∂j vk − vi Γikj )

dy j dy k
ds
ds ds

(90)

Since (dy j /ds)ds = dy j , this expression can also be written as follows:
d(~v · ~n) = (∂j vk − vi Γikj ) dy j

dy k
ds

(91)

The absolute differentials of the covariant components of vector ~v are defined as:
Dvk

dy k
= (∂j vk − vi Γikj ) dy j
ds

(92)

Finally, the quantity in parenthesis is called “affine connection” and is defined as follows:
∇j vk = ∂j vk − vi Γikj

(93)

Some countries in the world use “;” for the covariant derivative and “,” for the partial derivative.
Using this convention, equation (138) can be written as:
vk;j = vk,j − vi Γikj

(94)

To summarize, given a function f , the covariant derivative ∇v f coincides with the normal
differentiation of a real function in the direction of the vector ~v , usually denoted by ~v f and df (~v ).

Second Covariant Derivatives of a Vector
Remembering that the derivative of the product of two functions is the sum of partial derivatives, we have:
∇a (tb rc ) = rc . ∇a tb + tb . ∇a rc

(95)

Porting equation (93) in equation (95) gives:
∇a (tb rc ) = rc (∂a tb − tl Γlab ) + tb (∂a rc − rl Γlac )
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or:
∇a (tb rc ) = rc ∂a tb − rc tl Γlab + tb ∂a rc − tb rl Γlac

(97)

∇a (tb rc ) = rc ∂a tb + tb ∂a rc − rc tl Γlab − tb rl Γlac

(98)

Hence:

Finally:
∇a (tb rc ) = ∂a (tb rc ) − rc tl Γlab − tb rl Γlac

(99)

Posing tb rc = ∇j vi gives:
∇k (∇j vi ) = ∂k (∇j vi ) − (∇j vr )Γrik − (∇r vi )Γrjk

(100)

Porting equation (93) in equation (100) gives:
∇k (∇j vi ) = ∂k (∂j vi − vl Γlji ) − (∂j vr − vl Γljr )Γrik − (∂r vi − vl Γlri )Γrjk

(101)

Hence:
∇k (∇j vi ) = ∂kj vi − (∂k Γlji )vl − Γlji ∂k vl − Γrik ∂j vr + Γrik Γljr vl − Γrjk ∂r vi + Γrjk Γlri vl

(102)

The Riemann-Christoffel Tensor
In expression (102), if we make a swapping between the indexes j and k in order to get a
differential on another way (i.e. a parallel transport) we get:
∇j (∇k vi ) = ∂jk vi − (∂j Γlki )vl − Γlik ∂j vl − Γrij ∂k vr + Γrij Γlkr vl − Γrkj ∂r vi + Γrkj Γlri vl

(103)

A subtraction between expressions (102) and (103) gives, after a rearrangement of some terms:
∇k (∇j vi ) − ∇j (∇k vi ) = (∂kj − ∂jk )vi + (∂j Γlki − ∂k Γlji )vl + (Γlik ∂j − Γlji ∂k )vl . . .
· · · + (Γrij ∂k − Γrik ∂j )vr + (Γrik Γljr − Γrij Γlkr )vl + (Γrkj − Γrjk )∂r vi + (Γrjk Γlri − Γrkj Γlri )vl
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On the other hand, since we have:
Γrjk = Γrkj

(105)

Some terms of equation (104) are canceled:
∂kj − ∂jk = 0

(106)

Γrkj − Γrjk = 0

(107)

Γrjk Γlri − Γrkj Γlri = 0

(108)

And consequently:
∇k (∇j vi ) − ∇j (∇k vi ) = (∂j Γlki − ∂k Γlji )vl + (Γlik ∂j − Γlji ∂k )vl . . .
· · · + (Γrij ∂k − Γrik ∂j )vr + (Γrik Γljr − Γrij Γlkr )vl

(109)

Since the parallel transport is done on small portions of geodesics infinitely close to each other,
we can take the limit:
∂j vl ,

∂k vl ,

∂j vr ,

∂k vr → 0

(110)

This means that the velocity field is considered equal in two points of two geodesics infinitely
close to each other. Then we can write:
∇k (∇j vi ) − ∇j (∇k vi ) ∼
= (∂j Γlki − ∂k Γlji + Γrik Γljr − Γrij Γlkr )vl

(111)

As a result of the tensorial properties of covariant derivatives and of the components vl , the
quantity in parenthesis is a four-order tensor defined as:
l
Ri,jk
= ∂j Γlki − ∂k Γlji + Γrik Γljr − Γrij Γlkr

(112)

In this expression, the comma in Christoffel Symbols means a partial derivative. The tensor
is called Riemann-Christoffel Tensor or Curvature Tensor which characterizes the curvature
of a Riemann Space.

l
Ri,jk

The Ricci Tensor
l
The contraction of the Riemann-Christoffel Tensor Ri,jk
defined by equation (112) relative to
indexes l and j leads to a new tensor:
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l
Rik = Ri,lk
= ∂l Γlki − ∂k Γlli + Γrik Γllr − Γril Γlkr

(113)

This tensor Rik is called the “Ricci Tensor”. Its mixed components are given by:
Rjk = g ji Rik

(114)

The Scalar Curvature
The Scalar Curvature, also called the “Curvature Scalar” or “Ricci Scalar”, is given by:
R = Rii = g ij Rij

(115)

The Bianchi Second Identities
The Riemann-Christoffel tensor verifies a particular differential identity called the “Bianchi
Identity”. This identity involves that the Einstein Tensor has a null divergence, which leads to a
constraint. The goal is to reduce the degrees of freedom of the Einstein Equations. To calculate
the second Bianchi Identities, we must derivate the Riemann-Christoffel Tensor defined in equation
(112):
l
∇t Ri,rs
= ∂rt Γlsi − ∂st Γlri

(116)

A circular permutation of indexes r, s and t gives:
l
∇r Ri,st
= ∂sr Γlti − ∂tr Γlsi

(117)

l
∇s Ri,tr
= ∂ts Γlri − ∂rs Γlti

(118)

Since the derivation order is interchangeable, adding equations (116), (117) and (118) gives:
l
l
l
+ ∇r Ri,st
+ ∇s Ri,tr
=0
∇t Ri,rs

(119)

The Einstein Tensor
If we make a contraction of the second Bianchi Identities (equation 119) for t = l, we get:
l
l
l
∇l Ri,rs
+ ∇r Ri,sl
+ ∇s Ri,lr
=0
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Hence, taking into account and the definition of the Ricci Tensor of equation (113) and that
l
, we get:
= −Ri,ls

l
Ri,sl

l
∇l Ri,rs
+ ∇s Rir − ∇r Ris = 0

(121)

The variance change with gij gives:
∇s Rir = ∇s (gik Rrk )

(122)

or
∇s Rir = gik ∇s Rrk

(123)

Multiplying equation (121) by g ik gives:
l
g ik ∇l Ri,rs
+ g ik ∇s Rir − g ik ∇r Ris = 0

(124)

Using the property of equation (123), we finally get:
kl
∇l R,rs
+ ∇s Rrk − ∇r Rsk = 0

(125)

Let’s make a contraction on indexes k and s:
kl
∇k R,rk
+ ∇k Rrk − ∇r Rkk = 0

(126)

The first term becomes:
∇k Rrk + ∇k Rrk − ∇r Rkk = 0

(127)

After a contraction of the third term we get:
2∇k Rrk − ∇r R = 0

(128)

Dividing this expression by two gives:
1
∇k Rrk − ∇r R = 0
2
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or:


1 k
k
∇k Rr − δr R = 0
2

(130)

A new tensor may be written as follows:
1
Gkr = Rrk − δrk R
2

(131)

The covariant components of this tensor are:
Gij = gik Gkj

(132)

or


1 k
k
Gij = gik Rj − δj R
2

(133)

Finally get the Einstein Tensor which is defined by:
Gij = Rij − 21 gij R

(134)

The Einstein Constant
The Einstein Tensor Gij of equation (134) must match the Energy-Momentum Tensor Tuv
defined later. This can be done with a constant κ so that:
Gµν = κTµν

(135)

This constant κ is called “Einstein Constant” or “Constant of Proportionality”. To calculate
it, the Einstein Equation (134) must be identified to the Poisson’s classical field equation, which is
the mathematical form of the Newton Law. So, the weak field approximation is used to calculate
the Einstein Constant. Three criteria are used to get this ”Newtonian Limit”:
1 - The speed is low regarding that of the light c.
2 - The gravitational field is static.
3 - The gravitational field is weak and can be seen as a weak perturbation hµν added to a flat
spacetime ηµν as follows:
gµν = ηµν + hµν
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We start with the equation of geodesics (83):
β
α
d2 xµ
µ dx dx
=0
+
Γ
αβ
ds2
ds ds

(137)

This equation can be simplified in accordance with the first condition:
d2 xµ
+ Γµ00
2
ds



dx0
ds

2
=0

(138)

The two other conditions lead to a simplification of Christoffel Symbols of the second kind as
follows:
1
Γµ00 = g µλ (∂0 gλ0 + ∂0 g0λ − ∂λ g00)
2

(139)

Or, considering the second condition:
1
Γµ00 = − g µλ ∂λ g00
2

(140)

And also considering the third condition:
1
Γµ00 ≈ − (η µλ + hµλ )(∂λ η00 + ∂λ h00 )
2

(141)

In accordance with the third condition, the term ∂λ η00 is canceled since it is a flat space:
1
Γµ00 ≈ − (η µλ + hµλ )∂λ h00
2

(142)

Another simplification due to the approximation gives:
1
Γµ00 ≈ − η µλ ∂λ h00
2

(143)

The equation of geodesics then becomes:
d2 xµ 1 µλ
− η ∂λ h00
dt2
2



dx0
dt
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Reduced to the time component (µ = 0), equation (144) becomes:
d2 xµ 1 0λ
− η ∂λ h00
dt2
2



dx0
dt

2
=0

(145)

The Minkowski Metric shows that η0λ = 0 for λ > 0. On the other hand, a static metric (third
condition) gives ∂0 h00 = 0 for λ = 0. So, the 3x3 matrix leads to:
d2 xi 1
− ∂i h00
dt2
2



dx0
dt

2

dx0
dτ

2

=0

(146)

=0

(147)

Replacing dt by the proper time dτ gives:
d2 xi 1
− ∂i h00
dτ 2
2



Dividing by (dx0 /dτ )2 leads to:
d 2 xi
dτ 2



dτ
dx0

2

1
= ∂i h00
2

(148)

d 2 xi
1
= ∂i h00
0
2
(dx )
2

(149)

1
d 2 xi
=
∂i h00
d(ct)2
2

(150)

d 2 xi
c2
=
∂i h00
dt2
2

(151)

Replacing x0 by ct gives:

or:

Let us pose:
h00 = −

2
Φ
c2

(152)

or
4h00 = −

2
4Φ
c2
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Since the approximation is in an euclidean space, the Laplace operator can be written as:
4h00 = −
4h00 = −

2 2
∇Φ
c2

(154)

2
(4πG0 ρ)
c2

4h00 = −

8πG0
ρ
c2

(155)
(156)

On the other hand, the element T00 defined later is:
T00 = ρc2

(157)

or
ρ=

T00
c2

(158)

Porting equation (158) in equation (156) gives:
4h00 = −

8πG0 T00
c2 c2

(159)

8πG0
T00
c4

(160)

or:
4h00 = −

The left member of equation (160) is the perturbation part of the Einstein Tensor in the case
of a static and weak field approximation. It directly gives a constant of proportionality which also
verifies the homogeneity of the EFE (equation 1). This equation will be fully explained later in
this document. Thus:
Einstein Constant =

8πG0
c4

(161)

E-4 Movement Equations in a Newtonian Fluid
The figure E-3 (next page) shows an elementary parallelepiped of dimensions dx, dy, dz which
is a part of a fluid in static equilibrium. This cube is generally subject to volume forces in all
directions, as the Pascal Theorem states. The components of these forces are oriented in the three
orthogonal axis. The six sides of the cube are: A-A’, B-B’ and C-C’.
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Figure E-3: Elementary parallelepiped dx, dy, dz

E-5 Normal Constraints
On figure E-4 (next page), the normal constraints to each surface are noted “σ”. The tangential
constraints to each surface are noted “τ ”. Since we have six sides, we have six sets of equations. In
the following equations, ‘σ” and “τ ’ are constraints (a constraint is a pressure), dF is an elementary
force, and dS is an elementary surface:
dF~+x
0
= ~σx + ~τyx
+ ~τxz
dS
dF~−x
0
= ~σx0 + ~τxy
+ ~τzx
dS
dF~+y
00
= ~σy + ~τyz + ~τyx
dS
dF~−y
00
= ~σy0 + ~τzy + ~τxy
dS
dF~+z
00
0
= ~σz + ~τxz
+ ~τyz
dS
dF~−z
0
00
+ ~τzy
= ~σz0 + ~τzx
dS
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Figure E-4: Forces on the elementary parallelepiped sides.

We can simplify these equations as follows:
~σx + ~σx0 = ~σX

(168)

~σy + ~σy0 = ~σY

(169)

~σz + ~σz0 = ~σZ

(170)

So, only three components are used to define the normal constraint forces, i.e. one per axis.
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E-6 Tangential Constraints
If we calculate the force’s momentum regarding the gravity center of the parallelepiped, we
have 12 tangential components (two per side). Since some forces are in opposition to each other,
only 6 are sufficient to describe the system. Here, we calculate the three momenta for each plan,
XOY, XOZ and YOZ, passing through the gravity center of the elementary parallelepiped:
For the XOY plan:
dx
dy
dx
dy
MXOY = (~τzy dzdx) + (~τzx dydz) + (~τyz dxdz) + (~τxz dzdy)
2
2
2
2
1
(172)
MXOY = [(~τzy + ~τyz ) + (~τzx + ~τxz )]
2
1
MXOY = dV [(~τZY + ~τZX )]
(173)
2
1
MXOY = dV ~τXOY
(174)
2

(171)

For the XOZ plan:
dx
dz
dx
dz
0
0
0
0
MXOZ = (~τyx
dydz) + (~τyz
dxdy) + (~τxy
dzdy) + (~τzy
dydx)
2
2
2
2
 0

1
0
0
0
MXOZ = dV (~τyx + ~τxy ) + (~τyz + ~τzy )
(176)
2
1
MXOZ = dV [(~τY X + ~τY Z )]
(177)
2
1
MXOZ = dV ~τXOZ
(178)
2

(175)

For the ZOY plan:
dz
dy
dz
dy
00
00
00
00
MZOY = (~τxz
dxdy) + (~τyx
dxdz) + (~τzx
dydx) + (~τxy
dzdx)
2
2
2
2
 00

1
00
00
00
MZOY = dV (~τxz
+ ~τzx
) + (~τyx
+ ~τxy
)
(180)
2
1
MZOY = dV [(~τZX + ~τXY )]
(181)
2
1
MZOY = dV ~τZOY
(182)
2

(179)

So, for each plan, only one component is necessary to define the set of momentum forces. Since
the elementary volume dV is equal to a*a*a (a = dx, dy or dz), we can come back to the constraint
equations dividing each result (174), (178) and (182) by dV/2.
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E-7 Constraint Tensor
Finally, the normal and tangential constraints can be reduced to only 6 terms with ~τxy = ~τyx ,
~τxz = ~τzx , and ~τzy = ~τyz :
~σX = ~σxx

(183)

~σY = ~σyy

(184)

~σZ = ~σzz

(185)

~τXOY = ~τxy

(186)

~τXOZ = ~τxz

(187)

~τZOY = ~τzy

(188)

Using a matrix representation, we get:
  
 
Fx
σxx τxy τxz
Sx
Fy  =  τyx σyy τyz  Sy 
Fz
τzx τzy σzz
Sz

(189)

The constraint tensor at point M becomes:

 

σxx τxy τxz
σ11 τ12 τ13
T(M ) =  τyx σyy τyz  =  τ21 σ22 τ23 
τzx τzy σzz
τ31 τ32 σ33

(190)

This tensor is symmetric and its meaning is shown in Figure E-5.

Figure E-5: Meaning of the Constraint Tensor.
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Since all the components of the tensor are pressures (more exactly constraints), we can represent it by the following equation where Fi are forces and si are surfaces:
Fi = σij sj =

P

j

σij sj

(191)

E-8 Energy-Momentum Tensor
We can write equation (191) as:
σij =

Fi
∆Fi
∆(mai )
=
=
sj
∆sj
∆sj

(192)

Here we suppose that only volumes (x, y and z) and time (t) make the force vary. Therefore,
the mass (m) can be replaced by volume (V) using a constant density (ρ):
m = ρV

(193)

Porting (193) in (192) gives:
σij =

∆(m.ai )
∆(ρV.ai )
ρV
=
=
∆ai
∆sj
∆sj
∆sj

(194)

As shown in figure E-3, V and S concern an elementary parallelepiped.
V = (∆Xj )3

and Sj = (∆Xj )2

(195)

Thus:
V
(∆Xj )3
=
= ∆Xj
Sj
(∆Xj )2

(196)

Hence
σij = ρ ∆Xj ∆ai
σij = ρ∆Xj

(197)

vi
∆Xj
=ρ
vi
∆t
∆t

(198)

Finally
σij = ρvj vi

(199)

This tensor comes from the Fluid Mechanics and uses traditional variables vx , vy and vz . We
can extend these 3D variables to 4D in accordance with Special Relativity (see above). The new
4D tensor created, called the “Energy-Momentum Tensor’, has the same properties as the old one,
in particular symmetry.
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To avoid confusion, let’s replace σij by Tµν as follows:
Tµν = ρuµ uν

(200)

or

Tµν


T00
T10
=
T20
T30

T01
T11
T21
T31

 
T03
ρu0 u0


T13  ρu1 u0
=
T23  ρu2 u0
T33
ρu3 u0

T02
T12
T22
T32

ρu0 u1
ρu1 u1
ρu2 u1
ρu3 u1

ρu0 u2
ρu1 u2
ρu2 u2
ρu3 u2


ρu0 u3
ρu1 u3 

ρu2 u3 
ρu3 u3

(201)

...with uµ and uν as defined in equations (25) to (28).
This tensor may be written in a more explicit form, using the “traditional” velocity vx , vy and
vz instead of the relativistic velocities, as shown in equations (25) to (28):


Tµν


ργ 2 c2 ργ 2 cvx ργ 2 cvy ργ 2 cvz
ργ 2 cvx ργ 2 vx vx ργ 2 vx vy ργ 2 vx vz 

=
ργ 2 cvy ργ 2 vy vx ργ 2 vy vy ργ 2 vy vz 
ργ 2 cvz ργ 2 vz vx ργ 2 vz vy ργ 2 vz vz

For low velocities, we have γ = 1:
 2

ρc
ρcvx ρcvy ρcvz
ρcvx ρvx vx ρvx vy ρvx vz 

Tµν = 
ρcvy ρvy vx ρvy vy ρvy vz 
ρcvz ρvz vx ρvz vy ρvz vz

(202)

(203)

Replacing the spatial part of this tensor by the old definitions (equation 189) gives:

ρc2 ρcvx ρcvy ρcvz
ρcvx σx
τxy τxz 

=
ρcvy τyx
σy
τyz 
ρcvz τzx τzy
σz


Tµν

(204)

Replacing ρ by mc2 (equation 193) and mc2 by E leads to one of the most commons form of
the Energy-Momentum Tensor, V being the volume:

Tµν


T00
T10
=
T20
T30

T01
T11
T21
T31

T02
T12
T22
T32

 

T03
E/V ρcvx ρcvy ρcvz

T13 
τxy τxz 
 =  ρcvx σx

T23   ρcvy τyx
σy
τyz 
T33
ρcvz τzx τzy
σz
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Figure E-6: Meaning of the Energy-Momentum Tensor.

E-9 Einstein Field Equations
Finally, the association of the Einstein Tensor Gµν = Rµν −1/2gµν R (equation 134), the Einstein
Constant 8πG0 /c4 (equation 161), and the Energy-Momentum Tensor Tµν (equations 204/205),
gives the full Einstein Field Equations, excluding the cosmological constant Λ which is not proven:

1
8πG0
Rµν − gµν R =
Tµν
2
c4

(206)

To summarize, the Einstein field equations are 16 nonlinear partial differential equations that
describe the curvature of spacetime, i.e. the gravitational field, produced by a given mass. As a
result of the symmetry of Gµν and Tµν , the actual number of equations are reduced to 10, although
there are an additional four differential identities (the Bianchi identities) satisfied by Gµν , one for
each coordinate.

E-10 Dimensional Analysis
The dimensional analysis verifies the homogeneity of equations. The most common dimensional
quantities used in this chapter are:
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Speed V ⇒ [L/T ]
Energy E ⇒ [M L2 /T 2 ]
Force F ⇒ [M L/T 2 ]
Pressure P ⇒ [M/LT 2 ]
Momentum M ⇒ [M L/T ]
Gravitation constant G ⇒ [L3 /M T 2 ]
Here are the dimensional analysis of the Energy-Momentum Tensor:
T00 is the energy density, i.e. the amount of energy stored in a given region of space per unit
volume. The dimensional quantity of E is [M L2 /T 2 ] and V is [L3 ]. So, the dimensional quantity
of E/V is [M/LT 2 ]. Energy density has the same physical units as pressure which is [M/LT 2 ].
T01 , T02 , T03 are the energy flux, i.e. the rate of transfer of energy through a surface. The
quantity is defined in different ways, depending on the context. Here, ρ is the density [M/V ], and
c and vi (i = 1 to 3) are velocities [L/T ]. So, the dimensional quantity of T0i is [M/L3 ][L/T ][L/T ].
It is that of a pressure [M/LT 2 ].
T10 , T20 , T30 are the momentum density, which is the momentum per unit volume. The dimensional quantity of Ti0 (i = 1 to 3) is identical to T0i , i.e. that of a pressure [M/LT 2 ].
T12 , T13 , T23 , T21 , T31 , T32 are the shear stress, or a pressure [M/LT 2 ].
T11 , T22 , T33 are the normal stress or isostatic pressure [M/LT 2 ].
Note: The Momentum flux is the sum of the shear stresses and the normal stresses.
As we see, all the components of the Energy-Momentum Tensor have a pressure-like dimensional
quantity:
Tµν ⇒ Pressure [M/LT 2 ]

(207)

E-11 Inconsistencies of EFE
Here we have demonstrated that the Energy-Momentum Tensor is nothing but the extension
in spacetime of the Stress Tensor of the Fluid Mechanics. We also have demonstrated that all
elements of the Energy-Momentum Tensor have a pressure-like dimension. This is not abnormal since the Energy-Momentum Tensor is built on the Stress Tensor, which describes pressures.
This is why the Energy-Momentum Tensor is often called “Stress-Energy-Momentum Tensor” and
sometimes is also used in the Fluid Mechanics. The generalization of the Stress Tensor to the
Energy-Momentum Tensor is shown in figure E-7 (next page). The related mathematics have been
described in the precedent sections.
The Stress Tensor P in Fluid Mechanics is a part of the NavierStokes equations that describe
the motion of fluid substances such as liquids and gases: ρDv/Dt = ∇ · P + ρf . This tensor
represents the external pressures, more exactly normal and tangential constraints, acting on the
fluid, as shown in figure E-8 (next page). For pedagogical purposes, only the upper normal pressure
is shown on this figure. Other pressures, as defined in figure E-4, are not represented.
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Figure E-7: Stress Tensor vs. Energy-Momentum Tensor.

Figure E-8: External pressures on a volume.

QUESTION #1
Since the Energy-Momentum Tensor represents a set of pressures made by spacetime on objects,
and since the normal component (i.e. gravity) is an isostatic pressure, why is gravitation considered
an ATTRACTIVE force instead of a PRESSURE force?
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QUESTION #2
Since the Fluid Mechanics exerts a pressure on the VOLUME of the object, why has EFE
replaced the volume by MASS?
QUESTION #3
In GR, the curvature of spacetime is supposed to be concave, as shown by Figure E-9. This
figure is taken from one of the thousands of graphics representing the curvature of spacetime. On
the contrary, as shown on Figure E-8, the curvature of the fluid in the Fluid Mechanics is convex.
So, why has GR replaced the CONVEX curvature by a CONCAVE curvature?

Figure E-9: Curvature of spacetime by a black hole.

QUESTION #4
What is mass? To date, no one knows. So, we are faced with another inconsistency due to an
unknown variable, “m”, present in the right side of EFE (equation 193) but not in the left side.
This leads to the following alternative:
1/ The mass variable “m” is not defined in 4D. In this case, we need an additional
dimension to define it. In other words, the 4D Energy-Momentum tensor must be converted in a
5D tensor including a new dimension, “m”. The problem is that the expression of the left member
of EFE is in 4D:
f(x,y,z,t) = g(x,y,z,t,m)
(208)
As we see, the homogeneity of the EFE is not respected since the number of dimensions of the
left member is different to that of the right member.
2/ The mass variable “m” is fully defined in 4D. In this case, the EFE should explicitly
include the nature of mass and its expression: m = f(x,y,z,t) . This information is missing inside the
EFE. In other words, the EFE uses a variable “m” without knowing its meaning nor its expression.
Summary
Since the Energy-Momentum Tensor is built from the Stress Tensor, it is obvious that these
two tensors must share the same reasoning and principle of construction. As we see, this is not the
case. Einstein and Grossman brought some modifications to the Stress Tensor on several points.
This is why the EFE have these inconsistencies. To summarize, the questions are:
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1/
2/
3/
4/

Why
Why
Why
Why

has the Attractive force replaced the original Pressure force?
has mass replaced volume?
a concave curvature replaced the convex curvature of the fluid mechanics?
has the problem of the mass variable been ignored for the last century?

E-12 Explanations to these Enigmas
The theory here presented gives the solution to these four enigmas.
ENIGMA #1
In the 1910’s and even today, physicists thought that gravitation was an attractive force.
However, in this paper we have shown that an alternative exists. “Why would Gravity not be a
pressure force ?”. Indeed, a pressure on one side of a sheet of paper produces the same effects as
an attractive force on the other side. Here we have demonstrated that the mechanism of pressure
of spacetime on closed volumes is much more credible than an attractive force between masses
that no one can explain. Moreover, this pressure has a scientific origin: the Stress Tensor.
ENIGMA #2
In the 1910’s, the constitution of atoms was unknown. The proton was discovered in 1918 by
Rutherford and the neutron in 1932 by Chadwick. In the 1910’s, physicists thought that the atom
was made only of electrons, and that these electrons were distributed like raisins in a pudding.
Therefore, is was impossible for Einstein to separate closed to open volumes, i.e. massive volumes
(protons, neutrons, electrons) to massless volumes (orbitals). This is probably why Einstein took
mass instead of closed volumes in the construction of its EFE.
Here we have demonstrated that spacetime is not curved by masses but by closed volumes.
Please note that “Closed volumes”, “Open volumes”, “Standard apparent volumes”, “Hermetic
apparent volumes”, and “Special apparent volumes” are five different definitions of “Volumes” (see
the main article). Replacing Mass m = f(???) by the Mass Effect m = f(x,y,z,t) defined in Appendix
C gives identical results in EFE while solving this second enigma.
ENIGMA #3
Figure E-8 shows that the curvature of the medium in Fluid Mechanics is CONVEX, not
CONCAVE. Therefore, the figure E-9 is wrong, despite its popularity. Since the Energy-Momentum
Tensor is built from the Stress Tensor, it is obvious that we must keep the basic principles of
construction, as shown in figure E-7. To date, no one can explain why has Einstein and Grossman
replaced the original CONVEX curvature by a CONCAVE curvature. The most likely explanation
is given on the next page: “Consistency of ENIGMAS #1 and #3”.
ENIGMA #4
Each member of EFE is built on a 4D space. Since EFE works perfectly, it means that only the
second possibility of the precedent “QUESTION #4” can be accepted. The first possibility, i.e.
the Energy-Momentum Tensor must be converted to a 5D space, must be rejected. As we know,
in any expression, it is not acceptable to have a member in 4D and the other in 5D. Replacing the
unknown variable of the mass m = ??? by the Mass Effect m = f (x, y, z, t) gives identical results
and solves this fourth enigma. The expression is given in Appendix C:
M =

c2 V
δv = f(x,y,z,t)
G0 S
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M = Mass effect (kg)
V = Volume of the closed volume (m3 )
S = Surface of the closed volume (m2 )
δv = Coefficient of volumetric elasticity of spacetime
c = Speed of the light (m/s)
G0 = Universal constant of gravitation
Note: To calculate the mass effect as shown in Appendix C, it is simpler to have two constants,
1/ the coefficient of volumetric elasticity of spacetime v , and 2/ the density of the surrounding spacetime ρ. On the contrary, in EFE, it is simpler to have only one constant defined as:
δv = v + ρ. In both cases, the result is identical.
Consistency of ENIGMAS #1 and #3
In physics, a normal attracting constraint is positive by convention, and a pressure constraint
is negative. We can also consider that a concave curvature has the “-” sign, and a convex curvature
has the “+” sign. Since the signs are given “by convention”, this leads to four combinations:
1
2
3
4

-

Gravitation
Gravitation
Gravitation
Gravitation

is
is
is
is

an attractive force in a concave curvature of spacetime: (+ -)
an attractive force in a convex curvature of spacetime: (+ +)
a pressure force in a concave curvature of spacetime: (- -)
a pressure force in a convex curvature of spacetime: (- +)

These four combinations can be interpreted as:
1 - (+-) This combination is that of Newton-Einstein. It works perfectly and doesn’t need
validation. However, despite its popularity, this combination does not explain the origin
of the mass, gravitation, and curvature of spacetime,
2 - (++) This combination does not explain anything and must be rejected,
3 - (- -) This combination does not explain anything and must be rejected,
4 - (-+) This combination is that of the proposed theory. It conducts to an identical result
as the first combination because (+ -) = (- +). However, this combination is much more
credible than the first one because, for identical results, it gives a rational explanation
of the preceding enigmas #1 and #3.

E-13 Objections
Simplicity or Complexity?
We could think that the basic laws of physics are extremely complex since the mathematics of
physics are. Such is not the case.
Let us consider, for example, a drum. A 5 years old child intuitively knows the principle,
namely that by striking it he makes noise. On the other hand, the mathematical description of the
surface waves requires the knowledge of Bessel Functions. It is thus advisable to distinguish the
principle, always very simple, from the laws governing it, which may be extremely complex.
Modern physics shares the same principle. The basic laws of the universe are not embedded in
increasingly complex theories but, on the contrary, in simplicity. Most scientists throughout the
world agree with this point of view. For example, to detect any trace of life on Mars, the biologists
will not seek complex living organisms but elementary molecules like H2 O.
This is also the case for mass, gravitation, and the curvature of spacetime, which have a very
simple basic principle but a complex mathematical formulation using the EFE.
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Association of basic ideas
A new theory may be issued from a genius idea, such as GR, or simply the association of
some basic ideas that everybody know. This is the case of the theory here described, which is the
association of three basic and well-known ideas:
1/ Differentiating closed volumes (with mass) to open volumes (without mass),
2/ Considering that the the origin of the curvature of spacetime is not mass but a closed volume.
Consequently, the concave curvature becomes a convex curvature,
3/ Replacing the attractive force of gravitation by a pressure force exerted by the curvature of
spacetime on closed volumes.
About Einstein
One might wonder why Einstein did not think the four enigmas discussed in sections 11 and 12.
The main reason is explained above: in the 1910’s the advance in physics was very poor. However,
other reasons can also be retained.
Science is not the matter of only one man such as Einstein, but by thousand scientists. GR
was also indirectly built by Gauss, Faraday, Maxwell, Riemann, Christoffel, Ricci, Hooke, Cauchy,
Navier, Stokes, Minkowski, Lorentz, Poincarre, Michelson, Morlay, Grosmann, Schwarzschild...
Why in 1915 Einstein did not think to solve the EFE in the case of a static sphere? No
one knows... This very simple solution was devised by Schwarzschild in 1916, one year after the
publishing of the EFE by Einstein.
This example, like many others, shows that a genius like Einstein can build great theories
but, for different reasons, can also miss very simple ideas such as the Schwarzschild solution. The
theory described here follows the same principle. It is built on basic ideas that many physicists
know, such as separating closed to open volumes. Why since the 1910’s no one thought to these
simple ideas? ...No one knows.
Multiple Solutions
We can also think that, since GR works perfectly, any other theories must be rejected. Let us
imagine, for example, a theory which follows the equation: y = x2 . This theory is verified if the
result is 4. It means that x = 2 is the solution. This result may be widely accepted because it is
the most obvious solution, but another solution (maybe a better solution) also exists: x = −2.
This example shows that we must not systematically reject new ideas, even if they are contrary
to theories already established. This is the case of gravitation which may be a pressure force
instead of an attractive force.

E-14 New version of the EFE
In equation (208), the time component t is present in c2 , in [L2 /T 2 ], and G0 , in [L3 /M T 2 ].
However, it disappears in the ratio c2 /G0 , or [L2 /T 2 ][L3 /M T 2 ], which gives [L/M ] after simplification. In this expression, the quantity M is not a part of the basic four dimensions but is an
expression of the kind m = f(x,y,z,t) . It means that in the energy-momentum tensor, in the case of
non-relativistic objects, the density of matter ρ should be replaced by:
c2 V
1
m
=
δv ·
ρ=
V
G0 S
V
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After simplification by V, we get:
ρ=

c2
δv
G0 S

(211)

From these three equations (209), (210) and (211), we can calculate the elements of the EnergyMomentum Tensor. For teaching purpose, the symmetric elements have been duplicated here.
Element T00 .
T00

mc2
c2 V
c2
E
=
=
δv ·
=
V
V
G0 S
V

(212)

After simplification by V:
T00 =

c4
δv
G0 S

(213)

Elements T01 , T02 , T03 , T10 , T20 , T30 .
For µν = 01, 02, 03, 10, 20 and 30:
Tµν = ρ c vµν =

c2
δv · cvµν
G0 S

(214)

or:
Tµν =

vµν
c4
δv ·
G0 S
c

(215)

Elements T11 , T22 , T33 .
σ is a pressure. For µν = 11, 22 and 33 we have:
σµν =

Fµν
maµν
c2 V
aµν
=
=
δv ·
S
S
G0 S
S

(216)

or:
σµν =

c4
V
δv ·
aµν
G0 S
S c2

(217)

Elements T12 , T13 , T23 , T21 , T31 , T32 .
τ is a pressure. For µν = 12, 13, 23, 21, 31 and 32 we have:
τµν =

Fµν
maµν
c2 V
aµν
=
=
δv ·
S
S
G0 S
S

or:
τµν =

c4
V
δv ·
aµν
G0 S
S c2
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New Energy-Momentum Tensor
A new Energy-Momentum tensor can be built with the elements of equations (213), (215),
(217), and (219). However, we can extract the quantity from each equation:
c4
δv
G0 S

(220)

To avoid confusion with the traditional Energy-Momentum tensor Tµν , this new tensor is called
Jµν . Including the quantity (220) in the Einstein Constant gives:


Jµν


1
v01 /c
v02 /c
v03 /c
v10 /c (V /Sc2 )a11 (V /Sc2 )a12 (V /Sc2 )a13 

=
v20 /c (V /Sc2 )a21 (V /Sc2 )a22 (V /Sc2 )a23 
v30 /c (V /Sc2 )a31 (V /Sc2 )a32 (V /Sc2 )a33

(221)

Note: Accelerations a11 , a22 , and a33 , are normal accelerations regarding the surface. The other
accelerations are tangential.
The coefficient (220) may be merged with the Einstein Constant (161) as follows:
8πG0
c4
8πδv
·
δv =
4
c
G0 S
S

(222)

Finally, this new version of EFE can be written as:
1
8πδv
Rµν − gµν R =
Jµν
2
S

(223)

Important note:
As shown in this equation,
the two members are in 4D
and the variable “m” disappears.

Case of a static sphere
This particular case can be identified to the criteria of construction of the Schwarzschild Metric.
We have:
4
V = πr3
3
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and
S = 4πr2

(225)

hence
4πr3 1
V
r
=
=
S
3 4πr2
3

(226)

Porting this expression in the tensor Jµν of equation(221) gives, after simplifications:


0
Jµν


1
v01 /c
v02 /c
v03 /c
v10 /c (r/3c2 )a11 (r/3c2 )a12 (r/3c2 )a13 

=
v20 /c (r/3c2 )a21 (r/3c2 )a22 (r/3c2 )a23 
v30 /c (r/3c2 )a31 (r/3c2 )a32 (r/3c2 )a33

(227)

In this particular case, the new version of EFE can be written as:
2δv 0
1
Rµν − gµν R = 2 Jµν
2
r

(228)

E-15 Conclusions
From a mathematical point of view, the principles of inheritance can be applied: “If the EnergyMomentum Tensor is built from the Stress Tensor, automatically it inherits all its properties”. It
means that if the Stress Tensor applies to volumes, pressures and convex curvature, the
Energy-Momentum Tensor must do likewise. The only difference is the number of dimensions: 3D
for the Stress Tensor, 4D for the Energy-Momentum Tensor.
On the other hand, adding an unknown variable, the mass “m”, only in the right member of
the EFE creates a lack of homogeneity between the two members.
This is why the traditional EFE has been reconsidered and rewritten.
To use the new version of EFE, we must know the volume and surface of the closed volumes
which produce the curvature of spacetime, and the coefficient of curvature of spacetime δv . We
could get the information in an indirect way, but it is more convenient to continue using the intermediate variable m in the Energy-Momentum Tensor as usual. In other words, this new version
of EFE is only interesting to provide a correct formulation of the mass and gravitation enigmas.
Its advantages regarding the actual EFE are:
•
•
•
•
•
•

Curvature of Spacetime . . . Produced by Closed Volumes,
Nature of the Curvature . . . Convex, not concave,
Gravitation . . . Pressure force, not an attractive force,
Mass Enigma . . . Comes from the pressure of spacetime on closed volumes,
Mass Variable . . . Fully defined m = f(x,y,z,t) (equation 209),
Homogeneity . . . 4D ≡ 4D instead of 4D ≡ 5D as in EFE. The unknown variable m
has been converted in a 4D variable m = f(x,y,z,t) (equation 209).
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E-16 Special Metrics
We could think that the spacetime curvature ”C” depends on mass ”m” since the expression
of the energy-momentum tensor is C = f(m):
Mass → Spacetime curvature
Since the mass is unknown, this expression is incomplete and should be written as
??? → Mass → Spacetime curvature
The present theory explains the mass and proposes to replace ”???” by the following group:



Closed Volumes ⇒


...curve Spacetime ⇒


...that exerts a Pressure on the Body ⇒
...which leads to a “Mass Effect” ⇒
⇒ Mass ⇒ Spacetime curvature
We see that the spacetime curvature is redundant. So, it is not necessary to specify the last
line since the spacetime curvature has already been calculated (second line in italics).
It is important to note that this scheme is static. Its purpose is nothing but to calculate the
mass effect in a flat spacetime, as shown in Appendix C.
If we need to know the dynamic spacetime curvature in a particular situation, the first thing to
do is to calculate the static mass effect in a flat spacetime. Then, we must use the following scheme:
Step 1



Closed Volumes ⇒


...curve Spacetime ⇒


...that exerts a Pressure on the Body ⇒
...which leads to a “Mass Effect” ⇒
Step 2
⇒ Dynamic spacetime curvature
Step 1: Calculation of the mass effect of the body from the static curvature of spacetime, as
shown in Appendix C.
Step 2: The knowledge of the static mass effect ”m” allows the calculation of the spacetime
curvature in a particular dynamic context. To do that, we must use EFE with correct parameters
or one of its known solutions.

E - 41

Appendix E

For example, for a rotating sphere, the process is to:
• Step 1: Calculate the static mass effect ”m” from closed volumes (equation 9, Appendix C),
• Step 2: Calculate the dynamic spacetime curvature as usual, applying the Kerr Metric.
However, it is simpler to continue to calculate special metrics using the traditional EFE as
done since the 1920’s, even if the mass variable m is undefined.

E-17 The Schwarzschild Metric
To calculate the spacetime curvature with a static body having a spherical symmetry, we must
use the Schwarzschild Metric. In that particular case, step 2 isn’t necessary since the spacetime
curvature has already been calculated from closed volumes in step 1 (see Appendix B).
Using this principle of calculation in two steps, here we show that the theory presented in this
paper is in perfect accordance with EFE but, as stated above, this method is not the simplest.
For any calculation, we can continue to use the unknown variable ”m”, even if this calculus is not
“academic”.

E - 42

Appendix F

Von Laue Geodesics
F-1 Introduction
A set of concentric circles is drawn in (fig. F-1a). These lines represent the geodesics
of spacetime far from any mass, in a Minkowski spacetime. If a static spherical symmetry
closed volume is inserted in the centre (fig. F-1b), spacetime will be curved, as explained in
the main text. This figure F-1b has been duplicated in fig. F-2.

Figure F-1: Curvature of spacetime

Figure F-2: Von Laue Geodesics
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The Von Laue Geodesics has been drawn over the concentric circles of fig. F-1b.
We see that the Von Laue Geodesics match EXACTLY the concentric circles.
In other words, it seems that Von Laue, early as 1927’s, predicted the theory presented
here. It is obvious that his diagram shows volumes, not masses, even if the Von Laue
Formulas are related to the mass of the body.
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New Version of the
Equivalence Principle
G-1 Demonstration
Lets consider a static object on Earth (fig. G-1). Closed volumes of this object cause a
curvature of spacetime that exerts a gravitational force on this object. g = 9.81m.s−2 on the
surface of Earth.

Figure G-1: Gravitationnal acceleration
Lets now consider the same object accelerated out of any gravitational field. We can
represent this object in two different views (fig. G-2a and G-2b).

Figure G-2: Inertial acceleration
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In both cases, acceleration ”a” is supposed to be identical to g:
a = g = 9.81m.s−2
Without any reference, a local observer cannot know if the curvature of spacetime is due
to a pressure on the object (fig. G-2a) or to its acceleration (fig. G-2b). In fact, these two figures are identical and depend on where the observer stands, as described in Special Relativity.
Since:
• By definition, g = 9.81 m.s−2 (fig. G-1) is identical to a = 9.81 m.s−2 (fig. G-2a and
G-2b).
• These examples use the same object. Therefore, the curvature of spacetime produced
by the closed volume of this object is identical.
• The two precedent points show that the ”mass effect” produced by these curvatures
will be necessarily identical in both figures.
We deduce that the ”gravitational mass effect” (fig. G-1) is identical to the ”inertial mass
effect” (fig. G-2):
Gravitational mass effect
=
Inertial mass effect
=
Effect from spacetime curvature
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Black Holes Simulation
H-1 Introduction
The purpose of this simulation is to show that replacing mass by (closed)
volume leads to a consistent explanation of the Schwarzschild Metric and black holes.
This experiment should not be considered as a validation of the theory. However, it is
not less credible as those concerning the Big Bang or other debatable simulations or experimentations conducted in large laboratories. All these ”official” experiments and simulations
(Big-Bang...), including the present one, must be taken with great care.

H-2 Simulation
Figure B-1 of Appendix B has been duplicated on the left of fig. H-1 below. The right
part of fig. H-1 shows a simulation of the left part made with an EPP foam. A set of lines,
spaced 5 mm apart, has been drawn on an EPP foam which simulates spacetime (See GR
for elasticity properties of spacetime). A half-cylinder with a radius of 22 mm. simulates a
closed volume. This volume is inserted into the foam.

Figure H-1: Simulation of spacetime in 1D

H-1
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The gaps between two adjacent lines are computed from the Schwarzschild Metric (see
supplementary information B), which has been reduced to the radial component:
yr

exp

= 

1

2.2
1−
r

(1)

The constant 2.2 is calculated from:
• R = 22 mm. Radius of the closed volume of fig. H-1,
•  = 0.1. Arbitrary EPP foam coefficient,
• R = 0.1 x 22 mm = 2.2 mm. (R = ∆R, see the Schwarzschild Metric)

Figure H-2: Theoretical data from formula (1)
H-2
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Fig. H-2 (previous page) shows data using an incremental index ”n” and the above formula (1) where:
• Col. 1: ”n” is the rank of each line,
• Col. 2: Lines ”r0 ” are spaced 5 mm. apart, out of gravitation, with an offset of 22, as
that
of the radius of the closed volume of fig. H-1,
• Col. 3: ∆r is calculated using the elasticity of spacetime, , supposed to be 0.1,
• Col. 4: Finally, the distance between the base and the point of measurement of the
spacetime curvature, r, is computed from ∆R and r0 ,
• Col. 5: Result.

Figure H-3: Graphic from table H-2

H-3 Black holes
If the radius of the closed volume 22 mm. is increased to 40 mm., a singularity appears
under 40 mm. (fig. H-4 and H-5, next page). Above 40 mm., we get a curve as that of fig. H-3.
The table and the curves (fig. H-4 and H-5) show an asymptote when r = 40 mm.. They
match exactly that of the behaviour of the Schwarzschild Metric around Rs (Schwarzschild
Radius).

H-3
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We can also remark that the signature is changed from + to -, as inside a black hole.
However, the negative part shown by the curve is a ”fictive” part that doesn’t exist. It’s only
a mathematical object since below the radius, 40 mm, nothing happens.
To date, no one knows exactly what’s inside a black hole. This simulation tends to prove
that a black hole is a large closed volume. Moreover, the Schwarzschild Radius is the limit
of the closed volume. Inside a closed volume, as inside a black hole, nothing happens.
The light doesn’t exist and, therefore, can’t escape from the center of a black hole. However, this explanation, as any explanation of black holes, will never be validated by experimentation. It is obvious that no one will never answer the question: ”What’s inside a black
hole?”.

Figure H-4: Data, increasing the radius to 40mm

H-4
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Figure H-5: Graphic related to data of fig. H-4

H-4 Conclusions
These simple simulations and explanations show the black hole behaviour. Results are
EXACTLY identical as in conventional physics using EFE solutions.
This section shows, one more time, that spacetime is curved by (closed) volume, not by
mass.
Effectively, during all these simulations and explanations, only lengths have
been considered. Mass has been totally ignored. It is the radius, not the mass,
which has been increased to 40 mm. in order to calculate a black hole behaviour.

H-5
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Introduction

Abstract
Chapter 1 of this part explains an unsolved enigma since 1905's, the wave-particles duality.
Chapter 2 explains the speed of the light, more particularly why it is constant.
Explanations of these two first chapters lead to a more interesting subject: What is Matter?
The solution to this enigma could seem to be disconcerting, but each step of this part that conducts to such a result, i.e. the constitution of matter, is perfectly logical. The other three parts
cover a more deeply explanation of this strange result.
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1 Wave-Particle Duality
Matter presents the particularity of having a wave and particle behavior. This
phenomenon is known as "wave-particle duality", or "complementarity".
However, this enigma, which has been challenged by so many physicists, has
still not been solved.
This chapter solves the mystery of wave-particle duality.

1.1 Current definition of the duality
It is generally accepted that wave-particle duality is two different visions of a single object
(fig. 1-1). Usually, physicists take a cylinder to explain duality. We observe either a rectangle
or a circle depending on where we stand.

Fig. 1-1

This metaphor is very interesting but it doesn't explain anything. It does not explain what
really occurs at the particle level.
As physicist, it is necessary to leave this philosophical aspect to the philosophers and to try to
solve this enigma in a scientific way, with a logical and rational explanation.
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1.2 Wave-particle duality
To explain relativity, Einstein used metaphors such as a train (lengths dilatation) or a lift
(equivalence principle). Here we use the same method to explain the duality.
As shown in Fig. 1-2, example 1 doesn't explain the wave-particle duality. In example 2, the
corpuscle is a drop of water, which is of identical matter than the wave.
The same object (water) has either a particle behaviour (drop) or a wave behaviour. We are
exactly in a wave-particle duality situation. This photograph proves that the wave-particle
duality also exists on Earth.

Example 1
A stone
and a water wave
are of different matter.
In that case, the wave-particle
duality can't be explained.
It is an enigma.

Example 2
A drop of water (corpuscle)
and a water wave
are of identical matter.
Water has either a corpuscle
behavior or a wave behavior.
In this particular situation,
wave-particle duality is
explained with logic and
consistency.

Fig. 1-2

1.3 Example of a swimming pool
A toy boat is in the middle of a swimming pool. If you want to capsize it, you have two
possibilities: to launch stones (particle concept) or to make waves (waves concept).
Let's replace the stones with a high-pressure washer. The water that is emitted from it
can be considered a particle and has a corpuscular behaviour. In fact, we can capsize
the small boat by pointing the hose towards it.
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Now let's put the nozzle in the water in the swimming pool. The water emitted from the
hose, which was like a particle in the air, will also be like a particle in the water. This
operation does not change the corpuscular nature of the water that is emitted from the
nozzle.
If, moreover, we activate the pressure washer for a short time, comparable to the action
time of a particle, we can see that the small jet of water emitted from the nozzle
becomes a single wave.
We can observe that the water is transformed gradually into waves. As we can see in this
example, the water has either a corpuscular or a wave behaviour.

1.4 Example of Niagara Falls
Nature offers us identical situations: the water of Niagara Falls has a particle behaviour during
its fall and, once it has reached the river down below, the particles become "eddies", or
waves.

1.5 Opposite example
The opposite situation also exists.
Let's consider for example an almost empty swimming pool. If we make only one wave in the
residual water, some amount will spill out of the drain valve. Thus, the wave is transformed
into a short filament of water, or "particle". The water coming out of the drain valve is
obviously not a wave. Yet, it is the same water that, a few seconds ago, was a wave.

1.6 Summary
All these examples have a common point:
 When the particle and the wave are of different matter, like a stone and water, the
mystery of wave-particle duality can't be explained.
 On the contrary, if the particle and the wave are of identical matter, like water/water in
our examples, the wave can be transformed into particles and the converse.
However, in our example of swimming pool, water coming out of the nozzle can't be
transformed into waves if the experiment is done in the air. This transformation is possible
only if the medium is also water.
In other words, the medium must also be in the same composition as the particle and the
wave. This is a necessary condition. In other words:

- 4 -
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Wave – particle duality appears only in the very
particular situation where the wave, the particle
and the medium are of identical matter.

Particle

wood

stone

metal

water

glass

plastic

carbon

Wave

water

water

water

water

water

water

water

Medium

air

water

water

water

water

water

air

Duality ?

No

No

No

YES

No

No

No

Impossibility

Impossibility
Duality is fully explained
in this particular case

Fig. 1-3

As shown in Fig. 1-3, we have a duality in the following cases: water/water/water, air/air/air,
or spacetime /spacetime/spacetime, the latter being useful later. If one of these three objects is
different from the others, the duality can't be explained logically and becomes a true mystery.
Note: Medium and waves are obviously of identical matter. However, we will separate them for
teaching purposes. Sometimes, we will use the wave concept, for example when we are talking about
511 KeV gammas, and sometimes we will use the medium concept.

1.7 First principle of duality

1
Wave-particle duality can exist if, and only if,
the particle,
the wave,
the medium,
have the same constitution.
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1.8 Second principle of duality
As we saw in the preceding example of the pressure washer, the wave state appears only if the
particle is moving. Otherwise, if the particle is motionless, it remains in a corpuscular
state. Hence:

2
When the particle is moving,
it becomes a wave

This principle is very important since it solves many enigmas of modern physics. For
example, electromagnetism only appears when the charged particle is moving. If the particle
is at rest, electromagnetism doesn't exist.

1.9 Third principle of duality
In the swimming pool example, the water of the pressure washer is transformed gradually, in
intermediate phases, from a particle state into a wave state. Obviously, all these states of
transition between particle and wave cannot coexist. It is either one or the other but not
several states together.
Experimentations on particles confirm this fact. Indeed, the particle and wave states never
appear simultaneously. So, resulting from experimentation, we can say:

3
The element concerned can exclusively take one, and only
one, of the three following states:
1 - Particle state, when it is motionless
2 - Wave state, when it is moving
3 - Halfway state between wave and particle, during
the transition.

1.10 History
(The following two sections may be bypassed on first reading).
Why, since 1905, has this enigma never been solved?
In fact, the real question arising is: “Is there not the possibility that we are in the particular
case where waves, particle and medium are of the same constitution?”.
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The answer is YES.
There is perhaps a probability of 1 per 1000, but this possibility exists.
Unfortunately, since 1905, physicists have great difficulty solving this enigma because they
have generalized a particular case. Indeed, trying to understand the wave-particle duality
with, for example, a stone and water, leads to a true enigma.
As we see, the only way to explain logically the wave-particle duality is to consider that, in
quantum mechanics, we are in the particular case where waves, particles and medium are of
the same constitution.

1.11 Conclusions
Duality has always been regarded as a burden for the physicists because no one has been able
to explain it rationally. This enigma is summarized as follows:
“We note a wave-particle duality, which is very strange. However, this is a normal
situation since quantum mechanics is, by definition, illogical and irrational”.
This document does not share this "theory of irrationality" of some physicists concerning
quantum mechanics. It transforms this disadvantage into an advantage. Instead of regarding
duality as a burden, it regards it as fortuitous, the great opportunity to solve the mystery of
matter. Indeed, this enigma, which is no longer a mystery, is summarized as follows:
“Since we note a wave-particle duality in quantum mechanics, we can deduce from this
that waves, particles and medium have the same constitution. This is a necessary
condition. Thus, if we find the constitution of the medium, we will know the constitution
of waves and particles and the converse".
-o-o-o-o-o-

Note
The Young Slits Enigma is covered in Part 4 “Electromagnetism”.
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2 Speed of Light
Electromagnetic (EM) radiations are mathematically described with a high
degree of accuracy, but no one is able to explain the constitution of photons,
EM waves, and why the speed of light "c" is constant: c = 299,792,458 m/s.
To solve these enigmas, we will proceed by an indirect method. In this chapter,
we will try to understand why "c is invariant. There is a good probability that
the solution to this enigma will lead us to the constitution of EM waves.
Since the first principle of wave-particle duality shows that waves and particles
have necessarily the same constitution, the knowledge of the constitution of EM
waves leads us directly to the knowledge of the particles. So, the solution to the
c invariance, although interesting, is not an end per se but rather a method of
investigation by which to solve the mystery of the constitution of particles.
Note: this chapter doesn't cover the photon enigma which is covered by Part 4.

2.1

History

(This section may be bypassed on first reading).
The nature of EM radiations has always been the "pet peeve" of physicists. To this day, this
problem has not been solved.
 Newton, during his time, thought that light was made of particles.
 In the nineteenth century, physicists favoured the wave concept. EM waves were
propagated in aether, an unknown propagation medium.
 In 1905, continuing the works of Max Planck (Nobel Prize - 1918), Albert Einstein (Nobel
Prize - 1921) built a particle theory of EM radiations. The concept of aether became
obsolete since photons do not need any aether to be propagated. However, some problems,
like Young's experimentations for example, were still not solved with the photon concept.
 Later, in 1922, Einstein returned to aether. He was confronted with the problem of duality
since the photon is incompatible with the wave, and therefore with aether.
 In 1959, 39 years later, Louis de Broglie (Nobel Prize - 1929) proposed the idea that the
aether was made of neutrinos.
 Around 1980, physicists verified once more the constant speed of light with quasars, using
embedded systems and telescopes in satellites.
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These recent experiments show that the propagation of EM waves and the enigma of the
constant speed of light are still not solved. The aether concept would help but no one is able
to give an exact definition of it.
Finally, since 1905, the enigma of the constitution of the light has been so persistent it
prompted Louis De Broglie to say: “Science will make a great step ahead the day that it can
explain a simple ray of light”.

2.2

Method of investigation

One of the peculiarities of the EM wave is that it can be propagated in a vacuum. But in a
vacuum… there is nothing… and the EM wave cannot exist in the absence of a propagation
medium.
The introduction of the photon partially solves this problem. Indeed, like any particle, the
photon can move in a vacuum. However, if an EM radiation behaves like a particle in 90% of
the cases, it also behaves like a wave in the remaining 10% of cases, as in Young's slits
experimentation. The enigma thus remains unsolved for these cases.
In quantum mechanics, lacks of understanding basic phenomena don't occur in one’s, two’s or
three’s, …but in ten’s (What is Mass, Gravitation, Electromagnetism, Young Slits, EPR, why
"c" is constant…). In such a case, the only thing to do is to forget the classic schemes of
physics and restart with a blank sheet, ignoring the few laws of quantum mechanics that
are inconsistent with logic and good sense but bearing experimentations in mind.
Therefore, to understand the nature of EM radiations, we must return to the early 1900’s, when
Einstein explained the photoelectric effect and discovered special relativity, but taking into
account all these experimentations conducted since 1900's.
As stated, the particle aspect of EM radiations, namely photons, will be discussed in Part 4.

2.3

Separation of media

The problem of velocity additions suggests that we are in the presence of two distinct media:
1 - “Apparent medium”
This is the visible medium that carries out the experimentations, and from where the
EM wave is emitted. For example, in Fizeau’s experimentation, this medium is water,
and in Michelson’s, it is the Earth's atmosphere moved by the Earth itself.
2 - “Real medium”
EM waves are propagated in a “real medium”. For example, this "Real Medium" could
be the De Broglie "Neutrinos Sea".
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This consideration leads to consider that the "apparent medium" and the "real medium" are
overlaid (fig. 2-1).
Apparent medium
Air, water, vacuum…,
in which the experimentations
are carried out

A

A’
Real medium
propagation of the light

2.4

Fig. 2-1

Properties of the "Real medium"

The "real medium”, if it exists, must have at least the following two properties:
1 - To be present everywhere
Since EM waves are propagated everywhere, the "real medium” must also be present
everywhere, in air, in water, and even in a vacuum1.
2 - To have propagation properties
We know that any wave needs a propagation medium. Since spacetime has the
properties of elasticity (Einstein), it could be a propagation medium.
Therefore, spacetime2 is an excellent candidate to support EM waves.
Important note

Gravity and EM waves do not curve spacetime in the same manner. Gravitation is covered by
Part 1 whereas EM waves are covered by Parts 3 and 4. Here, the structure of spacetime has
been deliberated simplified for pedagogical purposes.

1

The real medium is not "aether". To avoid any confusion, we will use the term "real medium" instead of aether.
We should not have any confusion between the word “motionless” used in the context of the global universe,
which is correct, and the same word used in Special Relativity, which is not relevant in that study.
2

The spacetime of the universe, sometimes called "global spacetime structure", is the one that was created about
13.9 billion years ago, and not the local spacetime of special relativity. So, in this document, the word
"spacetime" will always refer to "global spacetime structure of the universe", as in Friedmann-Robertson-Walker
Definition.
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Constant speed of light

Let's imagine the emission of a beam, L, from a laser diode (fig. 2-2). The diode, A, is fixed
on a motionless "apparent medium". The beam reaches the point L via the real medium: A 
A'  L'  L.

Apparent medium

L

L'
A
A'
Real medium
Fig. 2-2

Now let's consider that the apparent medium is moving with the velocity "V" (Fig. 2-3). An
external observer, such as Fizeau or Michelson in 1900's, could think that the speed of the
apparent medium V is added to the speed of light. In reality, the speed of light from A to L'
will be constant, whatever the speed of the apparent medium V.

Apparent medium
Moving support holding
the laser diode

L

L'
A
A'
Real medium

Motionless spacetime
of the Universe

Fig. 2-3

Indeed, since the light is propagated in the real medium, its speed depends only on the nature
of this medium, and nothing else. In reality, the permittivity of free space 0 is not a "vacuum
permittivity" but rather a "spacetime permittivity", a physical constant that defines the
spacetime propagation characteristics, as the "spacetime permeability" 0.

- 11 -
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Case of two reference spaces

Fig. 2-4 shows a photon which is emitted from an apparent medium A to another apparent
medium B. The two apparent media are moving in the opposite direction. In this case, no one
can explain why the speed of this photon is constant.

Current Theory

B
Photon

A
Fig. 2-4

Fig. 2-5 shows the proposed theory. The light is not propagated in the apparent medium,
which supports the sources of light A and B, but in the real medium, which is global
spacetime of the universe. EM radiations do not consist of photons but of EM waves (as said
before, the photon concept is covered in Part 4). As a result, the constant speed of light is
easily understood. The velocity of light is a function of the real medium characteristics, i.e.
spacetime permittivity 0, and spacetime permeability 0. Thus, the speed of light is always
300 000 km/s, whatever the relative velocity of the two apparent media from where the light
is emitted.

Proposed Theory

B
A
A'

EM wave

Real medium: spacetime of the universe

B'

Fig. 2-5
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Atoms

Fig. 2-6 explains what happens when an EM wave goes from an atom "A" to another atom
"B". Here, the same principle as above may be used to solve the enigma of the speed of light.
According to the wave-particle duality, the light doesn't move as a photon, which doesn't
make sense1, but as an EM wave.

B
A

Real medium: spacetime of the universe

2.8

Fig. 2-6

Conclusions
 EM waves are emitted from an apparent medium but are propagated
by the real medium, which is global spacetime of the universe.
 In this real medium, the speed of light is 300 000 km/s. Its invariant
velocity is only a function of the permittivity 0 and the permeability of
spacetime 0.

Therefore, although it amounts to the same thing, it would be more accurate to write:
“The speed of light is 300 000 km/s in spacetime2”
rather than:
“The speed of light is 300 000 km/s in a vacuum”

1

In Part 4, we show that the photon is inconsistent at least on 10 points.
Under certain conditions, EM waves may move at a speed different than 300 000 km/s. For example, using
Bose Einstein condensats made up with sodium atoms at -273.15°, Lene Vestergaard Hau, from Harvard
University, USA, slowed down EM waves to 17 m/s. In the same way, EPR also is an exception to the theory.
See Part 4, “Electromagnetism”, to understand these few exceptions.
2
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3 Movements in Spacetime
This chapter affords the reader a more concrete vision of the role of spacetime
in EM waves. The deduction developed in chapter 2, i.e. EM waves = spacetime
movements, will lead us directly to the knowledge of the constitution of the
elementary particles.

3.1 Fields in spacetime
Two different fields are transmitted by spacetime:
1. Electromagnetic field
This field is responsible of the electromagnetic (or "electroweak") force. The
behaviour of this field is well known by physicists but its origin and mechanism of
propagation are still an enigma. EM concerns only charged particles.
2. Gravitational field
This field has been described by Einstein in 1910-1915 by Einstein Field Equations
(EFE). It is responsible of the gravitation force. The nature of this field and its
mechanism of propagation is described in Part 1, "Mass and Gravitation". Gravitation
concerns all particles, charged or not.
This raises the following question:
"How spacetime can transmit simultaneously these two types
of fields, 1/ an EM field for charged particles only, and 2/ a
gravitational field for all particles, charged or not ?"
The only solution to this problem is that spacetime must have a substructure.
In Parts 3 and 4 we give some suggestions to this sub-structure. This suggestion is interesting
because it explains the antimatter of the universe and many other enigmas of physics. In this
chapter, for pedagogical purposes, we will simply ignore this sub-structure considering that
EM waves are supported by spacetime.
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3.2 Movements in spacetime
The universe is filled with EM and gravitational waves of all kinds. Thus, spacetime is not
motionless but is vibrating continuously. As said before, in this chapter, we will only consider
the vibrations of EM waves, not those due to gravitational waves. So, this simplified view of
the structure and sub-structure of spacetime must be taken with reservations.
EM waves are “movements” in spacetime, like "whirlpools" or "eddies" in water. The
propagation of EM waves in spacetime is similar to that obtained by a stone that makes rings
when thrown into the water (Fig. 3-1). On this figure, wave 1 is the main wave, and waves 2,
3, 4… are secondary waves, if they exist. The wave is propagated from left to right. We see
that these vibrations are variations of the density of spacetime (concerning the EM substructure, not the gravitational structure).

4

3

2

1
Fig. 3-1

3.3 Mathematical formalization
From a quantum mechanics point of view,
we have a "wave packet" (fig. 3-2). In
reality, the form of EM waves depends on
the phenomenon that created it.
For our further demonstrations, we will take
the simple form of a damp sinusoid (fig. 3-3
and 3-4 on the next page), even if these
figures are not fully exact. Figure 3-3
represents the periods, from 1 to 4, of the
wave in figure 3-1. Figure 3-4 is the same
wave but with only one period.
Note: The reader must keep in mind that
these graphs are only for teaching purposes.



x

Fig. 3-2
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d (spacetime density)

d (spacetime density)

t

1

2

3

t

4
Fig. 3-4

Fig. 3-3

3.4

Polarity of spacetime

The following graphics (Fig. 3-5 and 3-6) are identical to the preceding ones (Fig. 3-3 and 34). Sign "+" was inserted in areas of high relative density of spacetime and sign "-" in areas of
low relative density.
Spacetime has a neutral density before the arrival of the wave. The positive and negative
variations of the wave are relative to this reference. This is why the word "relative" was used.

d

d

Neutral density

+

+

-

+

-

-

+

t

Neutral density

+

t

Fig. 3-5

Fig. 3-6

3.5 Example of air cubes
Let's imagine that ambient air is divided into small cubes. In this example, the EM wave is
replaced by a soundwave.
Each cube has a density of air. When a soundwave arrives, the pressure of the air inside each
cube changes in a combination of positive and negative pressures, or high and low pressures.
After the passage of the soundwave, the pressure of cubes falls back to its initial value.
This initial value of density of air is called "neutral density" on figures 3-5 and 3-6. The small
cubes of air could be identified to the sub-structure of spacetime described before.
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3.6 EM vs. Gravitational waves
In the previous example, a sound wave makes a periodic displacement of air into each cube
that can be identified to EM waves.
The presence of an object, such as a house, also makes a displacement of air. The
phenomenon is different and can be identified to gravity.
In reality, these two displacements of air are two different phenomena. They can be
assimilated to electromagnetism (the soundwave) and the curvature of spacetime in general
relativity (the house).
As it as been said, the difference between these two phenomena is fully explained in Part 1
“Mass and gravity”, and Parts 3 and 4 for the sub-structure of spacetime and
"Electromagnetism".
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4 Forces in Spacetime
The three fundamental forces are gravity, electroweak force (unified in 1972
by Weinberg and Salam, Nobel Prize – 1979) and the strong nuclear force.
This chapter covers one of these three forces. Differences of high and low
densities of spacetime necessarily produce a force. We have the same
phenomenon in our last example: the difference of air pressures produces a
force which is the wind.
We do not know the character or the properties of the force described in this
chapter. At the present moment, we will be satisfied to understand it. We
will try to identify this force later, in the following two chapters.

4.1 Principle of the Least Action
The principle of Maupertuis1 in 1744 indicates that nature always tends towards the least
action. Transposed to spacetime, this principle becomes:
Spacetime tends naturally
towards the least action

4.2 Principle of the Least Density
The principle of least action can be stated in a different way, which will be useful for us, later
in this document. Since the density of spacetime in the Universe is neutral, areas of
polarized2 spacetime will tend to a neutral density.
Spacetime tends naturally
towards a neutral density

1

Koenig, De Fermat, Liebniz, Euler, Lagrange, Jacobi and Helmholtz have written similar principles.
In this document, we will presume by convention that a high density of spacetime corresponds to a positive
polarity, and a low density to a negative polarity.
2
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4.3 Example
For teaching purposes, the two figures in the preceding chapter (Fig. 3-1 and 3-5) are grouped
in Fig. 4-1 which represents an EM wave on the left, and its simplified mathematical
representation, on the right.

d (relative spacetime density)
EM wave

A

+

+

-

-

B

+

Reference:
Neutral density of spacetime

t

-

Fig. 4-1

4.4 Annihilation process
Let's imagine that we take the two "pieces" of the above EM wave noted A and B (Fig. 4-1 on
the left). These two small parts are represented in figure 4-2. What happens if we put these
two areas, A and B, in contact?

Reference:
Neutral density of spacetime

A

B

Fig. 4-2

Intuitively, we might think that these two areas will cancel out each other. The area of high
density of spacetime in A will annihilate the area of low density of spacetime in B.
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We can also demonstrate that this phenomenon is in accordance with the Maupertuis Principle
adapted to spacetime: The only way to get the least difference of density of spacetime is when
areas A and B annihilate each other.

4.5 Example of Annihilation
To better understand the phenomenon, let's consider the example of an acoustic wave. As we
know, it is a succession of pressures and depressions in air.
Let's isolate two small cubes of air, one in a pressure half period (A), and the other in a
depression half period (B). Now, let's put them in contact. Intuitively, we might think that
these two areas, A and B, will mutually cancel out each other. The result will be two neutral
areas with zero relative density, like our "reference" in Fig. 3-5, 3-6, 4-1 and 4-2.
The same phenomenon occurs in spacetime when we put together two areas, one with a high
density of spacetime, and the other with a low density.

4.6 Attractive force
We know that the two areas A and B (fig. 4-3) represents two areas of EM fields. Since we
know since 1850's that a positive area (A) is attracted by a negative area (B), demonstrations
has already been made.
Here, we show that, in reality, these two areas of EM fields are two areas of spacetime with
opposite densities. The principle of least relative density of spacetime confirms this attraction.

A

B

Fig. 4-3

4.7 Repulsive force
In the same manner, two areas with the same polarity of density of spacetime will tend to
push each other away (fig. 4-4 next page).
The principle of least relative density of spacetime confirms this repulsive force.
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B

Fig. 4-4

4.8 Fusion
Under certain conditions, two areas of identical polarity can merge (fig. 4-5).
For example, if the energy of one area is higher than the "barrier" of another, this barrier can
be crossed over and fusion becomes possible. Thus, under some conditions of proximity,
repulsion can become a fusion. This phenomenon of fusion is well known by physicists.

Fig. 4-5
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5 Electron-Positron Annihilation
In this chapter, we propose a scenario using the attractive and annihilation forces
seen in the preceding chapter, including the explanation of wave-particle duality
covered in chapter 1. More precisely, we will try to imagine what occurs when
two areas of opposite density of spacetime are put together.
For the moment, we do not know the character of this interaction. In the following
chapter, we will try to describe the phenomenon and compare it to something
known.

5.1 Scenario
Let's consider two areas of the same dimension, A and B, taken from an EM wave (fig. 5.1).
These two pieces are made of high and low density of spacetime respectively. Area A comes
from a positive half-period and B from a negative one.

EM wave

A

B

A
B

A

+
B

+

-

t

Fig. 5-1
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As we can imagine, these two area will annihilate each other since they have opposite
polarities. This annihilation produces movements in surrounding spacetime. We have the
same process when an anticyclone comes into contact with a depression; annihilation always
produces wind, sometimes storms, and disturbances in the surrounding space.
We must note that all the elements of figure 5-1 are made up of spacetime:
 The areas A and B are "parts" of the EM wave, therefore areas of spacetime
 Surrounding space is also made up of spacetime
 Since everything is spacetime, the two vibrations (Fig. 5-1 in red) produced by the
annihilation are also made up of spacetime. These movements are like an eddy or
whirlpool in water.
The loop is thus closed:
1. The two “pieces” of waves, areas A and B, are annihilated,
2. … which produces movements in spacetime,
3. … movements which are EM waves.

Static areas of
spacetime
(Particles?)

Movements
in spacetime
(EM waves)

5.2 Different volumes
Let’s suppose now that one of the areas has a volume of 0.1% superior to the other (not
represented in the figure). What would occur?
It is simple: the excess 0.1% will not be annihilated.
For example, let's take an area of a volume equivalent to 511 KeV1, and the other 509 KeV.
After annihilation, it will remain an area of 2 KeV. This area will be ejected in a direction that
preserves the momentum, in relation to the two other disturbances.

5.3 Interpretation
Background about antiparticles: Each particle has its counterpart antiparticle which has the
same mass ("closed volume" more exactly, see Part 1), but an opposite charge. The positron
is the antiparticle of the electron. So, its charge is +1 instead of –1. Another example is the
antiproton, which is nothing but a proton with a charge of –1 instead of +1.

1

Please see Part 1 "Mass and Gravity" to get the relationship between mass or energy to volume.
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The above scenario, which is purely intuitive, coincides curiously with that of an e+e- annihilation.
 The two areas of high and low density of spacetime could be the positron and the
electron.
 The movements of spacetime due to annihilation could be the two gammas of 511
KeV created during an e+e- annihilation.
 The volumes A and B disappear. In physics, the positron and electron disappear too.
 The volume of the movements in spacetime corresponds to the volumes destroyed.
Part 1 explains with simplicity the transformation of a "closed volume", i.e. mass, in
waves (See Part 1, section E = mc², and Part 4, chapter "Waves and Complements",
section E=mc²).
 The remainder, if volumes are slightly different, could be the neutrino, more exactly
an antineutrino in theory. Indeed, we don't have the proof that the positron has exactly
the same mass as that of the electron1, but we have proof that the neutrino exists.
Further discussion of the neutrino is covered in Part 3 "Quarks and Antimatter".
 If the neutrino comes from an electron or positron, it must also have a spin = 1/2. This
is exactly what the experimentation proves.
Such a coincidence between the theory here described and the experimentation is disconcerting but not sufficient to validate a theory. We will make further deductions in the following
chapter. These conclusions confirm that the present scenario describes, word for word, an
e+e- annihilation.
511 Kev gamma
Anti-neutrino

Positron

Electron

511 Kev gamma
Fig. 5-2

Note: If this scheme is correct, the neutrino should have a very light charge, so light that it could be
very hard to detect. This eventuality is covered in the chapter concerning the neutrino, in Part 3
"Quarks and Antimatter".

1

The accuracy of measurement is: |me+ - me-| /m < 8.10-9, with a CL of 90%.
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6 Nature of Particles
We know of about 300 elementary particles. Among those, physicists have
favoured the electron. It seems that the electron, and its antiparticle the
positron, are the basic particles of the universe. For this reason we have
also chosen the electron and the positron with which to continue our
research into the constitution of particles.
This chapter synthesizes the preceding deductions.

6.1 Constitution of particles
The following deductions, made in five different ways, always lead to the same conclusions:
particles are areas of spacetime.

1) 1st principle of duality
This principle, which fully explains the enigma of wave-particle duality, states that
particles, waves and medium must have the same constitution. Since the medium is
spacetime, particles and waves are necessarily made of spacetime.

2) Electron-positron annihilation
We have studied, in the previous chapter, the annihilation of an electron and a positron.
Since the result, two gammas of 511 KeV, are a movement in spacetime, the origin, or
the electron and the positron, is made up of spacetime too. This experimentation is a
simple conversion from spacetime (particles) to spacetime (gammas), in accordance
with the wave-particle duality explanation of chapter 1.

3) Electron-positron (e-e+) pairs production
This experiment is the contrary to that described in the previous paragraph.
We know that when a high-energy gamma passes near a nucleus or any charged
particle, it can decay into an electron-positron pair.
This phenomenon is very simple to explain (Fig. 6-1 and its simplified view, Fig. 6-2,
next page). The positive Coulomb Field of the nucleus attracts the negative areas of the
EM wave and pushes back the positive areas, namely the areas of low and high density
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of spacetime. Thus, the wave decays in two parts. These two “pieces of wave” are an
e+e- pair.
Obviously, it is impossible to create particles from nothing1. The electron and positron
come from somewhere, and this "somewhere" can only be the original EM wave, i.e.
spacetime vibrations.
So, since the original EM wave is made up of spacetime, the electron and the positron
are necessarily made up of spacetime too.
We can deduce that:
The electron and the positron
are made up of spacetime

e+

d

+

+

-

+

-

-

+

t

-

+

t

e-

Fig. 6-1

e+

d

e-

Fig. 6-2

4) De Broglie Waves
In 1924, Louis De Broglie had the idea that any particles could have an associated wave
similar to the EM wave. For De Broglie, all the waves have a comparable constitution.
The experimentations of Davisson (Nobel Prize - 1937) and Germer in 1927 confirmed
De Broglie's theory. So:
Particles and matter waves are of the same constitution (first principle of
duality).
"Matter waves2" and EM waves and are of comparable constitution (De
Broglie).
By association, we deduce that particles have the same constitution as EM waves, i.e.
they are made of spacetime since the EM waves are vibrations in spacetime.

1

Spacetime is not considered as "nothing".
The subject of EM and matter waves is covered in the two following documents: Part 3 “Quarks and
antimatter”, and Part 4 “Electromagnetism”.
2
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5) Coulomb's Force
Let's return to the scenario discussed in the preceding chapter and try to identify this
force. What is this unknown force that brings closer the two areas A and B until their
complete annihilation? We have four possibilities:
 Gravity? The scenario of chapter 5 couldn't work with two areas of identical
polarity. Since gravity disregards polarity, this unknown force is not gravity.
 The strong nuclear force? In chapter 5, we never mentioned nuclei or quarks.
Thus, this unknown force cannot be the strong nuclear force.
 The weak nuclear force? In the same way, it is not a question of interactions
with bosons Z°, W+ or W-. This unknown force is not a weak nuclear force or,
more precisely, the weak nuclear component of the electroweak force.
 The EM force? By elimination, there is the EM force.
We deduce that the unknown force discussed in the preceding chapter is the Coulomb
component of EM force. This conclusion seems logical since the two areas, A and B,
are "pieces of EM waves", which are related to EM force.
Since the Coulomb Force acts only on charged particles, we deduce that the two areas A
and B are charged particles. Since these two areas are “pieces” of an EM wave, i.e.
spacetime, we naturally conclude that the particles are made up of spacetime too.

6.2 Einstein's point of view
Let's note this remark by Einstein, which tends to confirm our deductions: "Matter cannot
exist without spacetime". Thus, the proposed theory is far from being unrealistic since, in the
1920's, this great physicist thought that matter was directly connected to spacetime.

6.3 Conclusions
The conclusion is that Nature is founded on only one basis, which is summarized below.

EM waves and elementary particles are made of

Areas of high and low densities of spacetime
 Particles = Static areas of spacetime
 EM waves = Dynamic areas of spacetime (vibrations)
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Medium is spacetime
(chapters 2 and 3)

=

Particles

=

Medium

=

???

=

Spacetime

Particles have necessarily the same internal
constitution as waves and medium: Spacetime

6.4 The fifth dimension?
This conclusion also corroborates our simple model of the universe based upon spacetime and
using only four dimensions. Indeed, we are faced with the following alternative:
 Either the charge is independent of the four known dimensions and thus cannot be
expressed by the form q = f(t,x,y,z). It is then necessary to envisage a fifth dimension,
independent of the others four, which is the charge, q. In this way, the universe
variables would be t,x,y,z,q.
 Or, the charge is a function of four known dimensions and can be expressed by the
form q = f(t,x,y,z). In this case, we can remain in these four well-known dimensions. All
particles are then expressed with the four spacetime variables: t,x,y,z.
Except for the few years of his life when Einstein was interested in the Kaluza Theories, he
believed the universe had only 4 dimensions. The previous demonstration shows that he was
right. It is not necessary to add a fifth dimension to explain the charge.
The observation that the charge is nothing but differences in
density of spacetime is in full agreement with Einstein's ideas.
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7 Clarification
As the discussion stands now, the reader may take the following stance:
"This does not mean anything… When I take a hammer, I see that
this hammer is made of matter, and not of the so-called areas of high
and low densities of spacetime…”.
This chapter is probably the most difficult to understand of the theory since it tries
to explain to the reader that all the matter of the universe is made up of spacetime
areas and that we are living in a virtual world. This is far from being obvious.

7.1 What we know
For the past 50 years, what we have known is particularly disconcerting:
1 - The atom
Due to quantum effects, it is very difficult to measure the diameter of an electron.
However, the following approximations are generally accepted. In an hydrogen atom,
the relation between the nucleus (proton) and its diameter is about 1/40 000, and the
relationship between the electron and the proton is 1/1000. To get an idea of these
relationships, we can imagine a daily-life representation of an hydrogen atom:
 The diameter of the nucleus is 1 m.,
 The diameter of the electron is 1 mm.,
 The diameter of the atom is 40 km.,
So, the electron (1mm) turns around the nucleus (1m) at a distance of 20 kms. It means
that the atom is mainly made of 99,999% vacuum.
If we eliminate all the vacuum of atoms (99.999%), the size of the human body would
be reduced to a pinhead…
2 - Waves
In accordance with De Broglie, matter and waves are identical. Thus, the human body,
at least the 0.001% that remains after all the vacuum is removed, would be nothing but
waves…
3 - Energy
As we know, E = mc². So, this pinhead would be identical… to pure energy… (see Part
1 to understand E=mc²).
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To summarize, experimentations and Einstein and De Broglie Theories show that matter is
made of:
A vacuum : 99.999%
Waves or matter-energy : 0.001%
Under these circumstances, is it logical to continue considering matter as a physical concept?
Of course not.
It is obvious that we can’t continue to call “matter” something that is 99.999% vacuum and
0.001% waves or energy…
It would be more reasonable to consider that what we call “matter” is nothing but a virtual
concept since a vacuum and waves don't exist in concrete terms. So, if a vacuum and waves
are both virtual concepts, we are living in a virtual world.
Please, note that this is not a new idea. These conclusions were well known in the last
century, in particular when Davisson and Germer demonstrated in 1927 that matter and waves
are identical.

It seems that we have great difficulty accepting the
idea that we are living in a virtual world made of
two virtual elements:
1. A vacuum (99.999%)
2. and waves or energy (0.001%)

Note: This enigma (99,999% of an object is a vacuum) is fully explained in Part 3 “Quarks

and Antimatter”.

7.2 Examples
To help understanding this strange phenomenon, lets consider the air. Are we able to built
something with air? The immediate answer to this question is "No" since in air, we don't see
anything.
A more logical answer would be "Yes" because:
 Air has water vapour,
 If we extract this water vapour, we obtain water,
 Water may be transformed in ice,
 And ice in things such as igloos.
So, with air, we can build igloos.
Can we built something else? Here also the answer is "Yes", because:
 Air carbon dioxide (CO2),
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 We already have carbon and oxygen,
 Air contains also hydrogen,
 With carbon C, oxygen O and hydrogen H we can build a lot of things since these
three atoms are the basic elements of the universe.
For example, the chemical formulae of sugar is C12H22O11. Therefore, it is possible to extract
C, O and H atoms from air and, with some adapted chemical processes, we can synthesize
sugar.
These examples are provided to understand that, in our daily life, what we see and what we
think are not necessarily the truth.

7.3 The Spacetime Model contribution
The current theory doesn't change our point of view about atoms, which are always made up
of a vacuum (99.999%) and waves (0.001%). Nothing has changed and matter, or its counterpart waves, remains a virtual concept.
This Part 2 of the Spacetime Model is a little more precise regarding the nature of waves (Fig.
7-1).

Current theory
A vacuum

De Broglie
Waves

+

Proposed theory
A vacuum

De Broglie
Waves (1)

+
Fig. 7-1

(1) The two explanations are close to each other, but the constitution of matter and many puzzles of
quantum mechanics are fully explained if we consider that waves are nothing but variations of
spacetime. Please also see Parts 3 and 4.
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So, the major difficulty doesn't arise from the Spacetime Model per se, but from what we have
known for 50 years: 99,999% of matter is made of a vacuum.
We already know that gravity has its origin in spacetime (Part 1). Here we show that
spacetime is also curved by EM and De Broglie Waves. Therefore, the Spacetime Model
simply extends the Einstein Concept to all components of the universe, stating that

All is spacetime

7.4 Matter vs. Spacetime
It could be strange to consider that matter is made of spacetime. Let's examine the main
physical characteristics of matter:
1 - Mass
As explained in Part 1, the mass effect of an object is a virtual quantity, such as speed,
force, pressure… It is a consequence of the curvature of spacetime made by its closed
volumes. So, the origin of mass is a kind of volume, i.e. Mass = f(x,y,z).
2 - Weight
The weight is also a consequence of the curvature of spacetime made by some types of
volumes. So, we also have Weight = f(x,y,z).
3 - Volume
The volume has the expression: Volume = f(x,y,z).
4 - Colour
The colour is a reflection of the light on objects with a modification of the wavelength.
These waves are defined as: Waves = f(x,y,z,t).
5 - Temperature
As we know, the origin of a temperature is a thermal vibration of molecules which are
expressed as: Vibrations = (x,y,z,t).
As we see, all these physical characteristics are defined as: Matter = f(x,y,z,t), i.e. in 4D. In
other words, it is possible to build all kinds of matter with only the four dimensions of the
universe x, y, z and t.

7.5 Forces vs. Spacetime
In our daily life, beside matter we also have forces. Forces are virtual quantities built with
combination of the four dimensions of the universe. The dimensional quantity of a force is
[ML/T²], i.e. mass x length / time². Forces alone generate all forms of communication
experienced in human life:

Part 2 - Constitution of Matter









- 33 -

7 - Clarification

Intelligence: chemical interactions in synaptic transmissions (Coulomb Force),
Sound, music, speech… (vibrations of air),
Pain (electrical currents in the sensory nerves),
Joy (hormones which are specific molecules issued from the Coulomb Force),
Heat (infra-red EM waves),
The touch: Coulomb Forces between molecules.
Human power (electrical currents in the motor nerves),

Of course, all these forces are invisible, as those of two magnets, but they exist and must be
taken into consideration in any explanation of our life and what we call “matter”.

7.6 Importance of forces in spacetime
Let's try to understand the importance of these forces in life but by another way. If we remove
all these forces from the human body, what would remain?
 If all the EM force disappeared, we would not have any more light. We would be
blind.
 Acoustic waves are propagated in the air by forces. If these forces did not exist, we
could not hear noises, music, or speech.
 We know that nerves propagate electric potentials. If our hands were disconnected
from our brain, we would not have any feelings (sensory nerves), or movements
(motor nerves).
 But the chemical interactions between neurotransmitters of our brain are Coulomb
Forces. Thus, our brain would no longer function.
 Molecules are associations of atoms thanks to the Coulomb Force. Thus, the human
body, life, and all the objects that surround us would not exist since there would be no
association of atoms in molecules.
 Moreover the atoms themselves could not exist since it is still the Coulomb Force that
maintains the electrons on their orbital. If we remove the Coulomb Force from the
nucleus, we will have independent nucleons and electrons.
 At last, nucleons are quarks associations thanks to the nuclear force.
Thus, if all of these forces did not exist, the universe would only be made of free electrons
and positrons1, i.e. of low and high densities of spacetime.
To summarize, we can say that Nature = Objects + Forces. Objects are defined in 4D
with an expression as Object = f(x,y,z,t), and forces are a virtual concept also defined by an
equation as: Force = f(x,y,z,t). Various combinations of objects and forces make up atoms,
molecules, and finally the universe and life.
"As a magician makes us believe that an object is on our right whereas it
is on our left, nature makes us believe that all is matter whereas all is
"virtual" 4D objects and forces produced by spacetime."

1

We show in Part 3 “Quarks and Antimatter” that quarks are made up of positrons and electrons.
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Introduction

Abstract
It would seem that the global spacetime of the universe is divided into quanta called "SpacetimeCells" or "sCells", which are nothing but neutral electrons. Therefore, sCells could have a
closed volume equivalent to 511 KeV but, like neutrinos, they can't be detected.
On the other hand, it seems that the charge of the electron is distributed into the sCells surrounding the nucleus. Schrödinger's probability concept must be replaced by a more realistic
concept called "Distributed Charge Model". Quantum mechanics formulas as Schrödinger
Equation are not modified by this new approach.
These two explanations solve several enigmas of Physics such as the constitution of quarks,
the charge of the proton which is equal to that of the electron, the location of the antimatter in
the Universe, and provide a link between the creation of the universe and the Standard Model.
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Spacetime Cells
Two different fields are supported by spacetime: Electromagnetic (EM) and
Gravitational fields. A simple and unique 4D spacetime can't support these two
fields. The only way to solve this inconsistency is to consider that spacetime has a
sub-structure.
In reality, this idea comes from Einstein. He was interested by Kaluza Theories but
came back to a 4D spacetime with an hypothetic substructure. He was then opposed
to the Copenhagen Interpretation of Quantum Mechanics. Unfortunately, he had so
many detractors that he dropped his idea of substructure.
Nevertheless, this suggestion is 100% full of good sense because there is no other
alternative to explain electromagnetic and gravitational fields. This is why this idea
has been taken up again, but taking into account the recent discoveries concerning
quarks. Here we show that spacetime would be parcelled out in a kind of "neutral
electrons" called in this document SpacetimeCells, or sCells in abbreviated.
When Pasteur discovered invisible microorganisms, no one believed him. Like
microorganisms, sCells are invisible since they have no charge. As neutrinos, they
can't be moved. So, instead of saying as Pasteur detractors "Since I don't see sCells,
they don't exist…", it is better to say "Why not? Let's study this possibility…".

1.1 Starting point: the charge of proton
The proton has an electrical charge that is equal in magnitude and opposite in sign to that of
the electron. This charge is 1.602176565(35)×10−19 Coulombs. Equality between the absolute
values of the charges of the proton and of the electron is incredibly well verified. The relative
difference between the absolute values is less than 10-21 !!! So, the question is
"How can we explain this incredible equality of these electric charges?".
Since the positron is the antiparticle of the electron (identical electric charge but in opposition
of sign), its charge is exactly equal to that of the electron in absolute value. This suggests that
the proton could be made of positrons. The problem is that the negative charge of the d quark
also suggests that we could also find at least one electron inside the proton.
Finally three options can be selected:
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 2 positrons + 1 electron. This possibility solves the problem of the charge but
doesn't agree the mass. The global mass of (2 positrons + 1 electron) is about 1,5
MeV whereas the mass of the proton is 600 times more greater, about 938 MeV. This
possibility must not necessary be rejected but is very improbable.
 2 positrons + 1 electron + e+e- pairs, such as 7 positrons and 6 electrons. The
e+e- pairs increase the mass. The charge and mass are verified but we will have
annihilations between e+ and e-. This is why this possibility must not necessary be
rejected but is also improbable.
 2 positrons + 1 electron + sCells. The sCells replace e+e- pairs. Depending of
the scheme of construction, sCells could prevent the e+e- annihilation. This scheme
could be near to the nuclear fusion process. SCells also increase the mass. This
scheme, which is more probable than the others, is covered in this chapter.

1.2 The basic particles of the universe
At the origin of the universe, what were the basic particles? Physicists consider that electrons
and u/d quarks, from the Standard Model, are the basic building blocks of the universe.
It is impossible, or at least highly improbable, that the universe was created at an intermediate
stage with so many different charges: - 1, - 2/3, -1/3, 0, +1/3, +2/3 and +1. If we consider that
the particles of 2nd and 3rd groups of the Standard Model are particles of the first group in
excited states, only eight particles can be considered: u quarks, d quarks, antiup quarks,
antidown quarks, neutrinos, antineutrinos, electrons and positrons. So,

8 particles with 7 different charges are too many
particles to make this point of view credible

It is obvious that the universe was created in a very simple state. It is a necessity. The simplest
is the best. Its symmetry was elementary, probably originating with only one particle. This
original particle remains to be determined. If physicists were to choose a particle among the
24 of the Standard Model, it would almost certainly be the electron. It is a logical choice.
Since the electron charge is - 1, we need at least an opposite charge of +1 to preserve the
symmetry and to build other particles. Thus, the second particle to be considered is, of
necessity, the positron. It is, therefore, logical to think that the creation of the universe
required only two particles, the electron and the positron.

ALL PARTICLES of the universe are probably
made up with Electrons and Positrons
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1.3 Current Particles
Let's examine the table 1-1, which summarizes some well-known particles.

Charge

-

Positron/ --- /Electron

+

Proton/neutron/antiproton

+

0

-

+

0

-

K+/K°/K

-

+

0

-

B+/B°/B-

+

0

-

D+/D°/D-

+

0

-

+

0

-



+

0

-



+

0

-





Fig. 1-1

This table is not exact because we have omitted the neutrinos. Moreover, the neutron or
antineutron are not exactly a "neutral proton". Lastly, the majority of particles are
combinations of quarks, but neutral quarks don't exist. So, this table is nothing but a simple
indication showing that the particles are grouped in three’s. A similar approach has already
been used in physics with Lie Groups (from Hermann Weyl Works).
Despite these few objections, a particle is missing in this table, the neutral electron, or sCell.

1.4

Existence of sCells

To summarize, sCell seem to be necessary for the following reasons:
1/ The perfect equality between the charge of protons and electrons,
2/ The creation of the universe requires one, two or three particles, no more.
3/ Figure 1-1 shows that the "neutral electron" is missing.
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4/ Substructure of spacetime from Einstein's suggestion,
5/ Quantification. According to Max Planck (Nobel Prize 1918 ), all components of the
universe are quantified. It doesn't mean that spacetime is also quantified, but it is an
interesting point of view.
6/ Quarks. It is impossible to build quarks with integers charges such as –1 (electrons)
or +1 (positrons). A third charge, neutral, is probably necessary to prevent repulsion
between charges of the same polarity.
7/ Antimatter. The suggestion of our quark model gives the solution to one of the
greatest enigmas of physics: where is the antimatter in the universe?
8/ EM and spin. sCells perfectly explain the EM field, and probably of the spin too.
These subjects are covered in Part 4.
9/ Other explanations. sCells explains several enigmas of physics such as:








Quantum levels in atoms,
Significance of the Schrödinger Model,
Anomaly of the E0 energy level in atoms,
EPR anomaly,
Young Slits enigma,
The multiple paradoxes of photons,
A rational explanation of the Heisenberg Uncertainly Relation,

So, we may reasonably consider that:

If sCells solve so many enigmas of physics,
it can't be merely a simple coincidence.

However, at the present time, sCells have never been detected
have no charge1. The existence of the neutrino is obvious when
laws of momentum, as Wolfgang Pauli (Nobel Prize 1945) did
with sCells. That is the difficulty. The only way to prove their
way and by deductions.

1.5

because, like neutrinos, they
we measure the conservation
in 1930. This is not the case
existence is from an indirect

Properties of sCells

If sCells exist, we can imagine their properties which are:
 A sCell has a "closed volume" equivalence of 511 KeV but, since it can't be moved, it
doesn't curve spacetime to make room. It means that a sCell is massless. However, if
one or more sCells are enclosed in a particle, these sCells become closed volumes and
get mass. See Part 1.

1

Not exactly. The present theory predicts that the neutrino has a very weak charge of a fraction of 1 ppm.

Part 3 – Quarks and Antimatter

-5-

1 - Spacetime Cells

 Their relative density of spacetime, i.e. their charge, must be null,
 Since a sCell doesn't have any charge, it is not possible to move it or to detect it.
 The neutral charge of a sCell can be split in two symmetrical charges, -1 and +1.
These charges goes in other sCells to make an electron-positron pair. So, if the
universe began with only sCells (= 4D spacetime), there should be strictly as many
electrons as positrons (see Part 5).
 Charges of electron-positrons pairs may be transmitted from sCells to sCells.

1.6

Basic components of the universe

The basic components of the universe could be those of the following figure 1-2. We will also
see that it is possible to build any particles from only these three particles.

sCell
Electron

0

-1

Positron

+1

Standard Model
24 particles and antiparticles
Fig. 1-2

1.7

Example of sCells

To understand the sCells Concept, let's take the example of water.
In everyday life, water is like a continuum. In reality, water is made of H2O molecules. Each
molecule is a kind of quanta. Spacetime is like water, we think that it is a continuum, but in
reality it is made of sCells.
Since gravitation or gravitational waves are spacetime movements, they can be identified to
eddies in water. Since EM field is transmitted by sCells (see Part 4), we can identify it to an
electric field transmitted from H2O molecules to H2O molecules. So, water can transmit two
different kinds of forces, but on different manners. Spacetime is based on the same principle.
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2 The "Distributed Charge" Model
In this chapter, we explain the role of sCells, if they exist, in atoms. We will
further see other enigmas solved by sCells.
Contrary to a preconceived idea, in atoms, the electron is not moving around
the nucleus as a punctual particle. This is a consequence of the wave-particle
duality (see Part 2). In reality, the charge of electron(s) is distributed into
sCells, making a kind of "cloud of charges" around the nucleus. This new
model can also be applied to quarks and composite particles such as neutrons.

2.1

Electrons in atoms

Electrons are not moving around the nucleus as punctual particles but rather as waves. Their
charge is distributed in several sCells (fig. 2-1). So, we have a "distribution of spacetime
density". This is confirmed by several experimentations such as the electron diffusion by a
neutron (see section 6). This view is in accordance with Schrödinger or Dirac models.

Fig. 2-1

Note: The spin is mainly covered in Part 4.
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The Schrödinger Model

Let's imagine, for example, that the electron wraps up the nucleus in 50 sCells. Instead of
having a continuous moving electron around the nucleus with a charge of -1, we will have 50
sCells with a charge of –0.02 each.
This is called the "distributed charges" model or, in other words, a distribution of spacetime
density inside sCells.
The Schrödinger Equation
The Schrödinger Equation could say that the probability of finding the electron at a given
position and at a given time, in this example, is 0.02. Since, around the nucleus, we have
50 sCells, the total probability of finding the electron on its orbital is 0.02 x 50 = 1.
Proposed theory
In the Spacetime Model, the measurement1 does not relate to the electron as a particle,
but to a negligible part of its charge in sCells. The probability of finding the electron is
always 1 (100%) in each sCell, but the charge measured is -0.02 instead of -1. Since we
have 50 sCells, we obtain the same result.
As we see, from a mathematical point of view, nothing is changed. However, the explanation
of this phenomenon much more credible than that of a "probability cloud". In both cases, the
whole probability is 1. Therefore, the Schrödinger Equation can continue to be used, but it
would be more correct to replace "Probability density" with "Spacetime density".
Another important point is that Einstein was right when he was opposed to the Copenhagen
Interpretation of Quantum Mechanics. He never agreed with this explanation of "probability
cloud" posed by Schrödinger (Nobel Prize – 1933) and Max Born (Nobel Prize – 1954).
All things considered, the Spacetime Model is more close to Einstein's view than to the view
of his detractors. Indeed, the two explanations lead to identical mathematical results, but here
we have a consistent explanation of the so-called "probability cloud".

2.3

The vacuum enigma

No one is able to explain why 99,999% of matter is a vacuum. However, this enigma becomes
very simple to understand if we consider that electrons, in atoms, follow the distributed
charge model as explained in this part.
For example, let’s consider a “ball pit”, also known as “ball pool” (fig. 2-2, next page).
Each ball is empty. Therefore, the amount of PVC in each ball is very small, so small that we
can consider that 99% of the pit is a vacuum (air more exactly).

1

We mention “measurement” making the theory comprehensible, but it is obvious that a real measurement of the
electron under the above conditions must be in accordance with the Heisenberg Uncertainly Relation.
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Fig. 2-2

In atoms, the phenomenon is identical. If the electron is that particle moving around the
nucleus, no one can explain why 99.999% of the atom is a vacuum (fig. 2-3A), and why we
feel that 99.999% of a vacuum is "matter".
If electrons are distributed in sCells as figure 2-1 shows, the amount of "matter" (0.001%) is
the same but we have the perception that "matter" exists (fig. 2-3B).

A

2.4

B

Fig. 2-3

The photoelectric effect

In atoms, the electron is moving around the nucleus at a great distance from it. Thus, the
probability that a photon has to meet the electron is practically zero, despite the number of
atoms are in matter. This observation is highlighted with graphene sheets. Under these
circumstances, why does the photoelectric (PE) yield reach 95%?
If the electron is distributed in sCells all around the nucleus (fig. 2-3B), this enigma becomes
clear. In all cases the photon meets sCells partially charged. In such a case, the PE yield may
reach 100%, even in graphene. Please note that Part 4 also covers the PE effect.
.
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3 U and d quarks
In chapters 1 and 2 we have supposed that electrons and positrons are charged
sCells, i.e. sCells that have a density of spacetime higher and lower than the
average density (see Part 2 "Constitution of Matter"). Would u and d quarks
follow the same model?
This chapter covers a possible constitution of u and d quarks. In particular, it
proposes a logical explanation of the mysterious charge of 2/3 and -1/3.
Applying our "distributed charge" model to the quarks, we obtain interesting
conclusions. Of course, these conclusions must be validated by experimentation.

3.1

U and d quarks

When quarks was discovered, physicists thought that the d quark is an u quark with an
electron. A similar idea was emitted in 1932 when Chadwick discovered the neutron, which
was considered as the association of a proton and an electron.
These two ideas were dropped because this point of view is not in accordance with the spin.
Today, the violation of spin is not longer an argument of opposition for different reasons,
confirmed by the "crisis of proton". Part 4 covers this subject.
If quarks are built according to the "distributed charge" model, we could have the following
scheme (fig. 3-1 next page). Please note that this figure has been deliberated simplified for
teaching purposes.
This model seems confirmed in chapter 4 by a formula that calculates the antimatter in the
universe.
For the moment, let's say that the central charge of both quarks is +2/3. The outer-shell
electron of the d quark has a double effect: it decreases the charge from +2/3 (u quark) to –1/3
(d quark), and it increases the volume, i.e. the mass because the open volume enclosed by the
electron is transformed in closed volume and get mass. This explains the mass difference
between the d and u quarks.
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d quark
2/3 – 1 = -1/3

u quark
+2/3

u quark
Electron

3.2

Fig. 3-1

Quarks construction (proposal)

A suggestion of the construction of u and d quarks is represented in figure 3-2 on the next
page. The following sequence is detailed for teaching purposes. Other sequences may also be
proposed. We will see later that protons, neutrons and hydrogen atoms have a simpler
construction.

Constitution of quarks
U quarks ........... 2 positrons lead to 3 u quarks
D quarks ........... = U quark + Electron

Notes
Experimentation gives a value different from 511 KeV for u quarks. Several explanations are possible. For
example, the two positrons may merge with 10 sCells. In this case, the overall volume will be equal to 12 sCells
(10 sCells + two positrons). The mass must be calculated from the mass formulae (see Part 1).
It would be premature trying to solve this problem because it is impossible to isolate quarks and, therefore,
results of experimentations (from 1.5 MeV to 3 MeV for the u quark) are inaccurate.
The scheme of figure 3-2 may need some adjustments, but there is no longer any doubt about the construction of
the u and d quarks from electrons and positrons. If this quark configuration solves so many enigmas, it is not a
simple matter of chance.
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sCells

Phase 1: Fusion
Two positrons (charge +1) merge
with one or many sCells to make a
temporary particle having a charge
of +2.

e+ +
Charge

+
+ e

+1

0

Charge

+2

Charge

+2

+1

Phase 2: Separation
When the charge of +2 is uniformly
distributed, a Coulomb Repulsion
appears. The particle decays into
three sub-particles. The charge of
+2 is then divided into three parts.
Each sub-particle, therefore, has a
charge of +2/3. These sub-particles
are u quarks.

Phase 3: d quarks
When a free electron, in its
waveform, meets a u quark, it
surrounds the latter according to
the “distributed charge” model.
The electron closes up one or
many sCells. Thus, we obtain a
charge of +2/3 - 1 = -1/3. The
closed volume (= mass) of the d
quark is necessarily larger than
that of the u quark.

u
Charge +2/3

u

u

u

+2/3

+2/3

+

e-

u
d quark

Fig. 3-2
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Antimatter
If the Quark Model previously described is correct, it must provide the solution to
one of the greatest enigmas of physics: where is the antimatter in the universe?
Initially, from the Quark Model, we will calculate the quantity of antimatter inside
atoms. Then, we will extend this calculation to the antimatter in the universe

4.1

Starting points

If we consider that the basic universe is composed of electron-positron pairs, which are the
two basic particles, we may state the two following remarks.
1/ Location in atoms
If electron-positron pairs were created at the same time and in the same place,
positrons are, necessarily, close to electrons.
We already know where the electrons are.
The positrons we are looking for are not far from electrons, probably in the positive
part of the atom, the nucleus. That these positrons are associated in quarks or in one
form or in another does not matter. In other words, we can say: Search the electron,
and you will find its companion, the positron1, which, by necessity, is close to it,
probably in the positive part of the atom.
It is obvious that, if at a given time, an electron was created in the universe, its counterpart,
the positron, is certainly not 14 billion light-years from the event.
2/  + radioactivity
Let's imagine that each nucleus is a type of balloon filled with helium. In the universe,
we know that we must have a large amount of helium, but we don't know where it is. At
the bottom of universe? In extra-dimensions (string theory)?…

1

As on Earth: "Search the woman, and you will find her companion, the man"… It is obvious that women and men
necessarily live on the same planet. It would be strange to consider that women live on Earth, whereas men live on a planet
located 14 billion light-years away from Earth…
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After accurate investigations, we note that one part per million of helium flows out of
each balloon. What should we think? Of course, the immediate thought is: "The little
amount of helium that flows out of the balloons leads us to suppose that the balloons
are filled with the helium for which we are searching". It is obvious.
In physics, we are faced with the same problem.
We know that a very small amount of antimatter flows out of the nucleus by way of +
radioactivity. Whatever the name given to the internal particles, bosons, gluons, X, Y or
Z… we can strongly suppose that antimatter is enclosed inside the nucleus. This means
that we must undertake our investigations to find antimatter starting within the nucleus1.
To summarize, these two starting points let's consider that

We have a strong probability of
finding antimatter inside the nucleus,
not at 14 billion light-years from Earth

4.2

Homogeneity of the atom

Since we need 3 positrons to make an u quark, and by adding an electron we get a d quark, it
is easy to calculate the number of electrons and positrons inside any atom. The calculation is
done in the flowchart (fig. 4-1) on the following page.
Whatever the chemical element is, this calculation indicates that, in any atom, we have
exactly the same number of positrons as electrons: 2A (A = atomic number). Therefore, the
amount of antimatter in the universe is strictly equal to that of the matter.
This conclusion is in accordance with Feynman's Formalism (Nobel Prize 1965) and QED in
which the electron and positron have exact symmetrical roles in quantum mechanics.

Inside any atom, the number of electrons Neis strictly equal to the number of positrons Ne+

Equ. (4-1)

Ne+ = Ne- = 2A

In reality, the + radioactivity is not directly related to quarks but since everything is spacetime (see Part 2), the
reasoning given here is correct. Without good reason, it is not logical to think that antimatter is located in the
deepest universe.
1
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sCells
(spacetime)

Electrons

Positrons

Electron
u

d quarks

Proton

u quarks

Neutron
d

d
u

u

u

u

u

3 u + 1 e-

d

u

u

3 u + 2 e-

3 u quarks = 2 positrons

Proton
e+

e+

Neutron
e-

Z protons (nucleus)

e+

e+

e-

e-

N neutrons (nucleus)

2Z ......positrons

2N .....positrons

Z ........electrons

2N......electrons

Z atomic electrons
Z ....... electrons

Total
2Z+2N ...............positrons
Z+2N+Z .............electrons

Writing
A = N + Z,
with A = atomic number

Positrons ......2A
Electrons ......2A
Fig. 4-1
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Antimatter in nuclei

The table below (fig. 4-2) shows some isobars A = 16. This table must be read as follow:






uN: The number of u quarks in neutrons (= N)
dN: The number of d quarks in neutrons (= 2N)
uZ: The number of u quarks in protons (= 2Z)
dZ: The number of d quarks in protons (= Z)
Utotal: Since each d quark contains a u quark, the total of u quarks is:
Utotal = uN + dN + uZ + dZ
 Positrons: Since three u quarks are made up of two positrons, the number of positrons
is 2/3 of Utotal. This number is e+.
 Electrons: Each d quark contains one electron. Moreover, we have Z atomic electrons
around the nucleus. The total of electrons is therefore: dN + dZ + Z
Neutrons
udd

Protons
uud

Antimatter Matter

Nucleus

A

N

Z

uN

dN

uZ

dZ

Utotal

e+

e-

Be

16

12

4

12

24

8

4

48

32

32

B

16

11

5

11

22

10

5

48

32

32

C

16

10

6

10

20

12

6

48

32

32

N

16

9

7

9

18

14

7

48

32

32

O

16

8

8

8

16

16

8

48

32

32

F

16

7

9

7

14

18

9

48

32

32

Ne

16

6

10

6

12

20

10

48

32

32

Fig. 4-2

Here we show that we have exactly the same number of positrons as electrons whatever the
atom. Matter strictly equals antimatter. The number of electrons and positrons, in any case
and in any atom, is the double of the mass number A. This means that antimatter is located
into the nucleons' quarks.
We obtain the same result with any atom or isotope.

This rule, verified within the 2930 known
isotopes1, confirms the Spacetime Model

1. The "exotic" Li3 is the only exception but its existence is not proven. Its acknowledgement depends on published works. In
any case, this exception can't be retained as a valid objection. The problem of the Li3 comes from the lack of a neutron. In the
Spacetime Model, as we will see, each nucleus needs at least one neutron. The Li3 doesn't have any. If this isotope does
indeed exist, it should decay immediately into three protons. This problem of neutron also exists in atoms with a halo. This
tends to confirm the theory here discussed.
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Antimatter in the universe

Given our current knowledge and depending on theories, the main elements in the universe
are neutrons, hydrogen, and various atoms resulting from the Bethe Cycle or others. Black
holes and dark matter are not taken into account since we don’t know the exact constitution of
these elements.
Neutrons

We have shown that we have a perfect equivalence of matter and antimatter in the neutron.
Hydrogen and various atoms

We simply apply equation (4-1). For hydrogen, since A=1, we have two positrons and two
electrons (= 2A).
To summarize, the formula of the antimatter in the universe is:

ke- = ke+ = 2nn + 2nH + ∑A=2…m nA2A + 

With:
ke-, ke+
nn
NH

Number of electrons or positrons in the universe
Number of neutrons in various elements. The “2” factor comes from formula (4-1).
Number of hydrogen atoms1 in the universe. As in the neutron calculation, the
“2” factor comes from the formula (4-1).
Index A Atomic number of the various atoms in the universe. The limit “m” is the
maximum atomic number supposed in the universe. “A” serves as an index too.
It starts from 2 since we have already taken hydrogen into account.
NA
Number of atoms, of index A, in the universe.
2A
Number of electrons or positrons of the atom of index A. The “2” factor comes
from the same formula (4-1).

Free particles in various forms in the universe such as muons. This, quantity is
negligible when compared to the other terms.

The universe contains strictly the same quantity
of matter (electrons) as antimatter (positrons)

So many coincidences are not due to chance.
It means that sCells are probably a reality.

1

Excluding the hydrogen isotopes, which are calculated in the following term.
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5 The Standard Model
The Standard Model does not take into account the origin of the quarks, i.e.
positrons and electrons in accordance with the Spacetime Model. Moreover, here
we show that the presence of neutrinos is very debatable.
This chapter is a complement to the Standard Model.

5.1

Basic particles

The scheme of the construction of quarks is shown in chapter 3.
The s, c, b and t quarks may be built with electrons and positrons, like the u and d quarks,
with particular schemes and energy levels. This is also the case with the two other leptons, the
muon and the tau, which come probably from the electron. To date, we don't know how they
have been built. These particles have not been represented in Fig. 5-1 (next pages).

5.2

Neutrinos

Within the Spacetime Model, the properties of neutrinos are not in accordance with the
Standard Model. Here are their properties:
Neutrinos seem to be backward movements in spacetime (see Part 2). Sometimes, a
simple annihilation can produce this backward movement; sometimes, various
interactions are responsible. This means that neutrinos may depend on the interaction,
but since particles can be transformed in gammas and conversely, this point is not
important.
So, neutrinos are not basic particles. They are rather a kind of secondary effect.
The closed volume (mass) of the neutrino should be equal to the very slight difference
in the volume of particles involved in the interaction. If the neutrino comes from an
e+e- annihilation for example, its mass is equal to the difference of mass between the
electron and the positron. As stated in Part 2, the neutrino seems to be a residual
particle, more exactly a residual wave.
The Spacetime Model predicts that neutrinos would have a very small charge, lower
than a few ppm. Usually, physicists consider that the charge has an integer value of –
1, 0 or +1, except for quarks and some particles like the delta++.
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This point of view explains why the neutrino's charge has always been considered
equal to zero, remembering that we often find only that we are looking for.
In an e+e- annihilation, a possible charge of the neutrino would be equal to:
q=

Ma - Mb 1.602 x 10-19 C
Ma
m

With:
q = charge of the neutrino, in Coulombs
Ma, Mb = mass, or closed volume (see Part 1), of the electron and positron. The
greatest mass of both is Ma.
The charge should have the polarity of the particle having the greatest mass. To date,
we don't know with accuracy the masses of the positron and the electron.
Since the neutrino comes from an electron or a positron, its spin must be 1/2.
Experimentation confirms this point of view.
In the Spacetime Model, the only basic neutral particle that could exist is the sCell. A
neutral particle like the neutrino should not exist.
Maybe these deductions are wrong, but they are much more credible than the current
explanation, i.e. a neutrino which comes from nowhere.

Standard Model
Matter

Antimatter

electron
u quark
d quark
neutrino
muon
tau
etc…

positron
u antiquark
d antiquark
antineutrino
antimuon
antitau

Proposed Theory
Matter

Electron

Antimatter

Positron

All particles are combinations
of electrons, positrons and sCells
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sCells

Level 1

e+

e-

sCell

+

+
Level 2

u
+2/3

d

d

u

-1/3

+1/3

-2/3

d

d

u

e-

-1/3

+1/3

-2/3

-1

Level 3

e+
+1

u
+2/3

Standard Model
Fig. 5-1
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6 Nucleons
This chapter covers the proton and neutron schemes according to the "distributed
charge" model. A scenario of the creation of these nucleons is proposed.

6.1

Protons

The "Distributed Charge" Model suggests that the (u u d) quark structure of the proton shown
in figure 6-1A is not exact and must be replaced by the (u u u electron) structure of figure 61B. The two figures are in perfect accordance with experimentations and do not change any
previous calculations of antimatter.
Indeed, the three quarks (u u d) are not bound by a hypothetical strong nuclear force whose
origin is unknown. Nature made things a lot simpler. When the proton is created, the electron
leaves the d quark (see Fig. 3-2). This free electron surrounds the three u quarks to keep them
locked up and acts as a rubber band: the more one moves away from the centre, the stronger
the force becomes.
Examination of some interactions and logical deductions let’s suppose that the d quark is built
during the interaction with an u quark and an electron.

A - Current Model

B – Spacetime Model
Electron
from the d
quark

u

d
u

u

u
u

Repulsive
Coulomb
Force
Fig. 6-1
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Neutrons

The neutron is a proton surrounded by an electron (fig. 6-2). Please note that the violation of
law of spin addition is covered in Part 4. This electron has two effects:
It cancels the positive charge of the proton making it neutral
It increases the closed volume (mass) of the proton to make a neutron.
The sCells kept closed between the two electrons surrounding becomes closed volumes and
get mass.

Neutron

Electron from
the d quark of
the proton
(uud)

u

u
sCell(s)

u

Electron from
the additional d
quark of the
neutron (udd)

Proton
Fig. 6-2

…and, as we could expect from experimentation,
The decay of the neutron gives a proton and an electron 1

6.3

Confirmation by experimentation

The shape of the neutron reflects exactly our “distributed charge” model (fig. 6-3, next page).
The neutron is neutral only at 1.5 to 2.10-15 m.. A negative charge appears at a distance of 0.5
fermi. No one can give a rational explanation of this phenomenon.
The Spacetime Model offers a very simple explanation of this enigma. The negative charge
comes from the electron surrounding the proton to make up a neutron (fig. 6-2). Therefore,
this well known experimentation strongly suggests that:
1. The neutron is made of an electron, which surrounds a proton,
2. The “distributed charge” model seems to be a reality.

1

Since the antineutrino is a secondary effect (see chapter 8), it is not mentioned here.
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Charge

Proton
Neutron

0.5
Outer shell electron
of the neutron

1

1.5

d(f)

Fig. 6-3

6.4 Direct proton creation
The scenario of the creation of protons described here, at the very first moments of the
universe, is more probable than other scenarios because it is simpler. It is also perfectly
logical. Its description is given in figure 6-4 on the following page. It should be noted that the
creation of protons is immediate and only requires one phase.
It was pointed out, earlier, that the universe, at the time of its creation, was necessarily very
simple. By no means is this an assumption or a conjecture. It is a necessity. Any phenomenon
during its creation, whatever it is, is necessarily very simple too. The simplest is the best.

6.5 Asymptotic freedom
The "asymptotic freedom" discovered by David Gross, Frank Wilczek and David Politzer
(Nobel Prize 2004) states that, contrary to the other forces whose intensity decreases with the
distance from interaction, the strong nuclear force increases with it. Thus, the quarks are
practically free at short distance, but are prone to a very strong force, which ties them together
when they move away from each other.
Very often, physicists use the image of a rubber band to explain this asymptotic freedom: the
more we move away from the centre of the rubber band, the more intense is the recall force.
That is exactly what the electron does in the Spacetime Model.

Like a rubber band, it surrounds the three u quarks and prevents them from moving away
from each other.
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Building H atoms and
neutrons from spacetime

sCells

e-

e+

e+

e-

Spacetime (sCells) creates
e+e- pairs.

Two positrons and sCells
make three u quarks

u

u

u

Proton

The electron surrounds
the three u quarks.

u

u
u

The proton volume (mass) is large
because the three u quarks have a
mutual repulsive Coulomb Force.

Hydrogen atom
or neutron
IMPORTANT
Here, the process is illustrated for
teaching purposes. In reality, it may be
immediate. The quarks, the proton and
the H atom or neutron are probably
built instantaneously. Other schemes
are also possible.

Fig. 6-4

Part 3 - Quarks and Antimatter

- 29 -

6 - Nucleons

Note: The initial problem, for the author, was to logically explain the "probability density” of
the Schrödinger Equation. As explained, the concept is mathematically perfect, but no one can
rationally explain the probability. The "distributed charge" concept is a more rational solution.
The author extended this model to all particles, quarks, baryons, mesons…. In this way, he
noticed that, finally, all components of Nature are based on the same concept, the "distributed
charge" model. One of the major successes of this model is to explain perfectly the enigma of
antimatter in the universe. It also means that the strong nuclear force doesn't exist per se.
Instead, the electron acts as a rubber band and produces a kind of Hooke Force, which is an
elastic force. This conclusion is nothing but the logical connection between the Author’s
"distributed charge" model and the asymptotic freedom theory.

The "distributed charge" model is in perfect
accordance with the asymptotic freedom
theory and experimentation.

6.6

Hydrogen atom (proposal)

It appears that the neutron and the hydrogen atom have the same principle of construct (fig. 65). In both cases, an electron surrounds a proton, in accordance with the distributed charge
model. It seems that probably the ° (neutral delta) and other particles follow an identical
scheme. However, in some cases such as π mesons, the proton may be replaced by a
composite particle.

Hydrogen atom
Electron

Neutron

°

p

p

Closed
volume

p

Open
volume

Proton

Fig. 6-5
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The charge is null in all cases. The only difference is the mass. In the neutron and °, the
electron creates a closed volume, with mass. In the hydrogen atom, it creates an open volume,
i.e. a massless volume, since its orbital is much larger and therefore is "porous" to spacetime.
Nature’s favouring of the neutron or the hydrogen atom may be a simple fact of proximity and
energy. When the proton is met, if the electron-wave is large, a hydrogen atom may be
created. Conversely, if the electron-wave is small, as in a proximity phenomenon, a neutron
may be created.
Information in this paragraph needs verification and must be considered with great care.

6.7 Equality of the proton charge
The mystery of the charge of the proton has already been discussed. With the "distributed
charges" model, the explanation of this enigma becomes very simple:






The proton is made up of three quarks (u u d)
But the quarks (u u d) are made up of (u u u) and one electron from the d quark.
The quarks (u u u) are made of 2 positrons, and thus have an overall charge of +2.
The "d" quark is a "u" quark surrounded by an electron.
The resulting charge is therefore +2 - 1 = +1

In this way, it seems logical that the proton charge, +1, would be equal to the electron charge
in absolute value since it comes from the excess positron.

6.8 Antineutrons
Experimenters try to detect spontaneous transformation from neutrons to antineutrons. It is
theoretically possible if energy allows it (fig. 6-6, on the next page).
 The neutron decays in (u u u) quarks and two electrons.
 The (u u u) quarks are recomposed into two positrons.
 In addition, the two electrons are linked with sCell(s) in order to make up three antiup
quarks.
 The two positrons surround these three antiup quarks to make an antineutron.

The neutron and the antineutron are both
made up of two positrons and two electrons
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Neutron

u

u

u

u

e-

u

e-

u
Electrons

Antineutron

Positrons

u

u
e+

e+

u

u

u

u

Fig. 6-6
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7 Interactions
In Part 2, we have already studied two interactions, the e+e- pair production by a
gamma, and the opposite effect, the e+e- annihilation. Since all components are made
up of spacetime, it is possible that various interactions follow the same rule as the e+eproduction or annihilation.
This chapter covers basic interactions to establish a guideline.

7.1

Guiding principles

According to the first principle of duality pointed out in chapter 1 of Part 2, any EM wave
may be transformed into a particle and the converse. We must always keep in mind that

Particles do not come from a vacuum
but from spacetime movements

For example, figure 7-1 on next page, shows the creation of six quarks, three u and three u
bar, an e+e- pair, and a residual gamma. All these components are created at practically the
same time from the spacetime movements, or gammas.
In this example, the most probable scheme is the creation of a proton-antiproton pair.
However, any other particles may be created. Of course, we must have the same quantity of
electrons-positrons before and after the interaction, including the gammas1. Finally, the
incoming gamma provides many possible combinations.
The same principle may be applied in high-energy interactions. The particles' jets come from
spacetime movements produced by the particle collision.
In our example, the creation of three u/u bar quarks requires the presence of two
positrons/electrons very close to each other. The particles are created mainly due to energy,
but the proximity should probably also be taken into account.

1

This new way to consider that, in the universe, we have only three components, the electrons, the positrons and
the sCells, doesn't change the current formulas in quantum mechanics.
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u
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e+

u
d

e+
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+
-

Gammas

+
-

Various
combinations
of particles,
like protonantiproton

eee-

u
u
u
Fig. 7-1

It should be noted that these schemes are in perfect agreement with Feynman's diagrams.

Spacetime (waves) is converted into
spacetime (particles) or conversely.

All interactions become
virtually possible

This means that any heavy particles (SUSY…) may exist and will probably be
discovered in the future since all particles are made of spacetime.

7.2

Formulation (proposal)

This document contains many schematics for teaching purposes. However, sooner or later, it
will be necessary to classify particles according to the Spacetime Model. In this way, it would
be useful to have a simple method of representing the internal structure of the basic
components, electrons, positrons, quarks….
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The following scheme can be used. The basis particles are e+, e-, u, ubar, d and d dbar. A
parenthesis means an electron or a positron is surrounding the other basic particles. Of course,
parenthesis must go in pairs. For example:
d quark ............ (u) eProton ............. (u, u, u) eNeutron ........... ((u, u, u) e-) eAntiproton........ (u bar, u bar, u bar) e+
etc…
The particles that surround the others are the electron and positron. They act as the "strong
nuclear force". Since this force is necessary in any composite particle, meson, baryons…,
we can state the following rule1: All composite particles must have at least one parenthesis
pair. It means that:
All composite particles must have
at least one electron or positron

Or, translated to nuclei:

All nuclei must have at least a neutron

The necessity to have an electron or positron surrounding other particles explains probably
the fact that in atoms with halo we don't see any proton in the halo. The latter is built with
neutrons only.

1

However, there are two exceptions, the Li3 isotope, which may not exist, and the ++, which is not stable.
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Introduction

Abstract
This part explains electromagnetism assuming that sCells could exist.
This idea lead to interesting conclusions such as an explanation of electromagnetism, a suggestion for spin, the solution to the Young Slits, also a solution to the EPR, and various applications as E=mc².
This part also explain what is the photon and solve the anomaly of the wave-particle duality in
electromagnetism, i.e. why sometimes we have a wave end other times we have a corpuscle.
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1. EM Radiations
EM radiations are mathematically described with a high degree of accuracy,
but the principle of EM radiations is still unknown. In this chapter, we will try
to understand why the speed of light is constant, and we provide three wellknown applications concerning chapter 2 of Part 2.
The reader is invited to read Chapter 2 of Part 2 before reading this part
because some sections have been here duplicated for teaching purposes.

1.1 Separation of media
The problem of velocity additions suggests that we are in the presence of two distinct media
which are overlaid (fig. 1-1):
1 - “Apparent medium”
This is the visible medium that carries out the experimentations, and from where the
EM wave is emitted. For example, in Fizeau’s experimentation, this medium is water,
and in Michelson’s, it is the Earth's atmosphere moved by the Earth itself.
2 - “Real medium”
EM waves are propagated in a “real medium”. For example, this "Real Medium" could
be the De Broglie "Neutrinos Sea".

Apparent medium
Air, water, vacuum…,
in which the experimentations
are carried out

A

A’
Real medium
propagation of the light

Fig. 1-1
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1.2 Properties of the "Real medium"
The "real medium”, if it exists, must have at least the following two properties:
1 - To be present everywhere
Since EM waves are propagated everywhere, the "real medium” must also be present
everywhere, in air, in water, and even in a vacuum1.
2 - To have propagation properties
We know that any wave needs a propagation medium. Since spacetime has the
properties of elasticity (Einstein), it could be a propagation medium.
Therefore, spacetime2 is an excellent candidate to support EM waves.
Important note
Gravity and EM waves do not curve spacetime in the same manner.
Please read Parts 1, 2 and 3. Here, the structure of spacetime has
been deliberated simplified for pedagogical purposes.

1.3 Constant speed of light
Let's imagine the emission of a beam, L, from a laser diode (fig. 1-2). The diode, A, is fixed
on a motionless "apparent medium". The beam reaches the point L via the real medium: A 
A'  L'  L.

Apparent medium

L

L'
A
A'
Real medium
Fig. 1-2

Now let's consider that the apparent medium is moving with the velocity "V" (Fig. 1-3). An
external observer, such as Fizeau or Michelson in 1900's, could think that the speed of the

1

The real medium is not what we called the "aether". To avoid any confusion, we will use the term "real medium" instead of
aether.
2
The spacetime of the universe, sometimes called "global spacetime structure", is the one that was created about 13.7 billion
years ago, and not the local spacetime of special relativity. So, in this document, the word "spacetime" will always refer to
"global spacetime structure of the universe", as in Friedmann-Robertson-Walker Definition.
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apparent medium V is added to the speed of light. In reality, the speed of light from A' to L'
will be constant, whatever the speed of the apparent medium V.

Apparent medium
Moving support holding
the laser diode

L

L'
A
A'
Real medium

Motionless spacetime
of the Universe

Fig. 1-3

Indeed, since the light is propagated in the real medium, its speed depends only on the nature
of this medium, and nothing else. In reality, the permittivity of free space 0 is not a "vacuum
permittivity" but rather a "spacetime permittivity", a physical constant that defines the
spacetime propagation characteristics, as the "spacetime permeability" 0.

1.4 Case of two reference spaces
Fig. 1-4 shows a photon which is emitted from an apparent medium A to another apparent
medium B. The two apparent media are moving in the opposite direction1. In this case, no one
can explain why the speed of this photon is constant.

Current Theory

B
Photon

A
Fig. 1-4

1

We should not have any confusion between the word “motionless” used in the context of the global universe, which is
correct, and the same word used in Special Relativity, which is not relevant in that study.

Part 4 - Electromagnetism

-4-

1 - EM Radiations

Fig. 1-5 shows the proposed theory. The light is not propagated in the apparent medium,
which supports the sources of light A and B, but in the real medium, which is global
spacetime of the universe. EM radiations do not consist of photons but of EM waves. As a
result, the constant speed of light is easily understood. The velocity of light is a function of
the real medium characteristics, i.e. spacetime permittivity 0, and spacetime permeability 0.
Thus, the speed of light is always 300 000 km/s, whatever the relative velocity of the two
apparent media from where the light is emitted.

Proposed Theory

B
A
EM wave

A'

B'

Real medium: spacetime of the universe

Fig. 1-5

1.5 Atoms
Fig. 1-6 explains what happens when an EM wave goes from an atom "A" to another atom
"B". Here, the same principle as above may be used to solve the enigma of the speed of light.
According to the wave-particle duality, the light doesn't move as a photon but as an EM wave.

B
A

Real medium: spacetime of the universe

Fig. 1-6
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1.6 Conclusions
 EM waves are emitted from an apparent medium but are propagated
by the real medium, which is global spacetime of the universe.
 In this real medium, the speed of light is 300 000 km/s. Its invariant
velocity is only a function of the permittivity 0 and the permeability of
spacetime 0

Therefore, although it amounts to the same thing, it would be more accurate to write:
“The speed of light is 300 000 km/s in spacetime 1”
rather than:
“The speed of light is 300 000 km/s in a vacuum”

1.7 Application 1: Displacement of charged particles
By no means, can a moving charged particle emit other particles called "photons". In the same
way, a stone falling into water cannot emit tiny stones in all directions.
The photon concept (chapter 3), from this point of view, does not make sense. Reality is much
simpler. With the image of a stone falling into the water, the displacement of a particle
produces movements in spacetime (fig. 1-7). From a mathematical point of view, these
spacetime perturbations are "EM waves" but have all the characteristics of photons, as
explained further.

Spacetime
Charged
particle

Fig 1-7

1

Under certain conditions, EM waves may move at a speed different than 300 000 km/s. For example, using
Bose Einstein condensats made up with sodium atoms at -273.15°, Lene Vestergaard Hau, from Harvard
University, USA, slowed down EM waves to 17 m/s. In the same way, EPR also is an exception to the theory.
The Spacetime Model partially covers these exceptions, particularly in Part 1 "Mass and Gravity".
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1.8 Application 2: Changes of orbitals
In the same way, there is no emission of photons when an electron moves from a higher to a
lower orbital (fig. 1-8). This point of view does not make sense scientifically.

EM wave

Electron-wave

Fig. 1-8

The explanation of the EM radiation emitted during a change of orbital follows the same
principle as the precedent.
Contrary to a preconceived idea, the electron does not move as a particle on the orbital but
rather as a wave.
The passage of the electron in its wave form from an orbital to another of less energy creates
movements in spacetime, like whirpools or eddies in water. These movements are EM waves
or, to be more precise, "quantified EM waves". These subjects are covered deeply in the
following chapters.

1.9 Application 3: The q/t
As we know, a motionless stone in water doesn't produce water movements. A stone begins to
make eddies only when it moves.
We have the same phenomenon in spacetime. A motionless electron doesn't create any
perturbation, or wave. It does when it moves.
Therefore, we have a perfect match between this common phenomenon on Earth and
electromagnetism (q/t). This simple example clearly shows that the photon concept,
despite the fact it has been used since 1905, is inconsistent. A more credible explanation is
provided further in this part.
Moreover, this phenomenon is in perfect accordance with the wave-particle duality (see
chapter 1 of Part 2).
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Electromagnetism
Everyone knows the electromagnetism (EM) force but no one can clearly explain
its principle. This chapter examines the EM force using the electron, but the
following explanations can be extended to other charged particles.

2.1 The electron
The volume of the electron is measured with remarkable accuracy: 510.998918 KeV.
Therefore, its borders are very precise and clearly defined. Indeed, the electron and positron
are not those particles that were described in Part 2 “Constitution of Matter” as figure 2-1A
shows. They are, rather, particles illustrated in figure 2-1B.

B

A

e+

e-

e+

e-

Fig. 2-1

Part 3 “Quarks and Antimatter” explains the possibility that electrons and positrons could be
charged sCells whose borders make a volume, or “mass effect”, of 510.998918 KeV (see the
introduction in page 3 of this part). Since these borders are very "clean", the propagation of
the charge of the electron, i.e. spacetime density as explained in Part 2 “Constitution of
Matter”, over its boundary is an enigma. How can the EM field exceed the electron's borders?
The solution seems very simple.
SCells, defined in Part 3, have a homogenous spacetime density that makes their charge
neutral. Under an external influence, like near a charge, this homogeneity is disturbed.
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The electric field creates a pressure of spacetime on one side of the sCell, and a depression on
its opposite side. Thus, the electric field can be gradually propagated, step-by-step, inside the
sCell (fig. 2-2). Each sCell acts like an electric dipole.

sCells

--+++
--+++
--+++

--+++
--+++
--+++

Electron
Fig. 2-2
The representation of this figure is only for teaching purposes. The
sCells and electrons have the same closed volume of 511 KeV.

2.2 The 1/d² rule
Let's imagine that on the layer L1 we have 1000 sCells (Fig. 2-3).

R

L1
Surface = 4πr²

L2
Surface = 4πR²

r

Fig. 2-3
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On the layer L2 we will have:
N = 1000 x 4πR²/4πr² = 1000 x R²/r²
This simple reasoning shows that the number of sCells is proportional to the surface of the
layer. More the layer is far, more the number of sCells is important. This quantity varies as d²,
d being the distance of the layer from the centre.
Since the central charge (here the electron) is divided by the number of sCells, it is easy to
demonstrate that the charge is inversely proportional to the distance d and varies as 1/d².

SCells Theory perfectly verify
the Coulomb 1/d² rule

2.3 1D polarization of sCells
Let's use polar co-ordinates. The electric polarization seen in the preceding paragraphs is a
function of the radius, r, which has only one dimension (1D). At a distance r from the centre,
sCells are electrically polarized in an identical manner, regardless of the  and angles. This
situation is normal since we are in a spherical symmetry.
Figure 2-4 (left) represents a 3D view of a static electron and six sCells. As explained
previously, the density of spacetime into each sCell decreases in 1/r² with the distance "r".
Figure 2-4 (right) shows a cross-section of the left view. If the electron doesn't move, it
produces only an electric field, which is this one-dimensional polarization.

sCells

+
-++
--+++

r
-----

Electron

+++
--++
-+
-

Fig. 2-4
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The electric field is a one-dimensional polarization of
sCells, which is only a function of the "r" radius

This explanation is in accordance with our knowledge of the electric field. Indeed, as we
know, if the electron is static, the magnetic field doesn't exist.

2.4 3D polarization of sCells
We know that:
Electromagnetism appears only if the charged particle is moving,
The electric field and the magnetic field are two different effects of a common
phenomenon. James Clerk Maxwell demonstrated this in 1872.
These two remarks lead to the following deduction.
The radial co-ordinate is already used by the electric field. We can, therefore, deduce that the
magnetic field, which appears only if the electron is moving, uses the remaining co-ordinates:
angles  or/and This point of view is exactly what the experimentation proves. Indeed, to
describe magnetism, we need vectors perpendicular to each other, whereas only one vector is
necessary to define the electric field. In schools, this principle is known as the "three fingers
rule".

2.5 Principle of magnetism
Why does this polarization appear only in the
particular situation when the electron is moving?
Here is a suggestion to solve this enigma. We have the following alternative:
Motionless electron
A motionless electron is simply a charged sCell. It has a spherical symmetry. The
electric field is propagated from sCells to sCells, as shown in fig. 2-2. Each sCell is
polarized in only one direction, the "r" radius (fig. 2-5 A). This 1D polarization is
confirmed by experimentations. In such a case, the magnetic field doesn't exist.
Moving electron. The third principle of wave-particle duality (Part 2, chapter 1)
says: “When the particle is moving, it becomes a wave” (fig. 2-5 B). Each sCell is
therefore subject to several polarizations produced by different parts of the wave. For
example, point "x" receives three different fields, each having different intensities.
The result is that all sCells are polarized in 3D (r,  and  instead of 1D (r only) for
static electrons. A lateral polarization ( and is added the radial polarization (r).
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B – Moving Electron

x
r

Static electron
(particle)

Dynamic
electron
(wave)

Fig. 2-5

In other words, magnetism does not exist as a fundamental force. We have only the Coulomb
Force, nothing more. The magnetic field is a kind of "lateral" Coulomb Field. The orientation
of the polarization of sCells produces a new phenomenon called "magnetism", but in reality,
magnetism, as the Coulomb force, is a polarization of sCells.
We must also note that the particle, when it is motionless, has an electric field (1D), which
acts like a monopole since it is a punctual object. On the other hand, the magnetic field
(2D/3D) requires dipoles (the wave) to create it. So, the magnetic monopole can't exist. This
is also proven by experimentation.
Lastly, it is also possible to have a magnetic component without an electric field. This is the
case, for example, of permanent magnets. It is only a matter of the polarization of sCells1.

1

The current document doesn't cover completely so vast a subject.
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3 Spin (proposal)
Since its discovery in 1925, spin remains a mystery. No one knows exactly what is
spin. The current definition, "quantum quantity", doesn't explain the origin and
the real nature of spin.
In physics, we have more than 50 unsolved enigmas. Spin is one of the greatest of
these enigmas. Here we try to understand what really is spin, with logic and good
sense, but our conclusions are very speculative. It is obvious that Science will
make a great step ahead the day that it can explain spin.

3.1 Definition
In quantum mechanics and particle physics, spin is a fundamental characteristic property of
elementary particles, composite particles (hadrons), and atomic nuclei1. All elementary
particles of a given kind have the same spin quantum number, an important part of the
(quantum) state of a particle.
When combined with the spin-statistics theorem, the spin of electrons results in the Pauli
exclusion principle, which in turn underlies the periodic table of chemical elements. The spin
direction (also called spin for short) of a particle is an important intrinsic degree of freedom.
Wolfgang Pauli was the first to propose the concept of spin, but he did not name it. In 1925,
Ralph Kronig, George Uhlenbeck, and Samuel Goudsmit suggested a physical interpretation
of particles spinning around their own axis. The mathematical theory was worked out in depth
by Pauli in 1927. When Paul Dirac derived his relativistic quantum mechanics in 1928,
electron spin was an essential part of it.
There are two types of angular momentum in quantum mechanics: Orbital angular
momentum, which is a generalization of angular momentum in classical mechanics (L=r×p),
and spin, which has no analogue in classical mechanics. Since spin is a type of angular
momentum, it has the same dimensions: J•s in SI units. In practice, however, SI units are
never used to describe spin. Instead, it is written as a multiple of the reduced Planck constant
ħ. In natural units, the ħ is omitted, so spin is written as a unitless number.

1

It is worth noting that the intrinsic property of subatomic particles called spin and discussed in this article, is
related in some small ways, but is very different from the everyday concept of spin, for example, as used when
describing a spinning ball. Spin, as used by particle physicists in the quantum world, is a property of subatomic
particles, which has certain qualities and obeys certain rules.
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3.2 What is spin?
Since spin is not proportional to the charge or to mass, it could be related to another quantity.
One of the most adapted quantity is the shape of the wave when the particle is moving (see
Part 2: Wave-Particle Duality). Here we explain the idea.
In figure 3-1, the two particles, an electron and a neutrino, go towards the reader. On the left
side (A), the two particles are motionless, i.e. in their corpuscular form. The spin doesn’t
exist. On the right side (B), these two particles are moving as waves, as explained in Part 2.
So, the immediate idea is that spin could be a simple ratio (relative to the reduced Planck
constant ħ), like |H/L|, the height (H) and length (L) of the wave.

A – Static Particles

B – Dynamic Particles (waves)

+H
Electron
-H

L

+H
Neutrino
L

-H
Fig. 3-1

If this point of view is correct, the spin would not be a value attached to any particle but rather
a value attached to the movement or to the mode of propagation of the waves. More precisely,
the spin would be a direction of polarization of sCells. In that way, we could expect that the
projection of spin over a direction gives two values, +H/L and –H/L.
This point of view also means that any motionless particle can't have a spin. In other words,
the theory described in this document predicts that the spin exists only when the particle is
moving, i.e. only when the particle is in its waveform. However, if the particle is moving at
low speed, its form is between a corpuscle and a wave and we could have intermediate states,
such as those of gluons (crisis of the proton). In such a case, the spin could have a different
value, for example 1/4 instead of 1/2 (this suggestion must be considered with great care).
This approach may be illustrated by the following examples (fig. 3-2).
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Basic particles (spin = |1/2|)

A
t

t

-1/2

+1/2

EM waves (spin = 0)

B
t

+

+1/2= 0
Spin

-1/2

Associations of particles (hadrons, nuclei…)

C
t

Spin = 0
+1/2

+
-1/2

+

+

+1/2

-1/2

Fig. 3-2
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Three cases must be considered:
Case A: Basic particles. The spin is 1/2 in absolute value. The projection of the spin
over an axis depends of the polarization of sCells.
Case B: EM waves (bipolar polarization). The spin of a half-period cancels each other.
Case C: In some cases, we have generally a set of half-periods. For example, a nucleus
is moving as a complex set of waves (quarks, electrons…) and their individual spins can
be added or cancelled. This also depends on the overlap of the individual waves.

3.3 A first confirmation
The point of view here described seems already be confirmed by at least one experiment: the
Bose-Einstein Condensat. For example, Helium atoms become superfluid at –273°K. At this
temperature, Physicists suppose that a superposition of states occurs, but this is only a theory.
This phenomenon has a more simple, logical, and credible explanation.
Since we suppose that spin exists only when the particle is moving, spin must theoretically
disappear at –273°K. It means that the Pauli Exclusion would not exist anymore at this
temperature. To date, no experimentation has been done in a really absolute 0° temperature
but it is probable that orbitals are completely disorganized. For example, instead having the
two first "n" layers with 2 and 8 electrons, it is possible to have an unique layer n1 with 10
electrons.
It would be interesting to conduct experimentations in that way.

3.4 Rule of addition of spins
The rule of addition of spins has been devised taking into account the experimentations
conducted since 1925. This theory is applied with success in a large majority of cases
(hadrons, nuclei…), but extrapolation of this rule to all the components of physics without
any reservation is highly debatable for the following reasons:
 Nature of spin: It is not possible to create a reliable theory concerning spin since the
real nature of this fundamental characteristic property of elementary particles is
unknown.
 Extrapolation of spin: The rule of addition of spins applies in most cases, but this
does not mean that it applies in all cases. Any extrapolation toward the quarks or other
particles may produce debatable results since our knowledge of the nature of these
components, as our knowledge of the spin, is very poor. To date, no one knows
exactly the constitution of quarks, or why their charge is a multiple of 1/3, or while the
spin of the proton is not in accordance with this rule of addition or quarks (proton spin
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crisis)1. More generally, we have an excellent mathematical knowledge of the
particle’s behaviour but we are still not able to answer the fundamental questions
concerning the basic phenomena: What is the charge? mass? gravity? spin?....
 Overlap of waves: Moreover, the spin seems to be a function of the overlap of
waves. As we know, molecules and atoms are much larger than protons or quarks.
When these elements are moving, the overlap of their waves is different. Therefore,
we may get erroneous results when extrapolating the rule of addition of spin toward
elementary particles since we don't know exactly the wave shape of each particle,
which is concerned.
To summarize, to date:
The real nature of the spin is unknown (the definition of "quantum value" doesn't
explain the origin of spin),
The overlap of waves is unknown,
The wave of a nucleus or atom is much larger than the wave of a quark,
The nature of spacetime is unknown,
The nature of electrons, quarks and other particles is unknown…
Origin of charge is unknown,
Origin of mass is unknown,
Origin of gravity is unknown, even this quantity is not related to spin,
Origin of electrostatic field is unknown,
Origin of magnetism is unknown,
The mass of quarks is measured with poor precision, even if mass and spin are two
different quantities,
Spin of the proton doesn't match with the rule of addition (see the foot note about the
"proton spin crisis")
…etc…
Under these conditions, is it reasonable to assume that the rule of addition of spins, which is
correct in 99% of cases, can be extrapolated to all particles of physics without reservation? 2
Of course, not. This extrapolation is hazardous in the 1% of remaining cases.

1

The key question is how the nucleon's spin, whose magnitude is 1/2ħ, is carried by its constituent partons (quarks and
gluons). It was originally expected before the 1980s that quarks carry all of the nucleon spin, but later experiments contradict
this expectation. In the late 1980s, the European Muon Collaboration (EMC) conducted experiments that suggested the spin
carried by quarks is not sufficient to account for the total spin of the nucleons. This finding astonished particle physicists at
that time, and the problem of where the missing spin lies is sometimes referred to as the "proton spin crisis". Experimental
research on these topics has been continued by the Spin Muon Collaboration (SMC) and the COMPASS experiment at
CERN, experiments E154 and E155 at SLAC, HERMES at DESY, experiments at JLab and RHIC, and others. Global
analysis of data from all major experiments confirmed the original EMC discovery and showed that the quark spin did
contribute about 30% to the total spin of the nucleon. A major topic of modern particle physics is to find the missing angular
momentum, which is believed to be carried either by gluon spin, or by gluon and quark orbital angular momentum. The gluon
spin components are being measured by many experiments. Quark and gluon angular momenta will be studied by measuring
so-called generalized parton distributions (GPD) through deeply virtual compton scattering (DVCS) experiments, conducted
mainly at JLab. As a result, extrapolating the spin to the protons and quarks at rest is very speculative.
2
About spin, the Physics Community thinks that the definition "a quantum value" is sufficient to explain spin. In this chapter
we do not pretend to explain spin but at least we would like to have a more rational explanation than "a quantum value".
About spin, as in everyday life, we should always bear in mind this remarkable Mark Twain's citation: "What gets us into
trouble is not what we don't know. It's what we know for sure that just ain't so".
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For all these reasons:
The rule of addition of spins is an
hazardous extrapolation in 1% of cases
and can't be retained as a valid objection

3.5 Consequences
If this theory about spin is correct, it must have two consequences, which are easily
understood examining the previous figures (the second consequence is also covered in Part 2):

Spin disappears if the particle or association of
particles is motionless
Neutrinos would have a very weak charge
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The Photon
In chapter 2, we have considered the wave-like behaviour of EM radiations.
Here, we study its particle-like behaviour, i.e. the photon.

4.1 Justification of the photon
The following experimentations seem to confirm the existence of the photon:
 The Planck Quantum is a physical reality and not just a mathematical concept.
This unit absolutely must be preserved.
 Experimentations (photoelectric effect…) also tend to prove that the photon exists.
The interpretation of these experimentations is, however, debatable.
 The EM wave decrease. This decrease in 1/r² makes it impossible for a wave to
exist far from its origin. Only the photon concept would resolve this paradox. This
chapter contains a new explanation of this phenomenon.
 Vacuum propagation. This enigma is not relevant since EM waves can be
propagated in spacetime, and spacetime is present in a vacuum. This problem is
covered in chapter 1.
Notes: In 1905, when Einstein explained the PE effect using the Planck Quantum, the atom's internal
configuration was unknown. Rutherford thought that the atom was like an "English pudding". In 1905,
physicists didn't know that the atom had a nucleus. Einstein thought that the poor efficiency of the PE
effect was in relation to the probability that the photon had to meet an electron (in 1905, electron
distribution was described as being like raisins in a pudding). Later on, physicists demonstrated that
the electron was: 1/ infinitely smaller than the nucleus and, 2/ a huge distance from it, proportionately.
This means that the collision probability between a photon, if it exists, and an electron is practically
null. However, and paradoxically, the yield was increased to attain more than 99% today with
nanotechnologies. This paradox remains a mystery. The cross section calculations and other theories
about the photon are highly debatable, not from their mathematical point of view, but, in their
interpretation, if we regard the photon as a particle. A wrong reasoning can lead to wrong results. For
example, we know three different theories of mass and gravity which are mathematically verified: the
Higgs boson, Superstrings (E. Wirren) and the Spacetime Model (Part 1). At least two of these three
theories are wrong, despite the fact that they are all three mathematically verified. It means that any
theory, which is not fully explained with logic and good sense, must be considered with great care
(including the present theory, "the Spacetime Model"). This is the case of theories concerning the
photon and the PE yield, because their explanation is not consistent and remains a true mystery.
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4.2 Inconsistencies of the photon
 Its velocity: The photon’s velocity is 300 000 km/s, no more, no less. This is
illogical because if the photon is a particle, it may travel at any speed. What would we
think of a vehicle moving at only one speed, 100 km/h, no more, no less?
 Its impossibility to stop: Why can’t the photon stop? In the preceding example,
what would we think of a vehicle (a particle), that can't stop? This remark only
applies when considering the photon as a particle1.
 It’s massless: If the photon is a particle, how does one explain its lack of mass?
 Its acceleration: How the photon can be immediately accelerate from 0 km/s to
300000 km/s?
 The causal principle: The photon concept continuously violates this principle.
Some experimentation needs a particle-like behaviour, such as photo-electric, and
other a wave-like behaviour, such as the Young Slits. It is obvious that the photon,
once emitted, has not the ability to predict its future. It does not know its own destiny.
More precisely, it does not know if the experimenter needs a particle-like behaviour
for his experimentation, or a wave-like behaviour. Since the two behaviours do not
simultaneously exist, this prediction causes a real scientific problem. It is also a
problem of good sense: NO ONE CAN PREDICT THE FUTURE.
 Its constitution: What is the constitution of the photon? No one knows…
 Displacement of a charged particle (paragraph 1.7): How can a charged particle
that is moving emit other particles called "photons"? It is like a stone falling into
water emitting tiny stones… This concept is disconcerting.
 Orbital change of an electron (paragraph 1.8): In the same way, no one can
explain how an electron, moving from one orbital to another, can emit tiny particles
called "photons".
 EPR: In this experimentation, it would be necessary for the photon to have a kind of
thought transference with another photon at a distance of several meters. This view is
also disconcerting.
 Young Slits: Here too, the photon poses a serious problem of logic and good sense.
These ten inconsistencies - and probably more - mean that the photon concept, despite the fact
it has been used since 1905, must be seriously revised.

4.3 Decrease in 1/r ²
We pointed out that EM waves are propagated gradually in sCells. At a distance "r" from the
emission source, it arrives at a moment when the charge contained in a sCell becomes too
weak to be propagated in the next adjacent sCell. This limit is, in fact, a quantum. But this is
not exceptional since all objects are quantified, in one way or another. In accordance with
Max Plank, the quantum is a necessity.
1

Lene Hau (Harvard University) explains how she stops light in one place then retrieves and speeds it up in a completely
separate place. http://www.photonics.com/Article.aspx?AID=28520
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The charge, which passes from one sCell to another, must be higher than this quantum. Under
this condition, how will an EM wave react when the charge transmitted in the sCells
approaches this quantum? There are only two possibilities:
 The charge disappears completely. The EM wave dies.
 The charge remains grouped. In this case, the EM wave ceases to decrease.
The first possibility is not credible because, in Nature, nothing is created, nothing totally
disappears. Therefore, the second possibility is more reasonable.

4.4 The "quantified wave"
The various steps of the wave during its travel, from its creation to a distance away, are
represented on figure 4-1.

1

2

3

4

Fig. 4-1

 Step 1: The wave is created in a 360° space. Note that the angle is not necessarily
360° and may have any other value.
 Step 2: At some distance from its source, the decrease in 1/r² of the EM wave reaches
its quantum. The spacetime density of the wave is too weak to continue to decrease
while propagating from sCells to sCells. The wave has only one solution: to break at
an unspecified place to remain grouped.
 Step 3: The distance increases, and the arc of the circle decreases proportionally.
 Step 4: The wave is now very far away from its source and its curvature becomes
practically a segment or, in quantum mechanics terms, a "wave pack". The EM wave
always keeps its wave behaviour while remaining grouped. It can thus travel billions
of light-years as a photon would, but as a small "piece of wave" representing the
whole wave.
This is what we call a “quantified wave”.
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So, when we see galaxies, our eyes do not perceive a photon but a "quantified wave". During
all its travel, this wave remains grouped1.
Let's now consider the different phases "emission – propagation – reception" of a quantified
wave.

4.5 The emission
EM radiations are always spacetime movements, or EM waves. The photon, as a particle,
doesn't exist.

4.6 The propagation
Once emitted, an EM radiation keeps its waveform. Beyond a certain distance, since the
charge can't go under the quantum level, there is a possibility that an "ordinary wave" become
a "quantified wave".
Figure 4-2 shows an EM wave that is propagated gradually in sCells. The charge is q at the
source level, and is divided by 3, then by 5. In figure 3-2, the quantum q/5 is reached at Time
t2. The EM wave doesn't continue decreasing over time t2.

q/5

q/5

q/5

q/3
q

x, t

Time t

t1
t2

1

On earth, we have a similar phenomenon: capillarity.

t3

t4

Fig. 4-2
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During its travel, the EM radiation keeps its waveform.
It can, nevertheless, be quantified if the distance requires it.

4.7 The reception
When a part of the wave inside a sCell meets an element, atom or something else, an
interaction may take place. The sCell is emptied of its charge. Gradually, it empties all other
adjacent sCells forming the wave (fig. 4-3).

1

2

3

4

5

Note: This figure is for teaching purposes only.
sCells are represented in a line, but they are
grouped in "wave packets".

Fig. 4-3

 Phase 1: The EM wave propagates normally.
 Phase 2: It meets an element that absorbs its energy. The sCell in contact is emptied.
This element is not necessarily in the centre and can be anywhere at the front of the
wave.
 Phases 3 and 4: The EM wave continues to be absorbed by the element. The sCells
are gradually emptied, step-by-step, sCell-by-sCell.
 Phase 5: The EM wave is almost completely absorbed by the element of interaction.
An identical process exists on Earth (fig. 4-4). The EM wave is replaced by a trickle of water.
The particle, which absorbs the wave energy, is replaced by a blotting paper. The trickle of
water is absorbed by the blotting paper at the place of interaction, or measurement.
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Blotting
paper
Trickle of water

Interaction
Fig. 4-4

To summarize:

The interaction takes place with a kind of "virtual photon",
which is the mathematical expression of an EM wave.
This wave may be quantified if the distance requires it.
This wave is absorbed at the place of measurement.
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Applications
This chapter covers applications about the photon-wave duality, such
as the Young Slits or the EPR.

5.1 Validation of the proposed theory
How can we prove that the photon is the mathematical expression of "quantified waves"?
We already have multiple proofs.
 The constant speed of light, 300 000 km/s, proves that we are in front of a wave and
not of a corpuscle. The light can't be accelerated, can't be stopped, has a constant
speed… These characteristics are not those of corpuscles.
 Saying that the "mass" of the photon is null is inconsistent. Only a wave has a null
mass, not a particle.
 The displacement of a charged particle (q/t) can't emit tiny particles called
"photons". This does not make sense scientifically. If this displacement produces
waves, this enigma becomes consistent.
 …. and much more inconsistencies …
If we replace the word "photon" by
"quantified wave", we solve all of these
inconsistencies, and many more

5.2 The Experimenter
Let's consider that we are in a boat, in the middle of the sea. If the boat starts to pitch, we
don't know if it was hit by a stone or by a wave of water.
Likewise, in quantum mechanics, the experimenter is unable to say if he measured a photon
(= stone) or an EM wave (= water wave).
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The simple fact of measuring the EM wave produces
the disappearance of it, giving the illusion of having
measured a virtual "photon-like particle"

This phenomenon is quite simple to understand by returning to our blotting paper of fig. 4-4.
Putting this blotting paper anywhere on the trickle of water produces the disappearance of it.
In spacetime we have the same phenomenon. The experimenter believes that, at the red point
of interaction on fig. 4-4, he measures a photon but in reality, he measures a quantified wave.

5.3 Young Slits
To understand this puzzle, it is necessary to forget the photon concept and to consider that the
whole experimentation uses only (quantified) waves.
Let's imagine a group of five EM waves (fig. 5-1). These waves pass by two slits. Two
detectors, right (R) and left (L), count the number of "photons" passing by each slit.
When a wave reaches an atom of a detector, the energy included in sCells is emptied by a PE
effect, Compton Effect, or anything else. The sCells are immediately emptied at the speed of
300,000 km/s. This speed is so high that a wave can't activate two detectors at exactly the
same time. In other words, a wave may reach the two detectors at approximately the same
time but activates one, and only one at a time. A very short t (a fraction of pS) is
sufficient to make the difference.
However, there is a very slight probability, nearly zero, that the two detectors are activated at
the same time. In this case, it is logical to think that the energy of the incoming wave is split.
For example, a 511 KeV wave issued from an e+e- annihilation may be detected as two waves
of 200 KeV and 311 KeV.

L

R
Fig. 5-1
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Examining the distribution of the measured waves with a coincidence system must highlight
this phenomenon, which could be additional proof that we measure waves, not photons.
To better understand this principle, let’s replace the five waves of fig. 5-1 by five trickles of
water (in blue) and the two detectors by two blotting papers (fig. 5-2). A trickle would be
absorbed by the first blotting paper reached. The first wave is absorbed by the left blotting
paper at the red point. The other waves will be absorbed at the green points, due to chance. In
any situation, it is obvious that when a trickle has been absorbed by one blotting paper, there
is no water left for the second blotting paper to absorb it.
In spacetime, we have an identical phenomenon. The experimenter thinks he is counting the
number of photons whereas he is counting the number of waves absorbed by each detector.
As explained, photons don't exist per se. Photon must be replaced by quantified waves, here
the trickles of water. When the quantified wave passes through the two slits, it naturally
produces interference fringes that lead to a diffraction pattern (here not represented).

Blotting
paper

Fig. 5-2

5.4 The Heisenberg Uncertainly Relation
Everyone knows the formulation of the Heisenberg (Nobel Prize – 1932) Relation but no one
explains it. In the framework of the proposed theory, its explanation, here with an electron,
becomes very simple and gives additional argument in favour of this new theory.
Quantum Mechanics: The electron passes through point A (fig. 5-3) but has a probability

to pass through points B or C. This phenomenon does not make sense scientifically, but it
is a reality.
Proposed theory: The wave-particle duality (see Part 2 “Constitution of Matter”) states:

“When the particle is moving, it becomes a wave”. Therefore, points A, B and C are all
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crossed by the electron-wave. We are facing the same phenomena as the Young Slits1
explained in the preceding paragraph. As in our example of blotting paper, the wave may
be absorbed at point A or, with a lower probability, by points B or C.

Quantum Mechanics

Proposed Theory
Electron

Electron

?

?
Δx

B

Δx

Δx

A

C

B

Δx

A

C

Fig. 5-3

Note: With regard to the Uncertainly Relation, we may suppose that the shape of the wave packet depends on its
speed. Taking into account experimentations and the Heisenberg Theory, the immediate deduction is that the
wave becomes more conical as its energy increases (Gauss Curve for example). This has no effect on the
principle here described. On the other hand, the Heisenberg Relation may have Δp or Δt. The above explanation
has been deliberately simplified for teaching purposes.

5.5 EPR (proposal)
The following description of the EPR paradox has been deliberated simplified for teaching
purposes. In reality, the measurement is done on spins of particles.
We have a source that emits electron–positron pairs, with the electron sent to destination x,
(fig. 5-4, next page), and the positron sent to destination y. In all cases, if x detects a vertical
polarization (blue), y will detect the opposite, i.e. a horizontal polarization (red). In other
words, one electron "feels" which axis the other is having its polarization measured along.
How does "y" know which way to point if "x" decides (based on information unavailable to
"y") to measure "x"? The Copenhagen interpretation rules that say the wave function
"collapses" at the time of measurement, so there must be action at a distance (entanglement),
or the positron must know more than it's supposed to (hidden variables).

1

Although it amounts to the same thing, it would be wise to compare the Uncertainly Principle to the DavissonGermer experimentation rather than to the Young Slits Experimentation.
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Trying to understand the EPR mechanism is impossible with good sense with the traditional
concept of photon. To understand it, it is necessary to replace photons by quantified waves.
Two waves, "A" and "B", are emitted with a perpendicular polarization of the one compared
to the other. These waves are propagated in sCells and are "catalysed" in x and y.
If it has been decided to take the vertical wave "A" (in blue) in point x, it will remain the
horizontal wave "B" (in red) for point y, or the converse. Whatever the wave taken in x, it will
always remain the complementary wave in y.
If the two measuring instruments, x and y, are isolated by something to avoid interference
such as a concrete or a metal wall, the wave still exists because it is propagated in spacetime,
and spacetime is present everywhere. However, it must be pointed out that the EM wave may
be slowed down or absorbed by molecules of the wall.

Wave B

y

x

Wave A

Fig. 5-4

From this point of view, the Spacetime Model predicts that the anomaly of EPR disappears if
the two points of measurement, at 180°, are located far from the point of emission. The reason
is quite simple. In such a case, traditional EM waves become quantified EM waves and the
relation between the two waves disappears.
The anomaly of EPR does not longer exists
with quantified waves, if the points of
measurements are far from each other.
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5.6 Conclusions
The following table compare the photon and the quantified wave concepts.
Problem

Explanation

Planck Quantum

Replacing the photon by a quantified wave doesn't modify the
Planck Quantum. This unit is perfectly logical and must
continue to exist.

Decreased in 1/r2

This problem is solved by the "quantified wave". See section
2.2

Propagation in a vacuum

This question becomes meaningless since this problem has
been solved in chapter 1.

Only one velocity, "c"

The fact that the photon can move at only one speed, c, does
not make sense if it is considered as a particle. Indeed, any
particle can move at any velocity. Since the photon is a
mathematical representation of a wave such as a vector, the
question about its speed becomes meaningless.

The photon acceleration

When an EM radiation is emitted from a particle moving at a
speed of 280.000 km/s, what is the origin of this additional
20.000 Km/S speed? Solution to this enigma lies in (quantified)
EM waves.

Causal principle

EM radiations are nothing but waves. Since we have no
alternative about duality, i.e. a wave is a wave and not a
photon, the choice between wave and particle is meaningless.
The fact that the photon is interpreted as a mathematical object
doesn't conflict with this principle.

Matter of photon

Since the photon doesn't exist, this question is meaningless.

Orbital change

It is impossible to explain how an electron can emit photons
during its orbital change. In reality, the electron produces
spacetime movements, i.e. EM (quantified) waves.

Displacement of a particle

It is impossible to explain how a charged particle, which is
moving, can emit photons. Reality is that a moving particle
produces spacetime movements, i.e. EM (quantified) waves.

e+e- pairs creation and
e+e- annihilation

If the EM radiation is made of photons, the e+e- pair creation,
as the e+e- annihilation, is a true mystery (Part 2
“Constitution of Matter”). Only an EM wave, quantified or
not, can explain this enigma.

Young Slits

This enigma is explained. See § 5.3

Uncertainly Relation

This enigma is explained. See § 5.4

EPR

This enigma is explained. See § 5.5
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Waves and Complements
This chapter gives additional explanations concerning the role of (quantified)
waves in the Spacetime Model, taking into account the equality Mass = Closed
Volume developed in Part 1.
This chapter is not fundamental and is included primarily for the benefit of nonphysicists.

6.1 EM waves: Simplified explanation
Here is a simple experiment explaining the EM wave emission produced by an orbital change
in atoms. You can do it yourself in your bathtub. This example highlights that a change of
orbital produces waves, not photons.
Open your hand beside your lengthened legs and wait until the water is still.
Then, suddenly, close your hand. You will immediately feel a wave being
propagated on your entire body.
Closing your hand produces a wave of water, which carries some energy. We have exactly the
same phenomenon in spacetime. An orbital change of electron produces a movement in
spacetime, which is an EM wave, not a photon.

6.2 EM waves: Detailed explanation
A second example is provided in figure 6-1.
A perforated balloon is immersed into a container filled with water. The holes allow water to
infiltrate the balloon. If its volume varies from V1 to V2 or the converse, a wave of water is
produced. However, since the balloon is perforated, the quantity of water remains unchanged.
The volume of water doesn't increase or decrease since these movements in water are bipolar
(pressure + depression).
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volumes can be
recovered separately.

EM waves

V1
V2
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When the balloon passes
from V1 to V2, it yields its
energy; it deflates.
However, some energy is
necessary to make it pass
from V2 to V1. In both
cases, the whole volume
of water remains
unchanged since the
perforated balloon, like
orbitals in atoms, is an
open volume.

Spacetime density

t

sCells
Fig. 6-1

6.3 Matter waves: simplified explanation
A balloon with a volume V1 is immersed into a container filled with water (fig. 62). Using a pump “P”, a vacuum is made, instantaneously, inside the balloon
whose volume becomes V2.
The difference V = V1 – V2 of the balloon volume produces a wave.
When the wave reaches the surface, it is transformed back into a volume of water
V identical to the decrease of the balloon's volume V.
This experiment describes exactly how a mass, more exactly a closed volume, can be
transformed into a wave, also a volume, and may be transformed back into a mass, which is
another volume, and so on.
Mass ↔ waves
Does not make sense

Closed volume (particle) ↔ volume (wave)
Easy to understand, make sense, consistent
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Volume V2

V
P

P

V

Fig. 6-2

6.4 Matter waves: detailed explanation
The figures 6-3 and 6-4 show negative and positive matter waves. That which is called a
“matter-wave” is a moving particle having its charge, or spacetime density, distributed in
several sCells.
When a "matter-wave" is moving, each sCell transfers to the other ones some quantity of
additional spacetime, in positive or negative charges. These sCells become charged during the
period of the wave and act like a "partial" electron or positron.
Negative matter wave

Spacetime density

Particle
t

sCells
Fig. 6-3
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Positive matter wave

Spacetime density

Particle

t

sCells
Fig. 6-4

6.5 Differences
The difference between "EM waves" and "matter waves" is only a question of charge. Let's
examine the following figure 6-5.
 EM waves: The charge is bipolar, with positive and negative alternations. The whole
charge of a group of sCells is neutral. The charge is made of positive and negative
sCells but is can be distributed inside a sCell, as the figure shows. In reality, no one
knows the distribution of charge in a group of sCells. The neutral charge moves
gradually inside sCells at a speed of 300.000 Km/s. The charge of a sCell or a group
of sCells, which is neutral, remains neutral for the full period. In this case, sCells don't
get mass since they don't receive additional charge (+ or -).
Neutral waves

- - +++
- - +++
- - +++

Positive waves

Negative waves

+++

- - -

+++

- - -

+++

- - -

Fig. 6-5
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 Matter waves: Each sCell receives, during a short period of time, an additional
charge (+ or -). Since the charge is transmitted from sCells to another sCells, each
involved sCell becomes charged and gets mass. Figure 6-5 shows positive and
negative charged sCells. The white rectangles represents neutral sCells.

6.6 E = hv
To understand this formula with sCells, according to the equality Mass = Closed Volume, let
us consider again the first experiment, which you can carry out yourself.
While having your legs lengthened in your bathtub, quickly close your hand. You
will note that the wave is more or less pronounced according to the velocity of the
movement of your hand.
This reaction is exactly the same as the quantum phenomenon described by: E=hv or E=h/T.
The shorter the period of time (or the more quickly your hand is closed), the greater the
energy produced.

6.7 e+e- annihilation
This phenomenon is an enigma with regard to its comprehension: “how can a mass (e+e-) be
transformed into two gammas?”.
We have already explained the e+e- annihilation in Part 2 “Constitution of Matter”. We give
below another explanation with sCells (fig. 6-6). Let's consider that the electron and positron
are both motionless, that is to say, the magnetic component of the EM field does not exist.

Charged sCells
(electron and positron)

- - +++
- - +++
- - +++

+q/2

+q/2

e+
e-q/2

-q/2

- - +++
- - +++
- - +++

Fig. 6-6
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 When an electron meets a positron, the excess spacetime in one particle moves inside
the other.
 The annihilation of the two charges is assimilated to a double q/t. Indeed, the
charge of the positron passes from +1 to 0, whereas that of the electron from - 1 to 0.
 The annihilated electron and positron become two ordinary sCells.
 This annihilation produces two movements in spacetime, or EM waves.
 These movements, resulting from the double q/t, are propagated gradually through
adjacent sCells.
 The EM radiation will not be propagated like a photon, but like an EM wave,
quantified, if necessary, called a "gamma".
 And finally, as seen in Part 2, if this gamma passes near a nucleus, it may be split into
a negative and a positive part, if its energy allows.
All this process of e+e- annihilation is explained with sCells in a simple and logical manner.

6.8 Mass and energy
Before explaining the E=mc² enigma, it is useful to reconsider the mass - energy equivalence.
It is often stated that Mass = Energy. This is not exact and there is a subtlety to this equation.
The dimensional quantity of the mass is [M] while that of energy is [ML²/T²].
These two quantities are different and cannot be identified. It is like if we compare apples and
nails. So, saying "Matter = Energy" does not make sense scientifically since mass and energy
are two different dimensional quantities.
The E=mc² formula is homogeneous because it has another variable, c². This constant has the
dimension [L²/T²]. The product of Mass [M] by c² [L²/T²] gives indeed a correct value,
[ML²/T²], which is energy.
In other words, a mass (or a closed volume) can produce energy, certainly, but never
"Matter = Energy".

6.9 E = mc²
This formula is fully verified using mathematics and experimentation, but no one is able to
explain it using logic and good sense. However, the solution is quite simple within the
Spacetime Model. Let us take again the figure 6-2 which, slightly modified, becomes the
figure 6-7.
The overall process is as follows. In parenthesis and italics, the equivalent in quantum
mechanics is provided:
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 Step 1: The balloon (the particle) is filled with air. It doesn't have any energy.
 Step 2: The balloon deflates during a t time ("Matter" disappears, like in the e+eannihilation). This decrease in volume produces waves. These waves are moving in
water (in spacetime) and carry some energy, which is a function of t, at the time of
the balloon’s deflation (in the same way, the wave energy is E=hv=h/T).
 Step 3: When the waves reach the surface, they are converted back to a volume (a
gamma may produce back e+e- pairs).
It is important to note that energy appears ONLY in phase 2, when the volume is in its wave
state. When the volume is in a particle state, as in phases 1 and 3, energy doesn't exist or,
more exactly, we have "potential energy".
This energy comes from the speed "c" of gammas, which are the result of decays. Only a
movement can produce energy. A motionless particle only has potential energy. In other
words, the E=mc² formula simply means that energy appears only when the volume of the
particle becomes waves, or gammas (fig. 6-7, phase 2).

1

2

3

E = hv

V

V

Pump
Fig. 6-7

Finally, the E=mc² formula is very simple to understand if we keep in mind these three points:
There is a relationship between mass and closed volume (see Part 1).
The particle may become a wave and the converse, as explained in the WaveCorpuscle Duality in Part 2. Both, particles and waves, are made up of spacetime.
Energy is not embedded inside the particle as we think. In our example of fig. 6-7, the
balloon doesn’t carry energy! A particle is an area of spacetime, nothing more.
Energy appears when the particle is destroyed. This area of spacetime becomes a
wave, as in the e+e- annihilation. Energy is carried out by these EM waves.
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6.10 Conclusions on E = mc²
 The particle is a closed volume without
energy at rest,
 When the closed volume disappears,
waves are produced. Energy due to their
speed "c" appears (E=hv),
 Waves can be transformed back to closed
volume, i.e. to particles.

NOTE: When the particle disappears, as in the e+e- annihilation, it becomes an EM wave (gamma). This is why
the term c² is present in E=mc² (deeply explanation with mathematics are provided in Part 1). In this formula, c
is not related to the particle itself but comes from the speed of the light. This speed, c, which appears after
annihilation, must not be confused with the speed of the particle, v, if the latter is moving. Please also note that
this explanation doesn’t modify calculations already in place.
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Abstract
Taking into account experimentations, this part explain the binary structure of the nucleus.
It also covers radioactivity using the concept of sCells.
It makes a synthesis of the forces. In reality, we could have only two forces instead of three.
Finally, it gives a suggestion of the creation of the universe much more plausible the irrational
Big-Bang.
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1 Atom
Niels Bohr (Nobel Prize - 1922) thought that electrons were continually moving
around the nucleus inside the atom. Around 1930, Schrödinger (Nobel Prize 1933) created another concept: "probability density". The electron is a particle,
as the third postulate of quantum mechanics indicates: “the probability of
locating the particle is described by the wavefunction…”. The word "particle" is
not ambiguous and doesn't mean a wave. This new concept was an improvement
on Bohr’s idea but did not solve the enigma of the quantification of orbitals.
Here we show that atoms are built according to the "distributed charge model"
described in Part 4. We will try to bring logical answers to some questions that
are mathematically verified but, so far, remain unanswered.

1.1

Energy levels of orbitals

The Schrödinger Equation gives the mathematical solutions to orbitals with great accuracy but
no one can rationally explain the principle of orbits. We can take the example of satellites
orbiting around Earth. Of course, many satellites may share the same orbit. Why, in quantum
mechanics, would it be different? If the electron is a particle which “is moving in all
directions” around the nucleus, why the orbitals must be quantified?
Moreover, if the electron is a punctual particle, the Pauli Principle also can't be explained.
If the charge of the electron is distributed in several sCells around the nucleus, according to
the "Distributed Charge Model", the quantification of orbitals becomes clear and obvious. The
following example explains this idea.
Let's place five magnets, all oriented in the same direction (fig. 1-1), in a vertical rail.
Each magnet is subject to gravity, which attracts it toward Earth, and to a repulsive
force due to the adjacent magnets.
The lower magnets carry the total weight of the upper ones. This is why spaces between
magnets are not equally drawn. The levels E1, E2, E3… are, thus, dynamically built.
By repeating the same experiment any number of times and under the same conditions,
we will always find the same spaces E1, E2, E3… We could think that these magnets are
systematically placed on imaginary rails, or “quantum rails”, E1, E2, E3… In other
words, we could think that the position of each magnet E1, E2, E3…is "quantified".
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Fig. 1-1

This example explains the origin of the quantification of orbitals in atoms1.
If the electron is distributed in the sCells surrounding the nucleus, according to the
"distributed charges" model, this enigma no longer exists. The above example explains the
construction of orbitals inside the atom. In particular, we must note that the orbitals are
dynamically built. In other words, quantum levels are not "predefined".
In the following example, if the magnet E1 is removed, the magnet E2 drops down and takes
the empty place of the removed magnet (fig. 1-2). Other magnets also drop down one level.
Energy levels in atoms follow the same principle. The only difference is that the Coulomb
force replace the magnetic force of magnets. Spin is also omitted.

Energy level 4
no longer exists
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N
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N

S

E1

N

S

E1

N

S

E0

N

S

E0

Fig. 1-2

1

In quantum mechanics, there is often confusion between “discrete” and “quantified”. In the Schrödinger Equation, we have
both definitions. On one hand, the Laguerre Polynomials, which are a solution of the Schrödinger Equation, are discrete. On
the other hand, the Planck Constant is a quantified quantity. In this document, when the two concepts are simultaneously
present, we will use the qualifier of “quantified”, even if this word is not entirely correct.
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Fig. 1-3 shows the principle of the “distributed charge” model inside the atom. This diagram
is only for illustration since, as we know, orbitals are not spherical.

Orbital n=4 doesn't
exist. It will be
built dynamically
with the next
electron.
n=1
n=2
n=3

Fig. 1-3
for teaching purposes, secondary levels (l, p…) have been omitted.

To summarize, we can state:
 Levels are dynamically built, one after the other.
 An atom cannot have high-level orbitals if low-level ones do not exist. There are,
however, a few exceptions1.
 Since the levels are dynamically built, electrons always tend to fill empty layers.
 If an external disturbance occurs, it modifies the overall magnetic field. In such a
case, all the levels may be displaced (level degeneration).
To sum up, the quantification of orbitals is misunderstanding. The solution of the Schrödinger
Equation is a discrete suite of terms2. Physicists thought that levels are quantified inside the
atom. This is not true. Orbitals are not quantified but are dynamically built taking into account
electrons that are still in place. New electrons are distributed in sCells around the nucleus, and
take their natural place on orbitals having the most favourable Coulomb Force.

1.2

The E0 energy level

In quantum mechanics, we have another enigma regarding the atom: why doesn't the electron
drop on the nucleus yielding its energy? If the electron was a punctual particle moving around
the nucleus, this enigma exists and can't be solved.

1

Sometimes, some orbitals are far from each other. This is the case of the "p" layer orbitals. We can also have coinciding
energy levels of layers, like "s" and "p" for example (layers known as "sp").
2
Similar situations also exist on Earth. For example, the propagation of the waves on the membrane of a drum uses Bessel
Functions, which are similar to Laguerre Polynomials (both are solutions to the Hypergeometric Gauss Function). We do not
deduct for all that the membrane of a drum is quantified.
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The E0 energy level was imagined to solve such a phenomenon, but this explanation is only a
theory, nothing more. Since the charge is distributed in sCells, the overall charge surrounding
the nucleus is stable. This problem doesn’t exist in the Spacetime Model and the E0 energy
level has no reason to be.

1.3

Schrödinger Equation

The Schrödinger Equation introduces another enigma: the probability of the presence of
electrons is maximal at the center of the nucleus. Why does this curiosity exist?
In the Spacetime Model, the Schrödinger Equation doesn’t relate to a probability but to a part
of the overall charge. Since the nucleus (the main charge) is precisely located in the center of
the atom, the maximum charge is obviously focused in the center. This explains the enigma.

1.4

The Pauli Principle

The Pauli Principle is fully demonstrated but no one can explain it. Indeed, if electrons are
those punctual particles moving around the nucleus, the Pauli Principle remains a true
enigma. For example, would it not be logical to consider that more than two satellites may
share the same orbit around Earth. Why would it be different in quantum mechanics?
Fig. 1-4 shows the simplest case: layer n=1 filled with one or two electrons. Electrons are
distributed in several sCells in their wave form (not as punctual particles). If two electrons fill
the same orbital, the spin locks them up. This is due to the polarization of spin (see Part 4).
The charge of two electrons is different of the charge of only one, and orbitals are necessary
different. So, when one electron is ejected from (B), the remaining electron takes another
orbital (A) with a different energy level. This is why spin produces multiple lines.
So, this view, which is only a suggestion, solves both the Exclusion Pauli principle and the
multiple lines due to spin in atomic spectroscopy.

B

A

+
-

+

ΔE = hv
Fig. 1-4
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2 Nucleus
We could think that the nucleus is built on the same principle as that of the quarks,
leptons, mesons, baryons and atoms, i.e. the "distributed charge" model.
This chapter does not undertake a complete study of the nucleus, this subject being so
huge, but proposes suggestions according to the "distributed charge" model.

2.1

Isobars

Usually, nucleus graphs are plotted from the atomic number "A", the neutron number "N" or
the proton number "Z". The figure 1-1 was drawn on a u quark basis. The u quarks inside the
d quarks were taken into account. That is to say, each proton is made up of three u quarks and
one electron, and each neutron is made up of three u quarks and two electrons.
 mass
12
10
8
6
4
2

1st number : u quarks - 2nd number : electrons

48-24

45-23

41-21

39-20

36-18

33-17

30-15

27-14

24-12

21-11

18-9

15-7

11-6

9-4

0

Fig. 2-1

Part 5 - Forces, Universe

-6-

2 - Nucleus

This graph covers the first nuclei, those for which the mass number goes from 3 to 16. The Xcoordinates thus go from 9 to 48 since each nucleon, proton or neutron, has three up quarks.
The mass of each nucleus was initially divided by the mass number A. An offset of 930,9
MeV was subtracted from each element in order to make the graph more readable1.
Figure 2-1 shows a simplified graph. A more precise graph emphasizes that the lowest point
of each isobar’s group is always reached when the number of electrons is equal to half the
number of u quarks, including the d quark electrons.
This conclusion is very important since it
gives additional proof that the d quark is
made up of a u quark and an electron

2.2

Isotopes

The lowest point noted with the isobars is repeated with the isotopes. However, examination
of the curves shows that the mass of each isotope oscillates with a period of two elements.
In order to better emphasize this oscillation, the difference between two adjacent isotopes, the
derivative, has been plotted. Thus, every other time, we have a negative derivative (fig. 2-2
and 2-3). The object of these graphs is to know what the electron of the d quarks becomes
inside the neutron. For that, it is necessary that the number of protons doesn't vary.

C

Na

Zn

La
126

Fig. 2-2

1

There have been many studies of atoms. However, it is the interpretation that is particularly interesting because this study
has a new basis, namely that the d quark is made up of a u quark surrounded by an electron. This appears to highlight a
binary structure, in figures 2-2 and 2-3.
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Pb

126

Rn

Th

126

Fig. 2-3

On these graphs, the mass increases and decreases alternately in steps of two neutrons. On the
other hand, these graphs show an anomaly at 126, which is a "magic number".
These graphs don't leave any doubt about
the binary structure of the nucleus

2.3

Deuteron structure of the nucleus

The only possible explanation of this binary structure is to consider that the nucleus has a
deuteron (deuterium nucleus) structure (fig. 2-4). It seems to be no other alternative.
It is highly probable, when a neutron meets a proton inside the nucleus, that the outer-shell
electron of the neutron “phagocytes” the proton to make a deuteron. Deuterons would not,
therefore, be composed entirely of a proton and a neutron, but of two protons and an outershell electron, which act as a strong nuclear force, keeping the two protons locked inside
the deuteron.
This scheme could explain 1/ the binary structure observed, and 2/ the strong nuclear force of
the nucleus.
Moreover, the structure in two protons and one electron of the deuteron is more homogeneous
and logical than the structure of one proton and one neutron. It should be noted that other
structures, like e-(e-(e-(u u u u u u))) or e-(e-(u u u (e-(u u u)))) (see Part 4) are also possible
but improbable.
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2.4

Fig. 2-4

The He nucleus

Since alpha particles are helium nuclei, physicists suspect the He structure to be one of the
basic structures of the nucleus.
Within the "distributed charge" model, many configurations are possible for the He structure.
However, taking into account the great stability of this nucleus, it is judicious to think that the
following scheme (fig. 2-5) is the most probable. This configuration is very close to the
deuteron scheme (fig. 2-4). It has 6 electrons and 8 positrons since 2 positrons makes 3 u
quarks. So, the overall charge is –6 +2 = +2, i.e. the charge of the 4He nucleus.
4

He
Electrons

u

u

u
u

u

u

u
u

u

u

u
u

u quarks

Protons
Fig. 2-5
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This scheme seems confirmed by the experimentation because the two outer-shell electrons of
the 4He nucleus make it particularly strong. Alpha particles are also very strong.

2.5

H isotopes

Figures 2-6 and 2-7 cover the possible configurations of H isotopes where electrons replace
the strong nuclear force. There is also a possibility 2H and 3H, here not represented, that u
quarks are separated and their electrons goes in the periphery of the nucleus to act as the
strong nuclear force. However, the binary structure of the nucleus suggest that this possibility
is less probable than the other schemes here shown.
Please note that these diagrams are only for teaching purposes.

1
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u u
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2
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u u
u

u u
u

u u
u

Fig. 2-6

2.6

4

H isotope

The 4H isotope (fig. 2-7, next page) may lead to different schemes using protons with one,
two and three outer-shell electrons.
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These schemes are only suggestions. Intuitively, the binary structure of the nucleus suggests
that, inside the nucleus, protons and deuterons toggle. So, the most probable configurations
are when electrons surround protons. The correct configuration would require some
investment of time, and must be in accordance with many parameters: decay modes, binding
energy, volume differences from one isotope to another, the mass derivative, quadripolar
moment etc…
It should be pointed out, once more, that if a decay or radioactivity produces protons and
neutrons such as alpha particles, it does not mean that these particles were parts of the nucleus
before the interaction per se. Maybe the nucleus contains a "soup" of u quarks with all
electrons in its periphery. Protons, neutrons, d quarks are produced during the interaction. On
the other hand, since waves and particles are both created from spacetime, it is necessary to
bear in mind that what we see is not necessarily what really exists. The only thing we can be
sure of is that all these particles and waves come from spacetime (see Part 2).
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Possible explanation of binary steps

The binary oscillations of figures 2-2 and 2-3 suggest that, when a group of isotopes is
examined, the nucleus is created in two phases (fig. 2-8).

Phase 1

Neutron
u

u

u

u

u

Nucleus

u
Proton

Phase 2

u

u

Proton

u

u

u

u

u

u
u

Electron
Deuteron
Fig. 2-8

Phase 1: The first neutron takes its place in the nucleus as a proton. It is stripped from
its electron. The latter joins the other electrons on the nucleus’s periphery
Phase 2: The second neutron takes its place in the nucleus as a proton. Its electron also
surrounds the preceding proton, making a deuteron, instead of going on the periphery of
the nucleus.
In both cases, the volume of the nucleus increases since it contains one more proton. This
volume difference comes from the location of electrons.
When the electron goes on the nucleus’s periphery, it produces an increase in volume. When
it is used to make a deuteron, the increase in volume is different. This could explain the
binary steps1.

1

We can suppose that the electron decreases the Coulomb Field inside the nucleus and the repulsion force
between protons is decreased too. However, this is only an assumption.
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These two phases are repeated in a loop. Thus, we have a succession of increasing and
decreasing volumes in a same isotope group.
It is also possible that the electrons go on the periphery, two per outer layer, such as in the
orbitals of the atom, as the Pauli Principle states. This process could also explain the
periodicity of two.

2.8

The Bethe – Weizsäcker Formula

This formula determines the binding energy of a nucleus of mass m (A, Z):
B = avA - asA2/3 - acZ2/A1/3 - aa (N - Z)2/A + C






The first term is the volume energy (av = 15,56 MeV).
The second term is the surface energy (as = 17,23 MeV).
The third term comes from the Coulomb Force (ac = 0,7 MeV).
The fourth term is an asymmetry energy (aa = 23,6 MeV)
C is an adjustment constant.

The traditional strong nuclear force is not in accordance with this formula. The problem lies
in the two following terms:
1. Surface energy1: The strong nuclear force supposes linking protons and neutrons
inside the nucleus. Under no circumstances is this force a "surface force". In this way,
the Bethe-Weizsäcker Formula should not have a surface term.
Within the Spacetime Model, the surface component term is perfectly logical because it
matches exactly our model of outer-shell electrons acting like a rubber band to explain
the strong nuclear force.
2. The Coulomb Force: A similar problem is met with the Coulomb term. Since the
Coulomb Force is far less important than the strong nuclear force, this term is
unexplainable in the Bethe-Weizsäcker Formula.
Within this Spacetime Model, the nucleus volume comes from the repulsion force
between protons. The presence of a Coulomb term in this formula is, therefore,
perfectly logical. It is even a necessity.
Another point must also be considered. The nuclear volume, i.e. the mass, and the binding
energy increase both as A, the atomic number. Currently, physicists think that the nuclear
forces are saturated since each nucleon interacts only with its neighbours.
If we consider that the neutrons are transformed into protons inside the nucleus, the atomic
number A relates the overall number of protons, i.e. addition of the original protons and the
protons coming from neutrons.

1

The explanation of this surface energy usually uses the Van Der Walls Model. The author is not fully
convinced by this model, which is a good comparison, but not a reliable explanation of the phenomenon.
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In other words, it is highly probable that
The nucleus doesn't have Z protons and N
neutrons, but rather A protons and N electrons.

All these protons make a repulsive Coulomb Force between them, which creates the volume
(see Part 1). It is, therefore, normal that the volume increases as the atomic number does.
It is only a simple Coulomb problem, and not a complex and unexplained phenomenon of
saturated forces.

To summarize, the Bethe-Weizsäcker Formula doesn't explain the present strong nuclear force
of the nucleus, but this formula is in perfect accordance with the Spacetime Model.
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3 Quarks and Mesons
This chapter covers the other quarks and mesons in accordance with the "distributed
charge" model. However, this chapter contains only suggestions which, to date, are not
verified. Therefore this information must be taken with care.

3.1

C and s quarks

In the "distributed charge" model, it would seem that the charmed quark would rise from the
strange quark (fig. 3-1). A positron may surround the s quark. SCells, which are enclosed
between the positron and the s quark, explain the difference of mass.

S and c quarks
C quark
S quark

Positron

Fig. 3-1

3.2

T and b quarks

As we know, the t quark mass is huge, 178 000 MeV. This does not mean, however, that it
contains a great number of components. Since it is a closed volume. Few electrons and
positrons are sufficient to make a t quark having a huge closed volume of 178 000 MeV.
Inside this quark, we would probably find that 99,99999% is made up of sCells. The t quark
has a volume hermetic to spacetime. Therefore, it has mass.
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T and b quarks
T quark
B quark

Positron

Fig. 3-2

3.3

The  meson

The  meson would be made up of four quarks, u, anti u, d and anti d quarks. However, all
physicists do not agree on this configuration; some papers indicate different schemes. This is
normal since particles are made of spacetime (Part 2), and spacetime vibrations (gammas) can
decay in various particles or associations of basic particles.
The electron and the positron come from the d and anti d quarks (fig. 3-3). These two
particles maintain the four quarks locked inside the meson and act as the strong nuclear force.
Please note that the position of the electron and the positron may be swapped. Other
configurations are also possible.

° meson
Positron

u

u

u

u

Electron

Fig. 3-3
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meson vs. proton

The four quarks introduce attractive and repulsive forces (fig. 3-4 A). In the proton and the
neutron, the three u quarks produce exclusively repulsive forces (fig. 3-4 B). This is why the
closed volume, i.e. the mass, of the proton (938 MeV) or neutron (939 MeV) is greater than
that of the  meson (135 MeV), although this last contains an additional quark.

° meson

Proton or neutron

A

B
u

u

u
u

u

u

Attractive force
Repulsive force

u

Fig. 3-4

3.5

Decay of the meson

Assuming figure 3-4 is correct, the stability of the quarks is broken during an interaction. The
two pairs of quarks are destroyed, as in the case of the electron and the positron of the 
meson. There remains only the electron or the positron from the external layer (fig. 3-5).
This internal annihilation is possible because the u-anti u pairs are very close to each other.
The interaction is immediate and internal and, therefore, invisible to the experimenter. It is
possible that such invisible interactions are more frequent than we would think.
This scheme (fig. 2-7) is in perfect accordance with experimentation that gives:
Neutral pion: 134,9766 MeV
Charged pion: 139,57018 MeV
The remaining electron or positron has a volume close to that of the  meson. This scheme
suggests a muon (105 MeV) as a result. This is exactly what the experimentation indicates,
with a /total of 99,9877%.
Note: The figure 2-7 is generic and may be adapted to other particles.
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Decay of the charged pion in a muon

These electron and positron
come from the d and
anti d quarks

u

u

u

u

This electron
or positron converts
the neutral pion into
a charged pion
The remaining electron
or positron becomes
a muon or antimuon

The u and
anti u quarks
annihilate mutually

u

u

u

u

The electron
and positron
annihilate
mutually

Fig. 3-3
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4 Radioactivity
Some types of radioactivity remain unexplained. For example, it is
difficult to understand from where the electron comes in - radioactivity,
since we suppose that the neutron (u d d) doesn't have an electron.
This chapter provides an answer to some questions about the origin of
radioactivity within the framework of the Spacetime Model. It must be
noted that this chapter covers only the basic principle of radioactivity,
not the behaviour of the electroweak force. Therefore, the W/Z theory,
which is correct in all points, is not discussed here.

4.1

Introduction

Radioactivity always takes its source in spacetime movements inside the nucleus. If the
internal configuration of the nucleus is a little unstable, these spacetime movements break the
deuteron, alpha or other structures.
On a mathematical point of view, we know that any wave, in a closed space, produces
reflective secondary waves. Inside the nucleus, a multitude of waves are permanently
reflected on electrons, protons, deuterons etc…. These waves are mathematically represented
by vectors, such as gluons, bosons etc…. They are by no means particles but spacetime waves
idealized by vectors.
Thus, what we call “bosons exchanges” are nothing but EM waves and their own multiple
reflections from any part.
We know that quarks, leptons, bosons, waves… are made of spacetime (see Parts 2 and 3).
So, it is not exceptional to see a W- boson being transformed into an electron or anything else
since W bosons and electrons are both made of spacetime.

4.2

radioactivity

Some suggestions of possible schemes are represented in figure 4-1, next page.
The mass of a - isotope is higher than the mass of the chemical element. There is an
excessive number of neutrons. The Spacetime Model says that the neutron is a proton with an
electron (spin is no longer an objection to this assertion – see Part 4). This tends to prove that
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the electron emitted from the nucleus comes from a neutron which is transformed into a
proton, from a deuteron (see chapter 2) or from peripheral electrons acting as the strong
nuclear force. Whatever the origin of the electron, radioactivity - tends to confirms that the
neutron structure has at least one electron.
Note: The neutrino has not been represented in figures 4-1 and 4-2.

Peripheral
electrons

W-

-

Deuteron or other element,
surrounded by one or several
electrons in various combinations.

4.3

Fig. 4-1

radioactivity

The mass of a + isotope is lower than the mass of the chemical element of reference. There
is a lack of neutrons. Since a neutron is probably a proton with an electron, there is a lack of
electrons too. One of the possibilities of the + radioactivity is a spacetime movement
produced inside the nucleus (fig. 4-2) which fills the missing electron in the neutron.

e-



+
Fig. 4-2
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We know that a gamma ray moving near a nucleus splits into electron(s) and positron(s) if its
energy is sufficient. This subject was discussed in part 2. It is not possible to be nearer to a
nucleus that inside the nucleus itself. This means that any high energy EM wave crossing a
nucleus or created inside the nucleus may produce electron- positron pair(s).
The electron issued from the gamma is immediately used to link protons into binomials, like
deuterons, or into other configurations. The positron is ejected by way of a W+ boson and
maybe a tunnel effect thru peripheral electrons. Other schemes are also possible but this one
gives a rational explanation of + radioactivity in perfect accordance with experimentation.
Since a gamma, a positron and a W+ boson are all made of spacetime, waves are converted
into particles and the converse. All these interactions are very simple to understand, but
require complex mathematics to describe them (QCD).
It should be pointed out that all these phenomena are well known: e+e- annihilation, e+ecreation…. Inside the nucleus, we probably have the same phenomena.

4.4

Alpha radioactivity

Alpha radioactivity lets us suppose that the He configuration is already present inside the
heavy nucleus. However, we don't have proof of this.
Taking into account the "binary steps" of the nucleus, the Spacetime Model considers that the
alpha is built by two deuterons when these particles take off the nucleus (fig. 4-3). Since the
concept of "binary steps" is a reality (see graphs 2-2 and 2-3), alpha radioactivity must be in
accordance with this configuration.
We consider that alpha particles are directly emitted from the nucleus. This point of view
doesn't explain the binary steps, whereas the proposed scheme (fig. 4-3) does.
4

Deuteron

u

u

u

u

He

u
u

u

u

u

u
u

u

+
u
u

u
u

u

u

u
u

u

u
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Fig. 4-3
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Electronic capture

In accordance with the "distributed charge" model, the incoming electron has two
possibilities: it either surrounds the nucleus, or it links two protons to make a deuteron or
another nucleus.
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5 Forces
Most physicists consider that all forces come from ONE generic force. Why one
force rather two or three? No one knows, but one thing is sure: to understand the
Theory of Everything (ToE) it is necessary to drop all preconceived ideas that
have no consistent base.
In accordance with experimentations, the Spacetime Model considers that there
would be only two fundamental forces. These two forces cannot be unified into a
generic force, but include, nevertheless, a common element, spacetime.

5.1

Gravity

Gravity is a pressure force produced by "closed volumes" and not an attractive force produced
by masses. Its origin is spacetime curvature made by closed volumes (Part 2).

5.2

The weak nuclear force

Weinberg and Salam (Nobel Prize 1979) proved that the weak nuclear force is the EM force.
The Spacetime Model is in accordance with this theory. Whatever the words used, EM wave,
W or Z bosons, protons, neutrons, electrons, gluons… the basic elements are always made of
spacetime. So, it is logical to consider that the weak nuclear force is nothing but the EM force.

5.3

The EM force

The origin of the EM force is the variations of spacetime density inside the sCells. The
magnetic force is a particular case of the Coulomb Force. The only difference is the sCell
polarization: 1D, 2D or 3D.

5.4

The strong nuclear force

The strong nuclear force does not exist per se. Electrons and positrons surround some
particles like a rubber band. This force is an "elastic force of constraint" which comes from
the Hooke Law. It is identical to gravity, which also conforms to an elastic force.
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In gravity, the pressure comes from sCells. In the strong nuclear force, the pressure is
different but comes from electrons or positrons. Since sCells, electrons and positrons are
made of spacetime, gravity and the strong nuclear force are finally identical.

5.5

Two fundamental forces

The only existing relation between the Hooke Force and the Coulomb Force is spacetime.
These two forces cannot be unified since the first is a pressure force on any particles, while
the second is an attractive - repulsive force, which relates only to the charged particles.

Unification of Forces

Spacetime
Exerts on all
particles

Exerts only on
charged particles

Coulomb's Force

Hooke's Force

attractive and repulsive force

Constraint and pressure force

1D polarization of
sCells

Electrostatic

2D polarization
sCells

Magnetism

Application :

Gravity

Application :

Strong nuclear
force

2D/3D polarization of sCells

Electromagnetism

Application :

Electroweak force
Fig. 5-1
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The Universe
The origin of the universe poses a fundamental question: the "enigma of the electron"
(see below). This question is of great importance because it allows for only two
solutions. The creation of the universe necessarily resides in one of these two solutions.
Since the Big-Bang Theory doesn't solve this enigma, this theory is not credible.
Information given below is only an assumption since no one can prove anything about
the birth of the universe

6.1

The "enigma of the electron"

Electrons and positrons have extremely precise closed volumes (masses): 510,998918 KeV.
How can it be that all electrons and positrons of the universe have strictly the same volume?
Indeed, electrons in Europe, in the USA, in Asia… always have the same volume,
510,998918 KeV, a volume measured with an incredible precision of +/- 0,000044, or
< 0,0000086% !!!
To fully understand where the problem lies, let's imagine the following scenario:
A chairman says to a production engineer:
"In my factory, we make packets of sugar of 500 g. With the packaging, the total
weight is exactly 510,998918 g. The precision is 0,0000086%."
And he adds:
"We obtain the same precision in all our production. We can manufacture billions
and billions of packets of sugar always having the same weight of 510,998918 g.
each. And we are sure that this accuracy is reached with each packet without
carrying out any control…"
The production engineer can only be challenged by such a remark. Indeed, he knows
that, in any production in the world, it is very difficult to obtain 0,001% tolerance
without any control. To reach a tolerance of 0,0000086% with repeatability of billions
and billions of pieces without any control is simply … impossible.
He will suspect that there is a trick or a gimmick. Obviously, such an assertion needs a
rational explanation.
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The "enigma of the electron" is exactly like this scenario. This enigma needs a rational
explanation, other that "Matter came from a Planck Length", which doesn't mean anything.
In reality, the universe is a kind of machine that manufactures electrons and positrons in
astronomical quantity. These electrons are produced precisely with the same closed volume,
namely mass. So, undoubtedly, there is a "trick" somewhere. It cannot be otherwise. The
fundamental challenge is …to find this trick.

By which process can this astronomical quantity of electrons
and positrons be created with exactly the same volume of

510,998918 KeV
…with always the same incredible precision of:

< 0,0000086% ?

The answer to this question solves 90% of the enigma of
the creation of the universe.

This is the GREAT QUESTION and, by far, the most important mystery regarding the
creation of the universe.

6.2

Two possibilities

This question may have many solutions, but two seem obvious:
-

Division of spacetime
Multiplication of sCells

These two solutions are very similar and are studied in the following section. The
multiplication solution seems to be the most credible.
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Division of spacetime

This scenario is explained in figures 6-1 and 6-2.

Spacetime is initially created in
three parts: neutral, negative and
positive. The positive spacetime
densities are in red. The charge
symmetry is conserved.

+
Fig. 6-1

A binary division takes place:
2, 4, 8, 16, 32, 64 … 2n. It is
repeated until reaching the
quantum 511 KeV. With this
limit, each element will have
exactly 1/2n of the total volume
of the universe. We thus obtain
strictly identical volumes.

Fig. 6-2

6.4

Multiplication of sCells

The previous scenario explains the quantum of 511 KeV but does not solve the creation of
spacetime that is explained below. This is why the following scenario is more credible than
the preceding one.
It supports an alternative:
 Simple multiplication: A cell multiplies with identical volume, or mass, in 2n steps:
2, 4, 8, 16, 32, 64, 128 etc…
 Increase with division: An original cell is growing then is divided by two, and so
on. The divider is therefore 2, 4, 8, 16, 32, 64, 128 etc…. This version is more
interesting than the preceding one because the creation of spacetime is fully explained.
In addition, this scenario is close to the behavior of Nature on Earth (next paragraph).
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The Nature behavior on Earth

Human beings, animals, plants etc… are "manufactured" according to a model of replication
of cells. This model varies from one species to another but the guidelines are always the same.
For the human being, the cellular replication presents the following properties:
 Precision: The cell’s creation is extremely precise. A cell of a given type is exactly
the replication of another cell of the same type.
 Reproducibility: The six billion human beings on Earth are created on the same
model. For example, cells of lever are always identical. Nature has an extraordinary
capacity for replication in great quantities.
 Huge amount of replication: Two basic cells are sufficient to create a human
being. Indeed, nine months after the initial conception, the number of cells reached is
billions of billions.
 Common process: The replication process is sometimes very simple, as in bacteria,
sometimes very complex, as in human beings. However, it is always the same
principle.
This faculty of reproduction in nature and the simplicity of the process are simply incredible.
In other words, we must be conscious that Nature on Earth has an extraordinary capacity for
self-reproducibility with the same accuracy. This capacity is found on Earth, but also on Mars,
and on all components of the universe.
To explain the creation of the universe, we need the
same reliable and accurate reproducibility but in
greater quantity than that which we have on Earth

What exists on Earth
Precision
Nature is able to make very precise
replications.

Quantity
Nature is able to make replications
in astronomical quantities, as in
human beings, with billions of
identical cells.

What we need to explain the universe
We need a process able to create electrons of
510,998918 KeV with the incredible precision
of <0,0000086%.

We need a replication process of electrons
and positrons in astronomical quantities. The
universe is "manufactured" through
this unique process.
Fig. 6-3
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Scenario of replication

The following scenario describes one of the possibilities of the creation of the universe. The
conclusions are very interesting.
The first part of this scenario must, necessarily, be very simple. It is a major condition. In
addition, it must take account of the quantum concept, which is a reality. This quantum of
volume seems to be 511 KeV (see Part 3).
This process is well known on Earth, for example in the replication of bacteria. Nothing has
been invented. Since Nature tends to always repeat the same models, this scenario illustrated
in figure 6-3, on the next page, is very relevant.

It seems that the creation of the universe
is nothing but a simple replication process

6.7

Spacetime

In this process, a question arises: "What grows, only the 3D volume or 4D spacetime?”.
When the universe was created, there were no masses. Out of the gravitational field, the
spacetime curvature is flat. It is expressed as follows (Minkowski Equation):
ds² = c²dt² -(dx² + dy² + dz²)
or, in polar coordinates:
ds² = c²dt² - dr² - r²(d² + sin² d²)
If we consider that:
The universe was created from nothing, neither space nor time.
There is a perfect symmetry. Nothing can be created without a counterpart.
… it is then necessary to take the Minkowski Equation and add ds² = 0.
This ds is an infinitesimal spacetime. At the beginning of the universe, as there was nothing,
all ds² were equal to zero. In polar co-ordinates, since we have a spherical symmetry, we can
ignore d² and d². We get c.dt = dr. Usually, in physics, length is expressed by x and not by
r. So we have:
c.dt = dx
This well-known formula must be interpreted as follows:
“Time creates space” or the converse
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From a mathematical point of view, the dimensional quantities "time" (T) and "space" (L) are
different. The dimensional constant c, which keeps homogeneity in the equation, should not
be removed. So, we should not take this sentence "time creates space" word for word because
from a mathematical point of view this sentence is not exact. It has the same imprecision as
the sentence "money creates employment". Of course, this sentence is correct, but not from a
mathematical point of view since the words "money" and "employment" are of different
dimensional quantities.

Creation of the universe

In the begining, we have only one sCell.

Like cells in bacteria, it increases up to
1022 KeV according x=ct

When it reaches this limit, there is a
division by two. The volume is split into
two parts of 511 KeV each since the
quantum of volume is 511 KeV.

The same process is repeated to create 4
sCells from two.

The four sCells grow and the volume of 4 x
1022 KeV is divided by two making
volumes of 8 x 511 KeV.

The same process is repeated indefinitely

Fig. 6-4
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Before the creation of the universe

From a philosophical point of view, this proposal renders obsolete the question “What was
there before the creation of the universe?” The word “before” does not make sense in this
context since time was created simultaneously with dimensions xyz. The same phenomenon
exists on Earth.
Let's consider a baby who has just been born. Ask the mother: “what was the size of
your baby two years ago?” This question does not make sense since, for this baby, time
was created nine months ago. Space, i.e. the size of the baby, was created 9 months ago
too. Two years ago, this baby had neither time nor space.
As in this example, it is absurd to want to know what the universe was before its creation
since there was no time and no space. The word "before" doesn't mean anything in this
context. On the other hand, we may note that, in this example, the process is the same as in
the universe: time creates spaces (or the converse).

6.9

The creation of objects

Let's imagine a company that is created. There is also a relation between space (the factory,
the office, the parking…) and time. For this company, before its creation, time and space did
not exist.
We may apply the same reasoning to common objects. For example, a stone on Earth has a
maximum age of 4,5 billion years. Asking, “What was the size of this stone 10 billion years
ago?” is a nonsensical question. …Many such examples can be given.
Since Nature tends to repeat itself, we may think that the creation of the universe follows the
same principle as the creation of common objects we know on Earth. We have a creation date,
and before this date, there was nothing: no time and no space.
The only consistent and interesting question is to know by which process the Universe was
created.

6.10

Space vs. time

Everyone is able to describe spacetime with mathematics using special relativity formulas, but
its comprehension is not so obvious.
On the universe level, spacetime means "a x space created by a t time, or the converse".
This is why space (3D) and time (1D) are inseparable. This relationship between time and
space is emphasized in the proposal of new models of the creation of the universe further
described.

Part 5 - Forces, Universe

6.11

- 32 -

6 - The Universe

Creation of the universe

Here we propose two scenarios (fig. 6-5 and 6-6) which have the same process of creation
(phases t0, t1 and t2, in blue). These two scenarios differs only in phases t3 and t4.

Scenario A

t0
t1

t2

t3

t4

There was nothing, neither time, nor space

Due to chance or another effect, a quantum of space
is created by a quantum of time, or the converse.
Symmetry is preserved in accordance with x = c.t

As time continues, sCells are created,
always following the same formula:
x = c.t.
Therefore, the universe, which is made
of sCells, is continuously expanding,
as the time does.

Due to chance, the charge of one
or more sCell(s) is shifted to
another sCell (s). An electronpositron pair is thus randomly
created. The gammas produced
disturb the other sCells, and more
electrons-positrons pairs are
created, and so on. We get a sort
of "plasma" of gammas, electrons
and positrons.

Then electrons and positrons are combined in quarks to build the
Standard Model, which becomes hadrons (protons, neutrons…),
atoms, molecules, Bethe Cycle, Darwin Theory etc… see Part 3.
Matter in galactic clusters may be created in this manner, due only
to chance.
Fig. 6-5
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Scenario B

t0
t1

t2

t3

There was nothing, neither time, nor space

Due to chance or another effect, a quantum of space
is created by a quantum of time, or the converse.
Symmetry is preserved in accordance with x = c.t

As time continues, sCells are created,
always following the same formula:
x = c.t.
Therefore, the universe, which is made
of sCells, is continuously expanding,
as the time does.

Billions of billions of sCells are
created. Due to chance, a sCell
presents a replication defect. Its
charge is transferred to the
adjacent sCell. So we get, an
electron and a positron.

Electrons and positrons are
replicated like cancerous cells.

t4

Then electrons and positrons
are combined in quarks to build
the Standard Model, which
becomes hadrons (protons,
neutrons…), atoms, molecules,
Bethe Cycle, Darwin Theory
etc… see Part 3.

Fig. 6-6
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Scenario A (fig. 6-5)
The matter is created randomly after the sCells. The charge of sCell(s) is shifted from one to
another sCell(s). Electrons and positrons may be "manufactured" in this way. The movements
in spacetime produce gammas, which can make another electron-positron pair from sCells and
so on…
Scenario B (fig. 6-6)
Due to chance, the charge of a sCell is shifted to another sCell, thus creating an electronpositron pair. This pair, which is a sort of "malfunction of nature", is replicated, and so on, in
accordance with the formula x = c.t.

Notes 1:
It is possible that the creation of the universe was a combination of these two scenarios or
another scenario.
Note 2:
In phase t2, matter doesn't exist. However, sCells can transmit EM waves and gravitational
field.
Note 3:
It is interesting to note that the expansion of the universe seems to be outside galactic
clusters, not inside. This statement is in accordance with these two scenarios.

6.12 Solved enigmas
The consequences of these scenarios are very interesting:
 Same phenomena on Earth
All these phenomena have their equivalent on Earth. Since we know that Nature
always tends to repeat itself, this scenario is much more credible than the unexplained
and irrational Big-Bang Theory.
 The electron enigma
This scenario solves perfectly the electron enigma discussed at the beginning of this
chapter. Its volume, or the sCell volume, 510,998918 KeV, is replicated in billions of
billions of billions of copies. The Big Bang Theory doesn't explain this enigma.
 Starting from nothing
This scenario starts from nothing: no time, no space. Time and space are created
mutually according to the Minkowski Formula x = c.t. This is probably due to
chance but other explanations are also possible.
 Density of matter
"Manufacture accidents", which transform a sCell in an e+e- pair, have a very low
probability: 10-40, 10-60, 10-80 ? The electron-positron/sCell ratio is, thus, very small:
10-40, 10-60, 10-80.... This ratio is in accordance with experimental measurements,
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which state that the average density of matter in the universe is very low, only a few
electrons per m3.
 Spacetime
This scenario gives a physical explanation of spacetime: “A time t creates a space
x or the converse".
 Charge of electron-positron pairs
The charge is transferred from one sCell to another. The +q of the one corresponds
to -q of the other. This explains why electrons and positrons have precisely the
same charge in absolute value and, consequently, solves the enigma of the charge of
the proton which is that of an electron, and the enigma of antimatter.
 Expansion of the universe
This scenario also solves the enigma surrounding the expansion of the universe. Time
(unfortunately) continues to run; we can't stop it. In accordance with the x = c.t
formula, each second of our life creates 300 000 km of space, or more precisely, of
sCells.
Time, which continuously runs, is the best
proof of the perpetual creation of the
universe, and thus of its expansion.

 Antimatter
This subject has already been covered mainly in Part 3. These scenarios of the
creation of the universe also explain the location of antimatter. Indeed, each electron
created has its counterpart, the positron, which is, by necessity, close to it. It explains
where is the antimatter of the universe: into the quarks, under our eyes.
On the other hand, in the universe, there are as many electrons as positrons. With
these scenarios, it is IMPOSSIBLE to find one electron or positron in excess. We
have precisely the same number of each.
 The Horizon Enigma
In any direction, the deep sky temperature is constant, about 2.7°K. This is why the
"Inflate Model" has been added to the Big-Bang Theory. The Spacetime Model
explains the constancy of the deep sky temperature very simply:
The e+e- pairs are created randomly
Small "islands" of matter (fig. 6-7) are, thus, created in the universe, without any
relation to each other. The perpetual creation of matter is probably due only to chance.
Regarding the 2.7°K temperature, its origin probably comes from various interactions
involving electrons, positrons, gammas, and combinations of these elements in these
small islands of matter. This new approach concerning the creation of the universe is
not incompatible with the 2.7°K discovery. On the contrary, the spatial distribution of
the 2.7°K temperature seems to confirm the scenario suggested in this document.
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Fig. 6-7

Note
A part of the charge, i.e. density of spacetime, is initially transferred from one sCell to
another. Let's assume that the density of spacetime has the value of 100. The amount of each
part is probably due to chance as well. It may be, for example, 5%. In this case, the electron
would have a density of –5%, i.e. 95, whereas the positron would have +5%, i.e. 105. If this
were the case, in others galactic clusters, we may have some electrons and positrons having
the same closed volume, but with different charges. This could have many consequences, such
as the missing mass of the universe, or the "dark matter". This subject is not covered by the
present document.

6.13

The assumption of the Big-Bang Theory

The following table compares the current Big-Bang Theory to the one described in this
chapter. The main enigma to be solved is obviously that of the electron (see paragraph 6-1).
We can compare the Big-Bang Theory to a volcano. Is it credible to think that a volcano can
emit millions of stones of 510,998918 gr. each, with a precision of 0,0000086%? Moreover,
why would the amount of matter be exactly identical to that of antimatter under these
conditions?
From a scientific point of view, the Big-Bang Theory has too many inconsistencies to be
credible and must replaced by a more consistent theory.
In the following table, the symbol (???) means that the question is unanswered within the BigBang Theory, whereas all these questions are logically and rationally answered within the
proposed model, the Spacetime Model. Each enigma below is fully explained in the preceding
paragraph.
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Spacetime Model

Electron enigma

???

Explained

Starting from nothing

???

Explained

Perfect charge qelect. = qpositron

???

Explained

Explanation of spacetime

???

Explained

What is matter (Part 2)

???

Explained

Expansion of the universe

???

Explained

Charge of proton qp = qelectron

???

Explained

Where is antimatter

???

Explained

Construction of quarks

???

Explained

Overall explanation

(???)

Explained

The universe came
from a Planck Length
that no one explains

Replication of sCells
according to spacetime
equation:

x = c.t
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