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Abstract:  After the beginning of the corpuscular model, the discovery of the wave 
function has seemed a better approach to describe the atom and has given birth to the 
Copenhagen School. The adherents of this conception up to now have not succeeded to 
convince all the researchers. Among the difficulties, the interferences named “One by one 
photon” where the photons arrive successively on the screen of observation. In these 
experiments one photon considered as a wave, his supposed able to go simultaneously across 
the both holes apart of about a distance of the order of one centimeter. This hypothesis suppose 
the photon necessarily associated to a wave which implies the existence of an ether. This 
situation lead to research an alternative approach. That suppose exchanges of mass between the 
proton and the electron which are the alone manifestation of the wave.  

 

1 Introduction 

One hundred years ago Bohr proposed the first quantum model based on periodic motion 
of electrons in the atom [1]. With the discovery of the wave properties of the electron this model 
has now lost almost right to be cited. In an attempt to understand the origin of this state of fact 
I would start by recalling the origin of the concept of wave, then interference experiments that 
seem to establish the corpuscular approach of matter.  

 

 

 

 

 

 

 
Figure Erreur ! Source du renvoi introuvable. Schema of a device of interference of Young holes. An 
optical system gives of a source S two images S1 and S2 separated by a distance ℓ. One observes the 
interference fringes in a plane P perpendicular to the axis of symmetry GO of the system. 
 

The concept of wave is deeply embedded in our daily life and strongly. They are waves 
that we transmit all kinds of information. It seems quite natural to associate a wave in the light 
as our teachers taught us subsequently. Yet the approach of Newton in 1704 [2] in taking 
support on the rectilinear propagation of light to explain the colors was first corpuscular. The 
wave has emerged in the study of the phenomena associated with the light with Fresnel’s work 
at the beginning of the 19th century [3]. It then invaded the corpuscular physics with hypothesis 
of de Broglie with the electron wave. Yet despite remarkable results: as the electronic 
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microscope, the radio and television, the light wave approach is far from allowing a simple 
explanation of interference. In the classical experiment, known as Young holes (figure 1), two 
beams of light are observed on a screen and its explanation based on the wave properties of 
light, does not seem to give any difficulty. However it is known for more than a century that it 
is possible to significantly reduce the intensity of the two beams while continuing to observe 
interference by increasing the duration of the light received. This type of experience is called 
interference of photons one by one. Proponents of the wave model then admitted that each 
photon passes through the two holes of Young. This assumption remains still very shocking 
from an experimental point of view.  

Explanation of interference in fact forgets to consider the possibility for light, i.e. photons, 
to be absorbed on the screen where they are observed. With this assumption absorption allows 
photons to wait to be in sufficient numbers to be subsequently remitted, differently depending 
on their position M on the screen, which gives interference. The periodic properties of light are 
actually that of the periodic motion of electrons that absorb photons [4]. 

2 Landé factor or g factor  

The study of Dirac’s article [5] shows that the quantum number k of Sommerfeld1, that is 
supposed characteristic of angular momentum, could take either positive or negative values 

characteristic of the two subshells. Furthermore Dirac emphasized that the product ( )1k k +   

remained the same for k = ℓ  and ( )1k = − +ℓ . This remark shows that there is an inconsistency 

between the Dirac’s model and that of Schrödinger where one finds the product, but where only 
positive values are considered [6]. In the second part of this Dirac’s article [7] gives for factor 
g of spectral decomposition, also called factor of Landé, the expression: 

 ( ) 1
1/ 2g k k

−= +   (1) 

Thus the g factor depends in this approach of the subshell. These remarks push to try to 
understand the physical meaning of the number k and Landé factor. This leads to revisit 
quantum mechanics. The g factor is also at the origin of understanding in magnetism [8][9]. 

3 The quantum mechanics in its corpuscular approach  

Bohr in 1913 suggested the first quantum interpretation of the movements of the electron 
in the atom, with his theory of the hydrogen atom [1]. At that time Rutherford had just proposed 
an atomic model with a positive nucleus containing most of the mass, the electrons orbiting the 
periphery [10]. He introduced the Planck constant h, as quantum of action to quantify different 
levels of energy. Taking on the hypothesis that the electronic paths are circles and that energy 
at all levels is an integer multiple n of hν, it calculates the Rydberg constant resulting from all 
of the different spectral series. Finally he assumes that for the hydrogen atom the positive charge 
of the nucleus is equal to that of the electron and that n = 1. The known experimental values 
give a very large number of good theoretical verifications. 

Quickly after the Bohr hydrogen atom theory, Sommerfeld extended the model to include 
the elliptic orbits [11]. As White said: "The importance of this extension can be attributed to 

                                                           
1
 In his paper Dirac call this number j. The label k is retained to recall the name of the astronomer Kepler to who 

the knowledge of the planet trajectories.  
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the accuracy with which these equations, with relativistic corrections, give the fine structure of 
energy levels and lines of the hydrogen spectrum [12]." 

Wilson [13] and Sommerfeld offered virtually independently about the same time to 
quantify the different degrees of freedom. They thus quantify in the plane movement the angular 
and radial momentum: 

 p d khϕ ϕ =∫�  (1)  

 rp dr rh=∫�   (2) 

  

where k and r take only integer values. Solutions of these two equations lead in particular 
to the relationship:  

 k r n+ =   (3) 

 For atoms, regarded as hydrogen-like, this approach allows to calculate the different 
energy levels. However The quantification of the movement of an electron has no reason to be 
confined to only two degrees of freedom; to resolve this aspect of the quantum problem there 
is place to introduce a third quantum number. It is the spatial quantization. To introduce it 
Sommerfeld imagines the atom in a uniform magnetic field H. Let then Oz be the direction of 
this field perpendicular to the equatorial plane containing axes Ox, Oy (figure 2). If the action 
corresponding to the component parallel to the Oz axis of motion is quantized, there is an 
integer number of quanta that characterize this movement. The quantum conditions are then:  

  rp dr rh=∫� ,     p d thθ θ =∫� ,     p d mhϕ ϕ =∫�  (4)  

with   k t m= +  (5) 

and  k m k− ≤ ≤  (6) 

Excluding the value of m = 0, this approach gives the right number of quantum states for 
different integer values of k. However this model does not explain the existence of doublets; 
furthermore the introduction of branch Oz to quantify the magnetic moment remains arbitrary. 
One has to seek to quantify space without arbitrariness in a more general manner so that the 
three quantum numbers n, k and m are interdependent. 
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Figure 2. The movement of the electron to a state "1s". The point O is the center of potential, the plan 
of the movement ABCD, the equatorial plane Ox, Oy. The "e" circle represents the electron in its path. 
The arrow on the semicircle at the top of the z axis identifies the direction of rotation of the proton 
reverse to that of the electron e. The vectors E and S represent the momentum of incoming and outgoing 
flows amounts.  
  

4 The space 

Einstein in 1905 with his study of relativity showed that there is no absolute space and 
that physical laws should be independent of the place of observation, which made a giant leap 
in physics [14]. As a result it did not come to anybody the idea that there could be a lack in this 
analysis. Yet the difficulties encountered by the corpuscular approach of quantum mechanics 
are well related to the notion of space. Indeed there is no absolute space and one has to question 
how the space is built. On the macroscopic scale it is easy to define it in relation to the objects 
which occupy it, without forgetting the gas that fill volumes between objects, gases that transmit 
the sound for example. But what about the scale of the atom? Up to now electromagnetic field 
has allowed us to write the motion of the electron around the nucleus. But Einstein has also 
taught us that the mass is equivalent to an amount of energy [15] by establishing the 
relationship: 

 2E mc=  (7) 

This energy is huge so that it suggests that the electromagnetic field can be described by 
a discontinuous flow of grains of matter, constituting the mass, between the proton and the 
electron. More precisely through two fluxes: one from the proton to the electron the other from 
the electron to proton, these two fluxes not following everywhere the same route in such a way 
that the resulting action creates the movement. Grains of matter are supposed to be extremely 
small before the masses of the proton and the electron. Thus the proton and the electron make 
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a fluid whole and it is the motion of one in connection with the other that allows to distinguish 
them. It is the two fluxes which are the support of the notion of wave. The energy thus involved 
is that of the quantum state of the electron, it is very small before the mass of each of the two 
particles. This approach allows to be in agreement with the conclusion of Einstein [14]. When 
the electron is at the infinite it has received the energy that linked it to the proton, it has his 
total inert mass and there is no more wave function to consider.  

This approach leads to consider the volume of the electron and proton. This need to 
consider the volume of the particles is important because it gives physical meaning to the 
existence of an axis of rotation in the movement. Furthermore this need leads to better take 
conscience not only of the relative motion of rotation between the proton and the electron, but 
also of the fact there is necessarily a relative motion of translation parallel to axis of rotation. 
Indeed these two motion impose themselves to distinguish the two particles in the three 
directions of the space as their respective masses.  

To describe the motion of the electron around the proton we consider an atomic referential 
Ra, formed of a system of orthogonal axes, the center of gravity O of the proton being at the 
origin (figure2). This center O is also the center of the potential that acts on the electron. The 
intensity of the potential at a point P is inversely proportional to the distance OP. The density 
of matter which is used to describe the potential is itself subsequently inversely proportional to 
this distance. Let then γ be the center of gravity of the electron. Physical laws should be 
independent of the place of observation as a result, as for the potential we assume that in the 
volume of the electron the density of matter that is used to describe the charge of the electron 
is inversely proportional to the distance of the center γ of gravity of the electron. The surface 
that delimits the volume of proton and that of the electron is subsequently one, which 
corresponds to the minimum density. It is through this surface that exchanges of matter 
determine the action and trajectory. In a coordinate system where the center of the potential is 
fixed, the rotation of the proton is represented by an arrow of direction opposite to that 
symbolizing the rotation of the electron, (figure 2). In the approach of Bohr Sommerfeld as 
variables describing the time and space one considers the relationship E = hν which introduced 
the period of the movement, then in the orbital plane radial distance; If it is constant, the 
trajectory is a circle, in other cases it is an ellipse. It misses the perpendicular dimension as 
Sommerfeld knew. Among the attempts to solve this absence one has to consider the work of 
G. Mastrocinque who introduces the oscillations of Bernoulli supposing fluctuations of energy 
and variations of mass [16]. 

Assuming that the vacuum cannot transmit the interaction and that it is the mass in the 
form of grains which passes it, there is a place to quantify all directions of space. As a result, 
the axis of rotation of the movement may also contribute to the quantification [17]. So when 
the electron moves around the proton; apart from variations in the radial distance, on a short 
interval of time, there are three degrees of freedom: the rotation, the translation along the axis 
of rotation and the mass; they give birth to two movements: the rotation and translation. 
Symmetry of space leads to assume that the quantum of action splits equally between proper 
motions of rotation and translation, so the half-integer number.  

Then, considers a “1s” state of the electron initially at the infinity, the interaction leads to 
the emission of a photon. That emission as a reaction provokes a backing of the electron, then 
the resistance of the mass will lead alternatively to a slowing down then the invers motion. The 
translation motion becomes oscillatory. By reaction, the exchanges of these two movements 
give the orbital motion. The action of this movement is subsequently equals the sum of proper 

motions, the momentum is therefore equal to ℏ  but it creates a movement opposed to the two 
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own movements. There is therefore to count negatively, that is -ℏ, the corresponding 

momentum, if the proper rotation is counted positive. Let us underline that the orbital action 
also generating the translation motion parallel to the rotation axis is equally opposed to the 
intrinsic action.  

If the electron receives additional momentum, it will be quantified according to the three 
degrees of freedom space: rotation, translation, and the radial distance; It is the increase in the 
mass that allows the increase in the number of quanta. The angular momentum will be positive 
or negative depending on the direction of rotation relative to the own rotation counted 
positively. Thus the first shells are states "ns" with only two states; then come the states "np" 
from n equals two. Additional states may be added to the rotation or to the translation they give 
birth to two subs-hells.  

For orbital movement, each additional quantum generates a momentum that can be add or 
subtract to the original half-quantum and that introduces a g factor in the calculation of the 
angular momentum of each quantum state. Indeed compared to the approach of Bohr 
Sommerfeld one has to take into account that half of the quantum of action, that is "½h", 
induced movement along the axis of rotation. It comes:  

( )½g k k+ =  

We find the relationship (1) of Dirac. In this relationship k is an integer equal to -1 for 
states "ns"; for the other states they are generated by absorption of a photon, k is positive or 
negative for "n" > 1. It is this relation which gives access to the theoretical calculation of the 
magnetic momentums of the metals and various compounds [8]-[9]. 

Thus, the quantum of action appears acting as well on the direction of the axis of rotation 
on the rotation itself, it thus quantifies all directions of space. Interactions resulting in changes 
in mass, the trajectory can be changed so as to keep the number of quanta. It is this property 
which allows to understand the stability of the quantum properties of the different electrons in 
their compounds. It is that testify the calculus of the magnetic momentums and more generally 
the periodic table of the elements.   

5 The Quantum Mechanics in its wave approach 

In describing the interactions between the proton and the electron with a variable mass it 
becomes natural that variations of this mass can be described by a differential equation. It was 
Schrödinger in 1926, taking support of the wave associated with the electron suggested by Louis 
de Broglie, who first proposed such an equation. Then Dirac in 1928 offered a new equation 
which has all the levels of energy i.e. doublets levels in addition to those already obtained. He 
arrives at this result since he introduced the relativistic corrections of mass which, in this 
approach are the variations of mass. The study of these solutions, assuming the speed of light 
toward infinity, shows that they tend to those of Schrödinger [6], with the following conditions 

for the values of k = ℓ  and ( )1k = − +ℓ  with 0k ≠ and 0≥ℓ .  

Let us now consider the hypothesis of Louis de Broglie of a wave associated with the 
electron which has led to the discovery of the wave equations. It leads to extend the notion of 
continuous to the scale of the interactions between the constituents of the atom. Thus the 
continuous appears to us always intimately linked to the discontinuous. But it is necessary to 
keep in mind that the point is a mathematical concept that has no volume and hence no physical 
reality. The continuous subsequently appears a convenience but one as to keep in mind that 
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material reality remains the discontinuous. It was in noting that light came to us from atoms, 
therefore emitted from a finite set of atoms, that Einstein was brought to propose the hypothesis 
of the photon. Come back then to the symmetry between the motion of a mobile and the 
propagation of a wave which led de Broglie to associate a wave to the electron[18]; It is also 
possible to associate a flow of material particles in the wave, for example of light, thus joining 
the hypothesis of the photon of Einstein [15]. However if the number of photons becomes small, 
then the support of the continuum which is the wave can no longer interpret interference; one 
has then to consider the stocking of the photons where the interferences are observed [4]. 

6   Research and Paradox  

The wave particle duality remained an enigma for me. The algebra of matrices such as 
that used by Dirac was hermetic. Without a clear physical meaning to my eyes, the algebra of 
operators remained mysterious and Bohr Sommerfeld model has always been my preference. 
With it several questions related to the Crystal structure of the compounds got a simple answer: 
for example the reduction of the freezing temperature of water in the presence of impurities 
(Raoult's law), similarly found in paramagnetism with the decrease of the Curie temperature. 
This property, if we accept the existence of a periodic motion for bond electrons, is the result 
of perturbation of the synchronous movement of these electrons by impurity atoms. 

As we have seen repeatedly the notion of point is a significant barrier to progress towards 
a better understanding of atomic physics. Behind this difficulty there are mathematics 
prevailing in physics as master while it is physics or in a broader way the experiments that 
allowed to build mathematics. The result is the difficulties of the Copenhagen school and its 
members who do not takes into account the fact that that any object has a volume and that at 
the atomic scale the concept of point almost lost much of its value. The language of mathematics 
is remarkable and I always liked it; I remember Professor Laurent Schwartz teaching us 
symbolic algebra where operators can be manipulated as numbers that solve differential 
equations, I was full of admiration and I still remain so. But despite the elegance of the method, 
the difficulties of continuous and infinite remain. I hope that these few lines can help 
researchers. There is a whole field of research that I recommend to my young colleagues. 
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