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Abstract
One recalls that we have shown in our precedent publications that the ether is an elastic isotropic medium. One
presents the exact equation and its non-relativistic approximation that govern the ether in presence of a
Schwarzschild-Coulomb field to which is submitted a 𝑃𝑎𝑟(𝑚, 𝑒) (particle of mass 𝑚 and of electric charge 𝑒).
We present the exact relativistic solution of this exact equation in the circular case. We prove that the Schrödinger
equation is such a non-relativistic approximation, that is, is a particular case of the ether elasticity theory.
One recalls that the Schrödinger equation was obtained by the use of operators and not from the theory of elasticity.
It follows that this manner of obtaining this equation from operators is arbitrary and does not permit to obtain its
complete relativistic form, but permits to reach absurd conclusions as, e.g., the cat that, at the same moment, is
alive and dead. One shows then that other results ensuing from the Schrödinger equation are particular cases of
the non-relativistic equation that governs the elastic ether, like for example: the Bohr-Sommerfeld condition, and
the eigenstates function equation.
Résumé. Nous rappelons que nous avons montré dans nos publications précédentes que l’éther est un milieu
élastique et isotrope. Nous présentons l’équation exacte et son approximation non-relativiste qui régit l’éther en
présence d’un champ de Schwarzschild-Coulomb auquel est soumise une 𝑃𝑎𝑟(𝑚, 𝑒) (particule de masse 𝑚 et
de charge électrique 𝑒 ). Nous présentons la solution relativiste exacte de cette équation exacte dans le cas
circulaire. Nous démontrons que l’équation de Schrödinger est une telle approximation non-relativiste, c’est-àdire, est un cas particulier de la théorie de l’élasticité de l’éther.
Nous rappelons que l’équation que Schrödinger a été obtenue par l’utilisation d’opérateurs et non pas de la théorie
de l’élasticité. Il s’ensuit que cette façon d’obtenir cette équation à partir d’opérateurs est arbitraire et ne permet
pas d’obtenir l’équation complète relativiste de la mécanique quantique, mais permet d’arriver à des conclusions
absurdes comme, e.g., le chat qui est mort et vivant au même instant. Nous montrons de plus que d’autres résultats
découlant de l’équation de Schrödinger sont des cas particuliers de l’équation non-relativiste qui gouverne l’éther
élastique, comme par exemple: la condition de Bohr-Sommerfeld, et l’équation aux états propres.
Keywords: Quantum Mechanics and Ether Elasticity, Generalization of Schrödinger’s Equation, Physical
Signification of the Quantum Effects
1. Introduction
We denote by 𝑝 the covariant components of the momentum tensor, by 𝑥 the contra-variant coordinates, by
𝑥 the time derivative of 𝑥 , i.e., 𝑥 ≡ 𝑑𝑥 ⁄𝑑𝑡, by 𝜕 the partial derivatives 𝜕⁄𝜕 𝑥 and by 𝑃𝑎𝑟(𝑚, 𝑒) the
particle of mass 𝑚 and electric charge 𝑒.
One recalls that Schrödinger’s equation was obtained by the use of operators inspired from the de Broglie wave
𝜓 for which the expression is
𝜓 = |𝜓 |𝑒𝑥𝑝 −(𝑖 ⁄ℏ)(𝑊

𝑡 − 𝑝𝒙)

(1)

This wave 𝜓 of constant amplitude |𝜓 |, is associated to a free particle of mass m, of constant velocity 𝑉
along the coordinate 𝑥, of constant spatial momentum vector 𝑝, and of constant kinetic energy 𝑊 . It appears
that if to 𝑊
is associated the operator 𝑖ℏ𝜕 and to 𝑝 ≡ 𝑚𝑉 , the operator −𝑖ℏ𝜕 , that is, to 𝑚𝑉 ⁄2 , is
associated the operator − ℏ ⁄(2𝑚) 𝜕 , then 𝜓 is the solution of the differential equation
− ℏ ⁄(2𝑚) 𝜕 𝜓 = 𝑖ℏ𝜕 𝜓
52
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Now, Schrödinger introduced the operators inspired from those here above defined, i.e., −𝑖ℏ𝜕 and 𝑖ℏ𝜕 and
considered the case where the particle is submitted in addition, to a static potential of forces 𝑈. In this case, if 𝑊
denotes the total energy other than the mass energy, then to the elements of the relation
𝑚𝑉 ⁄2 + 𝑈 = 𝑊

(3)

he assigned the operators here above defined, and obtained the following so called Schrödinger equation:
−(ℏ ⁄2𝑚)∇ 𝜓 + 𝑈𝜓 = 𝑖ℏ𝜕 𝜓

(4)

In the present paper we show that Equation (4) is a non-relativistic particular form of the general equation that
governs the ether. Therefore, the theory of the ether permits, as we show here below, to generalize this equation to
the relativistic case, i.e., to the exact form. In that context one recalls in particular that Maxwell and Einstein
presumed the existence of this ether. Indeed, Maxwell wrote in Art. 866 (Maxwell, 1954):
“Hence all these theories lead to the conception of a medium in which the propagation takes place, and if we admit
this medium as an hypothesis, I think it ought to occupy a prominent place in our investigations.”
and Einstein (1920):
“Recapitulating, we may say that according to the general theory of relativity space is endowed with physical
qualities; in this sense, therefore, there exists an ether. According to the general theory of elativity space without
ether is unthinkable; for in such space there not only would be no propagation of light, but also no possibility of
existence for standards of space and time (measuring-rods and clocks), nor therefore any space-time intervals in
the physical sense.“
As shown in Zareski (2001, 2012, 2013) the “ether elasticity equation” that governs the displacements 𝝃 of the
points of the ether ensues from the Navier-Stokes-Durand equation of elasticity, that takes also into account the
densities of couples applied to the elastic medium. Theses densities of couples that play a important role in the
physcs of the ether since they complete the Navier-Stokes equation of elasticity, were introduced by E. Durand
(1953).
The ether elasticity equations are presented in Equations (30)-(32) of Zareski (2013) and in Equations (4.4)-(4.6)
of Zareski (2015). In the present paper one considers these equations in the case where the field of forces that act
on a 𝑃𝑎𝑟(𝑚, 𝑒) is created by an immobile 𝑃𝑎𝑟(𝑚 , 𝑞 ), i.e., where, as we show, the changes 𝝃 of the points of
the ether due to the motion of the 𝑃𝑎𝑟(𝑚, 𝑒) under the influence of 𝑃𝑎𝑟(𝑚 , 𝑞 ) and also due to the
𝑃𝑎𝑟(𝑚 , 𝑞 ) itself, are sums of waves that propagates in the ether. It appears that as we show in the present paper
that in this case the ether elasticity theory generalizes the quantum mechanics since it yields as we show, not only
the Schrödinger equation, which is, as we show, a non-relativistic approximation, but also the relativistic complete
equation i.e., the exact wave equation associated to a particle in the Schwarzschild- Coulomb fields due to a
𝑃𝑎𝑟(𝑚 , 𝑞 ) immobile at the origin 𝑂 of the coordinates. This new equation ensues, as we show, from the
Navier-Stokes-Durand equation.
As shown in our previous publication Zareski (2014), these waves 𝝃 are called “particle waves” because they are
associated to the 𝑃𝑎𝑟(𝑚, 𝑒)𝑠 as following: An adequate superposition 𝝃 of waves 𝝃 forms a globule that moves
like a 𝑃𝑎𝑟(𝑚, 𝑒) and possesses all the physical properties of the 𝑃𝑎𝑟(𝑚, 𝑒)𝑠, therefore a 𝑃𝑎𝑟(𝑚, 𝑒) can be
considered as such a globule, in particular a 𝑃𝑎𝑟(0,0) is a photon and the waves 𝝃 associated to it are
electromagnetic.
Definition. We call Schwarzschild-Coulomb field, the field created by a particle of mass 𝑚 and of electrical
charge 𝑞 , i.e., by a 𝑃𝑎𝑟(𝑚 , 𝑞 ), immobile at the origin 𝑶 of the coordinates.
2. Equation Governing the Ether in Presence of a Schwarzschild-Coulomb Field Acting on a Massive and
Electricaly Charged Particle
2.1 The Relativistic Exact Case
The particle wave 𝝃 associated to a 𝑃𝑎𝑟(𝑚, 𝑒) is, Cf. Sec. V of Zareski (2013), and Equation (4.5) of Zareski
(2015), the solution of the following ether elasticity wave equation:
𝒄𝒖𝒓𝑙 𝑉 𝒄𝒖𝒓𝒍𝝃 = 𝜔 𝝃

(5)

where 𝑉 denotes the phase velocity of 𝝃, and 𝜔 a constant pulsation. A 𝑃𝑎𝑟(𝑚 , 𝑞 ) immobile at 𝑶 creates
a Schwarzschild-Coulomb field. The expression for 𝑉 of 𝝃 associated to a 𝑃𝑎𝑟(𝑚, 𝑒) submitted to such a field
is (Zareski, 2012, 2013, 2015),
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(6)

)

Where

𝛾

𝛾 ≡ 1 − 𝛼⁄𝑟

(7)

𝛼 ≡ 2𝑚 𝑘⁄𝑐

(8)

≡ 1 + 𝛼(𝑐𝑜𝑠 𝑏)⁄(𝑟𝛾 )

(9)

𝑒𝐴 ≡ − |𝑒𝑞 |⁄(4𝜋𝜀 𝑟)

(10)

where “𝑏” denotes the angle made by the radius vector 𝒓 and the trajectory element of the 𝑃𝑎𝑟(𝑚, 𝑒), 𝑘, the
constant of gravitation, and 𝐸 , the total particle energy, for which the expression is
𝐸 ≡ 𝑚𝑐 + ℎ𝜈 ≡ ℏ𝜔

(11)

In this expression ℎ𝜈 denotes the energy of 𝑃𝑎𝑟(𝑚, 𝑒) other than the mass energy, ℎ the Planck constant and
𝜈 a frequency. Note that 𝐸 is constant since the fields to which it is submitted are static that is 𝜈 and therefore
𝜔 are constant. Furthermore, one recalls that the velocity 𝑉 of a 𝑃𝑎𝑟(𝑚, 𝑒) is related to the phase velocity 𝑉
of the wave associated to this particle by Zareski (2013), the relation
=

(12)

That is to say that, from (6) and (12) it follows that the expression for the particle velocity 𝑉 is
1−

𝑉=

(13)

We present now Equation (5) in a more specific form, indeed, this Equation (5) can be also written as following:
𝒄𝒖𝒓𝑙(𝒄𝒖𝒓𝒍𝝃) + 𝒈𝒓𝒂𝒅 𝑙𝑜𝑔𝑉

∧ 𝒄𝒖𝒓𝒍𝝃 = 𝜔 ⁄𝑉

𝝃

(14)

that is also:
−∇ 𝝃 + 𝒈𝒓𝒂𝒅(𝑑𝑖𝑣𝝃) + 𝒈𝒓𝒂𝒅 𝑙𝑜𝑔𝑉

∧ 𝒄𝒖𝒓𝒍𝝃 = 𝜔 ⁄𝑉

𝝃

(15)

We show now that Equation (15) can be simplified because one can take
𝑑𝑖𝑣𝝃 = 𝟎

(16)

𝑑𝑖𝑣𝑩 = 0 and 𝑩 ≡ 𝜌 𝜕 𝝃

(17)

indeed,
Cf. Equation (34) of Zareski (2013), and Sec. V of Zareski (2015), it follows that Equation (16), implies that
Equation (15) becomes:
−∇ 𝝃 + 𝒈𝒓𝒂𝒅 𝑙𝑜𝑔𝑉

∧ 𝒄𝒖𝒓𝒍𝝃 = 𝜔 ⁄𝑉

𝝃

(18)

Equation (18) is the other form that takes Equation (5) that governs the ether influenced by the field created by
a 𝑃𝑎𝑟(𝑚 , 𝑞 ) located at 𝑶 and by a 𝑃𝑎𝑟(𝑚, 𝑒) submitted to this field.
2.2 Recall on the Non-Relativistic Case
In the non-relativistic approximation, 𝛼⁄𝑟 is neglected in front of 1, and ℎ𝜈 + 𝑒𝐴
(𝑚𝑐 ) 𝛼⁄𝑟 is not neglected. With these non-relativistic approximations, one has

in front of 𝑚𝑐 , but

(𝐸 + 𝑒𝐴 ) − 𝛾 (𝑚𝑐 ) ≅ 2𝑚𝑐 ℎ𝜈 + 𝑎⁄𝑟 ]

(19)

𝑎 ≡ |𝑒𝑞 |⁄(4𝜋𝜀) + 𝑚𝑚 𝑘

(20)

≅ 𝐸 ⁄ 2𝑚(ℎ𝜈 + 𝑎⁄𝑟)

(21)

where 𝑎 is defined by
and 𝑉

defined in (6), becomes
𝑉
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Furthermore, as proven in Zareski (2015), in this non-relativistic approximation, the quantity 𝒈𝒓𝒂𝒅 𝑙𝑜𝑔𝑉
𝒄𝒖𝒓𝒍𝝃 is negligible in front of

ℏ

∧

+ ℎ𝜈 . Finally, with these non-relativistic approximations, Equation (18)

becomes
−

ℏ

𝛻 𝜉 ≅

+ ℎ𝜈 𝜉

(22)

Let us consider again Equation (22), in this equation one can write that 𝝃 is the product of a function 𝜻(𝑟) that
depends only upon 𝑟 and of the function 𝑒𝑥𝑝(−𝑖2𝜋𝜈𝑡), that is
𝝃 ≡ 𝜻(𝑟)𝑒𝑥𝑝(−𝑖2𝜋𝜈𝑡)

(23)

In this case Equation (22) becomes
−

ℏ

𝛻 𝜉 ≅ 𝜉 + 𝑖ℏ𝜕 𝜉

(24)

𝑖ℏ𝜕 𝜉 = ℎ𝜈𝝃

(25)

indeed considering (23), one can verify
Equation (24) is the same as Equation (4) obtained by Schrödinger by the use of operators as shown in Sec. 1,
here above and, as we demonstrated, is also the non-relativistic approximation of Equation (5) that governs the
ether submitted to the Schwarzschild-Coulomb field, therefore:
The ether elasticity theory includes the exact relativistic quantum mechanics equation that generalizes the
Schrödinger quantum mechanics equation which is the non-relativistic approximation of this exact quantum
mechanics equation.
Definition. We call “relativistic circular case”, the case where the Par(m, e) under the influence of a
Par(m , q ) is associated to circularly trajectories centered at O.
3. Example: The Circular Case
3.1 The Relativistic Exact Circular Case
In a bound state of a 𝑃𝑎𝑟(𝑚, 𝑒) submitted to a Schwarzschild- Coulomb field due to 𝑃𝑎𝑟(𝑚 , 𝑞 ), located at the
origin O, the waves 𝝃 interfere with themselves. In these interferences, only remind certain waves 𝝃 that do not
destruct themselves in these interferences, but on the contrary, resonates. Such resonance happen when such close
trajectory of 𝑃𝑎𝑟(𝑚, 𝑒) contains an integer number “𝑛” of wave lengths 𝐼 . Let us consider the case where the
trajectories described by 𝑃𝑎𝑟(𝑚, 𝑒) attracted by 𝑃𝑎𝑟(𝑚 , 𝑞 ) are circular, and located in the plane 𝜃 = 𝜋⁄2.
In such a circular state, 𝐼 is constant since it does not depend upon the angle 𝜙 described by the constant radius
vector 𝑟 denoted then 𝜌. The resonance condition happens when
2𝜋𝜌⁄𝐼 = 𝑛
Now the expression for the total frequency 𝜈
and since 𝐼 = 𝑉 ⁄𝜈 , the expression for 𝐼

(26)

is
𝜈 = 𝐸 ⁄ℎ

(27)

𝐼 = ℎ𝑉 ⁄𝐸

(28)

is

In this circular case, we can express the component 𝑝

of the momentum tensor, it is defined by

𝑝 ≡ 𝜕𝐿 ⁄𝜕𝜙

(29)

is the Lagrange-Einstein function in this case. Indeed, in this case where the trajectories are
𝑤 here 𝐿
circumferences of radius 𝜌 in the plane 𝜃 = 𝜋⁄2, the expression for 𝐿 is
𝐿

= −𝑚𝑐𝑠 + 𝑒𝐴 𝑥 ⁄𝑐

(30)

where 𝑠 is the value of 𝑠 on this circle, for which the value is: Cf. Equations (3.65) and (7.38) of Zareski (2015),
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𝛾 𝑐 −𝜙 𝜌

(31)

Now, since on the circle of radius 𝜌, one has
𝜙𝜌 = 𝑉

(32)

it follows that
𝑠 =

𝛾 𝑐 −𝑉

(33)

𝑝 = 𝑚𝑐𝜌 𝑉 ⁄𝑠

(34)

From (30) and (29), one has
where 𝑉 is given by (13). Now one imposes the Bohr-Sommerfeld condition
𝑝 = 𝑛ℏ

(35)

𝑛ℏ = 𝑚𝑐𝜌 𝑉 ⁄ 𝛾 𝑐 − 𝑉

(36)

where 𝑠 is given in (33), then,
Taking the explicit expression (13) for 𝑉 into account, one obtains
(𝐸 + 𝑒𝐴 ) − (𝛾𝑚𝑐 )

𝑛ℏ = 𝜌⁄(𝛾𝑐)

(37)

For a given 𝑛ℏ, the unknowns are 𝐸 , (i.e., 𝜈 ), and 𝜌. A first equation of these unknowns is Equation (37). In
order to determine a second equation of these unknowns 𝐸 and of 𝜌, we use the motion equation
−

=0

(38)

Now, considering (30), one sees that 𝜕𝐿 ⁄𝜕𝑟 = 0, it follows that 𝜕𝐿 ⁄𝜕𝑟 = 0, therefore (38) becomes,
− 𝑚𝑐(𝛼𝑐 ⁄𝜌 − 2𝑉 /𝜌) + 𝑒𝜕 𝐴

𝛾 𝑐 −𝑉 =0

(39)

where, on the circle, Equation (13) becomes:
𝑉 = (𝑐𝛾) 1 −

(40)

since 𝛾 = 1. Now, Equations (39) and (37), are fundamental, indeed, from Equation (37), one deduces
(𝐸 + 𝑒𝐴 ) = (𝑛ℏ𝛾𝑐⁄𝜌) + (𝛾𝑚𝑐 )

(41)

introducing this expression for (𝐸 + 𝑒𝐴 ) into (40), and denoting then 𝑉 by 𝑉
𝑉
Since 𝑉 becomes 𝑉

ℏ

ℏ

= (𝑐𝛾)

( ℏ
( ℏ

⁄ )

⁄ )

(

ℏ

, one obtains
(42)

)

, it follows that (39) becomes
−𝑚𝑐 𝛼𝑐 ⁄𝜌 − 2𝑉

ℏ

/𝜌 + 2𝑒𝜕 𝐴

𝛾 𝑐 −𝑉

ℏ

=0

(43)

From Equation (43), one deduces the radius 𝜌 described by the electron as a function of 𝑛ℏ, then for each known
value of 𝜌, one deduces the value of 𝐸 , i.e. of 𝜈 from Equation (41).
3.2 Recall on the Non-Relativistic Circular Case
We determine now the values of 𝜈 and 𝜌 that cause this resonance by determining two equations involving them.
Now, in this space-time, the expression for the velocity 𝑉 is given in Equation (13), which, in the non-relativistic
approximation, becomes considering (19),
𝑉≅

ℎ𝜈 +
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It follows, by inserting (44) in (34), that
𝑝 ≅ 𝜌 2𝑚(ℎ𝜈 + 𝑎⁄𝜌)

(45)

(𝑛ℏ) ≅ 2𝑚𝜌 (ℎ𝜈 + 𝑎⁄𝜌)

(46)

i.e.,
Eq. (46) yields on account of (44),
𝑉 ≅ 𝑛ℏ⁄(𝜌𝑚)

(47)

Keeping in mind that 𝜙𝜌 = 𝑉 , and that 𝜕𝐴 ⁄𝜕𝜌 = 𝑞 ⁄(4𝜋𝜀 𝜌 ) , (39) becomes in the non-relativistic
approximation,
𝑚𝜌𝑉 − 𝑎 ≅ 0

(48)

𝜌 ≅ (𝑛ℏ) ⁄(𝑎𝑚)

(49)

and taking (47) and (20) into account, one gets
Inserting (49) into (46) one obtains
ℎ𝜈 = −(𝑚⁄2) 𝑎⁄(𝑛ℏ)

(50)

and since |𝑒𝑞 |⁄(4𝜋𝜀) >> 𝑚𝑚 𝑘, Equation (50) can be written with a good approximation
ℎ𝜈 ≅ −(𝑚⁄2) 𝑒𝑞 ⁄(4𝜋𝜀𝑛ℏ)

(51)

One sees that the relations (51) and (49), obtained from the theory of the waves 𝝃 in the elastic ether are the same
as those obtained from the current quantum mechanics theory. It follows again that there is a relation between
these two theories and, moreover, that the ether elasticity theory generalizes the usual quantum mechanics theory.
Furthermore, one sees that, taking Equation (53) into account, Equation (22) becomes for the circular trajectory of
the electron, the following eigenstates equation
−

ℏ

𝛻 𝜉 − 𝜉 ≅−

( ℏ)

𝜉

(52)

for which the solutions that are quantum states, are given, e.g., in Durand (1970), Chap. XI.
4. Conclusions
The wave equation associated to a particle, for example submitted to a Schwarzschild-Coulomb field, was obtained
by two completely different reasonings.
The first reasoning was Schrödinger’s, he associated operators to physical quantities inspired from the de Broglie
plane wave, for example, to the total energy, he associated the operator 𝑖ℏ𝜕 , to the momentum tensor, the operator
−𝑖ℏ𝜕 , etc. He obtained then the so-called Schrödinger equation.
In the second reasoning, we demonstrated that, from the equation governing the ether, one obtains the relativistic
exact wave equations associated to the particle in this field, and also its non-relativistic approximation which
appears to be the same as Schrödinger’s equation.
Now, Schrödinger’s method of obtaining this non-relativistic equation governing the wave associated to a particle
appears to be artificial since it is based on the use of operators inspired from the de Broglie’s plane wave for
example: he did not consider the general relativity and brought unlogic conclusions like, for example, the cat that
can be alive and dead at the same instant.
We showed that the quantum mechanics equation obtained by Schrödinger’s method using the operators is only a
particular case of the ether elasticity theory. Indeed, we showed here above that the fundamental Equation (5) that
rules the ether, takes, in a particular case, the particular relativistic form (18). In the non-relativistic case, this
equation takes the form (22) which is the same as the equation developed by Schrödinger, but the manner of
obtaining this equation, presented in the present paper, i.e., obtained from the fundamental Equation (5) that rules
the ether, ensues from a logical process that permits to obtain the exact equation, i.e., that take into account the
theory of relativity.
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