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Abstract
To follow is the problem on stationary states of an electron in its own gravitational field where the
boundary conditions earlier described in [1] are made specific. The simplest approximation provides an assessment of the energy spectrum of stationary states only. Nevertheless, this is enough
to confirm the existence of such stationary states and to further elaborate a detailed solution of
the problem on stationary states including determination of all the quantum numbers’ spectra and
corresponding wave functions. No other matters are discussed here. The case in hand is a purely
mathematical problem, further physical interpretation of which is of a fundamental value.
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1. Introduction
The physical nature of the problem under consideration hereinafter can be briefly summarized as follows [1].
Generally covariant relativistic form of the equations of Einstein’s theory of gravitation, as we know, has the
following form:
Rik −

1
gik R − Λgik = χ Tik
2

(1)

In these equations χ is a constant that relates to the geometrical properties of space-time distribution of
physical matter, so that the origin of the equations is not associated with the numerical restriction of the values.
Only the requirements of compliance with the Newton’s law of universal gravitation leads to numerical values
=
Λ 0,=
χ 8πG c 4 , where G is the Newton’s gravitational constant. Equation with certain constants determined
in this way is the equations of the Einstein’s theory of general relativity. Equation (1) is a common mathematical
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form of the gravitational field equations corresponding to the principle of equivalence and the postulate of general covariance. The equations of the form (1) are obtained simultaneously by Einstein and independently by
Gilbert [2]. At the same time, we refer to A. Salam [3], as he is the one of the first who drew attention to the
discrepancy between the quantum level of the numerical value and the Newtonian gravitational constant. It is he
who proposed the concept of “strong” gravity, which was based on the assumption of the existence of f-mesons
of spin-2 generating SU (3) multiplet (described by Pauli-Fierz equation). It is shown that the possibility of
another link constant along with the Newtonian is not inconsistent with the observed effects [3]. This approach
was not further developed due to a number of reasons. It is clear now that the numerical value of the “strong”
gravity constant should be used in Equation (1) with Λ ≠ 0 . By the way, when Λ ≠ 0 there are stationary solutions of general Einstein’s equations as it was stated by Einstein himself, but after the discovery of non-sta- tionary solutions with Λ =0 by A. Friedman [4], finally the general theory of relativity was formed as it is now
known. The decisive argument in general relativity for equating Λ -member to zero is the need to correct limiting transition to Newton’s theory of gravitation.

2. Mathematical Model
Starting from the 70 s it became evident [3] that in the quantum domain numerical value of G is not compatible
with the principles of quantum mechanics. A number of studies [3] have shown that in the quantum domain acceptable is constant K, wherein K ≈ 1040 G . This marked the problem of generalization of the relativistic equations for the quantum level: this generalization should join the numerical values of the constants in quantum and
classical fields.
In the development of these results as an approximation to the micro level of the field equations of Einstein, a
model based on the following assumptions is proposed:
The gravitational field in the region of localization of elementary particles with mass m0 is characterized by
the values of the gravitational constant K and constant Λ, which lead to the stationary states of a particle in its
own gravitational field, and stationary states of the particles themselves are the source of the gravitational field
with the Newtonian gravitational constant G.
The complexity of solving this problem forced to turn to the simplest approximation, namely the calculation
of the energy spectrum only in the approximation of the fine structure due to relativism
The problem on the stationary states of an elementary source in its own gravitational field is reduced to the
solution of the eigenvalue problem K n = En c and eigenfunctions of the radial wave function f (describing
the states with definite energy E and orbital moment l: indices El are omitted) of boundary value problem:
l ( l + 1) 
 ν ′ − λ ′ 2  ′ λ  2 −ν
f ′′ + 
+  f + e  K n e − K 02 −
0
f =
r
r2 
 2


f

(

)

Λ −1 =
0 Left bound

(3)

f ( rn ) = 0 Right bound
rn

∫

Λ

(2)

(4)

f 2 r 2 dr = 1 Normalization requirement

(5)

−1

Equation (2) is complemented by the equations:
 

l ( l + 1) 

 1 λ′  1
2 −λ 
−e − λ  2 −  + 2 =
+ Λ β ( 2l + 1)  f 2  e − λ K n2 + K 02 +
+ f′ e 
2
r  r
r
r



 


(6)

 

l ( l + 1)  λ 2 

 1 ν′ 1
−e − λ  2 +  + 2 =
+ Λ β ( 2l + 1)  f 2  K 02 − K n2 e −ν +
−e f′ 
2
r  r
r
r
 





(7)

With boundary conditions

R

(

)

Λ −1 =
Λ
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(8)

 1
ν ′ 1  1
2
λ 
=
0
− ν ′′ + ν ′ − (ν ′ + λ ′ )  +  + 2 1 + e 
2
4
r
r
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(

)

(
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(9)

Scalar curvature R in the condition (8) is given by the same expression that is written in the left side of the
condition (9).
Equations (2) and (6)-(7) follow from Equations (10)-(11)
 µν ∂ ∂

∂


+ g µν Γαµν
− K 02  Ψ =0
− g
∂xµ ∂xν
∂xα




Rµν −

1
g µν R =
−κ (Tµν − µ g µν )
2

(10)

(11)

 −iEt 
after the substitution of Ψ in the form of Ψ = f El ( r ) Ylm (θ , ϕ ) exp 
 into them and specific computa  
tions in the central-symmetry field metric with the interval defined by the expression [5]

(

)

dS 2 = c 2 eν dt 2 − r 2 dθ 2 + sin 2 θ dϕ 2 − eλ dr 2

(12)

Above indicated: f El is radial wave function describing the state with a definite energy E and the orbital
angular momentum l (hereinafter indexes El are omitted), Ylm (θ , ϕ ) are spherical functions, K n = En c ,
K 0 = cm0  , β = (κ 4π ) (  m0 ) ., κ = 8π K c 4 .
Right-hand sides of Equations (6)-(7) are calculated from the general expression for the energy-momentum
tensor of a complex scalar field:

(

)

Tµν =Ψ ,+µ Ψ ,ν + Ψ ,+ν Ψ , µ − Ψ ,+µ Ψ , µ − K 02 Ψ + Ψ g µν

(13)

The respective components Tµν are obtained summing by index m using specific identities for the spherical
 −iEt 
functions [6] after the substitution in (13) Ψ = f ( r ) Ylm (θ , ϕ ) exp 
.
  

3. Energy Spectrum
In the simplest (in terms of initial mathematical evaluations) approximation, the problem for stationary states in
its gravitational field (with the constants K and Λ ) was solved in [7]. From the solution of this problem it
should be:
1) If the numerical values of K ≈ 5.1 × 1031 N∙m2∙kg−2 and Λ = 4.4 × 1029 m−2, there is a spectrum of stationary states of the electron in its own gravitational field (0.511 MeV ∙∙∙ 0.681 MeV). The main state is the observed electron rest energy 0.511 MeV. This numerical value of Λ has important physical meaning: an introduction to the Lagrangian density permanent member, not dependent on the state of the field. This implies the existence of irremovable space-time curvature, not affiliated with any matter, nor with the gravitational field.
2) These steady states are the sources of the gravitational field with constant G.
3) Transitions between the stationary states of the electron in its own gravitational field lead to gravitational
radiation, which is characterized by a constant K that gravitational radiation is the emission of the same level as
electromagnetic (electric charge e, gravitational charge ) m K . In this regard, it makes no sense to say that the
gravitational effects in the quantum region are characterized by the constant G. This constant applies only to the
macroscopic field and it cannot be transferred to the quantum level (which, by the way, we remind, show negative results for the detection of gravitational waves with the constant G, and they cannot be). It is considered that
according to General Relativity (GR), gravitational radiation can generate only system with variable quadrupole
or higher multipole moments. Under this assumption, the corresponding power of gravitational radiation is determined by the relationship:
L=

3
1 G d Qij d 3Q ij
,
5 c5 dt 3 dt 3
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where Qij is a quadrupole moment tensor of the mass distribution of the radiating system, and the constant in this
relationship defines the order of magnitude of the radiation power. Wrongfulness of this formula, as follows
from the above, is not to use the quadrupole approximation, but in the scheme calculation. The presence of stationary states in the own gravitational field allows the correct calculation of gravitational radiation in the strict
quantum approach based on the spectrum of transitions to stationary states already with constant K. It is permissible to use not only quadrupole, but also dipole quantum approach, which is quite obvious. Gravitational
waves with the constant G do not exist. That is evidenced by the negative results of the detection of gravitational
waves, based on the assumption of a completely illegitimate assumption of gravitational wave generation by any
mass distribution with variable multipole (starting with quadrupole) moments.
4) The presence of the stationary states of the electron in its own gravitational field is in full compliance with
the special theory of relativity. According to STR, relativistic relation between energy and momentum is broken,
if we assume that the total energy of the electron is determined only by the Lorentz electromagnetic energy [8].
This means that the total energy of an electron at rest is 4/3 of its Lorentz electromagnetic energy. That corresponds to the numerical data on the spectrum of stationary states of the electron in its own gravitational field.
In the Standard Model the relativistic relation between the energy and momentum of the electron is broken, as it
is assumed that the total energy of the electron is determined only by the Lorentz electromagnetic energy. This
follows from the fact that the gravitational interaction at the quantum level in the Standard Model is not considered.
It should immediately be noted that the numerical evaluation of the spectrum is approximate. The greatest
uncertainty is the estimation of the numerical value of the first steady state, as more and more accurate as you
approach E∞ = 171 keV .
5) Estimate of the numerical value of K can be obtained with the help of Kerr-Newman metric using the following formula:

K=

(

r2
;
mcr L − L mc m rc 2 − e 2 r 2 c 4

)(

2

)

(14)

where r, m, e, L, c are the classical electron radius, mass, charge, orbital angular momentum, the speed of light,
correspondingly. The numerical value of the orbital angular momentum was taken equal to the spin of the electron.
Thus, we can assume that the physical nature of spin is possible that this value is the orbital angular momentum of the particles in their own gravitational field. This gives ground to consider that the use of Klein-Gordon
equation is not so easy.
The distance at which the gravitational field with the constant К is localized is less than the Compton wavelength, and for the electron, for example, this value is of the order of its classical radius. At distances larger than
this one, the gravitational field is characterized by the constant G, i.e., correct transition to Classical GR holds.
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