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Abstract: Within the self-consistent Maxwell-Pauli theory, a nonlinear Schrédinger equation with a
short-range compensating field was derived. Stationary and nonstationary solutions of the obtained
nonlinear Schrodinger equation for the hydrogen atom were investigated. It is shown that
spontaneous emission and the associated rearrangement of the internal structure of the atom, which is
traditionally called a spontaneous transition, have a simple and natural description within the
classical field theory without any quantization and additional hypotheses. The solution of the
nonlinear Schrodinger equation shows that, depending on the frequency of spontaneous emission, the
compensating field behaves differently. At relatively low frequencies of spontaneous emission, there
is no radiation (waves) of the short-range compensating field, and this field does not carry away
energy. In this case, the damping rate of the spontaneous emission coincides with that obtained in
quantum electrodynamics (QED). At relatively high frequencies of spontaneous emission, radiation
(waves) of the compensating field arises, which, along with electromagnetic radiation, carry away
some of the energy. In this case, the damping rate of the spontaneous emission is greater (up 1.5
times) than that predicted by QED.
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1. Introduction

At present, it is generally accepted that a complete description of processes in the microworld is
given by quantum electrodynamics (QED), in which both the atom (electron) and the
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electromagnetic field are quantized. Along with this, the so-called semi-classical theories [1—-8],
neoclassical theory [9—17] and purely classical field theory [18—23] are successfully used to
describe various quantum processes, in which the atom is considered quantum mechanically, i.e.,
based on wave equations (Schrodinger, Pauli, Klein-Gordon, or Dirac), while the electromagnetic
field is considered classically based on Maxwell equations. Semi-classical theories allow
describing many basic quantum effects, such as the Compton effect [1—4,18], spontaneous
emission [6—11,19,24] and spontaneous transitions [15—17,19], light—atom interactions [7,20], the
photoelectric effect [5,21], thermal radiation [22,25], induced emission [6,7,20,22], the Lamb
shift [6,7,9], and the Lamb—Retherford experiments [23], g-2 factor [12—14], among others. Thus,
in fact, the myth is dispelled that the so-called quantum processes cannot be described within the
framework of classical physics, and this necessarily requires quantization of both the matter itself
(atoms and electrons) and the electromagnetic fields interacting with it.

At the same time, most semi-classical theories are characterized by inconsistency: having
rejected the quantization of the electromagnetic field, they retain (sometimes implicitly) quantum
concepts in relation to non-relativistic matter (electrons).

In [18-23], it was shown that it is possible to construct a completely classical theory that
consistently and unambiguously describes and explains all basic quantum effects within the framework
of classical field theory without any quantization or other additional hypotheses. This theory is based
on the original Schrodinger’s idea [26,27] that the wave functions 1, described by wave equations,
allow constructing real parameters that can be interpreted as the density of electric charge and the
density of electric current, continuously distributed in space. Taking this into account, at least from a
formal mathematical point of view, one can speak of some real electrically charged material (for
example, electron) field 1, continuously distributed in space, which is described by a wave equation
similar to how the classical electromagnetic field is described by Maxwell equations [18,19]. Further,
such a field ¥ will be conventionally called an electron field or an electron wave. According to
classical electrodynamics, charges and currents continuously distributed in space create an
electromagnetic field, which, in turn, must act on them, changing the field 1, and therefore, its charge
density and current density. Thus, the potentials of the electromagnetic field included in the wave
equations of quantum mechanics must be a superposition of the potentials of the external
electromagnetic field (created by external sources) and the potentials of the own electromagnetic field
created by the electrically charged material field .

However, linear wave equations (Schrodinger, Pauli, Klein—Gordon, Dirac), which are the basis
of modern quantum mechanics, contain the external electromagnetic field but do not include their
own electromagnetic field created by the electrically charged electron wave of the atom. At the same
time, if we consider the interaction of an atom with another atom, then the wave equation for the
atom under consideration will contain the electromagnetic field created by the electron wave of the
other atom. A paradox arises: the electron wave of the atom feels the electrostatic field created by the
electron wave of another atom but does not feel its own electrostatic field [18—23].

In the initial formulation of the theory [18—23], the own electrostatic field of the electron wave
in the atom was simply not taken into account, but the external electromagnetic field was considered,
i.e., the field created by external sources, including the electron waves of other atoms and the own
nonstationary (radiative) electromagnetic field created by the electron wave under consideration. The
latter, as shown in [19—-23], is responsible for the so-called spontaneous transitions.

As shown in [18—23], this point of view allows naturally describing many quantum effects
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without quantization and without involving such hypothetical entities as the quantum-electrodynamic
vacuum, its fluctuations, Zitterbewegung, etc.

To explain why the electron wave in an atom does not feel its own electrostatic field, the
assumption was made in [28] that there is an unknown short-range field that compensates for the
electron wave’s own electrostatic field but does not compensate for its nonstationary (radiative) field,
as well as the electromagnetic fields created by electron waves of other atoms.

The Maxwell-Pauli theory was constructed in [28], based on a system of equations that has the
necessary properties:

T TN e e
125 NGy + %26y = dme(W o) @)
Hy = H+H, Ey = E+E,,Gs = G + G, 3)
Pz =@t @, Ax=A+A, 4
rotHy = 22Z 4+ 2 )
divEy = 4mp (6)
where
Hy = rotAy, By = — 222 — Vo, 7
p= —ePy @)
j= Zf:ei (V)Y — wryy] — ;—;AZLP*‘P _ zj:e rot(W* W) ©)

the index ¥ refers to the total fields; the index e refers to the own fields created by the electron
25}
Yo
fields created by external (with respect to the field W) charges, currents, and spins; m, is the
electron mass; » is a constant satisfying condition [28]

wave, which is described by the spinor ¥ = ( ); parameters without an index refer to external

nag < 1 (10)

2

where ap = is the Bohr radius. The constant 3, satisfying condition (10), makes the G field

mee?

short-range, exponentially decaying at distances of the order of ag from the source. This explains
why the G field has not been experimentally detected to date, and also why the electron field of an
atom does not “feel” its own electrostatic field, but “feels” electrostatic fields created by other
atoms and ions.

The system of equations (1)—(9) is closed and self-consistent. It differs from a simple formal
unification of the Maxwell and Pauli equations in that the Pauli equation (1) includes an additional
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term, -eoGyg, which plays an important role. In this paper, we will show that this fundamentally
changes the solutions of the unified system of Maxwell-Pauli equations and allows correct
description of quantum effects without any additional hypotheses and postulates.

The system of equations (1)—(9) has gauge invariance:

10 ]
Az > Ar+Vf, o> oz —=L, W o Wexp(— 1o f) (11)

where f is an arbitrary function; in this case, the electric and magnetic field strengths, the field Gy,
the electric charge density, the current density, and other physical characteristics of the electron field
do not change.

Equation (1), which describes the charged field W, follows the law of conservation of the
electric charge of the electron wave

ap s e
5 Tdivi=0 (12)

which is known to be consistent with Maxwell's equations.

As shown in [28], equations (1)—(9) yield the theory [18-23], and therefore, the
Maxwell-Pauli theory allows naturally describing many quantum effects without quantization and
without involving such hypothetical entities as the quantum-electrodynamic vacuum, its
fluctuations, Zitterbewegung, etc.

Obviously, the Maxwell-Pauli theory (1)—~(9) is not relativistically invariant. A relativistically
invariant theory (the Maxwell-Dirac theory) was constructed in [29]. As shown in [29], the
Maxwell-Pauli theory (1)-(9) is a non-relativistic limit of the Maxwell-Dirac theory.

In [30], solutions of the system of equations (1)—(9) were investigated for » = 0, i.e., for a
long-range field G.

In this paper, we consider the general case x # 0, when the compensating field G is
short-range and decays at distances of the order of »x lag.

First of all, we will be interested in the spontaneous emission of an atom. We will show that it is
a natural consequence of theory (1)—~(9) without any additional hypotheses and postulates. This
analysis is based on the well-known results of classical electrodynamics, in particular, the theory of
dipole radiation of charged matter. As is known [31], the intensity of electric dipole radiation

2 ..
Igq = ;dz (13)

where
d=[rpdv (14)

is the dipole moment of the electron field.
According to [28], the nonstationary field G can also transfer energy, i.e., it has an energy flux,
the density of which is

1 0G
Je = T afk VGsy (15)

Accordingly, the radiation intensity of the G field
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Ig = $JedS (16)

where the integral is taken over a spherical surface of infinite radius with its center at the nucleus
of the atom.

Then the total intensity of spontaneous emission (electromagnetic and G field) of the atom (the
rate at which the atom loses energy in the process of spontaneous emission) is equal to

I = IEH + IG (17)
2. Nonlinear Pauli equation

In [30], the nonlinear Pauli equation was derived for the case » = 0. In this work, we consider
the general case »x # 0.

The scalar and vector potentials of the own electromagnetic field of an electron wave are
determined by the known solutions of Maxwell equations [31]

e = [l qy (18)

A,=: fit—TR/chr (19)

c

where R=r—r'".
In this case, the Lorentz calibration takes place [31]

10, .
Ea_(pt + divA, =0 (20)
Let us expand the integrands in (18) and (19) in a series in powers of the parameter R/c [31]:

(pe = (pO ___f V, + 2c ZatZIR V, 6Cc 3at3fR2pdV, (21)

A, =Ag—~Z(jav + =

e 2 J Riav' - (22)

2c 3at2

where p and j are taken at time ¢t;

Ao ==[Lav (23)

p
Po = f EdV’ (24)
Let us take into account that

q=[pdv (25)

is the total electric charge of the electron field. The change in the total electric charge of a localized
(for example, in an atom) electron field can occur as a result of the ionization of the atom, 1.e., either
as a result of the emission of an electron wave by the atom or as a result of the capture of an electron
wave by the atom from the outside. These processes are not considered in this paper, i.e., it is

Communications in Analysis and Mechanics Volume 17, Issue 2, 520—549.



525

assumed that the total electric charge of the electron field does not change:

aq

-0 (26)

In this case, it can only be redistributed between excited modes and polarizations of the
atom [19-23,28].
From the continuity equation (12), it follows that for a localized electron field

[jav=d (27)
Taking into account (26) and (27), one writes relations (21) and (22) in the form

1 02 ,
Pe = Qo+ 555z RpdV' —— 3at3fR2pdV +- (28)

A, =Ay—~d+--2 [Rjav' - (29)

c? 2¢3 ot?

Let us calculate
a3 2 ’ a3 N2 1 93 2 ’ 2 ’
ﬁfR pdV =Ff(r—r) pdV =mf(r =2rr’ +r'H)pdV’ =r atgfpdV -
2r—fr pdV’ + fr’zpdV
Taking into account (14), (25), and (26), one obtains
2 [ R2pdV’ = —2rd + 2 [ r2pdV’ (30)

Let us perform the gauge transformation (11) with the function

1 1 92 2 ,
f=c—2rd—§mfr pdV (31)

where the last term does not depend on r.
As a result, taking into account (30), the scalar and vector potentials of the electromagnetic field
(28) and (29) take the form

Pe = Qo ——rd +——prdV + - (32)

2c¢2 ot?

A, =A)+— fR av’' — (33)

2c 3at2

Let us estimate the different terms in (32) and (33) for the electron wave inside the atom, taking
into account that the characteristic spatial scale of change of the functions p and j is the Bohr

. h? e . . _ a e? .
radius ag = — and the characteristic time of their change is w™! = a—‘z, where a = o s the fine
e

o . . . h .
structure constant. Taking into account (9), one obtains the estimate j~——p = acp. Then, taking
eB
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. agw . e , e (apw 2 €
into account that — =« one obtains ~— RpdV' ~ ( ) =q°—

c i Po ag > 2c? 6t2f p ag \ ¢ ag ’
2 e cho3 3 e e anZ 3 e .. .
—rd~—(—) =a°—, Ay~a—, fR]dV ~— = a°>—, etc. In addition, in
3c3 ag \ ¢ ag ag Zc3 6t2 c ap

2
equation (1), the term m—A V~ Ay~a?—. The remaining nonstationary components of the
B

mecap

2

field (33) lead in equation (1) to terms of order a* and higher compared to the main term (p0~e—
ap

and can be discarded.

Restricting ourselves in equation (1) to terms of order aia3, one writes (32) and (33) in the
B

form
2 .se '
Pe = Po—35rd + Zzatsz av (34)

A, =A, (35)

Neglecting diamagnetic effects, we leave in equation (1) only the terms linear in Ay. Then,
taking into account (34) and (35), one writes equation (1) in the form

[——A —ep +—rd —e(py + 0G,)

Z—ZatszpdV +—aH0]tP (36)

where
HO = I‘OtAO (3 7)

We will assume that the external magnetic field changes insignificantly over distances of the
order of ag. Then we can write

A= Hxr (38)

In this case, taking into account (20), one writes equation (36) in the form

L 0¥ h?
th— = [— ZmeA —eQ +—rd —e(py + oG
¢h 000y eh (A v)— 22 [RpdV’ +—6H]‘P (39)
i2mec2 ot lm c Vo 2c2 ot? p 0
Taking into account the estimate
e? . et . .
b= meCZClB] - czhzl - a2] (40)

with the accuracy considered, the current density of the electron wave can be written in the form

j=j.— ze—nlrot(‘}’*cq’) (41)
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where

eh
2mel

jo = (V)Y — P VY] (42)
is the convective component of the current density [28]. Note that in the current density (41), not
only the term containing the intrinsic field A, is discarded but also the term containing the external
field A (38). This is due to the fact that its contribution (through A, and H;) to equation (39) is of
the order of a? compared to the corresponding terms of equation (39) already containing H, which
is beyond the scope of the approximation under consideration.

Taking into account (41), equation (23) takes the form

A, = A, — ij [ gy (43)
where
1 rijc
A =-[%av (44)

For a localized electron field one writes (43) in the form

Ag=A, — Ly x [ED gy (45)

2mec R

Taking into account (37) and (44), one obtains

_ eh . (P*o¥) , eh (P*o¥) ,
Hy = rotA, — 72—V (div [ S av) + oA [y (46)
Taking into account, that A% = —4n§(r —r'), where §(r —r') is the delta function, one
obtains
h . (¥*a?P) f h "
Ho = rotA, — ;v (div [ =2 av") - 4n o (Vo) (47)

Equation (39), taking into account (14), (24), (44), (45), (47), and the solution of equation (2), is
the nonlinear Pauli equation.

It differs from the nonlinear Pauli equation obtained in [30] by the factor 2/3 in the term % rd.
As will be shown below, this is a consequence of the condition » # 0 and fundamentally changes
the solutions of equation (39).
3. Particular solutions of equation (2)

Before considering the solution of equation (39), let us consider nonstationary solutions of the
inhomogeneous Klein-Gordon equation

2
C%ZTZ — Au+ %%u = 4n(fy + f, exp(Fiwt)) (48)
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where f, and f; are the functions of only spatial coordinates; w > 0 is the constant.
The solution of equation (48) can be represented as

u = uy + u, exp(+iwt) (49)
where u, and u; are the functions of only spatial coordinates that satisfy the equations

_AuO + %ZuO = 4‘71'](0 (50)
2
—Auy + (%2 — (:—2) u, = 4nfy (51)
Equation (50) has a solution

uo = [ fo R dv’ (52)

2
The solution of equation (51) depends on the sign of the constant (J—fz - w—)

cz )’

At w < xc one obtains

2
exp(— /xz—(;’—zR>

w = [ fi———av’ (53)
Here, we consider only solutions (52) and (53), decreasing at infinity.
Solution (53) corresponds to oscillatory non-wave fields (all points of the field oscillate in the
same phase).

At w > xc, one obtains

2
exp(ii ,OCJ—Z—KZR>

w = [fi R av’ (54)

The sign in solution (54) is opposite to the sign in front of w in (49), since we consider only
solutions corresponding to retarded wave fields. This means that in the limit » — 0, equation (48)
transforms into the d'Alembert wave equation, the retarded solution of which contains the phase
w(t — R/c). It is precisely into this solution that solution (54) must pass in the limit » — 0. These

2,2
fields propagate with the group velocity v = 6;0 =c /1 . Z .
] ";’—2—%2 @

If the field u is real and its source has a discrete frequency spectrum w,, # 0, then equation
(48) takes the form

1 9%u

20— Mt wPu = 41(fy + o, fo exp(—iwnt) + S, fr eXp(iwnt))(55)

where f, and f,, —and f; are the functions of only spatial coordinates; f, is the real function.
Taking into account (52)—(54), one writes the solution of equation (55) in the form
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p)
exp(— Mz——R>
R
. (1)2
exp(l /C—g—n2R>

u=[f 220GV + 3, e exp(—iwgt) [ f av' +

oo )

an<zc exp(iwnt) ffn fdv, + an>xc eXp( lwnt) ffn fdv’ +
exp(—i ,(‘C)—fl—sz>
Sirnsne Xp(iwnt) [ fif ——————dV’ (56)

4. Nonlinear Schrodinger equation for the hydrogen atom

Consider a hydrogen atom in empty space (¢ = S, A =0 and G = 0). In this case, equation

(39) takes the form
iR = [~ A =S+ 2o i — e(po + 6G,) — 55525 [ RpdV' — =200 1 L (5 p) 4
2M, r 3c3 %o e 2c2 ot2 p i2mec? ot Lm c 0
eh
P oH,| W (57)

According to the estimates made above, the third, fifth, sixth, seventh, and eighth terms on the
right-hand side of equation (57) are small corrections of the order of a? and higher compared to the
first two terms on the right-hand side of equation (57).

We neglect the last three terms in equation (57), associated with the intrinsic magnetic field.
Then equation (57) takes the form

in2Y = [_ A—T+—rd—e(g00+0'Ge)— prdV']lp (58)

2me 2c2 9t?

The vector W*oW can always be represented in the form [28]
Yo = vy (59)

where v is the unit vector (v? = 1), which in general can depend on time and spatial coordinates.
Equation (58) allows a solution of the form [28§]

= (o)) (60)
2
where a; and a, are the constants satisfying the condition
a?+a3=1 (61)
while the function Y (t,r) satisfies the normalization condition

SIpl2av =1 (62)

which has a simple deterministic physical meaning [18—23], not related to probability: for a neutral
hydrogen atom, the total electric charge of the electron wave is —e.
In this case, equation (59) takes the form
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Po¥ = v|y|? (63)
where

v = (aja; + a,a3,i(a,a3 — ajaz), lay|? — |az|?) (64)
is a constant unit vector, and the solution of equation (2) has the form

G, =vu (65)
where the function u(t,r) satisfies the inhomogeneous Klein—Gordon equation

1 9%u 2
— 2 — Au+ »%u = 4me|y| (66)

c? ot?
The energy flux density of the G field (15) for case (65) takes the form

1 du

Jo = —=2Vu (67)

41 Ot

Taking into account (60), (64), and (65), it is easy to verify directly that
oG, ¥ = (az) wp (68)

Note that equation (57) allows a solution of the form (60) even in a more general case, if only
the last term can be neglected.
In the approximation under consideration, equation (58) takes the form
ihZe — [— A——+—rd—e<p0—eu—z—zﬁprdV’]lp (69)
for any values of constants a; and a,.
Let us consider a hydrogen atom in a mixed state, in which several eigenmodes of the electron

wave are excited simultaneously [19—-23].
In this case, the function (¢, r) can be represented as

Y(r,t) = Zn Cnn (r) exp(—iw,t) (70)

where the subscript n denotes a set of quantum numbers (n,l,m); c, are constants characterizing
the excitation amplitude of the eigenmode n; w, are the eigenfrequencies of the nonlinear equation
(69), which will be defined below; 1, (r) and w? are the eigenfunctions and eigenvalues
(eigenfrequencies) of the stationary linear Schrodinger equation

hodn = = (508 + %) Y (71)

The functions 1, (r) form an orthonormal basis:
JbrbidV = S (72)

Expansion (70) has a simple physical meaning: the hydrogen atom has a discrete set of
eigenmodes, which have eigenfrequencies w,,, and are described in space by eigenfunctions 1, (r).
This means that, at least formally, the hydrogen atom can be considered as a classical volume
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resonator, which holds an electron wave and has a discrete set of eigenmodes and their
corresponding eigenfrequencies [19-23].
Then, taking into account (62) and (72), one obtains

ancnlz =1 (73)

The parameter ¢, describes the distribution of the electric charge of the electron wave over the
eigenmodes of the hydrogen atom. In particular, the value —e|c,|? is equal to the electric charge of
the electron wave contained in mode n [19-23].

Using expansion (70), one obtains

|1/J|2 = Zk,n C;;Cnl/);; (l‘)l/)n(l‘) exp(_i(‘)nkt) (74’)
where
Wpp = Wp — Wi (75)

Function (74) can be represented as

hplz = Zn|cn|2|l/}n(l')|2 + an=2’k CrCnPr (DY (1) +
n#
an>wk C;;Cnll);; (l‘)l/)n(l') exp(_iwnkt) + an>wk C;LCkl/J;L (F)llik (l‘) exp(iwnkt) (76)
The first two sums in the approximation under consideration are independent of time. The
second sum corresponds to degenerate modes.

Taking into account (76), one writes (24) and (14) in the form

Po = —€ f (ancnlzllpnlz + Don=wk CCnPiPn + an>wk CrCnPrPn exp(—iwyt) +

n#k
B o ChOWi P expianit) ) 2V (77)
d(t) = Xk Xin CCnlnic €Xp(—iwnit) (78)
where
dye = di, = —e [ TP (P (r)av (79)
Taking into account (78), one obtains
d(t) = — Yk Xn Wk CiCnlnk eXp(—iwyct) (80)
d(t) = i Xk X 0 CiCnlp €Xp(—iwnyct) (81)

Using (76) and solution (56) of equation (55), one writes the solution of equation (66) in the form

u=ef [zn|cn|2|¢n|2 + Zon-on c;cn¢;¢n] ) gy
n+

exp(— ’xz—wc—%kR>
av’ +

R

e Y wn>wy CpCn eXp(—iwnit) [ Yry
Wnp<HC
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2
w
2 nk
exp| — [#“—"R
p )

e Y wp>wy CnC eXpliwnet) [ Yniby - >dV' +

Wn<HC
exp(l nk M2R>
dv' +
R

e Z wWn>wg C;,Cn exp(_iwnkt) flp}tl/)n

Wng>HC
exp(—l CL"—KZR>
av

e Y wnp>wy CnCx eXpiwnit) [ Yrhy - ' (82)

Wnp>HC

Taking into account (76), (77), and (82), one writes

%ra.— epy —eu —__fR av’ = :3 rd + e? f (ancnlzllpnlz +

2¢2 ot2

Z‘*’n—‘*’k Ckcnlpklpn> M av’ +

, 2
w
1—exp<— 2 —%"R)

e? Y wnp>wy CpCn eXp(—iwnit) [ iy = av’ +
Wn<Hxc
1- exp<1 Lk—}ﬂR)
e Y wn>wy CiCn exp(—iwnit) [ Pithn - dv' +
Wnr>HC

, 2
1—exp<— HZ—%R>
e? Ywn>wr Crci expiwnit) [ Yny = av’ +

wn<xc
1- exp(—t Cik—sz>
e? Y wp>wy CrCr expliwnit) [ Pniy = av' —
WnE>HC

2 2
;?anxuk wrzlkcltcn exp(_iwnkt) f Rl/);;l/)ndV' - :?Zwrpwk wikc:zck exp(iwnkt) f Rl/):ll/)de'
(83)

Equation (69), together with relations (81) and (83), represents a nonlinear Schrodinger equation
with a short-range compensating field.

5. Stationary states of the atom

The stationary state of an atom is a state in which it does not lose energy due to emission, i.e.,
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IEH = IG = 0 (84)

From a mathematical point of view, this means that all physical parameters of the electron wave
in the atom (charge density, current density, density of proper angular momentum, G field, etc.) are
independent of time, and accordingly, the terms on the right-hand side of the equation (69)
containing time derivatives are equal to zero. The stationary state of the atom can be realized only in
three cases: (i) when the atom is in a pure state, i.e., it is in a state with one excited eigenmode n
(cp, =1,¢, =0 for all k # n); (i1)) when the atom is in a mixed state with several simultaneously
excited eigenmodes, and all excited modes have the same proper frequency w,, i.e., are degenerate;
(ii1)) when the atom is in a mixed state with several simultaneously excited non-degenerate modes,
and for any pair of excited modes n and k, the condition [19-23]

dnk =0
is satisfied (in quantum mechanics, following a tradition dating back to Bohr naive theory, such pairs

are called “forbidden transitions™).
If the atom is in a pure state n, then (83) takes the form

—epo — e = e? [, |2 2R gy (85)

Under condition (10), expanding the exponential under the integral in (85) in a series in powers
of xR, taking into account (72), one approximately obtains

—e@, — eu = xe? — %xzez [ R, |2dV' + %%382 [ R?|y,|2adV’ (86)

Expanding the last integral in (86), and taking into account (79), one obtains
—e@, — eu = xe? — %J—fzez [ R|Yy|?aVv’ +§%3erdnn + %%3ezr2 +%%3e2fr’2|1/)n|2dV’
(87)

Substituting (87) into the Schrédinger equation (69) for the non-degenerate stationary state i =
Y exp(—iw,t) of the hydrogen atom, and using perturbation theory [32], taking into account
equation (71), one obtains

R(wn — 02) = xe? = 2u2e? [ [ (0 12Ir = |l ()2dV'dV + 253 (e? [ r2[,[2aV -

dzn) (88)

As follows from (88), for » # 0, the eigenfrequencies of various atomic modes differ from the
eigenfrequencies of the linear Schrodinger equation (71); however, under condition (10), this
difference is small: w, — w3 < w?. Note that the eigenfrequencies w,, cannot be measured directly,
since the spectrum of spontaneous emission, i.e., the frequency differences wy, (75)
corresponding to the excited modes of the atom, are measured in the spectroscopic experiments.
The first term on the right-hand side of equation (88), proportional to 1, is the same for all
eigenmodes of the atom, so it does not contribute to the spectrum w,; of spontaneous emission of
the atom and, consequently, cannot be determined as a result of spectroscopic measurements. The
second and third terms on the right-hand side of equation (88) are different for different
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eigenmodes, so they lead to a shift of the frequency w,; and, theoretically, can be measured. If,
taking into account (10), one assumes that »ag~a, then the second term on the right-hand side of
equation (88) will be of the order a*m,c?, and the associated shifts of the frequency w,; will be
commensurate with the Lamb shift. The third term, proportional to 3, can be neglected in this
case, since its value is beyond the experimental possibilities.

Let us now consider an atom in a mixed state, when both excited eigenmodes are degenerate
(have the same eigenfrequency wD).

In this case, the function 3 can be written as

Y = exp(—iwyt) (Cmnlpmn + Cknlpkn) (89)
where Y., and Y, are the eigenfunctions of equation (71), corresponding to the same eigenvalue

w? (degenerate eigenmodes of the atom); Ck, and ¢, are constants.

In this case, instead of equation (87), one obtains

—e@y(r) — eu(r) = ne? — %xzez [ RIY|?dV’ + %%3erd + %Jﬁezrz +%J¢3ezfr’2|1p|2dV'

(90)
Using perturbation theory [32], one obtains a system of equations
(h(wn — @) + Vi, )em, + € Vi, = 0 (91)
Cm,Vieym, + (A(wn — wP) + Vi k. )C,, = 0 (92)
where
Vis = Vir = [(epo + ew)prpsdv (93)

The system of equations (91) and (92) has nonzero solutions if its determinant is equal to zero.
Thus, one has the equation

2

(h(wn - wg) + anmn)(h((‘)n - wg) + ankn) - |ankn| =0 (94)

Equation (94) has a solution

A = ©2) = =3 Viwen + Vi) + \/i (Viwn = Vi) + Vil (95)

Thus, due to the non-zero field (90), the degeneracy of the eigenmodes ¥, and ¥y is

removed, between which a small frequency shift occurs

hAw, = J Viewten = Vimyms)” + 4 Vit | (96)

Taking into account (90), (72), and (78), one obtains
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Vs = ne28,5 — 2a2e? [ [P (0 (0)r — 1| PdV'’ dV + 23 (e? [ r2ypiapsaV +
6rsez fl'zllljlde - desr) (97)

As indicated above, the terms containing »3 can be neglected; therefore, taking into account
(97), one writes the frequency shift (96) in the form

hAw, = %%Zezw/az + 4|b|? (98)

where

0= [ ([ @I = [P, @) Ir = ' llpaHav’ av (99)

b= [ [Ym,®Yr, @Ir —r'|[pE)H|*dv’ dv (100)

It has already been noted above that the frequency shift (98) is commensurate with the Lamb
shift. This issue will be discussed in detail in the following paper of this series.

6. Nonstationary states of the atom

Let us consider an atom in a mixed state [19-23] with two simultaneously excited
non-degenerate modes n and k (two-level atom):

P(r, 1) = cpiPn(r) exp(—iwpt) + iy (r) exp(—iwyt) (101)
For definiteness, let us assume that w,, > wy, 1.e.,
Wnr >0 (102)

2
As we will see later, the result depends on the sign of the constant (%2 — M)

6.1. The case when wy;, < xc

Wnkadp
c

The solution of the linear Schrédinger equation (71) for the hydrogen atom yields [32]:

%(%—%), where n > k; i.e., the condition wy, < xc holds for »agp > %(

L _ i). This

kz n2

condition is satisfied, for example, for xap = a.
In this case, equation (83) takes the form

e 02

2 vee , 2
%rd —epy—eu——— [RpdV' = %l‘d +e? [(lenl?1nl? +

2c? ot?
, w2
k
1—exp<— HZ—CLZR)
dv' +

R

1- (_ R) * . *
|Ck|2|wk|2)%dvl + e2cicp exp(—iwnkt) [ Yrn
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1—exp<— %Z—w%kR>
¢ 2
e2chcr explionct) [ Yrr : AV' = = w0l CeCn exp(—iwpt) [ RipiapndV’ —
2
— whchcr expliont) | RprpdV’ (103)

Taking into account condition (10), one considers expression (103) at points satisfying the
condition ¥R < 1. We expand the exponents in (103) in a series in powers of R, limiting ourselves
to terms of order of R3. As a result, taking into account (72), (73), and (79), one obtains

e 9?2

2e s _ 2e -5 2 1.2 2 2 2
grd—eq)o—eu—ﬁﬁprdV’—grd+%e —>u’e [ R(cn?Wn]? +

’ 1 * . * ’ 1 * . * l
ekl ? [ |)AV’ — ~x?e?cicn exp(—iwpit) [ RpipndV’ — Zx?e?cpcp exp(iont) [ RpiprdV’ +

1 1 1 1
cnPe?r? +oxPer(leyPdpn + i Pdi) + 233 [ 2l 2 1Wnl? + i 21 [2)aV’ + 5(%2 -

3/2 3/2

2
wnk)

. 1
% erd;;.cpc exp(iwyt) + - (%2 —

. 1 w2
erd,;CxC, exp(—iwyt) + 3 (%2 - CLZ")

Wik 3/2 2 % . 120 % r L1 (2 wh 3/2 2 . 2 '
C—’;) e?cpcpexp(—iwpit) [ r'2ip,dV +g(% —C—’;) e?ciciexp(iwnet) [ v Pi,dv
(104)
For a two-level atom, equations (80) and (81) take the form
d(t) = —wZcicndpy exp(—iwpit) — w2y cncrd expliwpt) (105)
d(t) = iwik [Cltcndnk exp(_iwnkt) - Cr*lckd:lk exp(iwnkt)] (106)
Using (105), one rewrites (104) in the form
2e e e 02 , 2e s e n2c? 32
ﬁrd—ewo—eu—;ﬁprdV =§rd—;wnk<w—%k—1) rd + xe? —

1 ’ 1 * . * I
E}fzez fR(lcnlzlll’nlz + |Ck|2|¢k|2)dv _E}fzezckcn exp(_lwnkt)lepklpndV -

1 . . i} 1 1
E}fzezcnck exp(iwnkt) [ R dV' + g%3ezr2 + §M3er(|cn|2d,m + lel?dy) +

1 1 AN , x
ste? [r2(eallnl? + e 2pilDav’ + 2 (2 = 22)  e2ciic exp(—iwnct) [ T pippndV’ +

1

2 (3/2
(2 —2) " erncp expliont) [ r2pdy” (107)

Note that in [6], devoted to the semi-classical theory of radiation, based on intuitive arguments,
the existence of a nonstationary component of the self-electric field of an atom is postulated in a
form similar to the second term on the right-hand side of equation (107). In the present work, this
term is a natural consequence of the self-consistent Maxwell-Pauli theory [28].

Considering the amplitudes ¢,, and ¢, to be slow functions of time, one substitutes (101), (104),
and (106) into equation (69). Taking into account (71) and (72), and discarding the rapidly oscillating
terms, one obtains
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g . . 2 1
lhcn = <_l§wik|dnklzlck|2 - h(wn - wg) + %ez - E}fzez _“l/)n(l')lzll' -

F (e 2n )2 + [ee 2 ) AV’ AV + 2532 [ 12 PdV = 2563 (lenl2[dnl? +

2 dpndia) + 2563 [ 12 (e 2l + e 2l DAV = 2x2e? el J (0 (0) I -

3/2

2
F W (0 () dV Y — (2 — 22k) |dnk|2|ck|2) n (108)

i3 . . 2 1
ihd; = (z;wzkldnklﬂcnﬁ — h(wy — ©f) + xe? — 2x2e? [ (0)P|r —

E1(eal a1 + e 2 (r) AV AV +2ae? [ 12 |2dV = 2o (ley | dundi +

2 1diel) + 2532 [ 12 (e 2nl? + Lo 2lpil DAV — 2x2e2ley? [ i (0P () -

3/2

F [ () V'dv — 2 (2 - 22 |dnk|2|cn|2) i (109)

Separating the real and imaginary terms in equations (108) and (109), one obtains
A(wy — wp) = xe? — %}fzez ST @I = r'[(en [ (0D + lei Pl (F)2)aV'av +
S33e? [12[ulPdV = 533 (Ienl? b |? + |k 2drndie) + 3232 [ 12 Iy 2 pnl? +
il 1|2V = 252e2|ci 2 [ i (0 () r = v [y (0 Yy (1" dV = 3 (3% =

3/2

2
) el |2 (110)

CZ
1 ! ! ! !
h(wy, — wp) = ne? — 5%292 S )P = ' [(en Pl (D12 + e |2 [ (e [2)dV'av +
1 1 1
g%36’2 [ 2|y |2dV — 5%3(|Cn|2dnndkk + || dge|®) '|‘g%392fl'2(|Cn|2|1/)n|2 +

22V = 232e2 [l [ i (O ()1 = 1 I () (KDY AV =2 (3% —

3/2

2
Wn
) dy |2y 2 (111)
) 2
Cn = — 3hc3 w%kldnklzlcklzcn (112)
Ck = 3h2C3 w%kldnklzlcnlzck (113)
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Equations (110) and (111) describe the shifts of the eigenfrequencies of the excited modes n and
k compared to those given by the linear Schrédinger equation (71). As can be seen, the shifts of the
same eigenfrequencies in the mixed and pure states are different: the shifts of the eigenfrequencies
(110) and (111) in the mixed state depend on the amplitudes of the excited modes. For pure states
(lepl? =1 and |ck]? =0 or |c,|?=0 and |ck|?> =1), equations (110) and (111) become
equation (88). Equations (112) and (113) describe the change in the amplitudes of the excited modes,
i.e., the spontaneous rearrangement of the structure of the electron wave in the atom, which is
traditionally called a quantum transition. As follows from equations (112) and (113), the amplitude of
the eigenmode corresponding to a higher frequency decreases, while the amplitude of the eigenmode
with a lower frequency increases. We can say that the electron wave (and its electric charge) flows
from the mode with a higher frequency to the mode with a lower frequency [19—23]. Thus,
degeneration of the mixed state of the atom occurs, in which the atom passes into a pure state
corresponding to the excited mode with a lower frequency [19—23]. If in the mixed state of the atom
the eigenmode n is weakly excited (which usually occurs in spontaneous emission), i.e., |c,|? < 1
and |c,|? = 1, then equation (112) takes the simple form

Cn = —¥YnkCn (114)

where
2
Vnk = %wzkldnklz (115)

is the damping rate of the spontaneous emission. This result coincides with the result of the
theory [19—23], which does not take into account the G field. Note that quantum electrodynamics [33]
gives the same value (115) for the damping rate of the spontaneous emission, but in the theory under
consideration, this result is a natural consequence of classical field theory, without any quantization.

Spontaneous rearrangement of the structure of an atom (degeneracy of a mixed state) is associated
with the loss of energy as a result of spontaneous emission, the intensity of which is equal to (17).

The intensity of electric dipole radiation is determined by relation (13), while the intensity of
G-field radiation is determined by equations (15) and (16).

In the case under consideration, relation (82) for a two-level atom takes the form

u= e [(leal[Wal? + le P19 22 av +

exp(— %2—%R> exp(— »? —i—%"R)
eciCn exp(—iwnt) [ Pin P’ dV' + ecpcy exp(ionit) [ Yriy - dv’
(116)
Using (67) and (116), it is easy to show that in the case under consideration, the G-field radiation

flux density decreases exponentially with distance from the atom; therefore, the G-field radiation
intensity (16)

Ic=0 (117)
Thus, at w,; < #c, the dipole radiation of the G field is absent. This explains why the nonlinear

Schrédinger equation (69), (107) includes the term %r&; which corresponds only to the electric
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dipole radiation [19—23], while the term responsible for the energy dissipation associated with the G
field is absent. That is, in the case under consideration, the rearrangement (degeneration) of the
internal structure of an atom in a mixed state is associated only with the electric dipole radiation:

I = IEH'
6.2. The case when wy) > xC

For the hydrogen atom, this case corresponds to the condition xag < %(i -

1
= ﬁ)’ where n > k.

In this case, equation (83) takes the form

2 s ! 3
%rd—eqao—eu———prdV e3rd+e2 JUenlPlnl? +

2¢2 ot?
1- exp<1 Lk—;ﬂR)
dv' +

R

1- (_ R) I * . *
|Ck|2|¢k|2)%dv + eZCkCn exp(—iwnt) flpklpn

1- exp(—l Lk—;ﬂR)
\ 2
eZC,*le exp(iwnkt) fl,[);;ll)k R av’ - Zejw%kclicn exp(—iwpt) lePZIPndV' -

2

whycnck exp(iwgit) [ R dV’ (118)

Taking into account (10), one considers expression (118) at points satisfying the condition xR <«
1. One expands the exponents in (118) in a series in powers of R, limiting ourselves to terms of
order of R3.

As a result, taking into account (72), (73), and (79), one obtains

2e i 2e - 2_1 22 2 2
ﬁrd—eq)o—eu—ﬁﬁfR dV' = =rd + xe® —-x’e [R(cpl?ln]? +

|cr 21|V’ — -%ZeZCZCn exp(—iwnkt) [ RYpippdV’ — -%ZeZCZCk exp(iwnit) [ RppipyedV’ +

-%3621‘2 +3 Sler(len|®dnn + lcel2de) + < cne? [12(lcnl? [l + I 21|V’ + i 2 ( e

3

N | W

- 2 2
%2)2 erd,,; cy.cy, exp(—iwpit) — l%(% - %2) erd;,, c;.c exp(iwp,t) + i%(% —
2 : 12 l 1 2k 2 3/2 2 % : 12.0,% /
P4 ) e?cpcnexp(—iwpt) [ 2, dV’ — g(—z—% ) e?ciciexp(iwnet) [ v 2P, dv
(119)
Using (106), one rewrites (119) in the form

2e .o , J{ZCZ % 2

;rd—eq)o—eu—z—zﬁf RpdV' = 32+ 1_w721k rd + »xe? —

1 ’ * . * !
~u2e? [ R(Ical?|Pnl? + lcicl2thic|2)dV" — < 2e2e?ciocy exp(—iwnt) [ RpppndV’ —
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%xzechlck exp(iwnt) [ RppdV' + %){3821‘2 + §M3er(|cn|2dnn + |crPdyg) +
3
1 ’ ’ .1 721 2 * . 12,7, % ’
g”3ez fr 2(lenlP1nl? + lex?[Yx|H)av’ + lg(% - %2) e?CjCn exXp(—iwnyt) f r'yipndv’ —

= sz‘k 2 3/2 2 * : 12,0, % 1
lz(c_z_”) e?cncx exp(iwpet) [ T2t dV (120)

It can be seen that in the case under consideration, equation (120) differs fundamentally from
equation (107), which relates to the case w,; < »c. First of all, this relates to the first term on the
right-hand side, which is responsible for the spontaneous rearrangement of the structure of the atom
in a mixed state [19-23].

As before, considering the amplitudes c¢,, and c¢; to be slow functions of time, one substitutes
(101), (120), and (106) into equation (69). Taking into account (71) and (72), and discarding the
rapidly oscillating terms, one obtains

3

2,.2\2 1
2+ (1-47) ] i lecl” = hlwn — ) + xe? = Zx*e? [l ()7 Ir =

nk

3
fp e . W
ih¢, = (—l?n;(

F1eal a1 + e 2 (KD P)AV' AV + 253e? [ 12 pa|2dV = 2563 (lenlldnl? +

2 dpndi) + 2563 12 (a2l + e 2Wil)aV = 2x2e? el J (00 -

r’IlPZ(r’)an(r’)dV'dV) Cn (121)

n?c?

3
2+ (1-%; )] (i leal” = Ry — wf) +xe® = Se? [y ()] Ir -

nk

3
i3 . W
ih¢y, = (l?”;‘

E1(eal [ P + e 21 ) AV AV + 2ae? [ 12 |2dV = 2o (| dn i +
el 1diel) +253e? [ 12 (e 2nl? + lee il DV — 2 x2e?leq? [ (0P (0)r -
r'|¢;;<r')¢n<r')dV'dv> i (122)

Separating the real and imaginary terms in equations (121) and (122), one obtains
A(wn — wp) = xe? — ;xzez JIpn @ PIr = 1’| (en P (D2 + ler P 1hi (0D2)dAV'dV +
=332 [ 12 2dV — 233 (cn 2 |dpn|? + lci|2dnndie) + ¢ 23€2 [ 172(|ca 2 || +

|ckl? [P D)av’ — %Mzezlckl2 J @ (@) Ir = 'l (), (r)dV'dV - (123)
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1 I 1 r ’
h(wg — wp) = xe? = ~x?e? [|h (P r = r'|(cn* [ D2 + ek 2 () P)dV'dV +
1 1 1 '
Lite? [ 2, [2aV — 1 (lea P dundi + |21 ]®) + 2762 [ 12 (e 2] +

|ck|? [P D)av’ — %MZeZICnI2 J @ @)Ir = 'l (), (r)dv'av  (124)

3
. : <)
o ==t 24 (1) 1w Pleden (125)
3
) i 2.2\,
o= o (-2 e 120

Equations (123) and (124) describe the shifts of the eigenfrequencies of the excited modes n
and k compared to those given by the linear Schr&linger equation (71). They differ from the shifts
of the corresponding eigenfrequencies (88) for the pure state, as well as from the shifts of
eigenfrequencies (110) and (111) for the case wy,; < xc.

Equations (125) and (126) describe the change in the amplitudes of the excited modes, i.e., the
spontaneous rearrangement of the electron wave structure in an atom in a mixed state. Equations
(125) and (126) differ from the corresponding equations (112) and (113) by the damping rate of the
spontaneous emission, which in the case under consideration is equal to

3
3 2.2\2
Yuie = 525 [2 +(1-22) | 1wl (127)
In the limiting case » = 0, one obtains [30]
Wk 2
Vnke = S5 [ dnel (128)

which is 1.5 times greater than the damping rate of the spontaneous emission (115) (see also [19—23]).
The value (127) corresponds to the long-range field G [30].

Let us consider the physical reason for the difference between (127) and (115).

In the case under consideration, equation (82) for a two-level atom takes the form

—#R
w=e [(leallnl? + lex 2| 2222V +

exp(—i ’%—x2R>
av’

eCiCn eXp(—iwpnit) [ Pithn dV' + ecpcp exp(iwnkt) [ Wiy -
(129)
At large distances r from the atom, one writes
R=|r—r|=r—-r'n (130)
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where n =£ is the unit vector in the r direction; r > r'.

Using (130), one writes equation (129) at large distances from the atom, neglecting exponentially

small terms:
_1 * . . wrzlk 2 * . w721k 20 ’
U = -~ eciCn exp(—iwyt) exp | i |5~ —x*r [P exp| —i ——x?r'n |dV' +
1 * . . wrzlk 2 % . wrzlk 2.7 d l
;ecnckexp(w)nkt)exp —i | —ner [Ynbrexpli — —x°r'm)av

(131)

2
Considering /% — %?r'n « 1, one expands the exponentials under the integral in a series in

2
powers of /% — »?r'n, limiting ourselves to first-order terms. As a result, taking into account (72)

and (79), one writes (131) in the form
u=i /wc—'zg" — 2 % CrCn €Xp(—iwpt) exp <i /“’C—'zf - u2r> nd,,; —
i /wc—?;k — %2 %c,’;ck exp(iwyt) exp (—i /wc—’zk - x2r> nd;,, (132)

Using (132), one calculates in the approximation under consideration

ou w2, 21 . . w?, 2 d
o = Wnky 5 — X ;ckcnexp(—la)nkt) exp | i[53 — #°r |ndy +
©he _ 21 ot _i |9k _ 2 ) pd 133
Wnie| =5 — #* = CnCk exp(iwq,t) exp | —i & — 71 |ndy (133)

Vu = w121k 2\1 « ; ; w721k 2 d w?lk

u=-n(—¢—x ;ckcnexp(—lwnkt) exp | i |5 — »#%r |ndpy —n (3= -

w2)icic, exp(iwt) N T d: 134
~CnCk expliwpyt) exp | —i [—5% — 2“1 | ndpy (134)

Substituting (133) and (134) into (67), one obtains an expression for the energy flux density of

the G field
1 2 3/2 N . . |w?
Joe =n_—wu (% - 142) (ckcn exp(—iwyt) exp (1 /C—Z" - ){27”> nd,; +
2

2
ey exp(iwyn,t) exp <—i /% - %27") nd,’;k> (135)
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Expanding the brackets and averaging over time, one obtains

3

_ o1 @nk _ 2\ e 121e 2 (nd d: 136
Je =n_—won(—; —x lcnl®lck |? (ndyy ) (ndyy) (136)

Substituting (136) into (16), one obtains

3

Ig = — Wi (% - ”2)2 |cnl?lck|? $(ndp) (nd ) d (137)

21

where Q is the solid angle.
To calculate the integral in (137), one writes

d,, =a+ib
where a and b are the real vectors.
Then
|dni|? = lal? + [b|? (138)
(nd,) (nd}y) = (na)® + (nb)? (139)
$(nd ;) (nd;,)dQ = $[(na)? + (nb)?]dQ (140)

To calculate the integral $(na)?dQ, a spherical coordinate system is used, in which the z-axis is
directed along the vector a. In this case (na) = |a|cos@ and dQ = 2w sin 6 df. Then

T 4m
é(na)zdﬂ = 2n|a|2J cos?0sinf do = ?Ial2
0

In a similar way, one obtains
jé(nb)zam - %” b2
Then, taking into account (138), one writes the integral (140) in the form
$(nd,y) (nd;,)dQ = $[(na)? + (nb)2]dQ = = |dyy|? (141)

Substituting (141) into (137), one obtains

3
2 2 2
I = 2 0n (2 =52 eal?lei | (142)

3 c?

For a two-level atom, using (105) and neglecting the rapidly oscillating terms (which disappear
upon averaging), one obtains

d? = 207 |cp[* el |dp|? (143)

Taking into account (143), one writes (142) in the form

3
1 2.2\2 ..
1625(1—”;) 2 (144)

WDnk
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For the case » = 0, this expression was first obtained in [30].
In the case under consideration, taking into account (13) and (144), the total intensity of
spontaneous emission (17) is equal to

1
I =—
3c nk

3
2+ (1 - f,fz)zl d? (145)

This is the energy that an atom, being in a mixed state, loses per unit time as a result of
spontaneous emission. Thus, along with the spontaneous emission of electromagnetic waves, in the
case under consideration there should be spontaneous emission of G waves, which also carry away
part of the energy at a rate (144). As a result of this energy loss, a spontaneous rearrangement of the
internal structure of the atom, which is traditionally called a quantum transition, occurs. In the
nonlinear Schrdaldinger equation (69), (120), the rearrangement of the structure of the atom as a result
of spontaneous emission of electromagnetic waves and G waves is described by the damping rate of
the spontaneous emission (127), which has the same structure as (145).

Note that the constant » has not yet been determined. It is only known that it must satisfy
condition (10). This constant can be determined by comparing the predictions of the theory with
experimental data, for example, with the damping rate of the spontaneous emission.

Thus, if xag > % then for the entire spectrum of spontaneous emission of the hydrogen atom
wqx < xc and according to (115), the damping rate of the spontaneous emission
Vnk = Yk (146)
where

2
Yok = sy 3l de (147)

Using the solution of the linear Schré&linger equation (71) for the hydrogen atom [32], one obtains

B o3 (Lo 1) g, [" (148)

Wnk 6

- d . . . . . .
where d,,; = f is the nondimensional electric dipole moment matrix.
B

If xaz <=, then at least part of the spectrum will satisfy the condition w,,;, > »c, and for it,
2

according to (127), the damping rate of the spontaneous emission

3
1 2.2\7
Vo = Vi 1+;(1—”§)] (149)

WDnk

In this case, comparing the experimental values y,, with the theoretical ones calculated using
equation (149), one can estimate the value of the parameter xag.

Taking into account the above, we will calculate the damping rate of the spontaneous emission of
the hydrogen atom for two mixed states. These states were chosen in such a way that the frequencies
of spontaneous emission for them differed as much as possible.
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As the first mixed state, we will choose
n=2py2k =1s1)

In this case, taking into account (148), (149) and the well-known solution of equation (71) for the
hydrogen atom [32], one obtains

xnc rag

L-=21372 (150)

— i 28

d. = (o,o,—zﬁ) (151)
Then

0
Tnk ~ 0.0520° (152)
Wnk
) 3
Ynk — 0.052a3 |1 + 1(1 — 1.14(22) )] (153)
Wnk 2 @

As the second mixed state, we will consider

n= 10p1/2,k = 151/2

In this case
X = 20228 (154)
Wnk a
d. = (0,0,0.04i) (155)
Then
0
Yok — 0.000264a3 (156)
Wnk
’ 3
Yok — 0.000264a3 |1 + 1(1 —1.02 (Z”ﬂ) )2] (157)
Wnk 2 a
0
In the case when wy;, > uc, the value of Z)Lk may differ from Z)"—k by up to one and a half
nk nk

times, which can be recorded in the experiment. It may turn out that for the entire spectrum of the
hydrogen atom, w,;, < xc. In this case, to register this effect, it is necessary to analyze the
damping rate of the spontaneous emission for other atoms emitting at higher frequencies than the
hydrogen atom.
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7. Conclusions

We have shown that spontaneous emission and so-called spontaneous transitions, in contrast to
linear orthodox quantum mechanics and quantum electrodynamics, in the self-consistent
Maxwell-Pauli theory [28,29], are a direct and natural consequence of the theory, and their
explanation and description do not require additional hypotheses, such as, for example, the existence
of a quantum-mechanical vacuum and its fluctuations or Zitterbewegung.

Indeed, if the atom is in a mixed state, then, as follows from Eqgs. (112) and (113), as well as
from Egs. (125) and (126), the amplitude of the eigenmode corresponding to a higher frequency
decreases, while the amplitude of the eigenmode with a lower frequency increases. In this case, in
full accordance with classical electrodynamics, emission of electromagnetic energy occurs. Thus, a
mixed state of an atom in which several eigenmodes are excited simultaneously is unstable: the
electron wave (and its electric charge) spontaneously flows from the excited mode with a higher
eigenfrequency to the excited mode with a lower eigenfrequency. The exceptions are mixed states
with w,, =0 (i.e., with degenerate excited modes) and mixed states with |d,;|> =0 (the
so-called “selection rule”). Note that the eigenfrequencies (eigenvalues) of the linear Schrodinger
equation (71) are negative. Therefore, the eigenfrequency of the ground mode of the hydrogen atom
is lower than the frequency of any other eigenmode of the hydrogen atom. Thus, if a hydrogen atom
is in a mixed state in which one of the excited eigenmodes is the ground mode, then such a mixed
state of the atom is unstable and the atom will spontaneously transit to the ground state. This means
that the ground state of the atom is absolutely stable.

An analysis of the complete system of equations (1)—(9) showed that the compensating
short-range G field plays a significant role in this process, and the constant » included in the
inhomogeneous Klein—Gordon equation (2) determines the dynamics of spontaneous transitions.
Thus, if the frequency spectrum of spontaneous radiation wy, is limited from above, w,;x < Wmax
and, in addition, w4, < #c, then the field G of such an atom will not only quickly (exponentially)
decay at distances greater than ap but will also not create radiation that could be detected at
macroscopic distances from the atom. In this case, macroscopic devices are not capable of directly
detecting the field G, and its existence can only be judged by indirect data.

In the case when wy, > »c, despite the fact that the stationary compensating G field is
short-range and decreases exponentially already at distances of the order of ag from the center of
the atom, G waves can exist that carry away energy and angular momentum [28]. Unlike the
previous case, this means that in this case, although the stationary G field still cannot be recorded by
instruments at macroscopic distances from the source, the G waves emitted by the atom can be
detected at macroscopic distances from their source.

If the frequency spectrum of spontaneous emission wy 1s limited from above, wWur < Wmax
and, in addition, w4, > #c, then the atom can emit G waves at frequencies w,; lying in the range
[#C, Wmax] but cannot emit G waves at frequencies w,;, < xc.

Thus, although we cannot detect the stationary G field with macroscopic instruments due to its
short-range, the results obtained give us hope that under certain conditions, we will be able to detect
the wave G field (G waves) with macroscopic instruments.

To do this, it is necessary to study the emission of G waves and their interaction with matter
(atoms), which can be done by searching for the corresponding solutions of equations (1)—(9) or their
relativistic analogue [29].
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This issue will be discussed in subsequent articles.

In conclusion, we note that the theory under consideration is a purely classical field theory. At
the same time, we should mention other purely field models for quantum phenomena; see, e.g., [34]
and references herein.
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