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Abstract. The Lamb shift in hydrogen spectrum is obtained here in
the framework of some weak generalization of the classical Maxwell
electrodynamics. It is shown that weakly generalized classical Maxwell
electrodynamics can describe the intra-atomic phenomena with the same
success as relativistic quantum mechanics can do. Group-theoretical
grounds for the description of fermionic states by bosonic system are
presented briefly. The advantages of generalized electrodynamics in
intra-atomic region in comparison with standard Maxwell electrody-
namics are demonstrated on testing example of hydrogen atom. We
are able to obtain some results which are impossible in the framework
of standard Maxwell electrodynamics. The Sommerfeld-Dirac formula
for the fine structure of the hydrogen atom spectrum is obtained on the
basis of such Maxwell equations without appealing to the Dirac equa-
tion. The Bohr postulates are proved to be the consequences of the
equations under consideration. The relationship of the new model with
the Dirac theory is investigated. Possible directions of unification of
such electrodynamics with gravity are mentioned.

1. Introduction

Lamb shift is a specific effect of quantum electrodynamical consideration. It is
explained in this theory as a consequence of polarization of vacuum. Below we
are able to explain this effect in the framework of classical electrodynamics.
More precisely speaking this effect is obtained in the framework of weakly
generalized classical electrodynamics, which contains electric and magnetic
gradient-type sources.

Before such nonstandard consideration of the Lamb shift the group-theoretical
grounds of a new model of atom and the main assertions of this model must
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be presented. Let us consider firstly the reasons why the classical Maxwell
electrodynamics needs some weak generalization and after that the foundations
of the new model of atom, which follows from such generalized Maxwell
equations.

There 1s no doubt that the classical Maxwell electrodynamics of macroworld
(without any generalization) is sufficient for the description of electrodynamical
phenomena in macro region. On the other hand it is well known that for micro
phenomena (inneratomic region) the classical Maxwell electrodynamics (as well
as the classical mechanics) cannot work and must be replaced by quantum
theory. Trying to extend the limits of classical electrodynamics application to
the intra-atomic region we came to the conclusion that it is possible by means
of generalization of the standard Maxwell electrodynamics in the direction of
extension of its symmetry. We also use the relationships between the Dirac and
Maxwell equations for these purposes. Furthermore, the relationships between
relativistic quantum mechanics and classical microscopical electrodynamics of
media are investigated. Such relationships are considered here not only from the
mathematical point of view — they are used for construction of fundamentals
of a nonquantum-mechanical model of microworld.

Our nonquantum-mechanical model of microworld is a model of atom on the
basis of weakly generalized Maxwell’s equations, i.e. in the framework of
weakly extended classical microscopical electrodynamics of media. This model
is free from probability interpretation and can explain many intra-atomic phe-
nomena by means of classical physics. Despite the fact that we construct the
classical model, for the purposes of such construction we use essentially the
analogy with the Dirac equation and the results which were achieved on the
basis of this equation. Note also that electrodynamics is considered here in
terms of field strengths without appealing to the vector potentials as the pri-
mary (input) variables of the theory.

The first step in our consideration is the unitary relationship (and wide range
analogy) between the Dirac equation and weakly generalized Maxwell equations
[39, 40].

Our second step is the symmetry principle. On the basis of this principle we
introduced in [41,42] the most symmetrical form of the generalized Maxwell
equations which can describe both bosons and fermions because they have (see
[41,42]) both spin 1 and spin 1/2 symmetries. On the other hand, namely these
equations are unitarily connected with the Dirac equation. So, we have one
more important argument to suggest these equations in order to describe intra-
atomic phenomena, 1. €. to be the equations of specific intra-atomic classical
electrodynamics.

In our third step we refer to Sallhofer, who suggested in [34-36] the possi-
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bility of introduction of interaction with external field as the interaction with
specific media (a new way of introduction of the interaction into the field equa-
tions). Nevertheless, our model of atom (and of electron) [39,40] is essentially
different from the Sallhofer’s one.

On the basis of these three main ideas we are able to postulate the weakly
generalized Maxwell equations as the equations for intra-atomic classical elec-
trodynamics which may work in atomic, nuclear and particle physics on the
same level of success as the Dirac equation can do. Below we illustrate it
considering hydrogen atom within the classical model.

The interest to the problem of relationship between the Dirac and Maxwell
equations dates back to the time of creation of quantum mechanics [2, 6,7, 10,
11,24,25,27-30]. But the authors of these papers considered the most simple
example of free and massless Dirac equation. The interest to this relationship
has grown in recent years due to the results [34-36], where the investigations of
the case mg # 0 and the interaction potential ® £ 0 were started. Another ap-
proach was developed in [3,4,8,9,16,17,32,33], where the quadratic relations
between the fermionic and bosonic amplitudes were found and used. In our
above mentioned papers [39,42], in publications [19-22,37, 38] and herein we
consider the linear relations between the fermionic and bosonic amplitudes. In
[20-22,37,38] we have found the relationship between the symmetry proper-
ties of the Dirac and Maxwell equations, the complete set of 8 transformations
linking these equations, the relationship between the conservation laws for the
electromagnetic and spinor fields, and the relationship between the Lagrangians
for these fields. Here we summarize our previous results and give some new
details (Lamb shift consideration) of the intra-atomic electrodynamics and its
application to the hydrogen atom. The possibilities of unification with gravi-
tation are briefly discussed.

2. Weakly Generalized Maxwell Equations with Maximal
Symmetry Properties

Consider the Maxwell equations with specific (gradient-type) form of electric
and magnetic sources and the symmetry properties of such equations. The
corresponding equations for the system of electromagnetic and scalar fields

(E, H,E°, H") have the form:
OE =rot H—grad E°, 0yH = —rot E — grad H° , 0
divE = —9,E°, divH = —9,H°.

The Eqs (1) are nothing more than the weakly generalized Maxwell equations

with gradient-like electric and magnetic sources j5 = —d,E°, ji*¢ = -0, H°,
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1.e.
je = grad Eov j:nag - grad HO? Pe = _aOan pmag — _aOHO . (2)

In terms of complex 4-component object £ = (£#) = E —iH
£ = [550] — [E' —iH',E® —iH? E° —iH% E° — iH"", 3)

where £ = E — iH is the well-known complex form for the electromagnetic
field used by Majorana in far 1930 (see, e. g. [28]) Egs (1) may be rewritten in
the manifestly covariant form

€ — 0,E, +1€,,,,0°67 =0, 9,E" =0. 4)
It 1s useful also to consider the following form of Eqs (1), (4):
(i — S -p)€ —igrad € =0, 9, =0, (5)

where § = (S7) are the generators of the irreducible representation D(1) of
the group SU(2), i. e. the quantum-mechanical spin 1 operators:

0 0 00 i 0 —io0

0—i|, $*=]000 i 00|,

—i00 0 00
S?=11+11I.

0
St =10
01 0

4=

—e

(6)

Equations (1-5) are directly connected with the free massless Dirac equation

"0, ¥(x) =0. (7)
The substitution of

E3 +iHY 0o 0 C, C_

| EY+iE? | |y iy 00
vl g |[TVE USg 0 oo @

—H? +iH! c_iCc_ 0 0

1
CIFE?(CZFl), CU = U*, cE=¢E"

into the Dirac equation (7) with v matrices in standard Pauli-Dirac repre-
sentation guarantees its transformation into the generalized Maxwell equations
(1-5). The complete set of 8 transformations like (8), which relate gener-
alized Maxwell equations (4) and massless Dirac equation (7), was found in
[37,38]. Unitary relationship between the generalized Maxwell equations (4)
and massless Dirac equation (7) can be found in our papers [20,22].
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The unitarity of the operator (8) can be verified easily by taking into account
that the equations

(AC)' =CA", aC =Ca*, (aC)" =Ca 9)

hold for an arbitrary matrix A and a complex number a. We note that in the real
algebra (1. . the algebra over the field of real numbers) and in the Hilbert space
of quantum mechanical amplitudes this operator has all properties of unitarity.

Equations (4) (or their another representations (1-5)) are the maximally sym-
metrical form of the generalized Maxwell equations. We consider here repre-
sentation (4) as an example. The following theorem is valid.

Theorem 1. The generalized Maxwell equations (4) are invariant with respect
to the three different transformations, which are generated by three different
representations PV, P75, PS of the Poincaré group P(1,3) given by the
formulae

E(z) — €Y (2) = A(A™ (@ — a))
E(z) — E™(x) = F(NE(A (v — a)) (10)
E(x) — €°(x) = S(NE(A ' (z — a))

where A is a vector, i. e. (%, %) F(A) is a tensor-scalar (0,1) ® (0,0) and
S(A) is a spinor representation (O 1 ) ® ( :, O) of SL(2,C) group. This means

’ 2
that the equations (44) have both spin 1 and spin 1/2 symmetries.

Proof: Let us write the infinitesimal transformations, following from (10), in
the form

1 .
VTS () = (1 - a0, — Sw "% )Ew). (11)
Then the generators of the transformations (11) have the form
0 .
d, = B G 5% = 2,0, — 1,0, + s, (12)
where
1 1
14 \4
(S = 8o~ g st € (53]
575 [%00 0] ¢ (1,0) & (0,0) I —
pPo O 0 Y ? Y po op? (13)

T s mnj QJ T _ Qj
Sy = —i€™ ST S = 57,
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with S7 given by the formula (6) and
| -
Spe = 70m 3], A=UNU. (14)

The unitary operator U is given by the formula (8), 4 matrices here may be
easily found according to (14). The explicit form of ¥ matrices is as follows:

100 0 0001
o lo10 0 L _|oo-io
Y=1loo01 0]|% =lo0io0o0%
000 —1 ~10 0 0
(15)
0 0 i0 0—i 0 0
. |0 001 . |i0o 00
Y=143000% T=lo0o 0 1%
0 —100 00 —10

We call the representation (15) the bosonic representation of the ~ matrices.
In this representation the imaginary unit i is represented by the 4 x 4 matrix
operator.

01 0 O
Vivi=ir,  T=|0 g g | =DT=r TP=1 39
0 0-1 0

Due to the unitarity of the operator U in (8), the 4* matrices not only obey the
Clifford- Dirac algebra

P+ 5T = 2" (17)
but also have the same Hermitian properties as the Pauli-Dirac +* matrices:
P =4 A = —5F. (18)

Thus, the formulae (15) give indeed an exotic representation of v* matrices.

Now the proof of the theorem is reduced to the verification that all the gener-
ators (12) obey the commutation relations of the P(1,3) group and commute
with the operator of the generalized Maxwell equations (4-5), which can be
rewritten in the Dirac form

F49,E(x) =0 (19)

(for some details see [41,42]). O
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This result about the generalized Maxwell equations (4) means the following.
From group theoretical point of view these equations can describe both bosons
and fermions. This means that one has direct group-theoretical grounds to
apply these equations for the description of electron, as it is presented below
in Section 3.

A distinctive feature of the equation (4) for the system & = (5 ,EY) (i.e. for
the system of interacting irreducible (0,1) and (0,0) fields) is the following.
It 1s a manifestly covariant equation with minimal number of components, 1. e.
the equation without redundant components for this system.

Note that each of the three representations (10) of the P(1,3) group is a local
one, because each matrix part of transformations (10) (matrices A, F'(A) and
S(A)) does not depend on the coordinates z € R*, and, consequently, the
generators (12) belong to the Lie class of operators. Each of the transformations
in (10) may be understood as connected with special relativity transformations
in the space-time R* = {}, i. e. with transformations in the manifold of inertial
frame of references.

We emphasize that the equation (19) has the form of massless Dirac equation
for fermionic fields. In such consideration of equation (19) the 4* matrices
may be chosen in arbitrary representation (e. g., in each of representations of
Pauli-Dirac, Majorana, Weyl, etc). However, only in exotic representation (15)
equatlon (19) is the Maxwell equatlon for the system of interacting electromag-
netic £ = E — iH and scalar £° = E° — iH° fields (therefore, we have called
the representation (15) the bosomc one). Thus, if one considers the equation
(19) as bosonic one, the representation of v* matrices and their explicit form
must be fixed in the form (15). In the case of bosonic interpretation of Eq. (7)
one must fixes the explicit form of +* in standard Pauli-Dirac representation
and fixes the form of ¥ as in (8).

It follows from the Eqs (4) that the field £ = (£, £°) is massless, i. e. 878, E4 =
0. Therefore it is interesting to note that neither PY, nor P7° symmetries
cannot be extended to the local conformal C(1,3) symmetry. Only the spinor
C* representation of C'(1,3) group, obtained from the local P° representation,
1s the symmetry group for the generalized Maxwell equatlons (4). This fact is
understandable: the electromagnetic field E=F—il obeying Eqgs (4) is not
free, it interacts with the scalar field £°.

Consider the particular case of standard (non-generalized) Maxwell equations,
namely, the case of equations (4) without magnetic charge and current densities,
i.e. the case when H® = 0 but E° # 0. The symmetry properties of such
standard equations are strongly restricted in comparison with the generalized
Eqs (4): they are invariant only with respect to tensor-scalar (spin 1 and 0)
representations of Poincaré group defined by the corresponding representation
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(0,1) ® (0,0) of the proper ortochronous Lorentz group SL(2,C). Other

symmetries mentioned in the theorem are lost for this case too. The proof

1 1

of this assertion follows from the fact that the vector (5, 5) and the spinor

<O 1) @ (1 O) transformations of £ = (£, £°) mix the £° and £ components

s 9 9
of the field &, and only the tensor-scalar (0, 1) & (0,0) transformations do not
mix them.

For the free Maxwell equation in vacuum without sources (the case E° = H® =
0) the losing of above mentioned symmetries is evident from the same reasons.
Moreover, it 1s well known that such equations are invariant only with respect
to tensor (spin 1) representatlons of Poincar¢ and conformal groups and with
respect to dual transformation: E — H H — —E. We have obtained the ex-
tended 32-dimensional Lie algebra [18] (and the corresponding group) of invari-
ance of free Maxwell equations, which is isomorphic to C'(1, 3)$C(1, 3) @ dual
algebra. We were successful to prove it appealing not to Lie class of symmetry
operators but to a more general, namely, to the simplest Lie-Backlund class
of operators. The corresponding generalization of symmetries of Eqs (4) pre-
sented in the above theorem leads to a wide 246-dimensional Lie algebra in the
class of first order Lie-Backlund operators. Thus, the Maxwell equations (4)
with electric and magnetic gradient-like sources have the maximally possible
symmetry properties among the standard and generalized equations of classical
electrodynamics.

The general solution of Eqs (4) was found in [21, 22] directly by the application
of Fourier method. In terms of helicity amplitudes c*(k) this solution has the

form
2w [cler + P (es 4 eq)] e e
— 3 1 3 4
— / d k\/;{ + [0*261 + 0*4(63 4+ 64)] eikx} ) (20)
where the 4-component basis vectors e, are taken in the form
€1 &) o 0
€1 = |:01:| ? €y = |:02:| ’ €3 = |:03:| , €4 = |:1:| . (21)

Here the 3-component basis vectors which, without any loss of generality, can
be taken as

wk? — iktE?

€ = L —wk' —1k*k* |, e =¢6", &= ﬁ, (22)
w\/z(klk1+k2k2) l(klkl_l_kaQ) W

are the eigenvectors for the quantum-mechanical helicity operator for the spin
s=1.
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Note that if the quantities E°, H° in Eqs (1) are some given functions for which
the representation

: 26() —ikx ikx
E° — iH® :/d?’/ﬁ/ oy (e 4 ¢t oike) (23)

is valid, then Eqs (1) are the Maxwell equations with the given sources, j; =

-0,E°, Jp = —0,H O (we call these 4 currents the gradient-like sources). In

this case the general solution of the Maxwell equations (1-4) with the given
sources, as follows from (20), has the form

E(CE’) = / d3]€ 2(;;_)3 (Clgl + 0252 -+ (153) eiikm 4+ c.c.
(24)
Az) =i / &k, 5 (;‘;)3 (181 — & + &) ™ + c.c.

where the amplitudes of longitudinal waves &;exp(—ikz) are o = ¢ + ¢,
B =c*—c'and 3, ¢* are determined by the functions E°, H° according to
the Eq. (23).

The longitudinal electromagnetic waves were the object of long time investi-
gation by Hvorostenko [13]. Here we are able (i) to add to his results the exact
solution of the Maxwell equations with gradient-like sources which contains
such a waves and (ii) to make the assertion about location of these waves in the
same space-time area where the gradient-like sources are located (the reason:
the amplitudes 3, ¢* which define this waves and the gradient-like sources are
the same).

Now, knowing the operator U from (8), it is easy to obtain the relationship

— —

between the amplitudes a”(k), b"(k) determining the well known fermionic

—

solution of the massless Dirac equation, and the amplitudes ¢*(k), determin-
ing the bosonic solution (20). Corresponding formulae relating fermionic and
bosonic amplitudes were found in [21,22]. Therefore, the fermionic states may
be constructed over bosonic states. This assertion finishes the consideration of
group-theoretical grounds of our model.

3. New Classical Electrodynamical Hydrogen Atom Model

The generalized Maxwell equations (1) may be extended on the case of specific
inneratomic medium. Namely these equations are put into the ground of our
model of the atom.
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Consider the weakly generalized Maxwell equations with gradient-type sources
in a medium:

rot I:j — 80€E = je , Trot E + (%MFI = ,;mag ) (25)
divel = Pe, div ,uﬁ = Pmag

where E and H are the electromagnetic field strengths, € and p are the electric
and magnetic permeabilities of the medium being the same as in the electro-
dynamical hydrogen atom model of Sallhofer [34, 36, 23]:

& (7 d(7) —
c@=1- PO gy g 2 )
W W
where ®(Z) = —Ze?/r (we use the units: = ¢ = 1). The current and charge
densities in equations (25) have the form
]_(; = gra’d EO ) j;na - — grad HO
: 27)

pe = —cpdE° + Egrade,  pua = cpdoI1° + M grad p,

where E°, H is the pair of functions (two real scalar fields) generating the
densities of gradient-like sources.

One can easily see that equations (25) are not standard electrodynamical equa-
tions known from the Maxwell theory. These equations have the additional
terms which can be considered as the magnetic current and charge densities
— in one possible interpretation, or equations (25) can be considered as the
equations for compound system of electromagnetic (E, H ) and scalar E°, H°
fields in another possible interpretation.

Contrary to [39,40], here the equations (25) are solved directly by means of
separation of variables method. It is useful to rewrite these equations in the
mathematically equivalent form where the sources are maximally simple:

rot H — 0y E: ; rot £ j— ,L@oﬁ = .;lnag 5 (28)
diveFE = div pH = piag »

where

jo = grad E°, j:nag = —grad H®, p.= —pdhE’, pueg=—c00H’.(29)

Consider the stationary solutions of equations (28). Assuming the harmonic
time dependence for the functions E°, H°

E°(t,7) = E%(Z) coswt + E%(F) sinwt,

H(t, %) = HY(Z) coswt + H%(F) sinwt , (30)



420 V. Simulik and I. Krivsky

we are looking for the solutions of equations (28) in the form
E(t,7) = EA(Z) coswt + E(T) sinwt,

ﬁ . (1)
H(t,%) = H4(F) coswl + Hg(Z) sinwt .

For the 16 time-independent amplitudes we obtain the following two nonlinked
subsystems

rotffA —wsE} = gradEg, rotE}; — wuffA = —grang,

- . (32)
diveEp = wuEY%, divpuH, = —weHY,
and
rot Ty +weFy, = grad B%,  rot B4 + wplly = — grad I, (33)

diveE, = —wpEY%, divuHp = weHY.

Below we consider only the first subsystem (32). It is quite enough because
the subsystems (32) and (33) are connected with transformations
rF—-H, H—-FE, eE—uyH, uH— —cF,

4
E—H, H—E, (34)

which are the generalizations of duality transformation of free electromagnetic
field. Due to this fact the solutions of subsystem (33) can be easily obtained
from the solutions of subsystem (32).

Furthermore, it is useful to separate equations (32) into the following subsys-
tems:

—wpEy — 01 Ey + ,FEL + 0:E; =0 G
wpHS — OB} + 0,Ef — 0sHy =0
and
weby — 0,H3 + 0;H3 + 0, E5 =0
weE3 — OsH) + O, HY + 0, FE% =0 (36)

Assuming the spherical symmetry case, when ®(%) = &(r), r = |Z|, we are
making the transition into the spherical coordinate system and looking for the
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solutions in the spherical coordinates in the form
(Ea H)(F) = R(E,H) (T)f(E,H) (97¢) 3 (37)

where E = (E,E°), H = (H,H"). We choose for the subsystem (35) the

d’Alembert Ansatz in the form

0 e . —iTh
EA_CE4RH4'PlHje 4¢
ko O ME —imp ¢
EB —_ OEk REkPll—«;k: e

70 _ My —ima@
HB — CH4 RE4PZE4 c

Tk __ /Y Mg —im
HY = Cy, Ry Pl 70

k=1,2.3.

(38)

We use the following representation for 9;, 0,, J5 operators in spherical coor-

(39)

dinates
ime¢
O,CRP™eTm? = e cos (R P — R_ P
1 l 2] 41 J+14 711 =1L 141
. m R
+ ejF‘(m*l)d’C : le_ ,
sin 6 r
ime¢
O,CRP™ eTimé — eTme sin ¢(R prtl R _, Pt
2 1 201 RES Y o —1
. im _ R
== e?l(m 1)¢C.—Pl =,
sin # r
. eTime
R P = — (Rac(l4m)Pr + R (= m+ 1)

Substitutions (38) and (39) together with the assumptions

Pz

+1

RE” - RE ) ZE,M — ZE 3 RH” — RH 3 lH” - lH ;

m1:m2:m3—1:m4—1:m,

CHl - iC_'H2 ) CEQ = —IC_(E1 s C_'H4 = —IC_'E3 ; CH3 =

Cl =Ch(h+m+1),  Ch =-Ch =0,
CL, = CL (1, —m), =1L —1=1,
Cll = G (1Y — m), CH = —CH =1,
CH = —CH +m+1), =i 41=u

—iClg, ,

(40)

into the subsystem (35) guarantee the separation of variables in these equations
and lead to a pair of equations for the two radial functions Ry, Ry (for the
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subsystem (36) the procedure is similar):

ewRy — R, _, =0,  pwRj +Rj,,,=0, (41)
cwRp — RHH—l =0, pwRy + Ry 1 =0,
d 42
R, = ( N a> R (42)
dr
For the case ® = —ze?/r the equations (41, 42) coincide exactly with the

radial equations for the hydrogen atom of the Dirac theory and, therefore, the
procedure of their solution is the same as in textbooks on relativistic quantum
mechanics. It leads to the well-known Sommerfeld - Dirac formula for the fine
structure of the hydrogen spectrum. We note only that here the discrete picture
of energy spectrum in the domain 0 < w < mgc? is guaranteed by the demand
for the solutions of the radial equations (41), (42) to decrease at infinity (when
r — 00). From the equations (41), (42) and this condition the Sommerfeld-
Dirac formula

hyd (43)
h\/ (. +m)

follows, where the notations of the Dirac theory (see, e. g. [1]) are used: n, =
n—k, k=j7+1/2, « = e*/he. Let us note once more that the result (43)
is obtained here not from the Dirac equation, but from the Maxwell equations
(25) with sources (27) in the medium (26).

Substituting (40) into (38) one can easy obtain the angular part of the hydrogen

solutions for the (E, H, E°, H°) field and calculate according to (27) the cor-
responding currents and charges. Let us write down the explicit form for the
set of electromagnetic field strengths (E , H ), which are the hydrogen solutions
of equations (25), and also for the currents and charges generating these field
strengths (the complete set of solutions is represented in [39,40]):

~ (=l +m —1)P? cosmg
E'=Rj | (l—m+1)P7 sinmé (l+m+1)P"™cosmg
Pyt cos(m + 1) P+ sin(m + 1)¢

j1 = grad RL P cos(m + 1)¢

Jmag = —grad R sin(m + 1)¢ (44)
ol = — (L), PP cos(m + 1)

Pnag = — (WRy) _, Py sin(m + 1)¢

. ({+m+1)P"sinme¢
, H' = RL
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B [ (I +m)P™ cosmao " . "(—l + m) P sin mﬂ
E'" = RV (=l —m)P™ sinm¢| , H" =R [(=l+m)P"cosme]| ,
Pt cos(m +1)6 | |~ P+ sin(m + 1)6
i = grad R P cos(m + 1)¢
Joue = — grad Ry P sin(m + 1)¢ (45)
p. = —(eRy) 1 P cos(m+ 1)¢
Pmag = — (LBi7) 1 DT sin(m + 1)¢.
In one of the possible interpretations the states of the hydrogen atom are de-
scribed by these field strength functions E, H generated by the corresponding
currents and charge densities.
It is evident from (25) that currents and charges in (44-45) are generated by

scalar fields (E°, H?). Corresponding to (44-45), the (E°, H?) solutions of
equations (25) are the following:

B = R P cos(m+1)¢, ' = RLET sin(m + 1),

E° = RHP™ Y cos(m + 1), HY? = REP™ M sin(m +1)¢. (46)
As in quantum theory, the numbers n = 0,1,2,..., j = k — 1 = [ mp;
(k=1,2,...,n) and m = —[, -l + 1,...,l mark both the terms (43) and
the corresponding exponentially decreasing field functions £, H (and E°, H°)
in (44-46), 1. e. they mark the different discrete states of the classical elec-
trodynamical field (and the densities of the currents and charges) which by
definitions describes the corresponding states of hydrogen atom in the model
under consideration.

Note that the radial equations (41), (42) cannot be obtained if one neglects
the sources in equations (29), or one (electric or magnetic) of these sources.
Moreover, in this case there is no solution effectively concentrated in atomic
region.

Now we can show on the basis of this model that the assertions known as Bohr’s
postulates are the consequences of equations (25) and of their classical inter-
pretation, 1. €. these assertions can be derived from the model, there is no neces-
sity to postulate them outside the framework of the classical physics as it was in
Bohr’s theory. To derive the first Bohr’s postulate one can calculate the general-
ized Pointing vector for the hydrogen solutions (44-46), i. e. for the compound
system of stationary electromagnetic and scalar fields (E, H, E°, IT°)

Py = / Pu(B x 0 — EE — HH). @7)
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The straightforward calculations show that not only the vector (47) is identically
equal to zero but the Pointing vector itself and the term with scalar fields
(E°, H°) are also identically equal to zero:

P= / Pr(ExH)=0, / Pe(EE°+ HH®) =0. (48)

This means that in stationary states the hydrogen atom does not emit any

Pointing radiation neither due to the electromagnetic (E, H ) field, nor to the
scalar (E°, HY) field. That is the mathematical proof of the first Bohr postulate.

The similar calculations of the energy for the same system
1 — —
W= / Pa(E? + A + B2 + HP) (49)

give a constant W ,,;, depending on n,[ (or n, j) and independent of m. In our
model this constant is to be identified with the parameter w in equations (1)
which in the stationary states of (E, H ,E° H) field appears to be equal to
the Sommerfeld-Dirac value w%d (43). By abandoning the A~ = ¢ = 1 system
and putting arbitrary A in equations (25) instead of & we obtain final W™ with

nj
A instead of A. Then the numerical value of / can be obtained by comparison
of w,}%d containing A with the experiment. These facts complete the proof of

the second Bohr postulate.

This result means that in this model the Bohr postulates are no longer postu-
lates, but direct consequences of the classical electrodynamical equation (25).
Moreover, this means that together with Dirac or Schrodinger equations we
have now the new equation which can be used for finding the solutions of
atomic spectroscopy problems. In a contrast to the well-known equations of
quantum mechanics our equation is classical.

Being aware that a few interpretations of quantum mechanics (e. g. Copenhagen,
statistical, Feynman’s, Everett’s, transactional, see e. g. [5, 15,43, 31]) exist, we
are far from thinking that the interpretation here can be the only one. But the
main point is that now the classical interpretation (without probabilities) is
possible.

Today we prefer the following interpretation of hydrogen atom in the approach,
when one considers only the motion of electron in the external field of the
nucleon. In our model the interacting field of the nucleon and electron is rep-
resented by the medium with permeabilities €, i given by the formulae (26).
The atomic electron is interpreted as the stationary electromagnetic-scalar wave
(E, H, E° H") in medium (26), i. e. as the stationary electromagnetic wave in-
teracting with massless scalar fields (E°, H"), or with complex massless scalar
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field £° = E° —iH" with spin s = 0. In other words, the electron can be inter-
preted as an object having the structure consisting of a photon and a massless
meson with zero spin connected, probably, with leptonic charge. The role of
the massless scalar field is the following: it generates the densities of electric
and magnetic currents and charges (p,f), which are the secondary objects in
such model. The mass is the secondary parameter too. There is no electron as
an input charged massive corpuscle in this model! The mass and the charge
of electron appear only outside such atom according to the law of electromag-
netic induction and its gravitational analogy. That is why no difficulties of
Rutherford - Bohr’s model (about different models of atom see, e. g. [23]) of
atom are present here! The Bohr postulates are shown to be the consequences
of the model. This interpretation is based on the hypothesis of bosonic nature
of matter (on the speculation of the bosonic structure of fermions) according to
which all the fermions can be constructed from different bosons (something like
new SUSY theory). Of course, before the experiment intended to observe the
structure of electron and before the registration of massless spinless meson it is
only the hypothesis but based on the mathematics presented here. We note that
such massless spinless boson has many similar features with the Higgs boson
and the transition here from intra-atomic (with high symmetry properties) to
macroelectrodynamics (with loss of many symmetries) looks similarly to the
symmetry breakdown mechanism.

The successors of magnetic monopole can try to develop here the monopole
interpretation (see [26] for the review and some new ideas about the monopole)
— we note that there are few interesting possibilities of interpretation but we
want to mark first of all the mathematical facts which are more important than
different ways of interpretation.

4. The Unitary Relationship Between the Relativistic Quantum
Mechanics and Classical Electrodynamics in Medium

Let us consider the connection between the stationary Maxwell equations

rot H — weE = grad E°, rot E — wpH = — grad HC

. L (50)
divE = wuk®, divH = —weH",

which follow from the system (32) after omitting indices A, B, and the station-
ary Dirac equation following from the ordinary Dirac equation

(70, —me +7°) T =0, T =(T°), (51)
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with mg # 0 and the interaction potential & # 0. Assuming the ordinary time
dependence

U(z) =0(T)e ™ = 9 ¥(z) = —iw¥(z), (52)

for the stationary states and using the standard Pauli-Dirac representation for
the v matrices, one obtains the following system of equations for the compo-
nents U of the spinor U:

—iwel! +

(01 —i05)W* + 950° =0,
—iweW? 4 (O; +10,)V3 — 9 0* =0, (53)
—iwpP? + (8 —i0,)¥? + 930! =0,
—iwpP? + (0 +i0,)¥! — 9302 =0,

where € and p are the same as in (26). After substitution in Eqs (54) instead
of U the following column

U= [-H°+iE* —E®>+iE' E° +iH® —H? +iH"]" . (54)

one obtains Eqgs (50). A complete set of 8§ transformations with the same role
was obtained with the help of the Pauli-Gursey symmetry operators [14] in
our papers [37,38].

The relationship (54) may be written down in terms of unitary operator sim-
ilarly to that in (8). Further consideration of unitary relationship between the
equations (50) and (53) is similar to the procedure in Section 1 and may be
omitted. The details were published in [39,40].

The mathematical facts considered here prove the one-to-one correspondence
between the solutions of the stationary Dirac equation and the stationary
Maxwell equations with 4-currents of gradient-like type. Hence, one can, us-
ing (54), write down the hydrogen solutions of the Maxwell equations (25) (or
(28)) starting from the well-known hydrogen solutions of the Dirac equation
(51), 1. e. without special procedure of finding the solutions of the Maxwell
equations, see [39,40].

5. Lamb Shift

It is very useful to consider the case of Lamb shift in the approach presented
here. This specific quantum electrodynamical effect (as modern theory asserts)
can be described here in the framework of classical electrodynamics of media.
In order to obtain the Lamb shift one must add to ®(F) = —Ze?/r in (2) the
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quasipotential (known, e. g. from [12], which follows, of course, from quantum
electrodynamics)

Zet

60m2m2

o(r) (55)

and solve the equations (1) for such medium similarly to the procedure of
Section 2 (of course, by another approximation method). Finally one obtains
the Lamb shift correction to the Sommerfeld-Dirac formula (43). Such Lamb
shift can be interpreted as a pure classical electrodynamical effect. It can be
considered here as a consequence of polarization of medium (26) and not of po-
larization of such abstract concept as the vacuum in quantum electrodynamics.
This brief consideration of the example mentioned in the title of this section
demonstrates that our approach can essentially extend the limits of classical
theory application in microworld, which was the main purpose of our investi-
gations.

6. A Brief Remark About Gravity

The unified theory of electromagnetic and gravitational phenomena may be
constructed within the approach under consideration in the following way. The
main primary equations again are written as (1) and gravity is considered as a
medium in these equations, i. e. the electric € and magnetic ; permeabilities of
the medium are some functions of the gravitational potential ®,,,:

€= 6((I)grav) 3 M= /’L((bgrav) . (56)

Gravity as a medium may generate all the phenomena which in standard Ein-
stein’s gravity are generated by Riemannian geometry. For example, the re-
fraction of the light beam near a big mass star is a typical medium effect in
such a unified model of electromagnetic and gravitational phenomena. The
idea of such consideration consists in the following. The gravitational in-
teraction between massive objects may be represented as the interaction with
some medium, similarly as in Eqgs (25) the electromagnetic interaction between
charged particles.

7. Conclusions

One of the conclusions of our investigation presented here and in [41,42, 18, 19]
is that a field equation itself does not answer the question what kind of parti-
cles (Bose or Fermi) are described by this equation. To answer this question
one needs to find all representations of the Poincaré group under which the
equation is invariant. If more than one such Poincaré representations are found
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[41,42, 18, 19], including the representations with integer and half-integer spins,
then the given equation describes both Bose and Fermi particles, and both
quantization types (Bose and Fermi) [21,22] of the field function, obeying
this equation, satisfy the microcausality condition. The strict group-theoretical
ground of this assertion is the following [41,42]: both weakly generalized
Maxwell equations (1) (with € = u = 1) and Dirac equation (7) (with m, = 0,
® = 0) are invariant with respect to three different local representations of
Poincaré group, namely the standard spinor, vector and tensor-scalar represen-
tations generating by the (0, 1) ®(1,0), (3, 3), (0,1) ® (0,0) representations
of the Lorentz SL(2,C) group, respectively.

A few words can be said about the interpretation of the Dirac ¥ function. As
follows from the consideration presented here, e. g. from the relationships (8)
and (54), the new interpretation of the Dirac ¥ function can be suggested too:
U function is the combination of the electromagnetic field strengths (E, H )
and two scalar fields (E°, H°) generating the electromagnetic sources, i. e. in
this case the probability or Copenhagen interpretation of the function ¥ is not
necessary.

The main conclusion is that the limit of classical theory application in the
microworld may be essentially extended on the basis of equations and models
which are considered here. Lamb shift may be explained as the classical effect
in the framework of the classical model of atom.
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