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Abstract. Some directions and problems connected with incompleteness of modern theoretical
physics are considered. It is marked that the basic successes are achieved in the areas concerning to
Euclidian space. It is shown that priorities are, first, creation of photon space physics, second,
association of Euclidian spaces physics and physics of photon space due to creation of the uniform
theory of gravitational and electromagnetic fields. It is marked that only in case of such association
the understanding of physics of a dark matter, the dark energy, the latent mass is possible. The main
problem in creation of photon space physics, i.e. the physics of a reference system moving with light
velocity is shown.

For creation of photon space physics on the basis of the generalized coordinates use the opportunity
of a clear representation of electromagnetic radiation quantum is shown. It is established that
equation Lagrange in a classical variant passes in the wave equation for vector - potential, and at
quantization in Schrodinger equation for a quantum of electromagnetic radiation in space of the
generalized coordinates. The solution of Schrodinger equation is given. It is shown that in space of
the generalized coordinates (in photon space) the vacuum energy is a constant, not dependent on the
changing parameter of a quantum - its frequencies, and the length of a quantum is exponential falls
with increase in volumetric density of its energy.

Interaction of a photon and material particle (electron and atom) in photon space is considered. It is
shown that this process needs to be described in the uniform reference system moving with light
velocity in space of a vector - potential. On the basis of the Noether’s theorem it is shown that in a
vector - potential space (in photon space) the volumetric density of photon energy, its velocity and a
ring current density of a material particle are conserved. On the basis of the Schrodinger’s equation
solving for a photon and electron cooperating in vector - potential space it is shown the electron
during interaction should represent the quantum oscillator with a discrete set energies. Electron
fluctuations or Dirac’s electron "jitter" are realized with a light velocity. The problem of an electron
magnetic moment (spin) occurrence in a vector - potential space is considered. Conditions of the
atom currents quantization in vector - potential space, and also the Heisenberg’s uncertainty
principle in photon space are submitted. The Lamb’s frequency shift in vector - potential space is
found. Energy of multiphoton system in photon space is considered also.

Keywords: Photon space, nonlinear Schrodinger’s equation for a photon, an electromagnetic field,
generalized coordinates, Dirac’s electron 'jitter', magnetic moment, spin, electronic and atomic ring
currents.

1 Introduction

Now the theoretical physics well describes the basic phenomena occuring in Euclidian space. Actually
the mechanics and electrodynamics are completely created. It is not necessary to expect large opening in
quantum mechanics where the basis are Schrodinger’s and Dirac’s equations. Top of modern physics is
so-called the Standard model describing interaction of elementary particles known now [1].

However in theoretical physics there is one difficulty connected to interaction of a photon and a
material particle, for example, of an electron.

Calculation of this process is difficult since it assumes that the equations of an impulse and energy
conservation in these processes are incompatible. But in the nature processes there is the interaction of
photons and material particles are widely submitted therefore all difficulties have the theoretical, human
character connected to limitation of our knowledge.
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Let's consider, for example, the phenomenon of a photon and a material particle interaction in more
detail in the elementary case when a material particle (in particular the electron) originally is based.
The law of an impulse conservation at absorption of a photon by a motionless electron looks like

— =mV , where V is velocity of an electron after absorption of a photon, m - its relativistic mass, o -

c
photon frequency, % - Planck's reduced constant, ¢ - light velocity in vacuum.
The law of energy conservation in the relativistic form can be written as:

m ‘ 2
ho=mc* —mc* =me*|1-—2|=mc*|1- I—L 1.1
0

m ¢’

where m, is the rest mass of the electron.

Having divided the law of the energy conservation on the law of impulse conservation we obtain

2
r =|1- Jl - V—Z ,i.e. V =c that is impossible at least in Euclidian space.
¢

C

The obtained result is not casual. The matter is that the photon exists in the reference system moving
with light velocity. To describe interaction of a photon and an electron, it is necessary that the electron
also should be examined in the reference system moving with a light velocity. In it there is a physical
sense of the result.

To create the theory of a photon and a material particle interaction it is necessary to describe them in
uniform reference system. But the material particle which is taking place in Euclidian space cannot be
described in the reference system moving with a light velocity. It contradicts the special relativity.

Thus process of a photon and an electron interaction essentially cannot be described in uniform
Euclidian space.

There is a technique of the calculation of a photon and a material particle interaction with the help of
Dirac’s equation solving by a method of the perturbation theory [2]. This technique is well unified due
to Feynman’s work [3].

But in process of the Dirac’s equation solving by the method of the perturbation theory at interaction
of a photon and an electron there arise poorly proved with the physical point of view so-called virtual
states of the electrons [4]. With the purpose of avoiding the impulse and energy conservation equations
incompatibility at the first stage, as a first approximation of perturbation theory, at the solving of
Dirac's equation, the opportunity of infringement of the energy conservation equation is supposed.
Though, finally, conservation of energy is restored.

However already in the second approximation of the perturbation theory there is a divergence terms.
It is the consequence of that a cooperating electron and photon are in different reference systems.

2 Incompleteness of Physics

Thus, the physical science is divided into two parts badly connected between themselves, fig. 1.

The first part is connected to Euclidian space. The main laws of this part of physics are Newton’s
laws in mechanics, Maxwell’s laws in electrodynamics, the laws of a gravitational field, Schrodinger’s
and Dirac’s equations for the material particles, etc. The physics of FEuclidian spaces is well advanced
because the humanity lives in this space.

ds* = g, dX'dX" (2.1)
where g, is a metric tensor, function of coordinates, cdt = X ’ - time coordinate, ¢ — the light velocity
in vacuum, ¢ - time, X', X*, X? - spatial coordinates.

All laws of physics, strictly speaking, it is necessary to write down in Riemann’s space. For example,
the law of universal gravitation in this space looks like [21]:

mlmQ

r? 1—1‘7
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3
where k = 6,67-10° 2

is a gravitational constant, ro- gravitational radius. This law allows to
g-c !

calculate force F'of an attraction of two bodies in masses m, and m,, taking place on distance r from

each other. At the Earth which creates in ours Riemann’s space the curvature of space - time the

gravitational radius is r = 0,443 cm [21].
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Figure 1. Directions of the modern physics development

The gravitational radius is very small in comparison with physical radius of the Earth therefore it is
possible to use the approximate formula:

ml mQ

TZ

i.e. we pass in Euclidian space. However it is real that the Euclidian space is absent since it practically
always is a small curvature of space - time.

Under Euclidian space we understand Riemann’s space where curvature of space - time we neglect.

The term Riemann’s space we consider inappropriate to use in an electrodynamic problem. Such space

could be named Minkowski’s space where metric tensor has components g, =1, g9, =g, =9, =—1. But

F=k

(2.3)

Minkowski’s space, as well as Euclidian space, is only approximation to real Riemann’s space therefore
we are stopped on term Euclidian space.

In connection with recent successful experiments on registration of gravitational waves very important
result has been received. By comparison of distance from the source of gravitational waves calculated by
the attenuation of experimentally registered gravitational waves and by the red displacement of
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electromagnetic radiation it has been established [22] that dimension of our Riemann’s space-time is
~ 4 +0,1. Thus our space-time is described by four coordinates: time and three spatial coordinates.

There is also other part of physics - physics of reference system which moves with light velocity or
physics of photon space. This physics can be created, for example, in a vector - potential space (see
below).

The basic equation of this part of physics is nonlinear Schrodinger’s equation with logarithmic
nonlinearity (NSELN) in space a vector — potential, see paragraph 3.3. The material particle is badly
represented in a vector - potential space. Unique parameter which can be used for the characteristic of a
material particle in this space it is a quantum ring current. Interaction of a photon and a quantum ring
current in a vector - potential space completely certain and quite solved task.

However in this space cannot be submitted mass of a particle, and it Euclidian coordinates.

The problem of Euclidian space and photon space (in particular a vector - potential space) unification
is connected to creation of the uniform theory of gravitational and electromagnetic field.

Undoubtedly this theory exists since in the nature process of a photon and a mass particle interaction
is widely submitted. Absence of such theory it is insufficiency, incompleteness of the modern physical
theory created by the human.

What global problems are faced by modern theoretical physics?

There are two.

1. First, to continue to create physics in system of photon space, i.e. in the reference system moving
with a light velocity. Some steps in this direction have already been made, see below. There is a basic
unresolved problem of the given direction of development of physics - the main barrier, fig. 1 - absence
of two- and multi-soliton solutions of nonlinear Schrodinger’s equation with logarithmic nonlinearity.

The finding of such solution apparently will take place in the near future at comprehension of a
problem importance. In this case the problems connected to entanglement of photons, quantum
teleportation etc. will be completely solved.

2. The second problem of physics has global character. This problem is connected to creation of the
uniform theory of gravitational and electromagnetic fields (including a task of gravitational field
quantization), and finally associations of two directions of physics development: physics of the Euclidian
space and physics of photon space. Apparently only after such association probably full understanding,
for example, physics of a dark matter, the dark energy [23], the latent mass, etc.

Association of photon space and Riemann’s spaces probably will allow to create the uniform theory of
gravitational and electromagnetic fields. We shall consider a possible way of such association.

The square of an interval in photon space (or in space of a vector of potential) looks like:

ds’ = g, dA'dA" (2.4)
where A" = ¢t is a time component of a vector - potential, A', A*, A* - its spatial components. In article
we practically assume the components of a metric tensor g, =1,9, =9, =g, =-1. However for
association of a photon space and Riemann’s spaces it is impossible to be limited by such metric tensor.
It is necessary to examine the curved photon space.

Association of the Riemann’s space and the curved photon space probably will allow formulates the
uniform theory of gravitational and electromagnetic fields. The basic invariant in such uniform space
apparently looks like:

ds' =g, dX'dX'dA'dA" (2.5)

iklm.

where g, is a metric tensor of the fourth rank for an uniform space.

Further we shall not stop on a problem of the uniform space research.

3 Photon in Euclidian Space

First of all we shall consider movement of a photon in Euclidian space.

The opportunity of clear representation of an electromagnetic radiation quantum always excited
physicists [5]. How the light quantum is located in space? Whether it has the beginning and the end?
Apparently nevertheless has but then why in a spectrum of a quantum is only one frequency?
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Attempts to find answers to these questions have led physicists to opinion what evidently to present
quantum in Euclidian space, it is impossible. In [4] it is underlined that the concept of the photon
coordinates at all has no physical sense. However, the elementary wave description of a photon in
Euclidian space can be received with the help of Schrodinger’s equation in this space. Using the formula
for the Hamiltonian of a quantum as H = ck, where £ is module of a quantum impulse, we can find the
operational form of the Schrodinger’s equation as E’(// = C];l//, where ¥ - a quantum wave function in

- . . . . =~ .0
Euclidian space. Using the following designations of operators [1]: operator of energy E = zha, where ¢

is a time, and operator of impulse ng = —ihi (for example, for the quantum flying along an axis X)
0X
.. Oy oy . . .
we shall find E+cﬁ =0 . Information value of the found wave equation is very small since the

solution of this equation can be any function of a kind w = !//(X - ct) . For example, it is impossible to

carry out a normalization of this wave function.
According to the special theory of a relativity all particles at the movement with velocity V have

.
reduction of the size under the law [6] [ = lmfl—v—2 where [ is the size of a moving particle, [, - the
c

size of a particle rested in the given reference system. For a photon if it to consider as a particle [5]
moving with a light velocity the length in Euclidian space is equal to zero /=0. But if to examine a
photon in the inertial reference system moving with a light velocity in which it actually is rested it is
possible to receive spatial display of a photon.

In the reference system moving with a light velocity in a vector - potential space it is possible to
investigate various processes. In particular, in the given work processes of a photon and material
particles (electron, atom) interaction, occurrence of the electron magnetic moment are examined.
However, this reference system has the restrictions. First of all there cannot be a mass, and a size in
ml)

Euclidian coordinates. The mass in this reference system aspire to infinity m = , and the size of

V2
1-—
c

any material particle to zero. However, fields, currents, energy, frequency, etc. in it can be present, and
it is frequently enough for the analysis of some processes.

We shall consider this question in more detail having starting the classical description of
electromagnetic radiation.

3.1 The Generalized Coordinates

Let's consider representation of a photon in photon space. For this purpose it is necessary to understand
what coordinates of this space.

2 2
8
2
where E is a vector of electric field strength, H - a vector of magnetic field strength, T = W and
T
2
v-1
8w
The Lagrangian of a free electromagnetic field (at absence of a charges and currents) looks like [6]:
2 gp2
1=T-U = £ -1 (3.2)
8m

For the Lagrangian [ the equation of Euler - Lagrange [4] is correct:

dfa)_a (33
dt\6q) oq '
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where q is a vector of generalized velocity, q - a vector of generalized coordinate. We shall note that
the generalized arguments in the equation (3.3) cannot be connected to mechanical velocities and
Euclidean coordinates.
As the generalized speed we shall accept the electromagnetic field strength q =E. It is allowable
since the general formula [6] is correct:
ol ol . 2E E’-H' E'+H’

w=q L g% __gE_ 3.4
1% oF 8z 8r 87 (3.4)

Let's find the generalized coordinate. We shall assume q = f(E,H). In this case the equation (3.3)

will be transformed to:
® L oB o

— = (3.5)
dt oq oq
Passing in (3.5) from full derivatives to partial derivatives we have:
OB OB oH 56
ot 0q oq oq
Reducing in (3.6) the identical terms we shall find:
®_ M .
ot oq
. , . 1 0E -
Using the Maxwell’s equation rotH = —-—— [6] for the free electromagnetic field we get:
c
1 HdH
dq =—-- 3.8
4 c rotH (38)

We used the initial conditions q =0 at H=0. It is allowable since in the right part (3.8) in the

numerator at H — 0 is magnitude higher order of a minority than in the denominator.
Solving the equation (3.8) we get the generalized coordinate:

q=-1 .[ HdJH
¢ * rotH
We have found that the generalized coordinate depends only on a magnetic field strength q = f (H ) .

. . . . . 1 0H
We research physical sense of the generalized coordinate. Using the Maxwell equation rotFE =—-—-—

c Ot

(3.9)

o . . 0 1 oH H .
it is possible to write down rot 29 = vy or rotq = —— . Taking into account H = rotA we shall
c

c
A

find q = —-—_. Thus, as the generalized coordinate it used the vector-potential A with the opposite sign
c

(normalized on the velocity of light in used system of units).

Before carrying out the further transformations we shall show that Euler-Lagrange’s equation (3.3) at
the generalized velocity and the generalized coordinate passes to the wave equation for vector-potential
A.

Let's transform the right part of the equation (3.3):

o\Tr-u
QZMZ_QZ_E%:LTMHZ_LAA (3.10)
oq oq oq dr 0q 4Ar dr

The determination of the vector-potential H =rotA is also a known formula of vector analysis
rotrotA = graddivA — AA | and also Coulomb’s gauge divA =0.

10A
The transformations of the equation (3.3) left part with use E = __8_ (the scalar potential is equal

c
to zero as charges are absent) for a free electromagnetic field result:

d[al]:i(ﬁlJ_ LdE_ 1 A (3.11)

dt\eq) dt\oE) 4z dt 4 or
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Equating (3.10) and (3.11) we shall find the wave equation for vector-potential of a free

2
electromagnetic field AA — i? (Z? =0
¢ Ot

3.2 Quantization of an Electromagnetic Field

We carry out quantization of the electromagnetic field on the method suggested in [7].
For the basis we shall take the Lagrange’s equation (3.3) having written down it as:

ofan), o) a 12
ot\ oq oq\ 09 oq
| o . o E
Let's transform (3.12) taking into account ¢ = E and — = —:
oq 4z
2
oE_Oo[EF)__,,0U (3.13)
ot oql\ 2 oq

For integration of the equation (3.13) on the generalized coordinate ¢ we use complex potential of the
generalized velocity:

5=5, +Z51 (3.14)
i

where the use of the reduced Planck’s constant # will be proved further.
Let's determine the real part of potential:

0s
1g-% (3.15)
Az oq
Integrating once the equation (3.13) we find:
0s 2
L E Ly (3.16)
ot 8rx

The constant of integration is accepted equal to zero that is reached by a choice of the initial level of
potential.
The equation (3.16) is the Hamilton — Jacobi’s equation [8] therefore the size s, can be assumed as

the real part of volumetric density of the action s, = jldt.

Using (3.15) it is possible to write down function T and to determine function U as:

os Y
T=2r|— and U =—s, (3.17)
oq
In this case the equation (3.16) looks like:
2

0 0

Lo pon| S| s =0 (3.18)

ot oq

We shall introduce by analogy to [9] the wave function of photon as W = exp{z’%], where s = ‘[ ldt is

volumetric density of action in space of the generalized coordinates.
The formula (3.14) can be assumed as the first two components of the volumetric density of action

h
S :s(tq) expansion into a degrees — series. We shall notice that units of measurements of the
i

Planck’s constant and the volumetric density of action S:S(t,q) must correspond to units of

measurements of the generalized coordinates.
Taking into account (3.14) we shall transform wave function to the kind:

Y =exp (z%} = exp(sl)exp (%SU] = |‘I’|eXp [%SUJ (3.19)
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where |‘I—’| = exp (51 ) .

3.3 Schrodinger’s Equation for a Photon

We shall show that the equation:

P p
iha—+2ﬁh2L+1n|w|w =0 (3.20)
ot oq
it is possible to suppose as the Schrodinger’s equation for photon.
Let's show that the equation (3.20) is equivalent to the equation (3.18).
Preliminary we use the formula associating the generalized coordinate with vector - potential
q= —é. Substituting it in (3.20) we shall find:
c

L ov R
e 27 (he) & In|¥|¥ =0 (3.21)

Let's notice that in the equation (3.21) the fourth degree so-called Planck’s charge e, =+Tc
generated from fundamental physical constants is used.
Therefore the equation (3.21) can be written as:
g

oA’

z’h%—f + 27ep — +In|¥|¥ = 0 (3.22)
Thus the Planck’s charge concerns not to the charged particle, and to a photon. The probability to

find out a particle with Planck’s charge is smallest. A role of the Planck’s charge is another. It

represents as though photon "memory" that the photon has arisen due to a charges and currents.

Let's note that the equation (3.22) contains only two constants: Planck's constant describing energy
of a photon and Planck’s charge reflecting principle of occurrence of a photon’s genesis. The "memory"
what size was of the particle charge generated a photon it does not remain.

In spite of the fact that the equation (3.20) is nonlinear this nonlinearity takes place only in space of
the generalized coordinates. Nonlinearity of the Schrodinger’s equation (3.20) is consequence of the
nonlinear dependence on parameters the generalized coordinate (3.9). In Euclidean coordinates the
process of electromagnetic quantum propagation has linear character. For example, in quantum-
mechanical systems a linear principle of superposition [10] is correct.

The equation (3.20) is essentially relativistic since it describes a photon in the reference system

A
moving with a light velocity (in generalized coordinate q = ——). Therefore, in photon space there is no
c

necessity for the equation such as Dirac’s equation in Euclidian space.
For the proof of equivalence of the equations (3.18) and (3.20) we shall use the formula (3.19)

Y =exp (z %J The derivate on time is:

H g0

=—VY (3.23)
ot h ot
The second derivative on the generalized coordinate:
2 2 2
0¥ Ly| &), ig0s (3.24)
aqz hZ aq h aq?
Substituting (3.23) and (3.24) in (3.20) we shall find:
2 2
95 Lon| 95| Zogni S - In|\¥| (3.25)
ot 0q oq’

Using (3.14) we have:
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2 2
0 0 0 ds 0 & 0 &
Do o Lol _g pil Dy ur S0P 0 T g || S| L 25 (3.26)
ot oq ot dq oq oq’ oq oq’

Ignoring the second order of magnitude on #” and equating to zero separately real and imaginary
parts of the equation (3.26) we come to the equation (3.18), and also to the equation:
0s, 0s, 0s, 6250
— +4dr——+ 21—
ot 0q 0q oq’
Let's substitute in the equation (3.27) formula (3.15) and also we shall take into account ¢ = E:
0s 0s :
—lig—14 la_q =0

=0 (3.27)

(3.28)

ot oq 20q

o ds, 1 a|‘I’|2 0s, 1 8|‘I’|2 '
Taking into account — = ————-, and — = ————— we shall find:
ot 2|\{J| ot 6q 2|\{J| 8q
2 . 2
M+_aq|\y| -0 (3.29)
ot oq

2 2
If the equation (3.29) is equation of continuity the size j= q|‘{‘| is current density of size |‘{’| for a

2
photon in space of the generalized coordinates. There is a problem of the size |‘P| interpretation. The

equation (3.20) is Schrodinger’s equation for a photon i.e. according to this equation it is supposed that
the photon is some particle having certain volume in space of generalized coordinates. Each element of

2
the photon can be in the certain element of a space with some probability. Therefore |‘I’| is possible to

be assumed as some density of probability for a photon element being present in the given place of a
space of the generalized coordinates. The equation (3.29) reflects the following position: change of the
density of probability of a photon element presence in some volume of space of the generalized
coordinates generates a current of this density of probability through the volume border.

Thus the equations (3.18) and (3.29) are equivalent to the Schrodinger’s equation (3.20) for a photon
of an electromagnetic radiation.

3.4 Solving of the Schrodinger’s Equation for a Photon in Photon Space

Let's find the solution of the Schrodinger’s equation (20) for unit photon in the photon space.
We use the stationary solution of the equation (3.20) as [11]:

Y = f(kq—a)t)exp [i(rq—&t)] (3.30)
where r and 8 are constants, and also function |‘P| =f (kq - a)t) is still unknown. Stationary we name

the solution which during evolution does not change the form.
Substituting (3.30) in (3.20) we shall get:

2 d'f | df 2 _
27’k E+zhE(—a)+4ﬂhkr)+fh(é'—27zhr )+ finf=0 (3.31)

In the equation (3.31) differentiation is carried out on the variable & = kq — @t . As function f = |\I‘|

represents real size the equation (3.31) should not have imaginary members. Therefore having accepted
o = 4zhkr we shall get:

211’k % + fh(5 = 27hr® )+ fin f =0 (3.32)

Solving the equation (3.32) we have:

¢, (kq - ot)

f=C\exp (3.33)
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where C and C, are constants. Having substituted (3.33) in (3.32) we find:
270°k*C, + hS = 27R°r* + InC| + [27[)‘121{202 + lj C,& =0 (3.34)
2

The last component in the equation (3.34) is infinitely growing as ¢ — oo, and the fixed generalized
coordinate ¢ is physically impossible. Therefore the expression in brackets should be equal to zero.

Hence C, = —;2. Then:
dr (hk)
C =exp (27[(}‘17")2 —hé + éj (3.35)
Thus the solution of the equation (3.20) can be written according to (3.30) and (3.33) as:
2
; kq — ot
Y= exp(?n(hr)z - h5+l]exp —( 9) exp [i(rq—&t)] (3.36)
2 2
87 (k)

We shall designate the photon speed in vacuum (the speed of the enveloping curve wave) in space of
the generalized coordinates as ¢ = % . Using the earlier found formula @ =4zhikr we shall get
¢ = 4zxhr . Hence wave function (3.36) can be written as:

Y =exp [ci -+ %J exp —M exp {z (— - 5tﬂ (3.37)

87 Sxh’ Arxh
For calculation we use the initial moment of time #=0, and also we shall assume the photon

frequency & such that equality ¢* = 8745 — 47 was carried out. Besides we shall designate z = % In

this case the formula (3.37) becomes simpler:

Y = exp {—%} exp {z (ZH (3.38)

Let's carry out the analysis of dimensions. From the equation (3.20) there is [h} = [t] = [q] From
(3.37) we have [ctJ:[q] Thus photon velocity in space of the generalized coordinates is size
dimensionless.

L

0.5

0.5

Figure 2. The photon wave function in space of the generalized coordinates

In fig. 2 the calculation of photon wave function of electromagnetic radiation executed under the
formula (3.38) at velocity of the photon propagation ¢ =30 is shown.
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There is a question how in space of the generalized coordinates the graph of wave function
corresponds with the graph in Euclidean space?

As has been shown earlier as the generalized coordinate, the vector-potential is actually used. We
shall bring an auxiliary attention to the question. How the kind of an electrostatics laws changes at
transition to coordinate - scalar potential ¢ 7 Obviously the strength of a solitary charge e field in this

case is F =l¢2 The kind of the law changed. If in Euclidean space the strength falls in inverse
e

proportion to a square of coordinate, in space of scalar potential the strength grows with growth of
coordinate.

Hence, transition to the generalized coordinates should cardinally change the kind of photon wave
function. The description of quantum in space of the generalized coordinates apparently is more
adequate than in Euclidean space.

The Schrodinger’s equation (3.20) is the soliton equation [11]. Unfortunately, now it is known only the
one-soliton solution (3.37) of this equation. The finding two-soliton solution of the equation (3.20),
apparently, will allow solve a problem of a quantum entanglement (a quantum teleportation) [12]. Only
thus it is possible to find out character of the waves connection in the two-wave solution of the photon
equation (3.20).

3.5 Problem of a Vacuum and Photon Length
Let's find volumetric density of photon energy. Using (3.17) we shall receive:
0s ’
w=T+U=2x|—| -5 (3.39)
aq
In due time the quantum only moves in space of the generalized coordinates, not changing the form.
Therefore taking into account (3.19) and wusing in the formula q=ct we shall find
2 1
s =In|¥|=2x(hr) —ho+—.
Comparing (3.19) and (3.36) we shall find s = h(rq —§t) . Hence the size T is

)
T = 27{%} = 27r(h7“)2.

q
Thus the full volumetric density of quantum energy is:

w:hg_% (3.40)

According to (3.40) it is possible to assume that the size iS5 is sum of volumetric density of the
photon energy and volumetric density of the vacuum energy in space of the generalized coordinates.

1
Then the constant w, = 5 is a vacuum energy in space of the generalized coordinates. We shall note

that as against Euclidean spaces in space of the generalized coordinates the volumetric density of the
vacuum energy is constant.

Apparently, one of the reasons of evident representation impossibility of a light quantum in the
Euclidean space consists that the quantum energy %iw (we use the standard designation of quantum

frequency) is propagated in the vacuum which energy depends on the photon energy ?a) Therefore it is

impossible to set an initial level of reading of quantum energy. At the beginning and at the end of
quantum the photon energy apparently is lost (transformed, dissolved, etc.) into the vacuum energy that
deprives photon of the evident representation.

2
It has been earlier marked that |‘P| is possible to be interpreted as some density of probability of a
photon element presence in the given place of space of the generalized coordinates.

2
Therefore for the size |LI’| the following normalizing equation is correct:
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¥[dg =1 (3.41)

q,
S

[ & da
2

where q is a quantum length in space of the generalized coordinates.

2
s . 2 1 (q—ct)
Substituting in (3.41) the formula for |‘P|:exp 27r(hr) —h5+§ exp By that follows
T

from (3.37) we shall find the photon length under condition #=0:

a,=2[" ‘Ir’|2dq = 2exp 2[2ﬂ(hr)2 WS+ %J [ exp {— 42;2 }dq (3.42)

Hence, the module of the quantum length is:

g, = 27hexp 2(27;(?17")2 ~hS+ éj (3.43)

At finding (3.43) the formula jexp(—xz)daj = % is used.
0

Using the formula (3.40) for the volumetric density of a quantum energy, and also ¢ = 4zhr , see
(3.37) we shall find the quantum length as:

2
q, = 2mhexp2 < w (3.44)
87
From (3.44) we find that photon length in space of the generalized coordinates quantized. Besides the
quantum length is exponential falls with increase in volumetric density of the quantum energy w.
%
27h

In fig. 3 dependence of the relative quantum length on the volumetric density of the quantum

energy w is shown at photon velocity ¢ =30.
At w — oo the length of quantum tend to zero. If to assume that the length of quantum is more
2

c?
q, 2 27h = h should be . >w (h=2zh is the minimal photon length equal to Planck’s constant).
T
2
Thus, the maximal volumetric density of the photon energy is w :8—. At ¢ =30 the maximal
Vg
volumetric density of the quantum energy is w = 35.81. All calculations are made in space of the

generalized coordinates.

o s
2mh

Figure 3. Dependence of the relative photon length on volumetric density of its energy

4 Material Particle in Photon Space
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At calculation of a photon and material particle interaction there is a line of problems. In particular,
interaction of radiation and free electrons can take place in the various ways. It can be coherent direct
reradiation of a photon on a free electron or reradiation of a photon with change of a direction of its
movement (Thomson’s scattering), not coherent scattering (Compton’s effect) that is typical for high
energies quantums: X-ray and y radiation. The basic paradigm of quantum electrodynamics consists
that a photon or quantum an indivisible particle. Consequence of it is two-stage character of a photon
and electron interaction. First the photon is completely absorbed by an electron, and then the electron
radiates a photon.

4.1 Conservative Parameters in a Photon (Vector — Potential) Space

First of all we shall find out what parameters in a vector - potential (photon) space are preserved, i.e.
are invariant. For this purpose we use Noether’s theorem [13] in this space.

A
The volumetric density of action in a vector — potential space is s(q, q,t) = jldt where q = —— is
c

. . d( ol ol . .

generalized (for Lagrange’s equation E(ﬁ_J = 2 (3.3)) independent coordinate connected to vector -
q q

potential A, [- Lagrangian of systems a photon - electron [2, 14], ¢ - time. The variation of action is size

5s(q, q,t) = 5_[ Idt, and according to a principle of the least action [6] (in the nature this principle is

always realized) 8l =0.

5l:ﬁ5q+ﬁ5q+ﬂ5t (4.1)
oq oq ot
We carry out infinitesimal displacement initially time, and then the generalized coordinate. Using
Lagrange’s equation we shall replace the first term in (4.1):

d(oq
51— L[ sy Py gy (8], a1 [ 2009 ar
dt | o oq ot dt\oq oq| dt | ot

(4.2)
_4fa dq Uy VA | s dq + U sy
dt\\ 0q ot dt\\ 0q dt
where 8t — &t/ is some infinitesimal time displacement.
d(ot d\ot) d(lot
Taking into account M:(51:0 we have ﬂé‘t :ﬂ5t+lQ:M , and hence
dt dt dt dt dt
d(ist/
ﬂﬁt/ = u Thus:
dt dt

d((al a(5t) _affa
51:5((%}*‘]* p ZE&%)&‘”&/J )

We carry out infinitesimal displacement of the generalized coordinate:

5q— 5q =5q+ Z—(tlét/ = 5q+qst/ (4.4)
Using (4.4) the formula (4.3) can be written as:
d ([ al . aQ
ol =—||=—|(oq —ast' ) +i5t |=—= 4.5
at ([an( @' ~aot') at (45)

Let's assume that changes of variations 6t — 6t/ and q — 6q’ result in a variation of action (or
Lagrangian) in zero 6! = 0. Hence the size (it sometimes name a Noether’s charge) is:

Q= o (5q/—q§t/)+l5t/ = z-ﬂq 5t/+ﬂ5q/ = const (4.6)
aq aq aq
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According to Noether’s theorem the factors at variations of time &t/ and the generalized coordinate
dq/ are conserved.

According to (3.4) the size l—%q = —w i.e. is equal to the volumetric density of the photon energy

q

. o . . .o q ¢ . . .

with the opposite sign. According to (3.2) and ¢ = ¢ = E the size — = — = — i.e. is proportional
oq 4r Arm

to the light velocity in space of the generalized coordinates.

Thus, the formula (4.6) can be copied as:

Q= —wst' + i&q/ = const (4.7)
dr

Hence, according to the Neother’s theorem the volumetric density of a photon energy w and its
velocity ¢ in space of the generalized coordinates (or a vector — potential or photon space) are conserved.
Not stopping on a deduction we shall note that Neother’s theorem allows to find and other

conservative sizes in a vector - potential space. In particular the density of a ring current jis conserved
[15].

4.2 Schrodinger’s Equations for an Electron in Photon Space

Let's consider process of a photon and electron interaction in the reference system moving with light
velocity in a vector - potential (photon) space.

Application of Dirac’s equation to electron movement has led, in particular, to representation about
so-called electron "jitter' [16, 17, 18]. Dirac in this occasion spoke “There is the electron which is
imagined to us slowly moving actually should make oscillatory movement of very big frequency and
small amplitude which is summed to uniform movement observable by us. As a result of this oscillatory
movement the electron velocity is always equaled the light velocity.” [18].

Let's show that presence of electron "jitter" with light velocity is a necessary condition of the electron
and photon interaction opportunity. Under the electron "jitter" we mean not its mechanical oscillations
which cannot be described in a vector - potential space, and oscillations, first of all, its wave function.

In paragraph 3.3 nonlinear Schrodinger’s equation for wave function of the photon ¥ propagating in
space of vector - potential has been found:

2
iha—\y+2ﬂh26—\y+ln|‘{’|‘l’ =0 (4.8)
ot oq°
All sizes are written in a vector - potential (photon) space. As against Schrodinger’s equation in
Euclidian space the equation (4.8) is relativistic. Therefore, in a vector - potential space is not necessity
to write down the separate relativistic equation such as Dirac’s equation [19].
Let's consider a photon and electron interaction in space of vector - potential. Let wave function of a

photon before interaction be ‘¥ .

The solution of the equation (8) for wave function ¥ looks like (3.37):

2
c’ 1 (q—ct) o
Y =exp|—-—-hd +— |exp| ————|exp|i| ———0.t 4.9

0 p(Sﬂ' 0 2] P 8’ P Ak ° (4.9)

where &, is initial photon frequency.

After interaction with electron a wave function of a photon to become equal ¥ . It can be presented
as the sum of wave function W, of not coherent scattering photon and some small perturbation

determined by interaction of a photon and electron. We shall assume this interaction is characterized by
the wave function ¥, so ¥, << ¥ :
Y=Y +Y¥, (4.10)

We do not postulate any preliminary properties of electron. All its properties will be defined by an
opportunity of its interaction with a photon.
Having substituted (4.10) in (4.8), we shall get:
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o(¥, +V. (¥, + VP,
in *, 2)+2nh? (¥, 2)+1n|\yl+kp2|(\yl+q12)=o (4.11)
ot oq°
Let's allocate in (4.11) the Schrodinger’s equation for a secondary photon:
v v Y , O°W y
ih—L +ih—2 4 2rh’ — -+ 270 — 2+ | |(¥, + ¥, )+ In[1+ (¥, +¥,) =0 (4.12)
ot ot oq* oq* ¥,

In connection with that the secondary photon (as well as primary before interaction) after interaction
exists separately it is possible to write:
L, oY, 5 82‘1’1
ih—L + 270 —L + n|¥ | ¥, =0 (4.13)

ot 0q
0¥, , 0¥ v
ih—2+27h 1+ —=2
0 6q2 ‘Pl

The equation (4.13) for a separate photon has the solution:

2
2 —ct
Y, =exp [c— —hé + %] exp —M exp {{Cq - 515]} (4.15)

2
2 +1n

(W, +¥,)+m|¥|w, =0 (4.14)

Sz 8’ Axh

where 6 is a frequency of a scattering photon in vector — potential space. This frequency can differ from
frequency of a primary photon &, according to Compton’s effect [4].
The equation (4.14) reflects interaction of the photon and electron in a vector — potential space.

Taking into account ¥, << ¥, we shall transform the Schrodinger’s equation (4.14) to a kind:
oY o'y
ih—2 + 2’ —2 + In|¥ ¥, = 0 (4.16)
ot oq°
Let's note the Schrodinger’s equation (4.16) as against Schrodinger’s equation for a free photon (4.13)

is linear. Wave function ¥, characterizes the electron during its interaction with a photon.

4.3 "Jitter" of Electron in a Photon Space

The amplitude of wave function for a secondary photon according to (4.15) is:

2
2 q-ct
¥ = exp C 5+t exp —u (4.17)
8w 2 8ah’
Having substituted (4.17) in (4.16) we shall find:
2
o¥ o*¥ 2 q-ct
W2y ogn? 2y C——h5+l—u ¥, =0 (4.18)
0 oq° 87 2 8h’
Using a standard method, we shall exclude in (4.18) derivative on time [19]:
ovY
ih—L = EW¥, (4.19)
ot
where E is full electron energy.
The equation (4.18) will be transformed to a kind:
2
'Y 2 q-ct
oxh? L2 C——h5+l—u+E ¥, =0 (4.20)
oq’ 8w 2 Sh’

Using an independent variable as & =
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g ’ ’
l {2+ c__h5+l_§_+E \PQZO (421)
2 o¢° 2 2

(a-ct)

N

of vector - potential. Thus the reference system also moving with a light velocity c is used.
The equation (4.21) allows to draw a conclusion, electron cooperating with a photon, should move
with a light velocity. It confirms Dirac’s conclusion [18]. Solving the equation (4.21), we shall find

character of this movement. Let's notice in (4.21) the wave function ¥, =¥, (5) depends on time.

All used physical parameters depend on a variable & = move with a light velocity c¢ in space

Let's enter the following designation:

c’ 1
A=2|S—hs+-+E (4.22)
8 2
The equation (4.21) will be written as similar to [9]:
VY,
8522 +(A-¢)¥, =0 (4.23)

The solution of the equation (4.23) is well-known [9]. It is assumed that electron cooperating with a
photon is quantum oscillator oscillating with a light velocity that confirms the result obtained in
Introduction 1.

The solution (4.23) exists only at the whole positive values of number n:

52
VY =A exp|-=—|H 4.24
e -E (9 (120
where n =0,1,2, ..., and the size A4 - the factor determined by a condition of normalization,
N d" exp(—&
H, (£)=(-1) eXp(§2)—d§£ ) (4.25)
there are Hermit’s polynomials.
The condition of normalization has a standard kind:
j ¥ dE=1 (4.26)
Substituting the formula (4.24) in condition (4.26) we shall find [9]:
A, [ exp(-&*) 12 (£)E = 4,2 nN7 =1 (4.27)

Hence the factor A = and the solution (4.24) looks like:

1
2"71!\/;7

5

1 £
AN ‘ p[ 2 J " (§> (4.28)
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-2 | ! ! ¢

Figure 4. Wave function ¥, for n =2 and n =3

In fig. 4 the graph of electron wave function is shown for n =2 and n=3. As can be seen from the
graph the electron wave function cooperating with a photon has oscillating character. The amplitude of
oscillations of wave function with increase n quickly falls.

Let's find values of energies which the electron - oscillator can have. For this purpose we shall find an
own values of parameter 4 .

Substituting the formula (4.28) in the differential equation (4.23) we have:

d°H (& dH (&
- ( )—25 . )+(zn ~1)H, (£)=0 (4.29)
dé&? dé ’
On the other hand Hermit’s polynomials (4.25) are solutions of the equation [9]:
d°*H dH
d¢’ g
Comparing the equations (4.29) and (4.30) we get:
A =2n+1 (4.31)

Taking into account a designation (4.22) we find that full energy of electron - oscillator can have only
discrete values:
2

E =n+hs-S— (4.32)
! 87
At the lowermost power level at n =0 the energy of electron is:
c 2
Eo =ho —g (4.33)
Using the formula (4.33) it is possible to write (4.32) as:
E -E =n (4.34)

The formula (4.34) represents a condition for change of energy at transition electron - oscillator, i.e. at
its Dirac’s "jitter', from one state in another in space of vector - potential. Energy of electronic "jitter" is
quantized.

According to the energy conservation law it is possible to write:
E —-E =n=hnhd —ho =hAd (4.35)
The formula (4.35) allows calculating a difference of frequencies A§ of primary and scattered photons
and hence is analogue of the formula for change of frequency in Compton’s effect [4] in the vector -
potential space.
Due to the fact that Dirac’s "jitter" of electron is supposed very big frequency and small amplitude in
the equation (4.23) for numerical estimations it is possible to accept 4 >> £”. In this case the equation
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(4.23) describes classical oscillatory process with the frequency proportional \/Z , and according to (4.28)

1 2
the amplitude of wave function of electron "jitter" is equal ¥, = —exp[——] )
2'n\r 2

2n

Let's consider the ratio i.e. the ratio of the wave functions amplitudes of electron "jitter" and a

1
photon. This ratio also characterizes a validity of the assumption ¥, << ¥ .

Proceeding from formulas (4.17) and (4.28), with the account (4.33), it is possible to find:

Y
~ ;exp [EO —lj (4.36)
2"n!\/; 2

2n
o 1 . 1 .
In paragraph 3.5 it is shown the energy of zero oscillations for a photon is equal to 3 Assuming

¥

1

energies of zero oscillations for a photon and electron during their interaction are equalized we have

on 1
¥, 2"’71!\/;
increase n this ratio very quickly to tend to zero.

Proceeding from the lead analysis it is possible to assume also that Dirac’s "jitter" of electron is
connected to quantum waves (4.28) arising on an electron surface at its interaction with a photon and
propagating with a light velocity c. Fronts of these waves are conditionally shown on fig. 5, curves 1.

2n

~0.07. At

Already for the second electron — oscillator power level the ratio is

1

4.4 The Magnetic Moment of Electron in a Photon Space

Let's consider the physical reasons of the electron magnetic moment occurrence. Spin of electron i.e. it
mechanical characteristic - the moment of momentum cannot be described in vector — potential space.

It is known that energy of a magnetic field and a current interaction in classical electrodynamics is
expressed by the formula [6]:

v-Liaia s
C

where jis a current density with which the electromagnetic field cooperates.

This formula is similar to the formula W =eg for energy of electron with a charge e in an
electrostatic field with potential ¢. The role of a charge in vector - potential space plays a current
density J.

The additional information about an electron we shall introduce assuming existence in it of constant
ring currents. By these currents it is determined the electron magnetic moment J . As in space of vector
- potential there is no concept of mass in this space it is possible to identify electron only with density of
a quantum ring current j, and the formula (4.37) represents electron energy in a vector - potential space.

Let's transform the equation (4.16) using representation (4.19):

Y, 1
+
o> 2xh’

The equation (4.38) is stationary, i.e. not dependent on time.

Let's introduce into the equation (4.38) the energy electron magnetic moment (or ring currents)
supposing:

(B+m|w |)w, =0 (4.38)

ln|‘I’1| = jq = jgcos @ = *jq (4.39)
where @ is an angle between a direction of an electron current j and the generalized coordinate
q =——_. We assume that the electron magnetic moment has two directions that meets =0 and

c

0=180° (J against vector — potential A of a field, and j on a vector — potential of a field A, fig. 5).
On fig. 5 the spherical electron form is given conditionally since in space of a vector - potential A the
Euclidian coordinates are absent. Therefore to estimate the Euclidian velocity of an electron surface
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rotation it is incorrect. It is accepted an angle 0=180° (the substantiation is lower) i.e. the generalized
coordinate q it is directed against of a ring electronic density current j (g and A by determination are
directed opposite each other).

The electron magnetic moment g is always directed against its spin S and hence on a direction of an
electron magnetic field strength H =rotA . We shall note that in space of a vector - potential the
strength of magnetic field H (as a rotor on Euclidian coordinates) and electron spin S can be shown only
conditionally.

HAH

a3

= =
A

b

Figure 5. The scheme of the electron vector parameters

Thus the equation (4.38) will be transformed to a kind:

o*Y
24 (Eijq)\y2 =0 (4.40)
o> 2xh’
For the solving of the equation (4.40) we shall introduce a new variable:
1
1 3
=(F = jq 4.41
n=( )[Qﬂhgjzj (441)
Passing to a variable 7 we shall find:
o'y,
5 Z+n¥, = (4.42)
n
The solution of the equation (4.42) looks like [9]:
¥, (n) = A®(—n) (4.43)

o 3
where G)(ry) = chos Ly un du so-called Airy’s function, A - constant.
Jrio 3

Normalizing wave function ¥, (77) by a rule of the continuous spectrum functions normalization [9]:
[w;(n)w,(n')dg =5(n" —n) (4.44)

where 5(77/ - 77) is delta - function we find:

A=t (4.45)

5 1
2m2h

Taking into account in a vector - potential space full electron energy actually is energy of its ring
currents we accept for calculation E £ jg = +jq.

On fig. 6 the graph of Airy’s function plotted at a sign minus in the formula (4.40) ie. at

|‘}’1| = exp(—jq) or 6 =180" is shown.
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State |‘{’1| = exp ( jq) or @ =0 is unstable since at increase g an exponent quickly increases. This state

is unacceptable because a direction of electronic current density j and a direction of a vector - potential
A (hence, and the generalized coordinate ) are determined in stationary conditions by a direction of a
uniform vector of magnetic field H, fig. 5.

(I)(_H) 0.4 T T T

04— N

0z

04 .

0.6
-5 a 5 10 15 20 25 30

Figure 6. The graph of Airy’s function determining the wave function of the electron magnetic moment

As can be seen from the graph the wave function ¥, (77) of the magnetic moment in a vector -

potential space has the oscillatory character. Apparently it also reflects occurrence of oscillations
(Dirac’s "jitter') in an electron surface. Due to quantum waves on the electron surface on its surface
there are quantum currents, and hence the electron magnetic moment (and also its spin in Euclidian
space).

4.5 Interaction of a Photon and Atom in Photon Space

The formula (4.34) can be considered as the first Bohr’s condition in space of vector - potential for
change of energy at transition of atom from one state in another. As against the Bohr’s condition for
Euclidian spaces the energies of atom states differ on an integer.

The second Bohr’s condition can be received only using some additional information on atom. For a
finding of this condition the formula (4.34) can be written as:

AE =Y AE =n (4.46)
i=1

where AE, is energy of transition from 4-th power level on i -1 power level.

The additional information on atom we shall enter assuming existence in it n constant ring currents
which energies in a vector — potential space look like (4.37). For 4-th atom current according to (4.37)
we have:

AE, = jAq (4.47)
Substituting (4.47) in (4.46) we shall find the integral sum:
> jAg =n (4.48)

i=1
Passing to integral on a closed current cycle (trajectory) we shall find the second Bohr’s condition in
Sommerfeld’s form [9]:

¢ jdg = n (4.49)

Let's notice the role of an electron impulse in a vector - potential space plays the current density j.
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Meaning the given analogy it is possible to write down the Heisenberg’s uncertainty principle in space
of vector - potential:

Aj-Ag>1 (4.50)

where Aj is uncertainty of a current density, Ag - uncertainty of the generalized coordinate (vector -

potential).

The atom energy at the lowermost power level at quantum number n =0 can be found under the
2

c
formula (4.33) E, = ho T Near to atom there is a process of self-action of a vector - potential owing
V4

to what there is a uncertainty of energy AE . Occurrence of this uncertainty in a vector - potential
space there is similarly to Lamb’s effect [19] in the Euclidian space.
Let's estimate uncertainty of energy AE, . Energy of process of a magnetic field self-action in classical

2
&

1 .
electrodynamics is determined by the term A’ = —7;A2 in atom Hamiltonian [19], where e is an

2me’
electron charge, m - its mass, . - so-called classical electron radius.

Let's assume on a pulsation of the vector - potential dA arisen near to atom has effect the field with
a vector - potential A. Consequently the energy of interaction of a field pulsation and the itself field

1 1
looks like Er‘:AdA' Passing in a vector - potential space we have EQCQquv where 7, - in this case the

constant which has been written in this space.
Occurrence of a field pulsation near to atom it is a random the process initiated by atom. Therefore,
the element of energy of self-action dE needs to be written down as:

q0

1 2
dE = ETCCQ |‘P20| qdq (4.51)

where the wave function ¥, is determined by the formula (4.28) attributed to atom. Taking into

2
account [ =1 [9] in the conditional time moment =0 we find ¥, = Lexp - —~ |
\/; Arh

Hence, the formula (4.51) looks like:

1 ¢
dE  =—rc’exp| — d 4.52
q0 27[ e p( 2”;_12 ]q q ( )
The full energy of self-action of a field near an atom is integration (4.52):
1 T q
dE =—rc’ | exp| — dq=rc’h’ 4.53
o e L 1{ 2ﬁh2Jqq ‘ (4.53)
Thus the full energy of a field near an atom at a zero power level is:
2 2
B, +dE, = h& ———+1.c*h* = h(6 + AS) - — (4.54)
8z ¢ 87

where the size AS =1, ¢’k is Lamb’s shift of frequency in a vector - potential space.

4.6 Multiphoton System in a Photon Space

To find the wave function for multiphoton system in a vector - potential space inconveniently since it is
necessary to know a multisoliton solution of the Schrodinger’s equation (4.8). Therefore we shall be
limited to finding of the set n photons energy average value in a vector - potential space.
Average value of the system n photons energy can be calculated using the following formula similar to
[19]:
2 2 2
_ |‘I’1| g +|‘P2| &+ +|‘I‘n| £
g = 5 5 5 (4.55)
|‘I’l| +|‘P2| +...+|‘I’n|
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2
where ¢, = i, is energy i-th photon in system, |‘I’l| - probability that the photon has energy ;.

The amplitude of a photon wave function according to (4.17) is:

|‘Pi| = exp {% —ho, + %J exp _((318;—;‘) = Bexp(—hé‘i) (4.56)

2
2 q-ct
where B = exp C—+l exp —u .
8z 2 Sxh’

We substitute the formula (4.56) in (4.55). Using &, =4, where 6 is minimal frequency of the
photon in system we shall find average value of the photon system energy on coordinate q = const at
the moment of time ¢:

B3 06 exp(-205) 1 d(;‘;l)j[imxp(—mal )}/(hél)

Py
i=1 i

&= = =
B2Zn:exp(—2h6i) Zn:exp(—thﬁl)
gl . i=1 (4.57)
_ ﬁld("@)(_Q’Z'l:e)q)(_m5l)J 15—l Y exp(-2nis
- . Cd(ns) ! ge’(p(‘ )
Zexp(—thé'l) 1 =
i=1

Using the formula of the geometrical progression sum with a denominator exp (—2?151) we shall find:

1—exp (—2hn51)

;exp(—mes1 ) = exp (215, ) ——Ty (4.58)
Substituting (4.58) in (4.57) we shall find:
_ d d
& =ho, [1 + mln(l —exp (—2hn§l>) - mln(l - e><p<—2h51 ))] = -
_ns |1 nexp(—2hné’l) exp (—2?151) ~ ho, nhod, exp (—Qfmé']) (4.59)
T e (2mns) - exp(208) ) 1-exp(-208)  1—exp(-20md) )
At n — oo the formula (4.59) becomes simpler:
_ ho, ho,
P Y . S S— (4.60)

1—exp (—2h51) ! exp(2h51) -1

However in the found result there is also an essential difference in comparison with Euclidian space.
In a vector - potential space we do not connect system of quantums with set of the quantum oscillators
[20]. Therefore there is no zero energy of a photon in the basic condition and in the formula (4.60) is

added composed 76, - the minimal energy of a photon in system.

As shown in paragraph 3.5 the energy of a photon (including average) includes the energy of vacuum

1 _ 1
equal 3 At small energies it is possible to accept exp(—?h&l) ~1-2hd,. Hence ¢ :E. The clean

average energy of a photon is equal:

ho
F-—" 1 (4.61)
P l-exp (—2h51) 2

If photons are absent Ep =0.

5 Conclusion

TP Copyright © 2018 Isaac Scientific Publishing



Theoretical Physics, Vol. 3, No. 3, September 2018 81

Now there is an essential incompleteness of theoretical physics, as sciences. This incompleteness is
caused, first, by absence of the advanced theory of photon space, i.e. absence of the advanced theoretical
research of the reference system moving with a light velocity. For overcoming this situation at the given
stage it is necessary to solve rather particular task: to find the multi-soliton solution of the equation for
multiphoton system - nonlinear Schrodinger’s equation with logarithmic nonlinearity (NSELN). Second,
it is necessary to connect physics of Euclidian space to physics of photon space, i.e. to create the
uniform theory of gravitational and electromagnetic fields. Only after that it will be possible to
understand completely that such the dark matter, the latent mass, dark energy, etc.

There is an opportunity of evident representation of an electromagnetic radiation quantum in space of
the generalized coordinates.

The analysis shows that in a basis of the Schrodinger’s equation for a light quantum the Euler —
Lagrange’s equation lays from which at the classical approach it is possible to receive the classical wave
equation for vector - potential, and at quantization of an electromagnetic field the nonlinear
Schrodinger’s equation for a wave function of quantum in space of the generalized coordinates or photon
space. In space of the generalized coordinates Schrodinger’s equation has nonlinear character that is
consequence of nonlinear dependence of the generalized coordinate from parameters.

In space of the generalized coordinates energy of vacuum is a constant not dependent on the changing
parameter of photon - its frequencies, and the photon length exponential falls with increase in
volumetric density of its energy.

The two-solitons solution of Schrodinger’s equation for a photon, apparently, will allow solve a
problem of a quantum entanglement (a quantum teleportation).

To investigate interaction of a photon and a material particle, for example, electron it is necessary to
consider them in the uniform reference system moving with a light velocity. But the material particle
cannot be investigated in Euclidian space in the reference system moving with a light velocity. This is
opposed by the special relativistic theory. It is necessary to pass to other space — photon space, where
existence of a reference system of the cooperating particles moving with a light velocity is possible. One
of such spaces is the space of a vector - potential. In this space the volumetric density of photon energy,
its velocity and the density of electron and atom ring currents are exist and preserved.

Consideration of process of a photon and electron interaction in space of a vector - potential shows:

- for an opportunity of an electron and photon interaction the electron should represent quantum
oscillator i.e. to "jitter" (as Dirac) with a discrete set of energies.

- Dirac’s "jitter" of an electron occurs with a light velocity in vacuum.

It is found the electron energy in vacuum in space of a vector — potential (photon space).

The electron magnetic moment (and hence its spin) is determined by electronic ring currents. On the
basis of dependence of the electron magnetic moment energy from the generalized coordinate and
density of electronic ring currents the Schrodinger’s equation for wave function of the electron magnetic
moment is received. The solution of this equation shows that this wave function is connected to Airy’s
function, and has essentially oscillatory character in a vector — potential space.

The principle of transition to model of a photon and atom interaction is shown. Values of energy
which the atom can have are found. The condition of an atom currents quantization in a vector -
potential space as Sommerfeld’s condition is submitted. Also a principle of the Heisenberg’s uncertainty
in this space is submitted. To that Lamb’s shift of frequency equal in a vector - potential space it is
shown. Energy of multiphoton system in photon space is considered also.
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