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6.  MODEL OF ELECTRON AND PROTON

6.1. General Data on Electron
Let us pay attention to the fact that the interaction between electromagnetic structures of the atom takes place without resistance observation. If you ever held the magnets in your hands and tried to bring their like poles nearer each other, you felt resistance and complete lack of this resistance at the time when you displaced one magnet relatively to another. In that case you felt their free relative displacement. The same takes place when electromagnetic structures interact in the atom. It cannot be otherwise. In all other cases the law of conservation of angular momentum fails to operate.

In contrast to the photon, the electron  is at rest under the conditions when it is in space and when no external force influences it. But it spends greater part of its life in the atom. Here it works constantly supporting equilibrium between energy state of the atom and energy state of the environment. If surplus of some or other photons is available in the environment, it begins to absorb them immediately in order to support disturbed equilibrium. If there is a lack of some photons in the environment, the electron of the atom begins to radiate these photons intensively in order to support a new energy level of the environment. This process takes place in the Universe constantly; it is not stopped even for a second. 

If the electron did not function in such a way, we’d never get warm in case we were cold. We can see the importance of the function performed by electrons! If you get warm, please, note that it is warmth from the electrons of your body, which have absorbed the photons from the environment. If you are cold, please, note that the electrons have deprived you of the photons and have radiated them into the environment. That’s why you dress warm when the weather is cold. You do it in order to reduce radiation of the photons.

It is very important to understand that after the electron has absorbed the photon, the electron moves away from the atomic nucleus. This is the main cause of expansion of gases and bodies when they are heated. After photon radiation it gets nearer to the atomic nucleus. This is the main cause of reduction of volumes of gases and sizes of solids during their cooling. Using this general information let us begin to find an electromagnetic model of the electron. For this purpose, let us analyse the existing notions concerning its orbital motion round the atomic nucleus. 
6.2. Orbital Motion of the Electron in the Atom

It is supposed that when the electron moves in its orbit, it is influenced by two forces: Coulomb’s force 
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 , which attracts it to the nucleus, and the centrifugal force of inertia 
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, which withdraws it from the atom. It is considered that the electron 
[image: image3.wmf]e

 being the material point is kept on a definite orbit due to equality between the above-mentioned forces (Fig. 12). 
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Fig. 12. Diagram of planetary motion of the point model of the electron
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It is not difficult to see that equality between potential  
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 and kinetic 
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  energies of the electron originates from equality of these forces. 
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Orbital velocity 
[image: image9.wmf]V

 of the electron depends on angular frequency 
[image: image10.wmf]w

 of its orbital rotation and radius 
[image: image11.wmf]R

 of the orbit (Fig. 12)
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Then the formula (133) will be written in such a way
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where: 
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 is Planck’s constant.
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As the equation (135) describes the bond between potential and kinetic energies of the electron in the hydrogen atom, it should correspond to the data of experimental spectroscopy. According to these data, when the electron passes from the first orbit to the second one, its binding energy with the nucleus is reduced from 13.6 eV to 3.4 eV, i.e. fourfold. The right part of the equation (135) shows that this reduction takes place due to the reduction of angular frequency 
[image: image16.wmf]w

 of rotation of the electron, because 
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. The preservation of equality between the right and the left parts of the equation (135) is possible if orbital frequency 
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 is reduced fourfold, radius 
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 of the orbit is increased by the same magnitude. 

Let us consider the expression of orbital angular momentum of the electron (136). As centrifugal force of inertia and Coulomb force of attraction of the electron to the nucleus are directed radially (Fig. 12), they change only its mechanical trajectory and cannot change rotation rate of the electron. That’s why in this case the law of conservation of angular momentum should operate (136). It is manifested in the following way. 

When the electron passes from the first orbit to the second one, it absorbs the photon with the mass, which is almost 1000fold less than the mass of the electron itself. It means that the conservation of persistence of Planck’s constant in the expression (136) takes place mainly at the expense of the change of the values 
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 and 
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. But during the analysis of the formula (135) we have already shown that it appears from the experimental spectroscopy that the value 
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 is reduced fourfold when the electron passes from the first orbit to the second orbit, and radius of the orbit R is increased by the same magnitude. It is clear that if 
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 is reduced fourfold in the expression of Planck’s constant (136), value 
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  should be increased fourfold as well in order to preserve this equality, but it is reduced sixteenfold, and it leads to the violation of persistence of Planck’s constant, i.e. to the violation of the law of conservation of orbital angular momentum (136). Such result points to the fact that the electron of the hydrogen atom has no orbital motion. Later on when we analyse the spectrum of the hydrogen atom, we’ll get additional proof of the absence of orbital motion of the electron in the atom. 

Thus, if we take a material point as a model of the electron, the data of experimental spectroscopy show that such electron has no orbital motion. 
6.3. The model of electron is as a ring

It is known that the electron has its own energy which is usually determined according to the formula 
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. But the meaning of such an assumption is deciphered not always. And the meaning is that   if the whole energy of the electron is transformed into energy of the  photon, its energy becomes equal to 
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. This fact has a strong experimental confirmation. It is known the masses of electron and positron are equal. When they interact they form two 
[image: image27.wmf]g

– photons. That’s why the energy of the photon which has the corresponding mass can be attributed to the electron. Electron rest mass 
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  is determined with great accuracy. Let us call electron energy 
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 being equal to photon energy a photon energy of electron.
First of all, let us investigate the possibilities of the ring model of free electron. It is known that the electron has kinetic energy and potential energy which are equal to each other [168], [176]. 
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The calculation according to this formula gives the following value of photon energy of the electron:


[image: image31.wmf]E

m

C

eV

e

e

=

=

×

×

×

×

=

×

-

-

2

31

8

2

19

5

9

109

10

2

998

10

1

602

10

5

110

10

.

(

.

)

.

.

                                         (138)

If free electron rotates only relatively to its axis, angular frequency 
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 of rotation of ring model of free electron determined according to the formula (137) is equal to
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and radius of the ring is equal to
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Velocity of 
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 points of the rotating ring is equal to velocity of light:
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Let us try to memorize the obtained values 
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 and 
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. We shall get the same values, but with the help of other formulas, which contain electromagnetic characteristics of the electron.

We should pay attention to the following fact here. In classical mechanics the simplified models are often used instead of the actual objects. The same has taken place in this case as well. We have not found out the structure of the electron, but we have obtained its simplified model – the ring. This model helps us to analyze mechanical behavior of the electron, but it contains no information concerning its electromagnetic properties. Let us try to find such mathematical models which describe behavior of the ring model of the electron, which contain its charge 
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, magnetic moment 
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 and electron electromagnetic field strength  
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 (magnetic induction of electron).

If we assume that the electron charge is distributed uniformly along the length of its ring model, each element of the ring 
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 will have mass  
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  and charge    
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 (Fig. 13). In this case the rotating ring model of the electron will resemble ring current, and two forces which have equal values and opposite directions: inertial force  
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Fig. 13. Diagram of ring model of the electron
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Let us pay attention to the fact that there are two notions for the magnetic field characteristic which are similar as far as physical sense is concerned: magnetic field induction 
[image: image49.wmf]B

 and magnetic field strength 
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 which are connected by the dependence
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where 
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  is magnetic constant.

The analysis experience shows that it creates a certain confusion during the formation of the ideas concerning magnetic field, that’s why some authors refuse to use a clumsy term “magnetic induction” and preserve only one, more felicitous term “magnetic field strength” using symbol 
[image: image53.wmf]B

 for it. Cl. E. Suortz, the author of the book “Unusual physics of usual phenomena” [34], acted in this way, and we follow his example. Magnetic field will be characterized by vector 
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, it will be called magnetic field strength measured in SI system in T (Tesla) [177].
Then the dimensions of left and right parts of formulae (142) will be:
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If we write 
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 for mass density of the ring and  
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  for charge density, we shall have
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As:
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and  
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, the equation (142) assumes the form
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or
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Thus, we have got the mathematical relation which includes: mass 
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e

 of free electron, its charge 
[image: image66.wmf]e

, magnetic field strength 
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 inside the electron ring which is generated by rotating ring charge, angular frequency 
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 and radius 
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 of the electron ring. Magnetic moment of electron or, as it is called, Bohr magneton is missing in this relation which mathematical presentation is as follows
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Let us pay attention to the fact that in the above-mentioned relation 
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 is vector value; it gives vector properties to Bohr magneton 
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 as well. It follows from the formula (149) that the directions of vectors 
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 and  
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coincide. Let us convert the relation (148) in the following way
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The result from it is as follows
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The left part of this relation can be considered as scalar  product of two vectors: 
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 and 
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. Energy value 
[image: image79.wmf]E

e

 is vector as well. We have come across vector  properties of single electron energy. Let us recollect that when we have considered the processes of radiation and absorption of the photons by the electrons we have found out that their energies are equal to vector products of two parallel vectors 
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 and 
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. Mathematical model of energy of the electron has the same dependence (151).

Now from the relations (151) we can determine magnetic field strength 
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 inside the ring mode of the electron, angular velocity 
[image: image83.wmf]e

w

, rotations of the ring and its radius 
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Let us pay attention to rather large magnetic field strength in the centre of symmetry of the electron and let us remind  that it diminishes along the electron rotation axis directly proportional to the square of a distance from this centre [34]. We find from the relations (151)
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As peripheral velocity of the ring points is equal to velocity of light, we have
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The main parameters of the ring model of free electron: ring radius 
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 (140), (154) and angular frequency of its rotation (139), (153) determined from the different relations  (137) and  (150) have turned out to be equal.

A drawback of the ring model is in the fact that it does not open a cause of positron birth, that’s why the intuition prompts that the ring should have some internal structure. Our next task is to find out this structure.

Before we begin to solve this task, let us pay attention to the diagram of the ring model of the electron which results from our calculations (Fig. 13). A coincidence of the directions of vectors 
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 is the main peculiarity. The model of electron proves vector properties of Planck’s constant 
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 and Bohr magneton 
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. We see that these vectors play a decisive role in the formation of atoms, iones and molecules.

We’d like to draw the attention of the reader to the fact that in all cases of our electron behaviour analysis Planck’s constant in the integer form plays the role of its spin. In modern physics it is accepted to think that the photon spin is equal to 
[image: image93.wmf]h

, and the electron spin is equal to 0.5
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. But the electron spin value (0.5
[image: image95.wmf]h

) is used only for the analysis of qualitative characteristics of electron behaviour [24], [111], [122]. Value 
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 is used for quantitative calculations. In our investigations the integer of angular momentum 
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 is the spin of the photon and the electron. It is used for quantitative calculations and qualitative characteristics of  behaviour of both photon and electron.

6.4. Toroidal model of the  electron

Torus is the nearest “relative” of the ring. For the beginning let us assume that torus is hollow. Let us write  for torus section circle radius (Fig. 14). The area of its surface is determined according to the formula
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Fig. 14. Diagram of toroidal model of the  electron

Let us write 
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 for surface density of electromagnetic substance of  the electron. Then
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Let us determine moment of inertia of hollow torus. We shall have the following equation from Fig. 14
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As the electron demonstrates the electrical properties and the magnetic ones at the same time and has angular momentum, we have every reason to suppose that it has two rotations. Let us call the usual rotation relative to the axis of symmetry with angular frequency 
[image: image105.wmf]w
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 kinetic rotation which forms its kinetic moment and kinetic energy. And secondly, let us call vortical rotation relative to the ring axis with angular frequency 
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  (Fig. 14)  potential rotation which forms its potential energy and potential properties. It is natural to assume that the sum of kinetic energy  
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 and potential energy 
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 of free electron is equal to its photon energy 
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. Let us consider the possibility of realization of our suppositions. Kinetic energy of hollow torus rotation is determined according to the formula (Fig. 14)
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Frequency 
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 of kinetic rotation of   torus is equal to 
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We shall determine radius 
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 of   torus from the formula (160)
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As it is clear, 
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and 
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 (162), (161) coincide with the values of 
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 and 
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 in formulas (140), (154), (139) and (153) in this case as well. It is interesting to find out if there is an experimental confirmation of value 
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 obtained by us. It turns out that there is such confirmation. In 1922 A. Compton, the American physicist  - experimenter, found that dissipated X-rays had larger wave-length that incidental ones. He calculated the shift of wave   
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 according to the formula [3], [17], [24]
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The experimental value of magnitude 
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 turned out to be equal to 
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 [24]. Later on a theoretical value of this magnitude was obtained by means of complex mathematical conversions based on the ideas of  relativity  
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When we have studied Compton effect and have carried out its theoretical analysis, we have shown that the formula for the calculation of theoretical value of Compton wave-length  
[image: image127.wmf]l
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 is obtained quite simple if we attach sense of the electron radius to the electron wave-length and consider the diagram of interaction of the ring model of electron with the ring model of roentgen photon [17], [24], [97].

The diagram of interaction of the ring model of roentgen photon with the ring model  of the atomic electron is shown in Fig. 15. 
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Fig. 15. Diagram of interaction of the  photon with the electron in Compton effect
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After the interaction of the photon with the electron its pulse will be changed by the value
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or
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or
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The relation can be converted in the following way
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       As  
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This is Compton formula of the calculation of the change of wave-length  
[image: image142.wmf]D
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 of reflected roentgen photon. Value 
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 being a constant is called Compton wave-length. In the formula (170) it is a coefficient determined experimentally and having the value [24,], [130]
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which coincides completely with the value of radius 
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 of  the electron which has been calculated by us theoretically according to the formula (140), (154) and (162)
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 It should be noted that we have obtained the formula (170) without any relativity idea using only the classical notions concerning the interaction of the ring models of the photon and the electron.

Thus, the value of 
[image: image147.wmf]r

e

 of the ring model  of the electron obtained by us in the calculation with the help of several methods when a various set of characteristics of the electron has been used (140), (154) and (162) coincides completely with the experimental value of Compton wave-length of the electron (171).

As the analysis of the results of experimental spectroscopy has shown that electron wave-length is equal to radius of its ring model and as the results of various methods of the calculation of radius of electron coincide completely with Compton experimental result, the ring model of the electron is now the fact that is enough for the resolute advancement in our search.

It is desirable to know the value of radius 
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 of  torus cross section circumference. Let us try to find this value from the analysis of potential rotation of electron with frequency 
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 (Fig. 14).

We should pay attention to the fact that the pulse of both the photon and the electron is determined according to one and the same relation
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It means that both the photon and the electron display their pulse in the interval of one wave-length. This fact has been reflected in the models of the photon as an equality between wave-length 
[image: image151.wmf]l

 of the photon and its radius 
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. As the photon is absorbed and radiated by the electron, the electron should have the same connection between the wave-length and radius. Besides, the models of the photon has six electromagnetic fields; the same quantity should be in the model of the electron when it radiates or absorbs the photon. The described conditions prove to be fulfilled if one assumes that angular frequency 
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 of kinetic rotation is one-sixth of angular frequency 
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  of  potential rotation of free electron, i.e.
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If we assume that velocity of the points of the axis ring of torus in kinetic rotation is equal to velocity of the points of the surface of torus in potential rotation, we shall have
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From these relations we shall find out
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and
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If we substitute the data being obtained into the formula (160), we shall find out the value of potential energy 
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 of the electron
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If we double this result, we  shall obtain complete photon energy of free electron (138). Complete coincidence of photon energy of the electron obtained in different ways gives us the reason to suppose that the electron is a closed ring vortex which forms a toroidal structure which rotates relatively its axis of symmetry generating potential and kinetic energy.

It results from sixfold difference between angular velocities 
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 and 
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  that radius 
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 is greater by sixfold than radius 
[image: image165.wmf]r

e

. We postulate this fact supposing that, as we have shown, the most economical mode of the photon movement is possible only at six electromagnetic fields. This principle is realized when the vortex moves in a closed helix of the torus. It results from the difference of radii and angular velocity that the vortex which moves along the surface of torus makes six rotations relative to the ring axis in a helix during one rotation of torus relatively its axis of rotation. A lead of a helix is equal to radius 
[image: image166.wmf]r

e

 of the axis ring and wave-length 
[image: image167.wmf]l

e

 of the electron (Fig. 16) [11], [15], [20], [29]. 
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Fig. 16. Electron model diagram

Imagine now that external forces begin to rotate such torus opposite to helix motion. Six vorticity, radial directed fields are formed on the equatorial surface at once. External parts of these six vortexes are outside the toroidal surface. As their peripheral velocity is greater than velocity of light, this part is interrupted, and lagging behind the rotational movement of torus it forms six chord-arranged vorticity fields with unlike poles on their ends. They unite and form a hexagon; as they move, six magnetic vorticity fields connected with each other are formed. As the set of electrical field and magnetic field can exist only in motion, such structure of the fields begins to move in space as an electromagnetic formation which we call the photon.

The rest part of the electron restores its vorticity and ring movement again having changed angular velocities 
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, 
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  and radii 
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 , 
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 , respectively, in such a way that sixfold difference between them is preserved. Photon energy 
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 will be reduced, respectively.

As energy of the electron  is equal to Planck’s constant product by angular frequency, energy of the electron will be reduced due to the reduction of its angular frequency 
[image: image174.wmf]w

e

 after photon radiation. In order that Planck’s constant can preserve its permanency, electron radius 
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 should be increased. After the photon is absorbed, all its parameters are changed in the reverse order.

We can imagine the details of the processes of absorption and radiation of the photons by the electron and are ready to begin to analyse them, but the lack of time makes us settle other matters: to solve more important problems of the formation of the atoms, the molecules, and, possibly, the atomic nuclei.

Let us compare binding energy of hydrogen atom electron when it is on the first energy level (13.6 eV) with the full (photon) energy of free electron 
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eV. It becomes clear at once that an insignificant reduction of energy (13.6 eV) of free electron will lead to almost inconspicuous increase of radius 
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 when the bond is formed between it and the proton. This radius will remain almost unchangeable during the process of the transition.

Let us pay attention to one more fact. Ionization energy of hydrogen-type atoms is equal to the product of ionization energy of the hydrogen atom multiplied by the square of the number of the element in the periodic table. For example, ionization energy of the 46th electron of the 46th element (palladium) is as follows
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Ionization energy of the 100th element (fermium) is as follows


[image: image179.wmf]E

eV

i

100

2

13

60

100

136000

=

×

»

.

.

                                                        (180)

Thus, when the palladium atom is formed in the moment when its nucleus has no electrons, the free electron forming a connection with such a nucleus radiates a photon or a series of photons with the total energy of  28777.6 eV. Later on when it has an opportunity to absorb the photons, this absorption will take place  in such a way that when the total energy of all absorbed photons becomes equal to energy 28777.6 eV, energy of its bond with the nucleus becomes equal to zero, and the full store of free electron energy will be restored.

Here it is appropriate to note an interesting peculiarity. Full energy of the electron is equal to 
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 eV. When the 100th element is formed, the electron uses 136000 eV of its full energy in order to establish the connection with its nucleus. The question arises at once: which is the maximal ordinal number N of the chemical element for the formation of which full energy of the electron is enough? The following dependence gives the answer to this question:
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Certainly, it is unattainable limit. In this case full energy of the electron will be spent for the bond with the nucleus. Probably, there is a limit minimal value of energy of the electron when it cannot be reduced anymore.

Free electron has potential (vortical) rotation relative its ring axis and kinetic rotation relative to the axis of symmetry. It radiates in the case when the external influence changes the balance between these rotations.

Besides the translational motion and rotary motion, in this case the electron has potential (vortical) rotation. We have noted that a sharp change of the relations between kinetic and potential rotations of the electron leads either to absorption or radiation of the photon depending on the direction of the change of this relation. If this change slows down kinetic rotation, the photon radiation process takes place; if this change accelerates it, the absorption process takes place.

         Modern relativists cannot withstand a flow of critic concerning their erroneous notions. Trying to defend them they give the results of some experiments, which, as they think, can be understood only on the grounds of relativistic ideas. They include an experimental fact of the increase of mass of the electron during the increase of velocity of its translational motion. They interpret the result of this experiment with the help of relativistic ratio
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       Actually, it follows from this ratio that with the increase of velocity 
[image: image183.wmf]V

of translational motion of the electron its mass m is increased as compared with rest mass 
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. Ask them: why and due to what does it take place? You will get no answer, because their interpretation is based not on knowledge, but on faith in correctness of Einstein’s ideas of relativity. They affirm that this ratio can be obtained from the relativistic ideas only, not from other sources. 

           It appears from the Newton’s law that mass m of the body is connected with force F influencing it and acceleration a with the dependence 
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. It is clear from this dependence that mass can be increased due to two factors: increase of force 
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 or reduction of acceleration 
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. But due to unknown reasons this opportunity is not used for the analysis of this phenomenon and experimental check. One fails to measure these values in the experiments with the electrons directly. That’s why one tries to find indirect methods of explanation of this phenomenon. 

           In order to show that there can be several variants of development of the formula (182) and the variants of its interpretation, we’ll try to find a new development of this formula and a new interpretation connected with the increase of rest mass of the electron during its accelerated motion. Motion of the model of the electron in the electric field is shown in Fig. 17. As the charge of the electron is formed on its toroidal surface, the direction of motion of the electron in the electric field will be formed, first of all, by the equatorial points of this surface. Both in free state and in motion the electron has moment of momentum (angular momentum) 
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, its vector being directed along the axis of rotation of the torus [70]. 
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Fig. 17. Diagram of motion of the electron in the electric field

       Taking into consideration the fact that the accelerated motion of the electron takes place under the predominance of the external influence, which changes the state of the medium (in which the electron moves) forming certain resistance to its motion, let us designate mass of the electron in its translational motion via 
[image: image190.wmf]m

. It will mean that we have included coefficient of resistance of medium, which is unknown to us, in symbol 
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; hereby it differs from symbol 
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 in the expression of moment of momentum. In this case, the pulse of the electron will be written in the following way 
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       Thus, during the forced translational motion two vectors 
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 and 
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, which are perpendicular to each other, are applied to the electron (if we do not take into consideration the direction of the magnetic field vector). The first one characterizes the rotation of the electron in relation to its axis of symmetry; the second one characterizes translational motion. A question arises: what total motion will the electron have in this case? It should be characterized by vector value, which is equal to the sum of the first two vectors. But we cannot add these vectors, because their numerical values have different dimensionalities. In order to do away with this drawback, it is necessary to change the numerical value of the second vector 
[image: image196.wmf]mV

 in such a way that the dimensionalities of both vectors should be equal. For this purpose let us multiply it by value 
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. It is natural that the sum of the first two vectors will be equal to the third vector, which should characterize two above-mentioned motions of the toroidal model of the electron immediately (Fig. 17). In order the third vector takes into account medium resistance as the second one, let us designate mass of the electron with symbol 
[image: image198.wmf]m

 in its expression. Besides, the third vector should have the same dimensionality as the first two. For this purpose let us multiply its numerical value by 
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        After such preparation we have the right to find the geometrical sum of the first two vectors. From Fig. 17 we’ll get
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or
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Finally, we’ll determine
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This is a famous relativistic ratio, which shows the increase of mass of the electron when velocity of  its translational motion is increased in the electric field. We should note that main thing. We have got this ratio not in the pseudo-Euclidean geometry by Minkovsky, but in Euclidean geometry and within the framework of the space-matter-time unity axiom. 

          Now the kinematic sense of the ration 
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 is clear. When the electron is influenced by none of the external forces, it rotates only in relation to its axis, and in this case the instantaneous centre of rotation 
[image: image204.wmf]P

 coincides with the geometrical centre of the electron (Fig. 17 b, c). 

        As the electron receives translational notion, its instantaneous centre of rotation P begins to withdraw from the geometrical centre to the periphery of its toroidal structure (Fig. 17, d). When forward velocity 
[image: image205.wmf]V

 gets nearer to velocity 
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, with which the ring axis of the torus rotates, the instantaneous centre will withdraw from the geometrical centre of the electron by value 
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 (Fig. 17, d). All these changes take place in the reference system connected with the observer or the external source, which forms its accelerated translational motion forcibly. 
        Let us recollect that in this case, except translational and rotational motions, the electron has potential (vortex) rotation. We have already noted that a sharp change of the relations between kinetic and potential rotations of the electron leads either to absorption or to emission of the photon depending on the direction of the change of this relation. If this change slows down kinetic rotation, the process of emission of the photon takes place; it the change accelerates it, the process of absorption takes place. 

        It is easy to imagine that these both cases are possible during the alternating motion of the electron in the electric field. In one of the cases emission of the photons should be observed, it is called deceleration emission; in another case absorption takes place, but not of the photons, but a substance of  the medium formed by the electromagnetic field, in which the electron moves. Roughly speaking, toroid of the electron will wind lines of force of the field on itself and due to this fact it will increase its mass at  
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 (Fig. 17, a). 

          Thus, we have every reason to suppose that energy and consequently mass of the electron will be increased at the expense of absorption of the material base of the medium, which increases its motion. We can call this medium the ether. Even a cursory analysis of motion of the toroidal model of the electron in the electric field gives the answers to the questions: why and at what expense is the mass of the electron increased? These answers have all the features, which give the opportunity to consider them as hypothetical ones at the  first stage. This is a way to the truth, not to the faith. 

         A question arises: what development of the relation (182) and what variant of its interpretation is nearer to the truth, the relativistic one or the one considered by us?

           Let us recollect that in this case, except translational and rotational motions, the electron has potential (vortex) rotation. We have already noted that a sharp change of the relations between kinetic and potential rotations of the electron leads either to absorption or to emission of the photon depending on the direction of the change of this relation. If this change slows down kinetic rotation, the process of emission of the photon takes place; it the change accelerates it, the process of absorption takes place. 

          When we have substantiated the model of the electron, we have used the existing Coulomb’s law and Newton’s law, spectrum formation law formulated by us, Lorentz electromagnetic force and the following constants: velocity of light 
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, Planck’s constant 
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, electron rest mass 
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, its charge 
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, electron rest energy, Bohr magneton 
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, electrical constant 
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, Compton wavelength of the electron, which should be called Compton radius of the electron and the ionization of the hydrogen atom.

        Thus, the electron has the from of the rotating hollow torus (Fig. 16). Its structure proves to be stable due to availability of two rotations. The first rotation takes place about an axis, which goes through the geometrical centre of torus perpendicular to the plane of rotation. The second rotation is a vortical one about the ring axis, which goes through the torus cross section circumference centre. 
Several methods of torus radius calculation which include its various energy and electromagnetic properties give the same result which completely coincides with the experimental value of Compton wave-length of the electron, i.e. 
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[17], [70], [97].

Electron spin is its another important characteristic. It is equal to Planck’s constant and is vector quantity 
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 – moment of momentum or angular momentum.
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Fig. 18. Diagram of electromagnetic model of the electron
 (only a part of electric and magnetic lines of force is given in the figure)

The third important characteristic of the electron – magnetic moment or Bohr magneton which generates strength 
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 of magnetic field of the electron (Fig. 18). In its geometrical centre it is equal to 
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. It is a significant value, but it is reduced with the increase of the distance from the geometrical centre of the electron along the axis of rotation according to dependence 
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 . Here 
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 is the distance from the geometrical centre of the electron along its axis of rotation [34]. 

Only a part of magnetic lines of force and the lines which characterize electric field of the electron is shown in Fig. 18. If the whole set of these lines is shown, the model of the electron will assume the form which resembles of the form of an apple. As the lines of force of the electric field are perpendicular to the lines of force of the magnetic field, the electric field in this model will become almost spherical, and the form of the magnetic field  will resemble the magnetic field of  a bar magnet.

7. THE LAW OF THE RADIATION OF THE PERFECT BLACKBODY IS 
THE LAW OF CLASSICAL  PHYSICS
7.1. General

       Hitherto our search has been conducted within the framework of the laws of classical physics. But it is known that at the end of the 19th century it was announced that the law of classical physics operate successfully only in the macro world, and in the microworld the different, quantum physical laws operate. This point of view predominated during the whole 20th century. Now when we have determined the models of the photon and the electron on the basis of the laws of classical physics, a question arises: aren’t the physicists of the former generations mistaken when they have burried the possibility of classical physics to solve the problems of in the microworld? In order to give a reply to this question, let us analyse attentively the sources of misbelief to classical physics to solve the problems of  the microworld. Everything has begun from the deduction of the law of radiation of the perfect blackbody. 

           The deduction of mathematical model of the distribution law of the perfect blackbody made by Max Planck at the beginning of the 20th century was based on notions and ideas, which are considered to contradict the laws of classical physics [24], [102]. Planck introduced constant h with dimensionality of mechanical action into the mathematical model of distribution law of the perfect blackbody; it contradicted to the electromagnetic nature of radiation. Nevertheless, his mathematical model described experimental dependencies of this radiation. The constant introduced by him pointed out to the fact that radiation takes place not continuously, but in packets. It contradicted to Reyleigh - Jeans law, which was based on classical notions concerning wave nature of electromagnetic radiation, but described experimental dependencies in the low frequency range only [24].

       As the mathematical model of Reyleigh - Jeans law is present in the mathematical model of the distribution law of the perfect blackbody, it means that Planck distribution law of the perfect blackbody is based on the mutually exclusive wave and corpuscular notions on nature of radiation [24], [102].

         Continuous wave process of radiation with portal process was a safe basis for acknowledgement of classical physics. Since that time the physics began to think that the application field of the laws of classical physics is restricted by the macro world. They think that other, quantum laws operate in the micro world, that’s why physics, which describes the microworld, should be called quantum physics. It should be noted that Max Planck tried to understand the mixture of such physical notions and return them to the classical way of development, but failed [24], [102], [108]. For the first time, the mathematical model of the law of the radiation of the perfect blackbody connected with thermodynamic ideas was received by Yu.M. Ageev [110], [112].

        Years later, we have to admit that the border between the law of classical physics and quantum physics has not been established yet. Still it is difficult to solve many problems of the macro world, and many problems are considered to be unsolved within the framework of the existing notions and conceptions, that’s why we have to return to an attempt of Max Planck to derive a mathematical model of the law of the perfect blackbody on the basis of classical notions [70], [88].
7.2. Theoretical  Part

         First of all, let us give  Reyleigh - Jeans formula, which describes  satisfactory experimental behaviour of a low frequency range of radiation.  Taking into consideration the wave conceptions on electromagnetic radiation they have found out that energy  
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 being available in volume 
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 of the perfect blackbody is determined by the dependence [24]
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where 
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  is frequency of radiation;
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 is volume of space of the perfect blackbody;
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  is the speed of light;
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 is Boltzmann constant; 
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 is absolute radiation temperature.

              If we divide the left part and the right part of the relation (185) by volume 
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, we  get volumetric density 
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 of electromagnetic radiation
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         The deduction of this formula is based  the notion  a number of standing waves of electromagnetic radiation with frequency 
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 in the closed space of the perfect blackbody [24].

              In order to get the mathematical model, which could describe the whole range of electromagnetic radiation of the perfect blackbody, Max Planck postulated that the radiation is not  continuous but it is in packets, and  energy 
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 of each radiated packet is equal to 
[image: image236.wmf]n

h

E

=

, and the formula for the calculation of density 
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 of electromagnetic radiation of the perfect blackbody is as follows (Fig. 19) [24]
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Fig. 19.  The experimental law of the radiation of black body

         Value 
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 is a constant with mechanical dimensionality of the action. The essence of this action was completely unclear at that time. Nevertheless, the mathematical model obtained by Planck gave a satisfactory description of the experimental laws  of the radiation of the  perfect blackbody.

          As it is clear, the expression  
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  in  (187)  significant addition to  Reyleigh - Jeans formula (186),  
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  energy of one radiated photon.

         In order to understand the physical essence of Planck addition, one should have a notion of  electromagnetic structure of the photon, because the physical essence of Planck constant 
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 is in this structure.  As the product 
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 describes energies of the photons  the whole scale of electromagnetic radiation,  electromagnetic structure of the photon is concealed in  dimensionality of Planck constant.

            We have found out that the photon has  rotating electromagnetic structure, the centre of mass describes the   
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, which is equal to radius 
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 of its rotation.  As a result,  of  constant is as follows (88)
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       As it is clear, Planck constant has  clear mechanical dimensionality of angular momentum, which has another name –  moment of momentum.  It is known [101] that the law of conservation of angular momentum governs  constancy of angular momentum, and the reason  clear.  First of all, the notion “the law of conservation of angular momentum” is  notion  classical physics, to be more precise,  classical Newtonian mechanics. It means that if no external force influences a rotating solid body,  angular momentum of such  body remains constant.

          The photon is not a solid body but it has mass 
[image: image248.wmf]m

, and we have every reason to believe  photon an electromagnetic substance (i.e. electromagnetic field) rotating in relation to the axis plays the role of mass.  It results from the mathematical model (88) of Planck constant that the electromagnetic model of the photon should be such that  simultaneous change of mass 
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, radius 
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 and frequency 
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 of the rotating electromagnetic fields of the photon would retain their product  reflected in the mathematical expression of Planck constant  (88) [109]. The diagram of the rotating electromagnetic fields of the photon is  in Fig. 5. 

           It is known that if  mass (energy) of  photon is increased, its wavelength is decreased. This change is implemented with the help of Planck constant (88) in the model of the photon (Fig. 5) [109].

         As the law of conservation of angular momentum (
[image: image252.wmf]const

mr

h

=

=

n

2

) governs  constancy of  constant,  density of their electromagnetic fields is increased when the mass 
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 of the photon (Fig. 5) is increased, and due to the electromagnetic forces which are balanced by an equal the centrifugal forces of inertia compressing the photon.   This leads to the reduction of radius 
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 of  photon rotation, which is always equal to its wave length 
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.  But as radius 
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 in the expression of  Planck constant is squared,  oscillation frequency  
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 should  be increased in order to preserve constancy of Planck constant (88).  Due to this fact, a small alteration  mass of the photon changes its rotation radius and frequency automatically in such a way that angular momentum (Planck constant) remains constant.  Thus, the photons of all frequencies preserving their electromagnetic structure change mass, frequency and rotation radius in such a way that 
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  It means that the law of conservation of angular momentum governs the principle of this alteration [101], [109].  

Why the photons of all frequencies move in vacuum with equal speed?  The answer is alteration of frequency 
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 of the photon is a consequence of the alteration of the  mass, which changes  the density of the electromagnetic fields of the photon and the  electromagnetic  and centrifugal forces of inertia  leads to the change  radius of its rotation, which is always equal to  its wavelength.  The above-mentioned changes take place in such a way that the product of frequency 
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  and 
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  constant for the photons of all frequencies and is equal to 
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.  The speed of the centre of masses M of the photon (Fig. 5) is changed  in such a way that its average value remains constant and equal to 
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 (Fig. 7) [109].

Thus, the law of conservation of angular momentum, one of the fundamental laws of classical physics (to be more precise, classical mechanics) governs  constancy of Planck constant 
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.  In modern physics  in classical mechanics it is called the law of conservation of  moment of momentum [101].  It is a purely classical mechanic law, not a mystical mechanical action as it has been considered previously.  That is why the appearance of  constant in the mathematical model  of the law  of the radiation of the  perfect blackbody does not give the reason to consider that  classical physics is unable to describe the distribution process of this body.  On the contrary, the law of conservation of angular momentum, the most fundamental law of classical physics, takes part in the description of this process [70], [101], [109].  Thus, Planck  law of the radiation of the perfect blackbody is a law of classical physics.  The derivation of this law is based on classical notions  given below.

7.3. Classical  Derivation  of  the  Law  of  the Radiation of  the  Perfect  Blackbody

         Use  Reyleigh - Jeans ideas in the calculation of a number of packets of electromagnetic radiation in the space of the perfect blackbody,  describe a separate packet of electromagnetic radiation not as the standing wave, but  as the photon (Fig. 5)  [4], [8], [18], [26],  [109].  As  radii of the closed electrical fields of the photon are 
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and radii of the centre mass of electromagnetic fields are 
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 the photon does not have   a spherical form, but  a flat form  is nearly one fourth of the sphere with  radius 
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.  Thus, the volume of the localized space, in which the photon can be present, will be nearly 
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 of the spherical space of radius 
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 of the perfect blackbody will  many orders of magnitude greater than the volume of the photon.  Maximal quantity 
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 of the photons in this space (as well as  maximal quantity of standing waves in  Reyleigh - Jeans formula)  will be determined by a dependence
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        Taking into consideration that  
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           The interval of frequencies from 
[image: image276.wmf]n

 to 
[image: image277.wmf]n

n

d

+

, the number  will be


[image: image278.wmf]n

n

d

C

R

dN

3

2

3

4

3

×

×

×

=

.                                                                        (190)

            As the photon moves linearly and rotates round its axis in three-dimensional Euclidean space, it will have six grades of freedom.  Taking  into consideration and dividing the left and the right parts (190) by volume 
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,   volumetric density  
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 of   photons in the spherical space of the perfect blackbody as shown below:
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We integrate, we get
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             Thus, we have  volumetric density (192) of the photons in the spherical space of the perfect blackbody.  If  spherical space has a small hole,  energy that is emitted via this hole, will depend  energy of each photon 
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, to be more precise, on its frequency 
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. Then the photons, which have passed via  hole in the spherical space, will be absorbed.  As  energy of each photon on the plane of its polarization is realized by two grades of freedom, the value of heat energy of the absorbed photons will be equal to 
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.  It  means that volumetric density  of the radiation of the perfect blackbody will depend on energy 
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 of each radiated photon and energy 
[image: image287.wmf]kT

 of the whole set  photons.

            As  the radiation of the perfect blackbody is a set of the photons, each of which has only kinetic energy, we should introduce kinetic energy 
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 of the photon and heat energy 
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 of the set of the radiated photons into the mathematical model of the distribution [24]
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             We should take into account that the photons are emitted by the electrons of the atoms during their energy transitions.  Each electron can make a series of transitions  levels  
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  emitting the photons of various energy.  The complete distribution of volumetric density of energy  emitted photons will consist of a sum of the distributions, which take into account  energies of the photons of all energy levels.  With due regard for the above - mentioned facts, Maxwell law, which takes into account  energy distribution of the photons  all (
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) energy levels of the atom,  be put down in the following way
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where 
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 is the main quantum number  determines  of the position of electron in the atom.

             It is known that sum of row (194) is equal to [24]
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            If we multiply the right part of volumetric density of the photons (192) in the space of the perfect blackbody by a mathematical expression (195) of the distribution law of this density and by  energy of one photon  
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, we  get  volumetric density 
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of energy  which is radiated  by the perfect blackbody
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           It is the  law of the radiation of the  perfect blackbody (187) as obtained by Max Planck.  Expression (196) differs from expression (187)  coefficient 
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.  According to E.V. Shpolsky [24], the value of this coefficient depends on the character of  electromagnetic radiation and can vary from 
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.  But within the framework of the above-mentioned notions, the  coefficient 
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acquires a precise physical sense.  It characterizes (as it should)  density of the photons in the cavity of the perfect blackbody. 

       The   value 
[image: image303.wmf]24

 does not change the  law of the radiation of the  perfect blackbody, why  more precise value of this  coefficient  can be determined by experiment.

           Thus, we have derived the  law of the radiation of the perfect blackbody on the grounds of purely classical notions and ideas, and we see no reason to believe that this law contradicts classical physics.  On the contrary, it follows from  the laws of this physics. . All components of the mathematical model of the law (196) of radiation of the perfect blackbody have got an appropriate clear physical sense.
8. THEORY OF SPECTRA OF THE ATOMS AND THE IONS
            The development of the theory of spectroscopy was initiated by Balmer-Rydberg and Niels Bohr when they were able to calculate the spectrum of the hydrogen atom [26], [53]. Schoedinger’s equation was a climax of the theory of spectroscopy [111], [122]. It gave the possibility to calculate the spectra of all hydrogen-like atoms (the atoms with one electron). But the possibilities of Schroeginger’s equation were very limited. The spectra of all further electrons (beginning from the atomic nucleus) are calculated with the help of Schroedinger’s equation no more. As it has been noted in the fundamental work [9], in these cases the approximate methods are implemented in order to calculate the spectra of the atoms and the ions.

          The main drawback of Schroedinger’s equation is in the fact that it does not give the opportunity to determine the exact position of the electron in the atom, it shows only the density of its presence in this or that field. Empirical character of the approximate methods excludes the possibility of the exact determination of the position of the electron in the atom and makes the formation of the notions concerning its interaction with the atomic nucleus difficult. Due to it, in modern quantum physics the electrons are distributed along the shells, levels and sublevels. 

         One should note a large work carried out by the spectroscopists - experimenters [5], [25], [60], [61], [62]. They have measured the characteristics of several hundred thousands spectral lines, but there is no theory, which could allow to calculate these spectra. But the models of the photon and the electron, the main participants of the process of formation of the spectra of the atoms and ions found by us, give the possibility to begin the elaboration of such theory. 

         As both the photon and the electron have spins equal to Planck’s constant, which is vector quantity, the rules of addition and subtraction of energies of the photons and the electrons should be based on the rules of  vector algebra [43]. 

8.1. Spin of the Photon and the Electron

        In quantum physics, the notion of spin in  characterizes the rotation of the particles. According to Maxwell theory and the electromagnetic wave model originating from it, the spin of the photon is considered to be equal to a unit and is directed along the trajectory of its motion. The values (1/2 are ascribed to spin of the electron, and the direction is perpendicular to its orbital plane in the atom [148]. Actually, it is an orbital spin of the electron. 

        In classical mechanics, the concept of moment of momentum (angular momentum) of the body in relation to an axis, which cross its center of mass, corresponds to the concept of spin. We have already shown that energy of the photon 
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 of the free electron is determined according to the identical formulas:
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        As during absorption or emission of the photons by the electrons their energies are added or subtracted and as they are vector values, this addition and subtraction should be carried out according to the rules of  vector algebra.

           From the physical point of view when the photon is absorbed by the electron, their axis of rotation should be parallel. It should originate from the mathematical models of the formation of the spectra as well. 

          Let us analyse only one energy transition of the electron in the hydrogen atom. Binding energy 
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 of the electron while its staying at the first energy level of this atom is equal to ionization energy 
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 of the hydrogen atom, i.e. 
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 electron volt (eV). When the electron absorbs the photon with energy of 10.20 eV and goes to the second energy level, energy of its connection with the nucleus is reduced and becomes equal to 3.40 eV. Naturally, when the photon is absorbed by the electron, their energies are added, and we should write
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         But this result conflicts with the experiment, which points out to the fact that binding energy of the electron with the nucleus after the photon’s absorption is not increased, it s decreased, and it becomes equal to 3.40 eV, not 23,80 eV. That’s why the previous ratio should be written in the following way [109]
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         In order to liquidate a contradiction in the formula (201), it has been agreed that energy of the electron in the atom should be considered as negative one, and the formula (201) should be written in the following way 
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            But it is very difficult to agree. The thing is that the electron in the atom has potential component and kinetic component of its full energy. The above-mentioned agreement is acceptable for potential energy, but it cannot be spread to kinetic energy. That’s why it is necessary to try to find more convincing proof of reasonableness of the agreement being reflected in the formula (202). 

            First of all, there is no complete energy 
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 of the electron in the formula (202). The value 13.60 eV is equal to ionization energy 
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 of the hydrogen atom. The sense of this energy is in the fact that if the electron absorbs the photon with energy of 13.60 eV, it will lose the connection with the nucleus after it and will become free. It means that the value of 13.60 eV corresponds to binding energy of the electron with the nucleus of the hydrogen atom at the moment when it is on the first energy level. Energy 
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 is energy of the absorbed photon, which provides a transition of the electron to the second energy level, that’s why energy 
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, which is equal to difference 13.60-10.20 = 3.40 eV, corresponds to binding energy of the electron with the nucleus of the atom at the moment of its stay at the second energy level [109].

            Let us introduce full energy 
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 of the free electron into the equation (202) [109].


[image: image319.wmf].

40

.

3

20

.

10

60

.

13

-

=

+

-

e

e

E

E

                                                       (203)
         We should remind that 13.60 eV is energy of ionization of the hydrogen atom. It corresponds to binding energy of the electron with the proton at the time when the electron is on the first energy level, and 3.40 eV is binding energy of the electron with the proton, which corresponds to the second energy of the electron; 10.20 eV is energy of the absorbed photon. We can remove value 
[image: image320.wmf]e
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 from the equation (203); due to it the equation is not changed, and it will assume the similitude of the formula (202). It is clear that energy of the electron in the atom is a positive value, and the equation (202) reflects the change of  binding energies of the electron only during its energy transitions, and minuses before the values 13.60 and 3.40 mean not negativity of energy, but the process of subtraction of energy being spent for the connection of the electron with the proton [109]. 

              It is clear that at the time of the stay of the electron on the first energy level in the hydrogen atom its full energy 
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 is reduced by energy value 13.60 eV of its binding with the nucleus. When the photon with energy 
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 is absorbed, binding energy of the electron with the nucleus is reduced up to 13.60-10.20=3.40 eV. As it is clear, the law of conservation of energy is strictly observed in relation (203). Let us write similar relations for transition of the electron from the first to the third energy level and to the fourth one. 
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            It is easy to note that as the electron is pulled out from the atomic nucleus, its binding energy 
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 with the nucleus is changed according to dependence
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where n=1, 2, 3 ….. is a number of the energy level of the electron in the atom, the main quantum number.

             This is a mathematical model of the law of the change of binding energy with the nucleus of the hydrogen atom and the hydrogen-type atoms. Let us pay attention to the fact that in this case ionization energy 
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 is equal to binding energy 
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 of the electron with the nucleus corresponding to the first energy level. 

          The law of formation of the absorption spectra of the atom of hydrogen and hydrogen-type atoms originates from the relations (202), (203), (204), (205) and (206).
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         As the spectral lines of absorption coincide with the spectral lines of emission, the mathematical model of the law of radiation should be the same as the one of the law of absorption. It is natural that it does not radiate at the time when the electron is on the first energy level, because this level is the ultimate one for it. But if it is on the second energy level, it can emit the photon with energy 
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. In this case the equation of the radiation process will be written in the following way
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          When the electron is on the third (n=3) energy level and the fourth (n=4) one, it has binding energies with the nucleus 
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  and 
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. When the electron goes from the third energy level and the fourth one to the first level, it will emit the photons with energies: 
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, and the equations of these processes will be written in the same way:
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In general, these ratios will be written in the following way
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         If we reduce by 
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 and convert, we’ll find [109]
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           It coincides completely with the equation (207). Thus, the same mathematical model of the laws of radiation and absorption of the photons by the electrons during their energy transitions in the atoms originates from the equations of absorption (203), (204) and (205) and radiation (208), (209) and (210). 

            Now let us consider the physical sense of energies being included in the law (207) of formation of the spectra of the atoms and the ions. 
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 is energy of the absorbed or emitted photon. 
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 is ionization energy, which is equal to energy of the photon after it being absorbed the electron loses the connection with the nucleus and becomes free. It means that ionization energy is determined according to the same relations as energy of the photon 
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. Binding energies of the electron with the atomic nucleus


[image: image344.wmf]2

1

2

1

/

/

n

h

n

E

E

b

n

=

=

                                                           (213)

are equal to the energies of the photons. For example, in the hydrogen atom the binding energy 
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 of the electron with the atomic nucleus, which corresponds to the first energy level, is equal to energy of its ionization 
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. That’s why 
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. If it is taken into consideration, the mathematical model of the law of emission and absorption (207) of the photons by the electrons during their energy transitions in the atoms can be written in the following way [109]
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              We have got the mathematical model of the law of formation of the spectra of the atoms and the ions, which includes only frequencies of the photons being absorbed or emitted, i.e. frequencies of rotation of the photons in relation to their axes. And where is frequency of rotation of the electron round the nucleus of the atom? None. The energy model of this law (207) has no energy, which corresponds to the orbital motion of the electron. This is an amazing fact. For nearly one hundred years we have supposed that the electron in the atom rotates round the nucleus like a planet round the Sun. The law of formation of the spectra of the atoms and ions (207), (212), (215), which describes energy transitions of the electron in the hydrogen atom, denies the orbital motion of the electron. This law contains no energy, which corresponds to the orbital motion of the electron; this means that it has no such motion. This amazing conclusion makes us think about many things, first of all, about haste in reception of the results of interpretation of many experiments. 
8.2. Calculation of the Spectrum of the Hydrogen Atom

        Let us insert 
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 and n=2, 3, 4… into the formulas (206) and (207). As a result, we’ll have the theoretical values 
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 (theor.) of energies of the photons being absorbed or emitted by the electron during its energy transitions in the hydrogen atom, which practically completely coincide with the experimental values 
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 (exper.) of these energies and binding energy 
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 of this electron with the atomic nucleus (Table 5). 
Table 5.  Spectrum of the hydrogen atom
	Volumes
	n
	2
	3
	4
	5
	6
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(exper)
	eV
	10.20
	12.09
	12.75
	13.05
	13.22
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(theor)
	eV
	10.198
	12.087
	12.748
	13.054
	13.220
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(theor.)
	eV
	3.40
	1.51
	0.85
	0.54
	0.38


              It appears from the law of spectroscopy (207) that energies of the photons being absorbed and emitted during the transition of the electron between the energy levels 
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 and 
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 are calculated according to the formula [33]
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        Let us give the results of the calculation (Table 6) according to this formula of the energies of the photons 
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 (theor.) being emitted or absorbed by the electron of the hydrogen atom  at the interlevel transitions 
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 and  
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 as compared with the experimental  
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 (exper.) data.
Table 6. Energies of interlevel transitions of the electron of the hydrogen atom
	Levels
	n, n+1
	2...3
	3...4
	4...5
	5...6
	6...7
	7...8
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(exper)
	eV
	1.89
	0.66
	0.30
	0.17
	0.10
	0.07
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(theor)
	eV
	1.888
	0.661
	0.306
	0.166
	0.100
	0.065


        Let us note that binding energies 
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 of the electron with the atomic nucleus are given in Table 5. The rest energies of the photons being emitted or absorbed during the energy transitions of the electron are given in Tables 5 and 6. 

            The formula (216) gives the possibility to calculate the energies of the photons being absorbed and emitted during any energy transition of the electron. For example, when the electron goes from the third to the tenth energy level, it absorbs the photon with the energy, which is calculated according to the formula
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       If the electron goes from the fifteenth to the fifth energy level, it emits the photon with the energy of
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           Thus, these formulas give the possibility to calculate energy of the absorbed and emitted photon by the electron during its transition between any energy levels. 

8.3. Calculation of the Spectra of the Hydrogen-like Atoms

          The atoms, which have one electron, are called the hydrogen-like atoms. We have shown that binding energy of the hydrogen atom at the time of its stay on the first energy level is equal to ionization energy of this atom. The same regularity is observed with all hydrogen-like atoms, i.e. the atoms, which have one electron [18], [26], [53].

            As in the atoms, which have many electrons,  the electrons having the largest ionization energy are the nearest electrons to the atomic nucleus, we have called them the first electrons in our previous publications. Our further investigations have shown that this numeration makes the further mathematical models for the calculation of the spectra of the atoms with many electrons more complicated, we return to the numeration of the electrons, which originates from the numeration of the potentials of ionization of the atoms and ions [18], [26], [33], [53], [66], [68], [69], [70], [75], [98], [99], [109]. 

          For example, the helium atom has two electrons. One has ionization energy 54.416 eV and another 24.587 eV. Taking into consideration the above-mentioned facts we’ll consider the electron with less ionization energy of 24.587 eV to be the first electron of the helium atom and the electron with larger energy of 54.416 eV to be the second one. It means that lithium, the next element, will have the electron with ionization energy of 5.392 eV to be the first one, the electron with ionization energy of 75.638 eV to be the second one and the electron of 122.451 eV to be the third one. We’ll accept similar numeration of the electrons for other chemical elements. 

          It is known that the number of chemical element Z in Mendeleyev’s law corresponds to the number of the protons in the atomic nucleus, and binding energy of the electron of the hydrogen-like atom at the time of its stay on the first energy level is proportional to square of the number of the protons in the nucleus. 

         Binding energy of the electron with the proton (nucleus) of the hydrogen atom, which corresponds to the first energy level, is equal to 13.598 eV. It means that binding energy 
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 of the electron of the hydrogen-like atom of any other element corresponding to the first energy level, will be equal to 
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            The theoretical and experimental values of binding energies of the electrons of the hydrogen-like atoms, which correspond to their first energy levels, are given for some chemical elements below (Table 7). 
Table 7. Theoretical and experimental values of binding energies of the electrons of the hydrogen-like atoms, which correspond to their first energy levels
	Chemical
elements
	Number of
element Z
	Binding energies 
[image: image369.wmf]b
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, eV

	
	
	experiment
	theory

	H
	1
	13.598
	-

	He
	2
	54.416
	54.392

	Li
	3
	122.451
	122.382

	Be
	4
	217.713
	217.568

	B
	5
	340.217
	339.950

	C
	6
	489.981
	489.528

	N
	7
	667.029
	666.302

	O
	8
	-
	870.272


         At present, it is considered that with the increase of the number of the protons in the nucleus the number of the neutrons is increased as well as the mass of the nucleus. It causes the increase of gravitational forces influencing the electron. As a result, it is supposed that the gravitational forces begin to influence the processes of absorption and emission of the photons, but the relations (219) does not take it into account. That’s why the divergence between the experimental values of binding energies of the electrons of the hydrogen-type atoms and the results of the theoretical calculations (Table 7). But later on we’ll see that the reason of this divergence is different. 

             Let us introduce a very important notion. Let us suppose that a stationary energy level of the electron in the atom is such energy level, on which the electron can absorb such photon when its binding energy with the nucleus becomes equal to zero, and it will become free. Then binding energies of the electrons of the hydrogen-like atoms corresponding to stationary energy levels will be calculated according to the formula
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            Symbol 
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 denotes the own frequency of the photon emitted by the electron when it moves from the stationary energy level n to free state. 
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=13.598 eV is ionization energy of hydrogen atom. The results of the calculation according to the formula (220) are given in Table 8.
Table 8. Theoretical and experimental values of binding energies of the electrons with nuclei of the hydrogen-like atoms corresponding to the stationary energy levels
	Z
	Ele-ment
	Determination method
	Energies of stationary levels, eV

	
	
	
	n=1
	n=2
	n=3
	n=4

	1
	H
	Exper.

Theor.
	13.598

-
	3.398

3.399
	1.508

1.511
	0.848

0.849

	2
	He
	Exper.

Theor.
	54.416

-
	13.606

13.604
	6.046

6.046
	3.396

3.401

	3
	Li
	Exper.

Theor.
	122.451

-
	30.611

30.613
	13.601

13.607
	7.651

7.653

	4
	Be
	Exper.

Theor.
	217.713

-
	54.423

54.428
	24.183

24.190
	13.613

13.607

	5
	B
	Exper.

Theor.
	340.217

-
	85.047

85.054
	37.797

37.801
	21.257

21.263

	6
	C
	Exper.

Theor.
	489.981

-
	122.461

122.495
	54.431

54.446
	30.611

30.624

	7
	N
	Exper.

Theor.
	667.029

-
	166.689

166.757
	74.089

74.114
	41.669

41.689


                We’ll not calculate the spectra of the electrons of the hydrogen-like atoms of all  chemical elements. Let us give only the method of the calculation for some of them. For example, let us calculate the spectrum of the electron of the hydrogen-like atom of lithium (the third one) corresponding to its second stationary energy level. The third electron of this atom has the largest ionization energy 
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. It is equal to binding energy of this electron with the atomic nucleus 
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 corresponding to the first energy level 
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 122.451 eV. If we insert 
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=2, 3, 4, ……. in the formulas (206) and (207), we’ll find (Table 9).
Table 9. Spectrum of the third electron of the lithium atom and its binding energies 
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 with the atomic nucleus on the stationary energy levels
	Values
	n
	2
	3
	4
	5
	6
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(exper.)
	eV
	91.84
	108.84
	114.80
	117.55
	119.05
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(theor.)
	eV
	91.84
	108.85
	114.80
	117.55
	119.05
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	eV
	30.61
	13.60
	7.65
	4.80
	3.40


             The relation (207) was called by us a law of formation of the spectra of the atoms and the ions, because before the determination of this law the spectra of hydrogen-like atoms were calculated with the help of Balmer-Rydberg’s equation or Schroedinger’s equation, and in order to calculate the spectra of all further electrons, the approximate numerical methods were used [9]. The equation (207) gives the possibility to calculate the spectra of all electrons, but under certain conditions. Let us consider these conditions in detail taking the calculation of the spectrum of the first electron of helium atom as an example.

8.4. Calculation of the Spectrum of the Helium Atom

        The helium atom has two electrons. Ionization energy of the first one is 
[image: image381.wmf]1
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=24.587 eV, and ionization energy of the second one is 
[image: image382.wmf]2
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=54.416 eV [5].

The state of the helium atom when both its electrons are on the first energy levels is called the main unexcited one. The second electron remains on the first energy level till the first electron remains in the atom. Once the first electron leaves the atom, the second electron passes to an excited state. Excitation energy is the energy of the absorbed photon. It is equal to the difference between ionization energy 
[image: image383.wmf]i
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 of the electron and binding energy of the electron with the atomic nucleus corresponding to the energy level, to what the electron passes after the photon is absorbed. We call such levels the stationary ones. 

Taking into consideration the above-mentioned mentioned facts, let us present a row of the stationary energy levels of the second electron of the helium atom and binding energies of the electron with the nucleus corresponding to them and excitation energies 
[image: image384.wmf]n

E

 (Table 10) [18], [26], [53]. 
Table 10. Energy indices of stationary energy levels of the second electron of the helium atom
	Number of the level, n
	Binding energy
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, eV

	1
	54.416
	0.00

	2
	13.60
	40.81

	3
	6.09
	48.37

	4
	3.39
	51.02

	5
	2.17
	52.24

	6
	1.51
	52.90

	7
	1.11
	53.31

	8
	0.85
	53.57

	9
	0.67
	53.74

	10
	0.55
	53.87

	11
	0.45
	53.97

	12
	0.38
	54.04

	…
	…
	…

	-
	0.00
	54.416


The helium atom with one electron is in ionized state, that’s why it is called a helium ion. We have already shown that regularity of the change of the energies of the stationary energy levels is the same with all atoms, which consist of a nucleus and one electron. The spectra of such ions are calculated according to the mathematical model (207) of the law of formation of the spectra of the atoms and the ions [33]. 

We’d like to draw the attention of the readers to the main fact: the possibilities of Schroedinger’s equation concerning the spectrum calculation are finished with hydrogen-like atoms. Schroedinger’s equation does not give an opportunity to calculate the spectrum of the first electron of helium atom. Let us consider the possibility of our mathematical model (207) of formation of the spectra of the atoms and the ions to calculate the spectrum of the first electron of the helium atom.

For this purpose, let us write from the reference book [5] the excitation energies of the first electron of the helium atom, which correspond to the stationary energy levels. At  
[image: image387.wmf]1
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=24.587 eV we have (Table 11).
Table 11. Energy indices of stationary energy levels of the first electron of the helium atom
	Number of the level, n
	Binding energy
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	1
	?
	?

	2
	3.627
	20.96

	3
	3.367
	21.22

	4
	1.597
	23.01

	5
	1.497
	23.09

	6
	0.847
	23.74

	7
	0.547
	24.04

	8
	0.377
	24.21

	9
	0.277
	24.31

	10
	0.217
	24.37

	11
	0.167
	24.42

	12
	0.137
	24.45

	13
	0.117
	24.47

	14
	0.097
	24.49

	15
	0.077
	24.51

	16
	0.067
	24.52

	…
	?
	59.67


We’d like to remind that binding energies 
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 of the first electron with the atomic nucleus are determined as the difference between the ionization energy 
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=24.587 eV and the excitation energies 
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 being equal to the energies of the absorbed photons or emitted photons 
[image: image393.wmf]ph
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 (Table 11). 

The last line in Table 8 looks abnormal. Why the maximal excitation energy of 59.67 eV is larger than ionization energy not only of the first electron (
[image: image394.wmf]i
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=24.587 eV), but of the second one (
[image: image395.wmf]i
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=54.416 eV)? It is not simple to get the answer to this question, but we’ll try to formulate the first hypothetical explanation of the noted anomaly later on. 

The accuracy of the experimental data of spectroscopy plays a decisive role in our search, because we’ll form further notions concerning a picture of the interaction of the first electron with the nucleus of the helium atom on their basis. 

We’d like to note that in the reference books [5] and [25] the experimental values of ionization energies are determined with the accuracy up to the third character, and the excitation energies of the stationary energy levels are determined with the accuracy up to the second character. The writers of the reference books note that the value of the second character of excitation energies differs with various authors by (0.02 eV and sometimes even more. 

Consequently, in order to determine an empirical law, which forms a series of excitation energies of the stationary energy levels of the first electron of the helium atom, it is necessary to round the results of the calculations of binding energies to the second character after point. 

It is not all that should be taken into consideration when analyzing the experimental data. Let us pay attention to the following sentences in the reference book [5]: “Together with the experimentally measured wavelengths, there are such lines in the tables being suggested, which wavelengths are calculated according to the energy levels taking into consideration the selection regulations. These are either the fine structure lines, which are not yet discovered, or weak, rough measured spectral lines. Validity of such calculation makes no doubts, because energy levels are established according to the safely measured lines with the implementation of the secondary standards”. 

It is difficult to agree with such method of the experimenters. Let us consider excitation energy of 23.01 eV (Table 11), which corresponds to the fourth stationary energy level. It is not available in the reference book [5]; in the reference book [25] it is given without a line brightness designation, i.e. as a very weak or unobserved. What should we do in this case? It is wise not to take it into consideration for the time being during the search of regularity of formation of excitation energies, which correspond to the stationary energy levels. Excitation energy being equal to 20.96 eV is in the same position. That’s why let us exclude it from our consideration. 

At once, let us pay attention to the fact how they have got the empirical law for the calculation of binding energies of the first electron of helium atom given in Table 12,  
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  coinciding completely with the law (206), which forms binding energies of the electrons of hydrogen-like atoms. For this purpose, energy of 3.37 eV corresponding to excitation energy of 21.22 eV in Table 11 was taken and multiplied by 4. The number 
[image: image397.wmf]1
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=13.468 eV being obtained was the binding energy corresponding to the first energy level of the first electron of the helium atom. Of course, it is  fictitious energy, but a variety of energies formed in this case (Table 12, the last column) coincides completely with a variety of the corresponding experimental values confirming competence of exclusion of excitation energies of 20.96 eV and 23.01 eV from this variety. The result being obtained shows that binding energy of the fist electron of helium atom corresponding to the first energy level of 
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=13.468 eV is not equal to ionization energy of this electron  
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=24.587 eV.

Table 12. Binding energies 
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 of the first electron of the helium atom with its nucleus being determined experimentally and theoretically
	Energy level number, n
	Excitation energy
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 eV
	Energy of binding,  eV

	
	
	experiment
	theory
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	1
	24.586
	?
	13.47

	2
	21.22
	3.37
	3.37

	3
	23.09
	1.50
	1.50

	4
	23.74
	0.85
	0.85

	5
	24.04
	0.55
	0.55

	6
	24.21
	0.38
	0.38

	7
	24.31
	0.28
	0.28

	8
	24.37
	0.22
	0.22

	9
	24.42
	0.17
	0.17

	10
	24.45
	0.14
	0.14

	11
	24.47
	0.10
	0.10

	12
	24.49
	0.09
	0.09

	13
	24.51
	0.08
	0.08

	14
	24.52
	0.07
	0.07


The results of this Table demand a return to the experiment connected with the determination of the spectrum of the first electron of helium atom in order to determine availability of lack of experimental lines, which correspond to energies 20.96 eV and 23.01 eV. 

A question arises: why do the values of ionization energy 
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 and binding energy 
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 with the nucleus corresponding to the first energy level of the second electron of the helium atom coincide (
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=54.416 eV), and the values of the first electron fail to coincide (
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=24.587 eV and 
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=13.468 eV)? We have failed to find the reply to this fundamental question, and we address it to the future investigators. 

An interesting and chargeable moment comes. If the mathematical model (207) is in fact a law of formation of the spectra of the atoms and the ions, we should get the experimental values of excitation energies corresponding to the stationary energy levels with its help. If we insert 
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=24.587 and 
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=13.468 into the formulas (206) (207), we’ll get (Table 13).

Table 13. Spectrum of the first electron of the helium atom
	Valumes
	n
	2
	3
	4
	5
	6
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 (exper)
	eV
	21.22
	23.09
	23.74
	24.04
	24.21
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 (theor.)
	eV
	21.22
	23.09
	23.74
	24.05
	24.21
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	eV
	3.37
	1.50
	0.84
	0.54
	0.37


Then we’ll get the spectra of other atoms with many electrons using the determination method 
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E

 of binding of the electron with the nucleus corresponding to the fist energy level worked out with the implementation of the analysis of the spectrum of the first electron of the helium atom. 

8.5. Calculation of the Spectrum of the Lithium Atom

The lithium atom has three electrons. Lithium containing one electron is considered to be a hydrogen-like atom. We have already shown how the spectra of the hydrogen-like atoms are calculated, including the hydrogen-like lithium atom (Table 9). Let us calculate the spectrum of the second electron of this atom. 

Ionization energy of the second electron of the lithium atom is equal to 
[image: image414.wmf]i
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=75.638 eV. According to Pauli-Fermi principle, the second electron cannot occupy the first energy level , because it has already been occupied by the electron of the hydrogen-like atom (the third electron). That’s why it is necessary to find binding energy of the second electron of the lithium atom corresponding to the second energy level. For this purpose, let us write from the reference book a row of experimental values of excitation energies corresponding to stationary energy levels of this electron [5]: 62.41; 69.65; 72.26; 73.48; …. eV. 

As the second electron of the lithium atom cannot occupy the first energy level, the first excitation energy of 62.41 eV in a variety of excitation energies corresponding to the stationary energy levels should belong to the second energy level of this electron. Let us find a difference between ionization energy 
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=75.638 eV of this electron and excitation energy corresponding to the second energy level 
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=62.41 eV.
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Now let us multiply the difference (E by square of the main quantum number corresponding to the second energy level: 
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. The result being obtained will correspond to binding energy of the second electron of the lithium atom with the atomic nucleus at the time of its stay on the first energy level. In accordance with Pauli-Fermi principle, this electron cannot occupy the first energy level, that’s why the energy being obtained, which corresponds to this level, will be fictitious. Here is its value 
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=13.538(4=54.152 eV.

Thus, ionization energy of 
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=75.638 eV of the second electron of the lithium atom is not equal to energy of 
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=54.152 eV of its binding with the atomic nucleus corresponding to the first energy level. If we insert these data into the formulas (206) and (207), we’ll get (Table 14). 
Table 14.  Spectrum of the second electron of the lithium atom
	Valumes
	n
	2
	3
	4
	5
	6
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(exper)
	eV
	62.41
	69.65
	72.26
	73.48
	-
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(theor.)
	eV
	62.41
	69.62
	72.25
	73.47
	74.13
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	eV
	13.54
	6.02
	3.38
	2.17
	1.50


          Let us calculate the spectrum of the first electron of the lithium atom. Its ionization energy is 
[image: image425.wmf]i
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=5.392 eV, and a row of excitation energies corresponding to the stationary energy levels is as follows [5]: 3.83; 4.52; 4.84; 5.01; 5.11; 5.18; 5.22; 5.25; 5.28; 5.30; 5.31 eV. 

The difference between ionization energy of this electron and excitation energy corresponding to the third stationary energy level will be as follows: 
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=5.39-3.83=1.5 eV. Then we’ll find binding energy of this electron with the atomic nucleus corresponding to the first fictitious energy level.
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Thus, ionization energy of the first electron of the lithium atom is 
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=5.392 eV, and fictitious binding energy with the nucleus corresponding to the first energy level is 
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=14.05 eV. If we insert these data into the mathematical model of formation of the spectra of the atoms and the ions (207) and into the formula (206) of the calculation of  binding energies of  this electron corresponding to the stationary energy levels, we’ll get a spectrum of this electron (Table 15). 
Table 15.  Spectrum of the first electron of the lithium atom
	Volumes
	N
	2
	3
	4
	5
	6
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	0.56
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8.6. Calculation of the Spectrum of the Beryllium Atom

The beryllium atom has four electrons. The fourth electron has the largest ionization energy, the first electron has the smallest ionization energy. We’ll not give the calculation of the spectrum of the fourth electron of this atom, because its results are given in Table 6 as a spectrum of the hydrogen-like atom. We’ll not repeat completely the details of the calculation method of the spectra of the third, the second and the first electrons of this atom, we’ll give only the key points of this method. 

Ionization energy of the third electron of the beryllium atom is equal to 
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=153.893 eV. Excitation energies of this electron corresponding to the stationary energy levels make the following row [5]: 123.67; 140.39; 146.28; 149.01; 150.50; 151.40 eV. The difference between ionization energy and the value of the first energy in this row will be equal to 
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Binding energy of the third electron with the atomic nucleus corresponding to the first energy level is determined in such a way
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If we insert the values 
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E

=153.893 eV and 
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E

=120.892 eV into the formulas (206) and (207), well find (Table 16). 
Table 16. Spectrum of the third electron of the beryllium atom
	Valumes
	n
	2
	3
	4
	5
	6
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E

(exper)
	eV
	123.7
	140.4
	146.3
	149.0
	150.5
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E

(theor.)
	eV
	123.7
	140.5
	146.3
	149.0
	150.5
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E

(theor.)
	eV
	30.22
	13.43
	7.56
	4.84
	3.36


The second electron of the beryllium atom has ionization energy 
[image: image442.wmf]i

E

=18.211 eV and the following row of excitation energies corresponding to the stationary energy levels [5]: 3.96; 11.96; 14.7; 15.99; 16.67; 17.08 eV.

Let us pay attention to the fact that the energy value of 3.96 eV exceeds the limits of the excitation energy formation regularity supposed by us. In the reference book [25] this spectral line is given as a bright line, that’s why we have every reason to take it into consideration. We have one opportunity: we can suppose that the second electron of the beryllium atom can have two positions in the atom, and it is connected with the structure of its nucleus. Later on, we’ll analyze the structures of the atomic nuclei and try to find the answer to this ambiguity. Now we have only one possibility: we should suppose that excitation energy 3.96 eV and the remaining energies 11.96; 14.7; 15.99; 16.67; 17.08 eV correspond to various positions of the second electron in the atom, that’s; why we try to get theoretically only the row 11.96; 14.7; 15.99; 16.67; 17.08 eV. For this purpose, we’ll find the difference between ionization energy 
[image: image443.wmf]i
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=18.211 eV and the energy 11.96 eV.
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The binding energy of the second electron of the beryllium atom corresponding to the first fictitious energy level will be: 
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E

=6.25(9=56.259 eV. If we insert this value  and ionization energy 
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E

=18.211 eV into the formulas (206) and (207), we’ll find (Table 17). 
Table 17.  Spectrum of the second electron of the beryllium atom
	Values
	n
	2
	3
	4
	5
	6
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E

(exper)
	eV
	-
	11.96
	14.72
	15.99
	16.67
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(theor.)
	eV
	4.15
	11.96
	14.70
	15.96
	16.65
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E

(theor.)
	eV
	14.81
	6.25
	3.52
	2.25
	1.56


The theory predicts (Table 17) the existence of excitation energy of 4.15 eV corresponding to the second energy level, but it seems that its is fictitious value of energy.

The first electron of the beryllium atom has ionization energy of 
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=9.322 eV and the following row of excitation energies [5]: 2.73; 5.28; 7.46; 8.31; 8.69 eV. We’d like to note that there is no energy of 2.73 eV in the reference book [25], and in the reference book [5] it is given without specification of its brightness. It allows us not to take it into consideration. Thus, difference of energies will be equal to 
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=9.322-5.28=4.04 eV, and energy corresponding to the first fictitious energy level will be as follows: 
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. If we insert 
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=9.322 eV and 
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E

=16.17 eV in the formulas (206) and (207), we’ll find (Table 18). 
Table 18. Spectrum of the first electron of the beryllium atom
	Values
	n
	2
	3
	4
	5
	6
	7
	8
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E

(exper)
	eV
	5.28
	7.46
	8.31
	8.69
	8.86
	8.98
	9.07
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E

(theor.)
	eV
	5.28
	7.53
	8.31
	8.67
	8.87
	8.99
	9.07
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E

(theor.)
	eV
	4.04
	1.80
	1.01
	0.65
	0.45
	0.33
	0.25


Note: experimental values of excitation energies corresponding to the 6th, 7th and 8th energy levels are taken from the reference book [25]. 

The mathematical models (206) and (207) gave satisfactory results. But they were the spectra of the atoms and the ions of the first four elements of the periodic law of the chemical elements. They are the simples atoms. 

If the electrons actually presses on the atomic nuclei, they begin to interact when their quantity is increased in the atom, and the mathematical models fail to take it into consideration (206) and (207). There is every reason to suppose that in the atoms with a large number of electrons in these models the correction factors or trigonometric functions will appear, which can characterize the arrangement of a cell of the electron in the atom. The cell is considered to be a cavity of a conic form, in which basis the electron is situated, and the vertex is directed to the atomic nucleus. 

A question arises: what aim can be when the spectra of the atoms and the ions are calculated? The fist aim is to get the information for the determination of the structure of the atom and its nucleus. The second aim is to calculate bindings of valency electrons with the atomic nuclei in order to use them for the analysis of energy balance in various chemical reactions. The first aim is a remote one; nevertheless, we make the first steps to this aim. The second aim is nearer to practice, that’s why it deserves a priority attention. Taking these facts into consideration we’ll try to calculate the spectra of valency electrons, which have the smallest ionization energies.

Later on during the analysis of the structure of the atomic nuclei and the atoms of chemical elements, we’ll see that all electrons are in the atom, their binding energies with the protons of the nuclei are nearly the same.

We have already agreed that we call an electron with the smallest ionization potential the first electron. This electron is called valency electron. Later on we’ll see that the atomic nuclei have equal potential possibilities to be valency electrons. That’s why the enumeration of the electrons in the atom is a conditional thing. Let us try to calculate the spectrum of the electron of boron atom, which has the smallest ionization potential. Let us call this electron the first electron. 
8.7. Calculation of the Spectrum of the First Boron Atom

The boron atom has five electrons. Let us call the electron, which has the least ionization energy 
[image: image458.wmf]i

E

=8.298 eV, the first electron. It has the following row of excitation energies: 4.96; 5.93; 6.79; 6.82; 7.44; 7.46; 7.75; 7.88; 7.92; 7.95; 8.02; 8.03; 8.08; 8.09; 8.13; 8.16; 8.18; 8.20; 8.22; 8.23; 8.24; 8.25; 8.26; 8.27 eV. The row is rather long. Let us pay attention to the underlined close values of energies. It seems they are doublets and triplets, i.e. the slip atoms. That’s why the calculation should give one of the underlined values or their average values. Let us see if it is so or not. The difference of energies 
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=8.298-4.96=3.34 eV. Binding energy of this electron with the atomic nucleus corresponding to the first fictitious energy level is determined according to the formula 
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=8.298 eV and 
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=13.35 eV in the formulas (206) and (207), we’ll find (Table 19).
Table 19. Spectrum of the first electron of the boron atom
	Valumes
	n
	2
	3
	4
	5
	6
	7
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E

(exper)
	eV
	4.96
	6.82
	7.46
	7.75
	7.92
	8.02
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E

(theor.)
	eV
	4.96
	6.81
	7.46
	7.76
	7.93
	8.02

	
	
	
	
	
	
	
	

	Valumes
	n
	8
	9
	10
	11
	12
	13
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E

(exper)
	eV
	8.09
	8.13
	8.16
	8.18
	8.20
	8.22
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E

(theor.)
	eV
	8.09
	8.13
	8.16
	8.18
	8.20
	8.22

	
	
	
	
	
	
	
	

	Valumes
	n
	14
	15
	16
	17
	18
	19
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E

(exper)
	eV
	8.23
	8.24
	8.25
	8.25
	8.26
	...
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E

(theor.)
	eV
	8.23
	8.24
	8.25
	8.25
	8.26
	...


If we analyse the given experimental row of excitation energies and the results of its calculation given in Table 19, we can see a good convergence of theoretical and experimental data. 

Later on we’ll not try to calculate the spectra of all electrons and all atoms, we’ll give only the calculations of the spectra of the atoms and those valency electrons, which we have used during the analysis of the results of our investigations. 

8.8. Spectra of Valence Electrons of Some Atoms of Chemical Elements
Carbon has six electrons. Its electron having the smallest ionization energy 
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E

=11.256 eV and the following row of excitation energies corresponding to the stationary energy levels [5]: 7.48; 7.68; 7.95; 9.68; 9.71; 9.83; 10.38; 10.39; 10.40; 10.42; 10.43; 10.71; 10.72; 10.73; 10.88; 
10.89; 10.99; 13.12 eV is considered to be the most active valency electron. The first three underlined values are so close that we have every reason to suppose that they belong to the triplet, that’s why let us find their average value (7.48+7.69+7.95)/3=7.70 eV. Then the difference of energies will be equal to 
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=11.26-7.70=3.56 eV, and fictitious binding energy with the atomic nucleus corresponding to the first energy level will be as follows: 
[image: image471.wmf]i

E

=3.56( 4=14.24 eV. If we insert 
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=11.256 eV and 
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E

=14.24 eV into the formulas (206) and (207), we’ll find (Table 20). 
Table 20. Spectrum of the first electron in the    carbon  atom
	Values
	n
	2
	3
	4
	5
	6
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E

 (exper)
	eV
	7.68
	9.67
	10.37
	10.69
	10.86
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E

 (theor.)
	eV
	7.70
	9.68
	10.38
	10.71
	10.88
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E

 (theor.)
	eV
	3.58
	1.58
	0.89
	0.57
	0.39


Let us prepare our reader to surprises, which we can meet during the analysis of the structure of the nuclei and the atoms of chemical elements. The first surprise is in the fact that binding energy of all electrons with the atomic nuclei being in free state, which are approximately the same. On the face of it, this conflicts with the experiment, because it gives various values of binding energies of various electrons with the atomic nuclei. But one should take into consideration the conditions of the experiments, which have such differences. 

The process of fixation of the spectral lines takes place under the conditions of a transition of the atoms to free state. Almost all the electrons of the atom have approximately the same opportunity to separate from it. When one electron has left the atom, the released proton in the nucleus begins to spread its influence on other electrons increasing their attraction to the nucleus and, consequently, binding energy.

Usually, the electrons from the atom are removed consequently one by one. As each of them interacts with one proton of the nucleus, the released protons begin to interact with the electrons, which remain in the atom. As a result, binding energy of the electrons remaining in the atom is increased. When one electron remains in the atom, it interacts with all protons of the nucleus, and its binding energy with the nucleus is increased proportionally to square of the number of the protons in the nucleus.

It means that all electrons of the atoms have approximately the same binding energies with the nucleus as the electron of the hydrogen atom. Later on we’ll see that this assumption is correct. Now let us calculate the spectra of two electrons of the oxygen atom. 

The smallest ionization energy of the electron of the oxygen atom is equal to 
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E

=13.618 eV, and binding energy of this electron with the atomic nucleus corresponding to the first energy level is equal to 
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E

=13.752 eV. Let us call this electron the first one. The calculation of energy indices of this electron according to the formulae (206) and (207) give the following results (Table 21). 
Table 21. Spectrum of the first electron in the oxygen atom
	Valumes
	n
	2
	3
	4
	5
	6
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E

(exper)
	eV
	10.18
	12.09
	12.76
	13.07
	13.24
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E

(theor.)
	eV
	10.16
	12.09
	12.76
	13.07
	13.24
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E

(theor.)
	eV
	3.44
	1.53
	0.86
	0.55
	0.38


Ionization energy of the second electron of oxygen atom is equal to 
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E

=35.116 eV, and its binding energy with the atomic nucleus corresponding to the first energy level 
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E

=83.98 eV. We’d like to draw the attention of the readers to large divergences of experimental data concerning the second potential of ionization, which are available in the reference books [5] and [25]. We trust the new data being available in the reference book [5]. Taking into consideration the above-mentioned facts the spectrum of the second electron of oxygen atom has proved to be as follows (Table 22).

Table 22. Spectrum of the second electron of the oxygen atom
	Values
	n
	2
	3
	4
	5
	6
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E

(exper)
	eV
	14.12
	25.83
	29.81
	31.73
	32.88
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E

(theor.)
	eV
	14.12
	25.79
	29.87
	31.76
	32.78
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E

(theor.)
	eV
	21.00
	9.33
	5.25
	3.36
	2.33


As it is known, chlorine is the 17th element of the periodic law of chemical elements. Ionization potential of its 1st electron is 
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E

=12.967 eV, and its binding energy with the atomic nucleus corresponding to the first energy level is 
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E

=15.548 eV. Experimental and theoretical values of energies 
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 of the photons being absorbed and emitted by this electron corresponding to various energy levels and binding energies 
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 of this electron with the nucleus of the chlorine atom are given in Table 23. 
Table 23. Spectrum of the 1st electron of the chlorine atom
	Values
	n
	2
	3
	4
	5
	6
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E

 (exper)
	eV
	9.08
	11.25
	12.02
	12.34
	12.53
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E

 (theor.)
	eV
	9.08
	11.24
	11.99
	12.34
	12.54
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E

(theor.)
	eV
	3.89
	1.72
	0.97
	0.62
	0.43


Copper is the 29th element of the periodic law of chemical elements. Ionization potential of its 1st electron is 
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E

=7.724 eV, and its binding energy corresponding to the first energy level is 
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E

=98.85 eV. The rest energy indices of this electron are given in Table 24.

Table 24.  Spectrum of the 1st electron of the copper atom
	Values
	n
	5
	6
	7
	8
	9
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E

 (exper)
	eV
	3.77
	4.97
	5.72
	6.19
	6.55
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E

 (theor.)
	eV
	3.77
	4.98
	5.71
	6.18
	6.50
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E

(theor.)
	eV
	3.96
	2.75
	2.02
	1.54
	1.22


Gallium is the 31st element. Ionization potential of its 1st electron is 
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E

=6.00 eV, and energy corresponding to the first energy level is 
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E

=46.88 eV. Other energy indices of this electron are given in Table 25. 
Table 25. Spectrum of the 31st electron of the gallium atom
	Valumes
	n
	4
	5
	6
	7
	8
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 (exper)
	eV
	4.11
	4.71
	5.06
	5.23
	5.40
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 (theor.)
	eV
	4.12
	4.70
	5.04
	5.27
	5.42
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E

(theor.)
	eV
	2.93
	1.87
	1.30
	0.96
	0.73


The first electron of the sodium atom (Na) has the smallest binding energies with the nucleus, that’s why it is the main valency electron of this atom (Table 26). Ionization energy of the first electron of the sodium atom is equal to 
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E

=5.139 eV, and binding energy with the nucleus corresponding to the first energy level is 
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E

=13.086 eV. If we insert these results into the formulas (206) and (207), we’ll find (Table 26).
Table 26. Spectrum of the 1st electron of the sodium atom
	Valumes
	n
	2
	3
	4
	5
	6
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 (exper)
	eV
	-
	3.68
	4.31
	4.62
	4.78
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E

 (theor.)
	eV
	-
	3.68
	4.32
	4.62
	4.77
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E

 (theor.)
	eV
	3.27
	1.45
	0.82
	0.52
	0.36


           In Table 26 theoretical 
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 (theor.) and experimental 
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 (exper.) values of energies of the photons emitted and absorbed by this electron are given as well as its binding energies 
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 (theor.) with the atomic nucleus calculated according to the formulas (206) and (207). We’d like to draw your attention to the fact that the second energy level of this electron is fictitious (as the first one). 

Modern theories of formation of molecules establish only the value of energy being necessary, as they say, for a transfer of one electron and estimate it as being equal to 1.2-1.3 eV. This is binding energy of the electron with the nucleus of unknown energy level.

As it is clear from our analysis, each electron has a series of binding energies. A new theory gives the opportunity to calculate these energies for any energy level of the electron and to determine the number of this level and, consequently, the distance between the atomic nucleus and valency electron. 

We’ll continue analysis of binding energies of the electrons with the atomic nuclei during consideration the structures of the atoms of chemical elements. 

We finish the presentation of the theory of formation of the spectra of the atoms and the ions, and we should note important issues for those who are going to continue these investigations. First of all, it is only the beginning. It is based on the results of experiments. If the results of the experiment differ from the actual spectrum of this or that electron, the search process of energy 
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 becomes very complicated. As the value of this energy is based on the value of excitation energy, which is the first one in the row of all excitation energies corresponding to the stationary energy levels, the exact definition of the first excitation energy plays a decisive role. But the existing reference books concerning spectroscopy do not meet this requirement. For example, let us take excitation energies corresponding to the stationary energy levels of the second electron of the carbon atom. 

The reference book written by Striganov [5] contains the following row of these energies: 5.33; 9.29; 11.96; 13.71; 13.72; 14.45; 18.04; 19.49; 20.84; 21.49; 22.13; 22.47; 22.57; 22.82; 23.38; 26.58 eV. In the reference book written by Zaidel, this row has the following values: 9.30; 11.96; 13.72; 14.46; 16.32; 17.62; 18.04; 18.06; 18.66; 19.49; 20.14; 20.84; 20.91; 20.95; 22.13; 22.54; 22.56; 22.90; 23.11; 24.27; 24.37; 24.59; 24.64; 25.98; 27.41; 27.47; 27.48 eV. 

The underlined values of energies coincide in both reference books; the values, which are not underlined do not coincide. As it is clear, it is not easy to find energy, which corresponds to the first excitation level. It looks like that this task should be solved by means of an increase of the number of reference books used during the analysis and elaboration of a special computer program, which could provide the solution of the problem being set. If there are such rows of energies, which do not obey the law (207), it will mean that at the moment of absorption and emission of the photon, spin of the given electron is not parallel to spin of the photon. In other words: a cell of such electron occupies non-standard place in the atom. 
8.9.   THE NEW INTERPRETATION OF PHOTOEFFECT
It is known that the most acceptable interpretation of experimental dependencies of photoeffect has been suggested by A. Einstein in 1905, and he got the Noble prise for it [24], [111], [122]. He made it in the absence of the law of formation of the atom and ion spectra. Now this law has been discovered, and we can check correctness of its interpretation and the possibility of deeper understanding of photoeffect. 
The mathematical model suggested by A. Einstein for the interpretation of experimental dependencies of photoeffect has the following form [122]
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where 
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 is kinetic energy of the photoelectron emitted by the photocathode; 
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 is energy of the photon, but it is not explained in the papers, of which photon exactly, 
[image: image516.wmf]W

is the photoelectron exit work is a constant, which does not depend on frequency [111]. The main experimental dependencies of photeffect are given in Fig. 20 [111].
Photocurrent takes place in the photocathode-collector circuit. If the photocathode is exposed to monochromatic light  (Fig. 20, a), the value of potential –
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 retarding the photoelectrons emitted by the photocathode does not depend on light intensity. Light intensity increase increases photocurrent and does not exert influence on the retarding potential value and, consequently, on kinetic energy of the photoelectrons. If frequency of light, which strikes upon the photocathode, is increased, the value of the negative potential –
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 retarding the photoelectrons is increased (Fig. 20, b). 
As the value of the retarding negative potential –
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 is determined by kinetic energy 
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 of the electrons emitted by the photocathode under the influence of light illumination, it results from the dependence shown in Fig. 20,b that kinetic energy 
[image: image521.wmf]k

E

 of the photoelectrons emitted by them is increased with the increase of frequency of the photons exposing the photocathode. 

    Let us try to find a connection of Einstein’s equation (226) with the mathematical model of the law of formation of the atom and ion spectra (207). 
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Fig. 20. Dependence of photocurrent on light intensity: a) at its constant frequency; b) at different frequency 
[image: image524.wmf]n


The correlation (207) appears from experimental spectroscopy, that’s why it is a mathematical model of the law of formation of the atom and ion spectra. Einstein’s equation (226) describes similar process of photon absorption by the electrons. It affords ground for supposition of identity of  the equations (207) and (226) and uniformity of their interpretation. It appears from the given equations 
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It means that if the electron loses bond with the atomic nucleus, its kinetic energy 
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 is equal to energy 
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 of the absorbed photon. Then
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It appears from this that 
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 energy value in Einstein’s equation (226) is ionization energy 
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 of the electron emitted by the photocathode material. It appears from the equations (207) and (226) that
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The new clarification: photoelectron exit work 
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 is equal to binding energy of electron 
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 when it is on a definite energy level in the atom or the molecule. 

Experimental investigations of photo effect are carried out usually with the photocathodes made of alkali metals [122]. For example, it is known that the work of the photoelectron exit from the lithium photocathode is equal to 
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=2.4 eV [122]. Ionization energy of this electron is equal to 
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=5.392 eV, and its binding energy with the nucleus corresponding to the first energy level is equal to 
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=14.05 eV. If we take it into account and use the mathematical model of the law of formation of the atom and ion spectra (207), we’ll get a theoretical spectrum of this electron 
[image: image537.wmf]ph

E

 (theor.), which coincides completely with the experimental spectrum 
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(exp.) (Table 15). Formula (229) gives an opportunity to calculate binding energies 
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 of this electron with the atomic nucleus  (according to Einstein, the exit work), which correspond to all (
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) energy levels of this electron (Table 15).
It is known that the like atoms are united in a molecule with the covalent bond, and binding energies between valence electrons correspond to fractional quantum numbers 
[image: image541.wmf]n

. It allows us to determine what is a photoelectron emission source: atoms or molecules of the photocathode material. If we substitute 
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=2.4 eV and 
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=14.05 eV in the formula (229), we’ll find 
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=2.4. As value 
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 is a fractional number, it means that the lithium molecules, not atoms are the source of the photoelectrons (Table 15). 

For a photoelectron of the sodium photocathode, we have: 
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E

=5.139 eV, 
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E

=13.086 eV and 
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=2.1 eV [24.] If we use the mathematical model of the law of formation of the atom and ion spectra (207), we’ll get a sodium photoelectron spectrum (Table 26).
          Value 
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 determined with the help of the formula (229) is equal to 
[image: image550.wmf]n

=2.5. It appears from this that the sodium molecules, not atoms are the source of the photoelectrons of the sodium photocathode. 

           The mathematical model of the law of formation of the atom and ion spectra (207) shows that it has no orbital component of electron energy. It appears from this that the electron has no orbital motion in the atom. The molecules are formed by means of a combination of the unlike magnetic poles of their valence atomic electrons, which are connected with the nuclear protons by means of the magnetic poles as well. 

The analysis of the law of formation of the atom and ion spectra (207) as well as the spectrum calculation results (Table 15 and 26) show that binding energy 
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E

 of the electron with the atomic nucleus and, consequently, binding energy of valence electrons of two atoms with each other is changed step by step (229). It appears from this that kinetic energy of the photoelectrons 
[image: image552.wmf]ph
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 and value of retarding potential –
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 (Fig. 20, b) should be changed step by step as well. The photoelectrons can absorb only the photons, which correspond to their binding energies in the molecules of the given substance. The greater binding energy between the electrons in the molecules, the greater photon energy is required for the break of this bond and the greater kinetic energy the photoelectrons being released will acquire, and the greater potential will be required for their retardation on the way to the collector. Let us pay attention to the fact that the given logical chain originates from the mathematical model of the law of formation of the atom and ion spectra (207) and is present in Einstein’s equation implicitly (226). 

Current is present in the circuit due to the fact that the photoelectrons emitted by the photocathode material molecules are substituted by free electrons. They should emit the photons, which energy is equal to binding energy of the electrons in the molecules, but light striking the photocathode does not allow us to see this emission. 

Mathematical Einstein’s equation (226) describing experimental regularities of photo effect has deeper physical sense. When the components of this equation are interpreted correctly, it becomes the mathematical model  (207) of the law of formation of the atom and ion spectra discovered by us in 1993 and published in the papers [18], [26], [33], [53]. 
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