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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 exact. 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. 

          Let us note that the use of the approximate methods of calculation of the spectra of the atoms, the ions and the molecules is close to zero. Only these methods can be considered as useful ones, which give the possibility to define regularity of formation of binding energies between the nuclei of the atoms and their electrons as well as between valence electrons of the atoms in the molecules [211].          

           One should note a large work carried out by the spectroscopists - experimenters [5], [25], [60], [61], [62]. They have measured the characteristics of 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 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 h and is directed along the trajectory of its motion. The values (1/2 h 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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 and energy 
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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 
[image: image6.wmf]i

E

 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


[image: image8.wmf].

80

.

23

20

.

10

60

.

13

=

+

                                                      (200)
         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 is 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 with it. 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 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 
[image: image14.wmf]eV

E

b

40

.

3

=

, 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].
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         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 
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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 
[image: image22.wmf]b
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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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. 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:


[image: image33.wmf]60

.

13

01

.

12

51

.

1

-

=

-

-

e

e

E

E

,                                                  (209)


[image: image34.wmf]60

.

13

75

.

12

85

.

0

-

=

-

-

e

e

E

E

.                                                 (210)

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
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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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. 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? It is absent. 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 (212) and (213). 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

	Values
	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: image66.wmf]b

E

, 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
	Element
	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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E

(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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(theor.)
	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: image78.wmf]1
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E

=24.587 eV, and ionization energy of the second one is 
[image: image79.wmf]2
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E

=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: image80.wmf]i

E

 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  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: image81.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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	Excitation energies
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	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 exact. 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  
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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 
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 (Table 11). 

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 
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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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	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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=13.468 into the formulas (206) (207), we’ll get (Table 13).

Table 13.  Spectrum of the first electron of the helium atom

	Values
	n
	2
	3
	4
	5
	6
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	eV
	21.22
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	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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 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: image109.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.


[image: image112.wmf]eV

E

E

E

v

i

538

.

13

41

.

62

638

.

75

=

-

=

-

=

D

                                         (221)

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 energy being obtained, which corresponds to this level, will be fictitious. Its value is 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

	Values
	n
	2
	3
	4
	5
	6
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	62.41
	69.65
	72.26
	73.48
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	eV
	62.41
	69.62
	72.25
	73.47
	74.13
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(theor.)
	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 
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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 
[image: image123.wmf]1
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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

	Values
	n
	2
	3
	4
	5
	6
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	eV
	-
	3.83
	4.52
	4.84
	5.01
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	1.56
	0.88
	0.56
	0.39


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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=153.893 eV and 
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=120.892 eV into the formulas (206) and (207), well find (Table 16). 

Table 16. Spectrum of the third electron of the beryllium atom

	Values
	n
	2
	3
	4
	5
	6
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	eV
	123.7
	140.4
	146.3
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	150.5
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	eV
	123.7
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	149.0
	150.5
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The second electron of the beryllium atom has ionization energy 
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=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 
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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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=6.25(9=56.259 eV. If we insert this value  and ionization energy 
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=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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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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=9.322 eV and 
[image: image148.wmf]1

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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	1.01
	0.65
	0.45
	0.33
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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 simple atoms. 

If the electrons actually precess 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 emerges: 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 valence 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 valence 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 a valence electron. Later on we’ll see that the atomic nuclei have equal potential possibilities to be valence 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 
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=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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=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

	Values
	n
	2
	3
	4
	5
	6
	7
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	12
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	Valumes
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	14
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	16
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	18
	19
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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 valence 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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=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 valence 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: 
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=3.56( 4=14.24 eV. If we insert 
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=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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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 energies of all electrons with the atomic nuclei being in free state 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 
[image: image171.wmf]i

E

=13.618 eV, and binding energy of this electron with the atomic nucleus corresponding to the first energy level is equal to 
[image: image172.wmf]1

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

	Values
	n
	2
	3
	4
	5
	6

	
[image: image173.wmf]ph

E

(exper)
	eV
	10.18
	12.09
	12.76
	13.07
	13.24

	
[image: image174.wmf]ph

E

(theor.)
	eV
	10.16
	12.09
	12.76
	13.07
	13.24

	
[image: image175.wmf]b

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 
[image: image176.wmf]i

E

=35.116 eV, and its binding energy with the atomic nucleus corresponding to the first energy level 
[image: image177.wmf]1

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

	
[image: image178.wmf]ph

E

(exper)
	eV
	14.12
	25.83
	29.81
	31.73
	32.88

	
[image: image179.wmf]ph

E

(theor.)
	eV
	14.12
	25.79
	29.87
	31.76
	32.78

	
[image: image180.wmf]b

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 
[image: image181.wmf]i

E

=12.967 eV, and its binding energy with the atomic nucleus corresponding to the first energy level is 
[image: image182.wmf]1

E

=15.548 eV. Experimental and theoretical values of energies 
[image: image183.wmf]ph

E

 of the photons being absorbed and emitted by this electron corresponding to various energy levels and binding energies 
[image: image184.wmf]b

E

 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

	
[image: image185.wmf]ph

E

 (exper)
	eV
	9.08
	11.25
	12.02
	12.34
	12.53

	
[image: image186.wmf]ph

E

 (theor.)
	eV
	9.08
	11.24
	11.99
	12.34
	12.54

	
[image: image187.wmf]b

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 
[image: image188.wmf]i

E

=7.724 eV, and its binding energy corresponding to the first energy level is 
[image: image189.wmf]1

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

	
[image: image190.wmf]ph

E

 (exper)
	eV
	3.77
	4.97
	5.72
	6.19
	6.55

	
[image: image191.wmf]ph

E

 (theor.)
	eV
	3.77
	4.98
	5.71
	6.18
	6.50

	
[image: image192.wmf]b

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 
[image: image193.wmf]i

E

=6.00 eV, and energy corresponding to the first energy level is 
[image: image194.wmf]1

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

	Values
	n
	4
	5
	6
	7
	8

	
[image: image195.wmf]ph

E

 (exper)
	eV
	4.11
	4.71
	5.06
	5.23
	5.40

	
[image: image196.wmf]ph

E

 (theor.)
	eV
	4.12
	4.70
	5.04
	5.27
	5.42

	
[image: image197.wmf]b

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 valence electron of this atom (Table 26). Ionization energy of the first electron of the sodium atom is equal to 
[image: image198.wmf]i

E

=5.139 eV, and binding energy with the nucleus corresponding to the first energy level is 
[image: image199.wmf]1

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

	Values
	n
	2
	3
	4
	5
	6

	
[image: image200.wmf]ph

E

 (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 
[image: image203.wmf]ph

E

 (theor.) and experimental 
[image: image204.wmf]ph

E

 (exper.) values of energies of the photons emitted and absorbed by this electron are given as well as its binding energies 
[image: image205.wmf]ph

E

 (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 
[image: image206.wmf]i

E

 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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,                                                                   (226) 

where 
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E

 is kinetic energy of the photoelectron emitted by the photocathode; 
[image: image209.wmf]n

h

 is energy of the photon, but it is not explained in the papers, of which photon exactly, 
[image: image210.wmf]W

is the photoelectron exit work is a constant, which does not depend on frequency [111]. 

The main experimental dependencies of photoeffect 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 –
[image: image211.wmf]V

 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 –
[image: image212.wmf]V

 retarding the photoelectrons is increased (Fig. 20, b). 

As the value of the retarding negative potential –
[image: image213.wmf]V

 is determined by kinetic energy 
[image: image214.wmf]k

E

 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: image215.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). 
	[image: image216.png]



	[image: image217.png]





Fig. 20. Dependence of photocurrent on light intensity: a) at its constant frequency; b) at different frequency 
[image: image218.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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h

 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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Thus      
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 is one and the same equation.      
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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 
[image: image231.wmf]W

=2.4 eV [122]. Ionization energy of this electron is equal to 
[image: image232.wmf]i

E

=5.392 eV, and its binding energy with the nucleus corresponding to the first energy level is equal to 
[image: image233.wmf]1

E

=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 
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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 
[image: image236.wmf]b

E

 of this electron with the atomic nucleus  (according to Einstein, the exit work), which correspond to all (
[image: image237.wmf]n

) energy levels of this electron (Table 15).

We have found out earlier that binding energies Eb of the electrons with the nuclei of free atoms correspond to whole quantum numbers n. When the free atoms are united in a molecule with the covalent bond, above-mentioned energies acquire intermediate values corresponding to fractional quantum numbers 
[image: image238.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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E

=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: image247.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 analysis of the law of formation of the atom and ion spectra (207) and the spectrum calculation results (Table 15 and 26) show that binding energy 
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 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: image249.wmf]ph

k

E

E

=

 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. 

Thus, 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], etc. 

9. MODELS OF ATOMIC NUCLEI OF CHEMICAL ELEMENTS

9.1. General Data on Atomic Nuclei

If the electromagnetic models of the proton and the neutron were known, the task of the determination of the structure of the atomic nuclei of chemical elements would be simplified significantly. But they are not available. That’s why we should base our assertions only on the experimental facts and deductions, which originate from the results of theoretical investigations [27], [118], [121], [138], [154], [167], [170].

The first and the most important result of our investigations, which belongs to the atomic nucleus, is the lack of orbital movement of the electron in the atom. The electrons interact with the atomic nuclei with their axes of rotation. It is possible if the protons of the nucleus are arranged on its surface [18], [26], [109].

Thus, in order to provide the interaction of each electron with the nucleus, it is necessary to arrange the protons on the surface of the nucleus. The same charges of the protons exclude the structure of the nucleus, in which the protons could touch each other. The nature builds the nucleus in such a way that a neutron should be between the protons. As the last requirement is difficult to be met  when there are many protons in the nucleus, additional neutrons are attracted. That’s why the nuclei of almost all chemical elements contain more neutrons than protons. When the number of the protons and the neutrons in the nucleus is increased, the share of “extra” neutrons is increased. It is clear, because it is impossible to get geometrical symmetry of the nucleus, in which the neutrons should be present between the protons [27], [130]. 

It seems that the neutrons are penetrable for magnetic fields of the protons and unpenetrable or weakly penetrable for their electrical fields. Screening the like electrical fields of the protons, the neutrons create the conditions when the magnetic poles of the protons interact with the unlike magnetic poles of the neutrons [121]. 

The electron and the proton have the charges and the magnetic moments. We have already found that the magnetic field of the electron is similar to the magnetic field of a bar cylindrical magnet. One can suppose that the charge of the proton helps to form the same magnetic field as the field of the electron, i.e. the structure of the magnetic field of the proton is similar to the structure of the magnetic field of the bar cylindrical magnet. Let us call such magnetic field a simple magnetic field [121]. 

The neutron has magnetic moment as well and, consequently, magnetic field. But we know nothing about the structure of its magnetic field. If it is similar to magnetic field of the bar cylindrical magnet, the proton and the neutron are connected as the bar magnets, and the structure of the nuclei should be linear. If the neutron has a compound magnetic field, which consists of several magnetic poles, the construction of the atomic nuclei with more complicated space configuration is possible [121].

That’s why the determination of the structure of the magnetic field of the neutron is one of the priority tasks in our search. We have already called the magnetic field of the proton, which is similar to the magnetic field of the bar cylindrical magnet, a simple symmetrical magnetic field. There is every reason to believe that the magnetic field of the neutron has more complicated configuration; that’s why let us call it a compound magnetic field [121].

As the nuclei of all chemical elements consist of the positively charged protons and uncharged neutrons, it is necessary to systematize the information concerning the main characteristics of these elementary particles in order to detail the principles, which control the formation of the nuclei of chemical elements. 

9.2. On Model of the Proton

            It is known that rest mass of the proton is 
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  Electrical charge of the proton is positive and is equal to the negative charge of the electron 
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 Electromagnetic structure of the proton is unknown. If we suppose that it (as the electron) has the form of a torus, radius 
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 of this torus is as follows [109]
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where 
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m

 is mass of the proton, 
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E

 is the photon energy of the proton.

      Thus, radius of the proton is by three orders of magnitude less than radius of the electron. Spin of the proton (as spin of the electron) is equal to Planck’s constant. Vectors of these spins are directed along the axes of their rotation. The directions of spins both of the proton and the electron coincide with the directions of vectors of their magnetic moments [70]. It appears from the formula (149), which connects Planck’s constant and magnetic moment of  electron  
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. Let us present it in the following way
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        In modern physics, vectors  
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 and  
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 are considered to be opposite directional. It is reasoned by the fact that the charge of the electron 
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 in the formula (149) is negative. Rather a strange reason. The nature gives vector properties to values 
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 and  
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. Physicists themselves have given a negative sign to the charge of the electron 
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. It is conventional agreement, not the law of the Nature! In formula (149), the charge of the electron 
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 is a scalar value, and we have no reason to write it as follows [109]
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       Let alone logic of modern physicists; we’d like to consider the formula (231), from which it appears that vectors  
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 and  
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 are directed to one side. 

Magnetic field strength in the vicinity of a geometrical centre of the toroidal model of the proton is considerably greater than the same magnetic field strength of the electron. If we assume that the proton is a torus as well, we’ll get magnetic field strength 
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B

 in the vicinity of the centre of symmetry of the proton using magnetic moment of the proton 
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          This is colossal magnetic field strength nearly to the centre of symmetry of the proton. Outside this centre, it is decreased quickly. Along the axis of rotation of the proton this decrease is inversely proportional to cube of the distance from its geometrical centre [24]. Such large magnetic field strength generates corresponding large magnetic forces. If magnetic field of the proton is similar to magnetic field of the bar cylindrical magnet, unlike magnetic poles will juxtapose the protons and the neutrons. 

          If we imagine the proton in the form of a sphere with radius 
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, Coulomb force will act during the direct contact of two protons between them
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             For the sake of comparison, let us calculate gravitational force, which exists between the protons in this case
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 The results of these calculations prove that during formation of the atomic nuclei electrostatic forces and magnetic ones, not gravitational forces, play a decisive role. They form the atomic nuclei.

In order to get a clear understanding on the proton model, we’d like to note that in the first approximation it is a rotating torus, which can be presented in the form of a geometrical figure having a form of an apple with the magnetic field lines passing along the axis of the apple and closing on each other. Electrical field lines are directed perpendicular to the magnetic filed lines or perpendicular to toroidal surface. Such model has almost spherical electrical field and two magnetic poles: the north pole and the south one. The poles are formed at different ends of axis of rotation of torus. Let us call the described structure of magnetic field a simple structure, and the unknown structure of electromagnetic field of the neutron a compound structure [121].
9.3. On Model of the Neutron

          It is known that rest mass of the neutron is 
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 [109]. Thus, mass of the neutron is larger than mass of the proton by 
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 masses of the electron. It appears from this that in order a proton becomes a neutron, it should capture 2.531 electrons. As there are no electrons with fractional mass, the proton should absorb the whole number of the electrons. If it absorbs three electrons, and its mass is increased only by 2.531 masses of the electron, a question arises: what will become of the remainder of mass of the electron 
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? Modern physics explains the disturbed balance of masses in this process simply: a neutrino is born, which has no charge; that’s why it is very difficult to register the birth of this particle as it is assumed in modern physics. The neutron has magnetic field. Its magnetic moment is estimated by the value Mm =9.66332(10-26 J/tesla.

The neutron has no charge. As the mass of the neutron differs insignificantly from the mass of the proton, one can suppose that they have similar geometrical dimensions. One can suppose that the neutron radius is almost the same as the proton radius or is a bit larger than the proton radius. 

            As we try to find the principle, by which the nature is guided when it forms the atomic nuclei, our information concerning the models of the proton and neutron shows that these particles, which control the formation of the atomic nuclei, have the following properties: the charge and magnetic moment of the proton as well as magnetic moment of the neutron and the lack of charge. Availability of magnetic moments with these particles gives us the reason to imagine that they have magnetic poles [121]. 

Magnetic forces of unlike poles of magnetic fields of the proton and the neutron are the only forces, which can connect these particles with each other. Electrostatic forces of the protons are the only forces, which limit the approach of the protons in the nucleus. 

Nevertheless, the experiments have revealed the existence of nuclear forces connecting the protons and the neutrons in the atomic nuclei. The value of these forces is by a factor of 102 of electrostatic repulsive forces of the protons. The forces generating such interaction are called nuclei forces. Their nature remains unknown. 

If we take into consideration large magnetic field strength near the centre of symmetry of the proton (233) and suppose that it is the same with the neutron, there is every reason to believe that magnetic forces of the proton and the neutron acting at the distances near to their geometrical centres are the forces, which have been called the nuclei ones [121]. 

Thus, we have a possibility to suppose that the nuclei forces are the magnetic forces acting at the smallest distances between the centres of masses of the protons and the neutrons. First of all, let us consider the spherical models of the protons and the neutrons with the magnetic fields, which are similar to symmetrical magnetic fields of the bar cylindrical magnets and the reasons of existence of six-pole magnetic field with the neutron. 

9.4. Diagrams of Nuclei of Hydrogen Atom

      A nucleus of the hydrogen atom is known to consist of one proton (Fig. 21, a). But there are isotopes of the hydrogen atom, in which nuclei one neutron (Fig. 21, b) or two neutrons (Fig. 21, c) are added to the proton. Hydrogen, which nucleus has one proton and one neutron, is called deuterium (Fig. 21, b). If the hydrogen atom has one proton and two neutrons, such atom is called tritium (Fig. 21, c).  Let us retrace the process of formation of the nuclei of deuterium and tritium taking into consideration the above-mentioned principle of connection of the protons with the neutrons [121]. 
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Fig. 21. Diagrams of approach of the neutrons and the protons due to the influence of their magnetic forces

The approach of the proton P and the neutron N takes place due to the influence of the magnetic forces formed by magnetic fields of unlike magnetic poles of the proton and the neutron. There are no forces here, which could prevent the approach of these particles. As a result, a deuterium nucleus is obtained (Fig. 21, b). If the magnetic fields of the proton and the neutron are symmetrical, such structure should be stable. There are 0.015% of the deuterium nuclei in the nature. The approach of the proton and two neutrons and the formation of the atomic nucleus of tritium are shown in Fig. 21, c. There are only 
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 of the tritium nuclei in the Nature [27], [120], [130]. 

If the proton has the form of torus and the form of the neutron is approximate to a spherical one, the diagrams of the nuclei of deuterium and tritium can be presented as the most juxtaposed spherical formations (Fig. 21, b and c) [121]. 

If we take into account great strength of magnetic fields of the proton and the neutron near their geometrical centres, the magnetic forces, which juxtapose these particles, will correspond to nuclear forces during arrangement of the nuclei shown in Fig. 21, b and c [121]. 

Thus, the insignificant quantity of the nuclei of deuterium and tritium in the nature (as compared with the number of the nuclei of the hydrogen atoms, which consist of one proton) shows that the structure of magnetic field of the neutron differs from the structure of magnetic field of the proton. Let us try to find these differences using the formation of the atomic nuclei of the chemical elements, which follow hydrogen, as the examples. 

Previously, let us note an attempt of the author  [120] to use the quantum numbers, which originate from Schroedinger’s equation, for the formation of the atomic nuclei. The analysis of his attempts shows that their results have proved to be fruitless as well as the aspiration of the chemists to distribute the electrons in the atoms according to the levels corresponding to the marked quantum numbers. Nevertheless, his work concerning the arrangement of the atomic nuclei of chemical elements is a good reference guide.

9.5. Diagram of Nuclei of the Helium Atom

Let us pay attention to a very important difference between the electric fields and the magnetic fields. It is known that electric fields are easily screened. It is much more difficult to screen magnetic fields. It appears from this that when the electric fields of, say, two protons are screened, it is possible to weaken electrostatic repulsive forces acting between them [121]. 

         What particles screen electrostatic forces of the protons in the atomic nuclei? The neutrons, of course, nothing, but the neutrons. The simplest diagram of the helium atom can be such as it is shown in Fig. 22, a. 
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Fig. 22. Diagrams of the nuclei of the helium atom

If the neutron is between two protons (Fig. 22, a), it will screen their electrical fields and, consequently, will weaken electrostatic repulsive forces. As the magnetic fields are penetrable for the neutron, the presence of the neutron between two protons will weaken the electrostatic forces, which repel the protons, and weaken the magnetic forces, which juxtapose them, to a lesser degree. The structure, which consists of two protons and one neutron and is the nucleus of the isotope of the helium atom, is formed (Fig. 22, a). There are 0.000138% of the helium atoms, which have such nucleus, in the nature [120], [121].

The second variant of formation of the nucleus of the helium atom is shown in Fig. 22, b. Here two neutrons screen the electric fields of two protons. Such diagram of the nucleus of the helium atom can be considered more preferable, because in such diagram of arrangement of the nucleus the electrostatic repulsive forces, which act between two protons, are weakened greater than in the diagram shown in Fig. 22, a. Besides, in this diagram both protons have free magnetic poles for the interaction with the electrons. 

It should be noted that in the majority of the nuclear reactions the nucleus of the helium atom is released in the form of a positively charged formation called an alpha particle (Fig. 22, b). Ordinal number 2 of the chemical element helium belongs to a row of magic numbers, which characterize particular stability of the nucleus of this element. The next magic numbers are 8 and 20. Later on we’ll consider the structure of the nucleus of the oxygen atom with the magic number 8 and the nucleus of the calcium atom with the magic number 20, and we’ll see that their geometrical symmetry serves a reason of stability of these nuclei [120], [121]. 

In the variants of the possible arrangement of the nucleus of the helium atom (Fig. 22), the neutrons screen a part of electric field lines of the protons. Due to it, the electrostatic repulsive forces of the protons are reduced. The value of the magnetic forces, which connect the protons and the neutrons, remains almost the same, and its provides durability and stability for such assemblage of the particles.

The number of the helium atoms, which nuclei consist of two protons and two neutrons (Fig. 22, b), is 99.999862%. Lifetime of the helium atoms, which nuclei have 4 or 6 neutrons, is calculated in milliseconds [27], [120], [121]. 

9.6. Structure of the Nucleus of the Lithium Atom

If Nature is guided by a principle of geometrical symmetry during the formation of the atomic nuclei, a question emerges: in what sequence does it build a nucleus of the lithium atom? Of course, the nucleus of simpler helium atom serves as a base during the construction of the lithium nucleus. In order to make a nucleus of the lithium atom out of a nucleus of the helium atom, it is necessary to add one proton and one neutron to the nucleus of the helium atom. If the arrangement of the nucleus is carried out at the expense of symmetrical magnetic fields of the proton and the neutron, the diagrams of the nucleus of the lithium atom will be such as they are shown in Fig. 23, a, b. In the Nature, 92.5% of the nuclei of the lithium atom have three protons and four neutrons (Fig. 23, a). The rest 7.50% of the nuclei of lithium have three neutrons and three protons each (Fig. 23, b). 
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Fig. 23. Diagrams of the nuclei of the lithium atom

              Why does Nature prefer the compositions of the nuclei of the lithium atom, which are shown in Fig. 23, a and b? Because the protons and the neutrons in the atomic nucleus connect magnetic force, not nuclear forces. The most important fact is that the majority of lithium atoms have four neutrons, not three (Fig. 23, a). An unexpected conclusion results from this diagram: magnetic field of the neutron is formed by four magnetic poles minimum. This supposition is made, because in the diagram of Fig. 23, a, the central neutron has three contacts, which correspond to three magnetic poles. The fourth contact of this neutron is free, it corresponds to the fourth magnetic pole, to which the neutrons of the isotopes of the lithium atom are connected [120], [121].

The isotopes of the lithium atoms can have up to five extra neutrons in the nucleus, but lifetime of such atoms is calculated in milliseconds. The majority of the lithium atoms have the nuclei, which are shown in Fig. 23, a. It is explained by the fact that the protons and the neutrons connect their magnetic forces. Let us pay attention once again to the quantity of contacts between the neutrons and the protons in the diagram in Fig. 23, a. Each proton has only one contact with the neutron being formed by one of its two magnetic poles. One could think that the neutron has two magnetic poles as well, but the middle neutron, which has three occupied contacts and one potentially free one, gives us the reason to suppose that it has a compound magnetic field, which consists of four magnetic poles minimum. 

9.7. Structure of Nucleus of Beryllium Atom

          Let us pay attention to the structure of the nucleus of the beryllium atom (Fig. 24, a) being built on the supposition that the nuclear forces connect the protons and the neutrons in the nucleus.  It consists of four protons and four neutrons. It is rather symmetrical structure. But there are no beryllium atoms with such nucleus in the Nature. The results of the nuclear experimental spectroscopy show that 100% of the natural beryllium atoms have the nuclei with four protons and five neutrons (Fig. 24, b). We do not consider the structure of the artificial isotopes of this element with  a short lifetime [27], [120], [121]. 
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Fig. 24. Diagrams of possible composition of the nucleus of  the beryllium atom
         Thus, the absence of the beryllium nuclei with the nuclear structure, which is shown in Fig. 24, a, in the Nature gives an additional confirmation of the absence of the nuclear forces. The structure of the nucleus of the beryllium atom shown in Fig. 24,b gives additional evidences of connection of the neutrons and the protons by means of unlike magnetic poles of these particles. This diagram proves significance of the screening functions of the neutron and complexity of its magnetic field. 

        In Fig. 24,b the central neutron has four contacts. It means that the structure of magnetic field of the neutron has four magnetic poles in one plane: two south poles and two north poles [120], [121].  

9.8. Diagram of Nucleus of Boron Atom

        Boron is the fifth element in the periodic table of chemical elements. It seems that the majority of the atoms of this element should have the nuclei with five protons and five neutrons, but it is not the case. Only 20% of the boron atoms have the nuclei with five protons and five neutrons (Fig. 25, a), and 80% of atoms of this element have the nuclei, which consists of five protons and six neutrons (Fig. 25, b) [120], [121]. (Axial neutrons are shown in grey).  
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a)                                             b)

Fig. 25. Diagrams of the nuclei of the boron atom: a) with five neutron, b) with six neutrons

(the protons are shown in white, the neutrons are shown in black)

          In the diagram (Fig. 25, a), the central neutron is shown in grey; in the diagram of (Fig. 25, b), two neutrons forming the axis of the nucleus are shown in grey [120], [121]. 

          The analysis of the diagrams of the composition of the boron atom (Fig. 25, a and b) proves that an additional neutron (Fig. 25, b) separates the fifth proton from the rest four protons at a large distance. Due to this fact, in the nucleus, which diagram is shown in Fig. 25, b, the electrostatic forces of repulsion of the fifth proton from the rest four protons are less than in the nucleus shown in Fig. 25, a. Thus, the additional neutron improves strength of the nucleus of the boron atom, that’s why there are more nuclei of the boron atom with six neutron than with five neutrons in the Nature.

 Let us pay attention to a number of contacts of the central neutron with the rest neutrons. There are five of them and one free. If each contact corresponds to a definite magnetic pole of the magnetic field of the neutron, the total number of contacts should be even, i.e. it should be six. One contact (it means one magnetic pole) of the central neutron is free. Later on we’ll see that it is occupied in the structure of the nucleus of the carbon atom when a diamond is formed from it [109], [121]. 

 Thus, we get additional confirmations of connection of the protons with the neutrons in nuclei of the atoms by means of unlike magnetic poles only, not nuclear forces. Each neutron has a  compound magnetic field, which helps to generate six magnetic poles: three north poles and three south poles.

9.9. Diagrams of Nucleus of Carbon Atom

         Carbon is supposed to be a base of life, because it forms a large number of bonds with the atoms of other chemical elements. Let us consider a cause of its such activity.

        A flat nucleus of this element is shown in Fig. 26, a. Involuntarily, one recollects scaly flat composition of graphite, which is formed from carbon. Such substance is formed from the carbon atoms, which nuclei have flat structure made of six protons and six neutrons.  But there is carbon with other, spatial arrangement of the nucleus in Nature. Mechanical properties of diamond (Fig. 26, b), which consists of carbon as well, differ from mechanical properties of graphite significantly [109], [121].

[image: image495.wmf].

10

4228083

.

2

)

10

236

.

1

(

10

109

.

9

10

602

.

1

10

110864

.

5

12

2

20

31

19

5

2

m

m

E

r

e

e

e

e

-

-

-

×

=

×

×

×

×

×

×

=

=

w


                                                               a)                                                        b)
Fig. 26. Structural diagrams of carbon atom: diagram of flat nucleus; b) diagram of spatial nucleus
      Now we can see that the form of the carbon nucleus determines properties of a substance, which consists of the atoms of this chemical element. 

     The structure of other nucleus of the carbon atom is shown in Fig. 26, b. This structure has 7 neutrons. One of them is situated in the centre of the spatial coordinate system, and three pairs of other neutrons are directed along three coordinate axes. A proton is connected to each outer neutron along these axes. Thus, spatial nucleus of the carbon atom is an ideal point of the lattice. Such structure of the nucleus provides strength of the diamond crystals.

       Experimental  nuclear spectroscopy proves that 98.90% of the carbon nuclei contain 6 protons and 6 neutrons, and only 1.10% of the nuclei of this element has a surplus neutron. Now we see that they are the diamond atoms (Fig. 26, b).

        Let us pay attention to limit symmetry of both nuclei of the carbon atom. Flat symmetric nucleus belongs to carbon, which forms organic substances.

       It is clear from the second structural diagram (Fig, 26, b) of the nucleus of the carbon atom that the neutron has a compound magnetic field, which consist of six magnetic poles. In all cases being considered by us, magnetic pole of the proton remains similar to magnetic pole of the bar cylindrical magnet. 
9.10. Structure of Nucleus of Nitrogen Atom

      Nitrogen is the seventh chemical element in the periodic table. There are 99.63% of the nitrogen atoms in Nature, which nuclei consist of 7 neutrons and 7 protons (Fig. 27, a). The eighth surplus neutron is available in 0.37% of the nuclei of the atoms of this element [120], [121]. 


                                                   a)                                                          b)

Fig. 27. Diagram of the nucleus of the nitrogen atom

            Six neutrons arranged in one plane have six free magnetic poles directed to the centre of circumference, which they form (Fig. 27, a). As each neutron has four magnetic poles in one plane, the seventh neutron occupies free space in the centre, and the seventh proton is connected to it from above (Fig. 27, a). As the central neutron has one free magnetic pole in its lower part, the eighth neutron can be connected to it forming a nucleus of the nitrogen isotope. It is obvious that  other neutrons can be connected to the neutron increasing the number of the isotopes of this element. The nuclei of the isotopes of the nitrogen atom can have four surplus neutrons [120], [121].

          It should be noted that it is impossible to form the nucleus of the nitrogen atom from the spatial structure of the nucleus of the carbon atom (Fig. 26, b). This structure has already had 7 neutrons and 6 protons, there is no place for the seventh proton. But if  one surplus neutron is added to the spatial structure of the nucleus of the carbon atom, the conditions take place for the formation of a nucleus of the nitrogen atom with seven protons and eight neutrons (Fig. 27, b).

        As there are only 0.37% of the nuclei of the nitrogen atoms with eight neutrons, we have every reason to believe that the majority of the nuclei of the nitrogen atom should have a flat nucleus of the nitrogen atom  (Fig. 27,a) [120], [121].
9. 11.  Structure of Nucleus of Oxygen Atom

         The experimenters attribute magical properties of stability to the nucleus of this atom. The number, which corresponds to the ordinal number of this element, is also considered to be a magic one. Symmetry of arrangement of the neutrons and the protons in this nucleus proves this fact (Fig. 28, a).

                                                                      a)

                                            b)

                                                                                           c)

Fig. 28. Diagram of the nucleus of the oxygen atom

         The nucleus of this atom has 8 protons and 8 neutrons. In the central part of the nucleus, two neutrons are arranged along its axis, and two protons are connected to them. As a result, an ideal symmetrical, i.e. stable structure is formed. As the nucleus of the oxygen atom has symmetrical spatial structure, the possibilities of chemical activity are increased greatly. 
            In Nature, 99.762% of the oxygen atoms have eight neutrons and eight protons (Fig. 28, a). Analysis of the diagram of a symmetrical  nucleus of the oxygen atom shows that the neutron can penetrate between the upper and the power central protons, and the nuclei of the oxygen isotopes are formed. There are 0.038% of the nuclei of the oxygen atom with one surplus neutron (Fig. 28, b) and 0.200% of the nuclei with two surplus neutrons in Nature (Fig. 27, c). The nucleus of the oxygen atom can have five surplus neutrons [120], [121].

          It is necessary to note impossibility of formation of the spatial structure of the nucleus of the oxygen atom. In Fig. 26, b, where the spatial nucleus of the nitrogen atom with eight neutrons and seven protons is shown, there is no place for the eighth proton of the nucleus of the oxygen atom. 

9.12. Diagram of Nucleus of Fluorine Atom

        Fluorine is the ninth element of the periodic table. It is situated in the seventh period of this table. Its stable nucleus has 9 protons and 10 neutrons (Fig. 29). When the nucleus of this element is formed, two neutrons and two protons are connected to one of the protons of the nucleus of the oxygen atom arranged along the axis of the nucleus. 

         As fluorine is situated in the same group with hydrogen in the periodic table, its nucleus should have the elements of the nucleus of this atom (Fig. 21, b). The protons arranged at the ends of the axis of the nucleus, play the role of such element [120], [121]. 


Fig. 29. Diagram of the nucleus  of the fluorine atom

9.13. Diagram of Nucleus of  Neon Atom

        Neon is the tenth element of the periodic table. It is situated in the eight group of this table that is why it must contents the elements of the nucleus of helium atom. There are 90.51% of the nuclei of this atom with 10 protons and 10 neutrons in Nature (Fig. 30, a). In fact, 0.27% of the nuclei of this element have one surplus neutron (Fig. 30, b) and 9.22% of the nuclei have two neutrons (Fig. 30 c,). 

                                            a)

                                                                b)                                                           c)

Fig. 30. Diagram of the nucleus of the neon atom

 In order to preserve symmetry of the nucleus, it is built by means of connection of one neutron and one proton to the axial chain of the nucleus of the fluorine atom. We get a symmetrical structure (Fig. 30, a). 

         If one neutron is added to the lower part of the axis of the nucleus (Fig. 30), the nucleus of an isotope of the neon atom is formed (there are 0.27% of such ones in Nature). When the twelfth neutron is connected to the neutron in the upper part of the axis of the nucleus, the screening effect of the neutron is strengthened (Fig. 30,c). There are 9.22% of the neon atoms with such nucleus in Nature [120]. As it is clear (Fig. 30), the nucleus of the isotope of the helium atom is arranged in the apex of the nucleus of the neon atom.

          Neon closes the second period of the periodic table. If we are on a correct way, the nuclei of the following period of chemical elements should be repeated in their groups. This demand originates from periodicity of the properties of chemical determined by D.I. Mendeleyev. Periodicity of chemical properties of the elements should be provided by the electrons, which interact with the protons of the repeated structures of the nuclei. 

9.14. Diagram of Nucleus of Sodium Atom

        Sodium is the eleventh element in the periodic table. It is situated in the first group  of this table [2]. It means that the nucleus of this atom should have the elements of the nucleus of the lithium atom (Fig. 23). In Nature, 100% of the atoms of this element have the nuclei with eleven protons and twelve neutrons (Fig. 31). There are isotopes of this element with various periods of half-life [120], [121].   


Fig. 31. Diagram of the nucleus of the sodium atom

        The upper part of the nucleus of the sodium atom (Fig. 31) contains the elements of the composition of the nucleus of the lithium atom (Fig. 23, b), that’s why lithium and sodium are situated in the same group of the periodic table [2],  [120], [121].  


9.15. Diagram of Nucleus of Magnesium Atom

          Magnesium is the twelfth element in the periodic table (Fig. 32). It is situated in the second group of this table, that’s why the elements of the nucleus of the beryllium atom should be in the structure of its nucleus (Fig. 24, b). In Nature, 78.99% of the nuclei of the magnesium atoms contain 12 protons and 12 neutrons (Fig. 32, a) [120].

      Let us pay attention to the flat structure of the nucleus of the beryllium atom (Fig. 24). There are five neutrons in one plane, and four protons are connected to them. The same structure is formed in the composition of the nucleus of the magnesium atom (Fig. 32, a). The axial neutrons are shown in grey. 

        There are twelve protons and twelve neutrons in the nuclear structure. The twelfth proton is situated in the axis of the nucleus in its power part. In Nature, 10.00% of the nuclei of the magnesium atom have the thirteenth neutron (Fig. 32,b), which is connected to the lower axial neutron. The fourteenth neutron is situated over the upper axial proton. In Nature, there are 11.01% of the magnesium atoms, whose nucleus has 14 neutrons [120], [121].


                                                   a)                                                        b)

Fig. 32. Diagram of the nucleus of the magnesium atom

9.16. Structure of Nucleus of Aluminium Atom

      Aluminium is the thirteenth element of the periodic table. In Nature, 100% of the atoms of this element have 13 protons and 14 neutrons. The nuclei with large number of the neutrons belong to short-life isotopes of this element. As aluminium is included into the third group of the periodic table, it should contain  the elements of the nucleus of the boron atom. The structure of this nucleus is given in Fig. 25, a. In Fig. 33, the structure of the nucleus of the aluminium atom  with the specified part, in which the nuclei of the boron atom are present. 

           Thus, in the structure of more complicated nuclei the structures of more simple nuclei are repeated in accordance with the arrangement of chemical elements according to the groups of the periodic table by D.I. Mendeleyev [2]. 


Fig. 33. Diagram of structure of the nucleus of aluminium atom

9.17. Structure of Nucleus of Silicon Atom

        Silicon is the fourteenth element. Its stable nucleus (there are  92.23% of such nuclei) contains 14 protons and 14 neutrons (Fig. 34). As silicon is included in the fourth groupp of the periodic table together with carbon, the nucleus of the carbon atom should be in the structure of the nucleus of the silicon atom. It can be represented in two types: the flat on (Fig. 26, a) and the spatial one (Fig. 26, b).

        There are 4.67% of the nuclei of the silicon atoms with one surplus neutron, and there are 3.10% of the nuclei with two surplus neutrons. One surplus neutron is situated in lower axial part of the nucleus between the central neutron and lower proton. The second surplus neutron is situated on the axis as well. 

          We lack knowledge in chemistry. If we knew better the properties of the chemical elements, for the study of which we have no time, the nuclear structure could be presented more exactly. We make the first steps on this wonderful and interesting way, and we hope that these people who follow us will describe more exactly the details, which have remained unclear for us. 

                                 a)

                                                                                                               b)

       Fig. 34. Structure of the nucleus of the silicon atom

     9.18. Structure of Nucleus of Phosphorus Atom

       Phosphorus is the fifteenth element of the periodic table [2]. It is situated in fifth group together with nitrogen atom that is why it contents the nucleus of this atom (Fig. 27). In Nature, 100% of the nuclei of this chemical element contain 15 protons and 16 neutrons (Fig. 35). There are short-life isotopes of this element as well [120], [121]. As it is clear (Fig. 35), the upper part and the lower one of the nucleus of the phosphorus atom form the nucleus of the nitrogen atom in the aggregate. 


Fig. 35. Structure of the nucleus of the phosphorus atom

9.19. Structure of Nucleus of Sulphur Atom

       Sulphur is the sixteenth element of the periodic table.  It is situated in its sixth group together with oxygen, that’s why the upper part and the lower part of its nucleus form the nucleus of the oxygen atom in the aggregate (Fig. 28).    Each of 95.02% of the nuclei of this element contains 16 protons and 16 neutrons. In Fig. 36, the structure of the main nucleus of this element, which has 16 protons and 16 neutrons, is shown [120], [121].


Fig. 36. Structure of the nucleus of the sulphur atom

9.20. Structure of Nucleus of Chlorine Atom

        Chlorine is the seventeenth chemical element of the periodic table (Fig. 37). Each of 75.77% of the nuclei of this element has 17 protons and 18 neutrons, and 24.23% of the nuclei have three surplus neutrons [120], [121]. 


Fig. 37. Structure of the nucleus of the chlorine atom

3.21. Structure of Nucleus of Argon Atom

         Argon is the eighteenth element in the periodic table. It is included in the eighth group of this table. Each of 99.60% of the nuclei of this element contains 18 protons and 22 neutrons. Each of 0.337% of the nuclei has 18 protons and 18 neutrons, and 0.063% of the nuclei have 18 protons and 20 neutrons [121]. 

          Let us pay attention to the structure of the nucleus of the chlorine atom (Fig. 37). It has three tiers. The upper and the lower tiers consist of the nuclei of the carbon atom. The middle tier remains unfinished. It is asymmetric. It is necessary to add one more proton. Then the middle tier will become symmetric. But the electrostatic forces of repulsion, which exist between the protons of the tiers, will be increased. In order to reduce the influence of these forces, it is necessary to increase the distance between the tiers. It is achieved with the help of four surplus neutrons, and a symmetric nucleus of the argon atom is produced (Fig. 38) [120], [121]. 


Fig. 38. Structure of the nucleus of the argon atom

9.22. Structure of Nucleus of Potassium Atom

          Potassium (Fig. 39) is the nineteenth element of the periodic table. The nucleus of this atom contents the nucleus of lithium atom (Fig. 23).  In Nature, 93.258% of the nuclei of this element have 19 protons and 20 neutrons. There are the potassium isotopes with two and three surplus neutrons. 


Fig. 39. Structure of the nucleus of the potassium atom

9.23. Structure of Nucleus of Calcium Atom

         Calcium is the twentieth element in the periodic table (Fig. 40). In Nature, 96.94% of the nuclei of the atom of this element have 20 protons and 20 neutrons. The isotopes of this element have 2, 3, 4, 6 and 8 surplus neutrons. 


Fig. 40. Structure of the nucleus of the calcium atom

          The analysis of the structure of the nucleus of the potassium atom shows that it has the same number of the neutrons as the nucleus of the calcium atom. It means that one free place for the proton should be in the nucleus of the potassium atom. And we see it. One more tier has appeared in the nucleus of the potassium atom instead of one middle tier. One of them has an empty cell for the proton. Let us put a proton in this cells, and we’ll get a symmetric structure of the nucleus of the calcium atom (Fig. 40) with the nucleus of the beryllium atom (Fig. 24) [120], [121]. 

         The model looks well, but it should be taken into consideration that it is built on the grounds of a flat model of the carbon atom. If we take a spatial model of the nucleus of the carbon atom as a basis, the structure of the nucleus of the calcium atom can be different. We leave the possibility of construction of such model to other investigators. 

9.24. Structure of the Nucleus of the Scandium Atom

        Scandium is included in the third group of the periodic table; that’s why the nucleus of the boron atom should be repeated in the structure of its nucleus. One hundred per cent of  the nuclei of this element contain 21 proton and 24 neutrons (Fig. 41) [120]. 


Fig. 41. Diagram of the scandium nucleus

9.25. Structure of the Nucleus of the Titanium Atom

            Titanium is situated in the fourth group of the periodic table; that’s why the nucleus of the carbon atom should be repeated in the structure of its nucleus (Fig. 26). In the nature, there are 8.20% of the nuclei of the titanium atom containing 22 protons and 24 neutrons. There are 22 protons and 25 neutrons in 7.40% of the nuclei, 73.80% of the nuclei have 22 protons and 26 neutrons. The number of the nuclei having 27 neutrons is 5.40% and 28 neutrons – 5.20%. In Fig. 42, there is a diagram of the nucleus of titanium atom, in which there are 22 protons and 24 neutrons [120]. 


Fig. 42. Diagram of the nucleus of the titanium atom

9.26. Structure of the Nucleus of the Vanadium Atom

        Vanadium is the twenty third element in the periodic table. It is situated in the fifth group of this table, that’s why the nucleus of the nitrogen atom should be in the structure of its nucleus (Fig. 27). The majority of the nuclei of the atoms of this element contain 23 protons and 28 neutrons (Fig. 43) [120]. 


Fig. 43. Diagram of the nucleus of the vanadium atom

9.27. Structure of the Nucleus of the Chromium Atom

         Chromium is situated in the sixth group of the periodic table. The majority of the nuclei of the atoms of this element contain 24 protons and 28 neutrons (Fig. 44) [120].

	
Fig. 44. Diagram of the nucleus of the chromium atom


	
Fig. 45. Diagram of the nucleus of the manganese atom




9.28. Structure of the Nucleus of the Manganese Atom

       Manganese is the twenty fifth element in the periodic table. It is situated in the seventh group of this table. One hundred per cent of the atoms of this element contain the nuclei with 25 proton and 30 neutrons (Fig. 45) [120]. 

9.29. Structure of the Nucleus of the Iron Atom

              Iron (Fig. 46) is the twenty sixth element in the periodic table. The majority of the atoms of this element contain the nuclei with 26 protons and 30 neutrons (Fig. 46) [120]. 

	
Fig. 46. Diagram of the nucleus of the iron atom


	
Fig. 47. Diagram of the nucleus of the cobalt atom




9.30. Structure of the Nucleus of the Cobalt Atom

             One hundred per cent of the atoms of this element contain the nuclei with 27 proton and 32 neutrons (Fig. 47) [120]. 

	
Fig. 48. Diagram of the nucleus of the nickel atom
	
Fig. 49. Diagram of the nucleus of the copper atom




9.31. Structure of the Nucleus of the Nickel Atom

         Nickel is situated in the eighth group of the periodic table. The majority of the atoms of this chemical element contain 28 protons and 30 neutrons (Fig. 48).

9.32. Structure of the Nucleus of the Copper Atom

The copper atom is situated in the first group of the fourth period of the periodic law of chemical elements. It means that a marked nucleus of the lithium atom should be present in the structure of the nucleus of this element (Fig. 23). A stable nucleus of this atom, and there are 69.17% of such ones, contains 29 protons and 34 neutrons (Fig. 49). As it is clear, the nucleus of the lithium atom is arranged at the top of the nucleus of the copper atom. 

9.32. Brief Conclusions

        1. One can suppose that a principle of the construction of the atomic nuclei of chemical elements has been found. In the atomic nucleus, the neutrons and the protons are connected by magnetic forces of their magnetic poles. The proton has the simplest magnetic field similar to magnetic field of the bar cylindrical magnet. The neutron has a compound magnetic field, which forms on its surface six symmetrically arranged magnetic poles: three south poles and three north ones.

        2. The nucleus of any chemical element is formed in such a way that there should be a neutron between the protons, which connects the protons and plays the role of a screen between the like electric fields of the protons.

        3. The above-mentioned method of the construction of the nuclei of the atoms of chemical elements gives the opportunity to build a nucleus of any atom. It is clear that the flat nucleus of this atom serves as a base for the nuclei of all atoms, which are more complicated than the carbon atom. Further progress will show that the flat components similar to the flat nucleus of the carbon atom will take place in succession. Complexity of the nuclear structure will be determined by a number of the nuclei of the carbon atom in it [121]. 

        4. We understand that during further investigations of the nuclear structures the atomic nuclei of all eight groups of the first period and of the second period will be the closest ones to reality. The structures of more complicated nuclei will be specified. 
10. MODELS OF THE ATOMS AND THE MOLECULES

10.1. General

In connection with modern concepts, a position of the electrons in the atoms is determined by three quantum numbers: n – the main one, l – the orbital one and m – the magnetic one. These numbers originate from the features of Schroedinger wave function (7). The main quantum number n is connected with the experimental data of spectroscopy. The rest two quantum numbers have only a theoretical sense without a close connection with any experiment. That's why the use of these numbers for the analysis of structures of the atoms and the molecules is based on purely intuitive concepts [122]. We have already shown the drawbacks of Schroedinger equation, which discredit competence of the use of the quantum numbers l and m. As we show now, these numbers are not included into a mathematical model of an exact calculation of the spectra corresponding to the stationary energy levels of the electrons in the atoms and the ions.

The mathematical model of the law of formation of the spectra of the atoms and the ions (207) proves the lack of orbital motion of the electrons in the atoms. The atomic nucleus models built by us confirm this fact. 

The protons in the atomic nuclei are arranged on their surface and have a free magnetic pole for the connection with the like magnetic pole of the electron. The chain of consistency of actions of Nature determined in this search confirms adjacency of the models of the electron, the proton and neutron to reality. That’s why we can get ahead and begin to analyze the structure of the atoms of chemical elements. The hydrogen atom is the first and the simplest atom. Let us check the ideas described by us taking its formation as an example. 

10.2. Structure of the Hydrogen Atom

The largest array of experimental information concerning the hydrogen atom is in its spectra [5], [25]. In order to determine the structure of the hydrogen atom, we should analyze this information. We have already given the calculation of the spectrum of the hydrogen atom. As the hydrogen atom model is built on the basis of this calculation, let us give this calculation one again. First of all. Let us calculate the energies 
[image: image287.wmf]ph
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 of the photons radiated and absorbed by the electron during its transitions and the binding energies 
[image: image288.wmf]b
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 of the electron with the atomic nucleus (proton), which correspond to these transitions. 

In order to calculate the energies 
[image: image289.wmf]ph
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 of the photons absorbed or radiated by the electron during its transitions, we’ll use the spectrum formation law discovered by us  (207) [33], [53], [109] and the experimental spectroscopy data [5], [25]. 

We’ll calculate binding energy 
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 of the electron with the nucleus, which corresponds to any energy level, according to the formula (206). Taking into consideration the fact that ionization energy 
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 of the hydrogen atom is equal to binding energy 
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 of the electron with the nucleus, which corresponds to the first energy level 
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  and using the formulas (212) and (213), we’ll get the energies of the photons 
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(theor.) radiated or absorbed by the electron and binding energies 
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 (theor.) of the electron with the atomic nucleus, which correspond to n-energy levels (Table 27). 

Table 27. Spectrum of the hydrogen atom

	Values
	n
	2
	3
	4
	5
	6

	
[image: image296.wmf]ph

E

(exper.)
	eV
	10.20
	12.09
	12.75
	13.05
	13.22

	
[image: image297.wmf]ph

E

 (theor.)
	eV
	10.198
	12.087
	12.748
	13.054
	13.22
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 (theor.)
	eV
	3.40
	1.51
	0.85
	0.54
	0.38


It follows from the spectroscopy law (212) that the energies of absorbed and radiated photons during the transition of the electron between the energy levels n and n+1 are calculated according to the formula (216).

Let us list the results of the calculation (Table 6) of the energies of the photons 
[image: image299.wmf]ph
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 (theor.) radiated or absorbed by the electron of the hydrogen atom during transitions between the levels n and n+1 as compared with the experimental 
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 (exper.) data. 

Table 28. 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

	
[image: image301.wmf]ph

E

(exper)
	eV
	1.89
	0.66
	0.30
	0.17
	0.10
	0.07
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(theor.)
	eV
	1.88
	0.661
	0.306
	0.166
	0.100
	0.065


We should note that binding energies 
[image: image303.wmf]b
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 of the electron with the atomic nucleus are specified in Table 27. Other energies of the radiated or absorbed photons during the transitions of the electron are given in Table 28. 

The formula (216) gives the possibility to calculate the energies of the radiated and absorbed photons during any transitions of the electron. For example, when the electron goes from the 1st to the 10th 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, say, the 15th to the 10th energy level, it radiates the photon with energy
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Let us see how free electron energy will be changed during absorption and emission of the photons. As ionization energy of the hydrogen atom is equal to 
[image: image306.wmf]i
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=13.598 eV, it means that when the free electron is united with the nucleus of the hydrogen atom (the proton) 
[image: image307.wmf]i
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, it should emit the photon with the energy being equal to ionization energy  and occupy the first (n=1) non-exited energy level. Its full energy 511.100 eV is reduced and becomes equal to 
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Then, after absorption of the photon with energy of 10.20 eV and the transfer to the second energy level the complete energy of the electron will be increased and will become
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Thus, during the transitions to higher energy levels the electron increasing its full energy due to the absorbed photons approximates its value to the energy value, which it has in free state. This increase takes place at the expense of the absorbed photons, and binding energy 
[image: image310.wmf]b
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 of the electron with the proton being decreased approximates to zero (Table 27), and it becomes free. All electrons of any atom act in such a way, and its allows them to be in free state with one and the same mass and with one and the same charge. That’s why mass and charge of all free electrons are always constant. 

Thus, we have agreed that free electron energy is equal to its photon energy 
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. It means that in order to calculate radius 
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 of the electron when it is on the first energy level in the hydrogen atom, it is necessary to take free electron energy and to subtract the energy, which it has radiated in the form of the photon, from it. During the determination of the electron radius when it is at the first energy level, this energy is equal to 522100-13.6=511086.4 eV. The value of the electron radius will be as follows


(240)

This value differs from the value, which is calculated taking into consideration full energy of the electron (138) for nominal value of 
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. It is clear that the energy and, consequently, the electron radius in the atom are changed insufficiently, and this fact matches the constant value of Compton wavelength of the electron, which now we should call Compton radius of the electron. 

A question emerges: how many energy levels has an electron of the hydrogen atom? An answer to this question can be obtained if minimal energy of the photon emitted by the electron is accepted as close to a value of energy of the photon of relict range (Table 34). For example, if  Eph = 0.0012 eV, the electron of the hydrogen atom has this value of bond with the atomic nucleus when it is no the 106th energy level. 

We have already shown that photon mass 
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, radius 
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 and frequency 
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 are changed in such a way that their product (
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) remains constant, because the change of a set of the above-mentioned parameters is governed by the law of conservation of angular momentum [11], [40]. The same law governs a change of the same set of the parameters of the electron. 

Let us pay attention to one more important fact. Binding energy of the electron with the nucleus is changed in proportion to the change of square of frequency 
[image: image318.wmf]e

w

 [70]. But if we consider the dependence of frequency 
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 of electron rotation relative to its axis of symmetry from strength 
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 of magnetic field of the electron (150), one more reason of the change of electron bond energy with the nucleus takes place during its energy transition [70]
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As angular rotational speed of the electron is proportional to its magnetic field strength, we substitute strength 
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 of its magnetic field for electron rotational speed 
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 in the mathematical expression, which determines electron energy,
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and get the same result, but with another physical meaning: electron energy is aliquot not to angular frequency 
[image: image326.wmf]e
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, but to strength 
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 of magnetic field of the electron. It is an important consequence. It points out to possible lack of rotation of the electron in relation to its axis in the  moment when it is in the atom.

We’d like to draw our readers’ attention to the result of the joint solution of the relations (14), (18), (148), (150) and (241)
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Is it a new constant?

Hydrogen is the simplest atom. It has one electron, and its nucleus consists of one proton. The information found out by us concerning the structure of the electron and proton gives the opportunity to get a notion about the formation process of this atom [94]. 

One can suppose that magnetic fields of both the proton and the electron are similar to magnetic fields of the bar magnets and have magnetic poles. As proton mass is much more greater than electron mass, the hydrogen mass formation will begin with the convergence of the electron to the proton. We know that in free state the electron has magnetic moment and rather large magnetic field strength in its geometrical centre, that’s why both electrical force and magnetic forces will govern the process of the convergence of the electron with the proton at the first stage. 

As the magnetic fields of both the proton and the electron have the largest strength about their axes of rotation, the electron and the proton will rotate align during the convergence. If their opposite magnetic poles are directed to meet each other, both the electrical forces and the magnetic ones will draw the electron and the proton together, and the proton will absorb the electron and will become a neutron. As the results obtained by the Japanese investigators have shown [51], this process is realized during plasma electrolysis of water. When the electron is drawn together with the proton and their like magnetic poles are directed to meet each other, Coulomb’s forces acting not along the convergence axis, but normally to toroidal surface of the electron will draw it together with the proton, and magnetic forces will repulse them from each other. An equilibrium will be set between these forces, and the structure being formed is such a way is the hydrogen atom (Fig. 50). This phenomenon is confirmed by the results of the investigations of plasma electrolysis of water [70].

A question emerges: how does the electron move in relation to the atomic nucleus if it has no orbital movement? As the law (88) reflects the electron rotation only in relation to its axis (214, 215), the electron with the nucleus can interact only by the axis of rotation. It can be presented in the form of a rotating peg-top, which electromagnetic axis of rotation rests on the atomic nucleus, and it rotates in relation to its axis of symmetry (Fig. 50). 

The nature has made the electron in such a way that it has electric field, which form is similar to a spherical one and magnetic field is similar to magnetic field of the bar magnet. The forces of unlike electrical fields bring the electron close to the atomic nucleus, and the forces of their like magnetic poles limit this approximation. 

Thus, it appears from the results of our investigations that the atomic nucleus has the size by a factor of 
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 less than the size of the electron. It is arranged on its axis, at a certain distance 
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 from the geometrical centre of the electron, which can be calculated taking Coulomb’s law as the base. It gives the opportunity to determine the distance between the proton and the electron when it is on the first energy level. As the binding energy of the proton with the electron is equal to 
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 in this case, we’ll have the following expression when 
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Fig. 50. Diagram of the hydrogen atom model
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The calculation results 
[image: image335.wmf]i

R

 for n=2,3,4…. are given in Table 29. 

Table 29. Spectrum of the hydrogen atom, its binding energy 
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 between the proton and the electron and distances 
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 between them

	Values
	n
	2
	3
	4
	5
	6
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(exper)
	eV
	10.20
	12.09
	12.75
	13.05
	13.22

	
[image: image339.wmf]ph
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(theor)
	eV
	10.198
	12.087
	12.748
	13.05
	13.22
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(theor)
	eV
	3.40
	1.51
	0.85
	0.54
	0.38
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	4.23
	9.54
	16.94
	26.67
	37.89


Minimal distance, at which the electron comes to the proton, is 
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 (244), i.e. of the order of Angstrom; it agrees with the hydrogen atom size accepted in modern physics (Fig. 50). 

If we accept that the size of the proton is equal to one millimeter, the size of the electron will be nearly one meter, and the distance between the nucleus of the hydrogen atom (the proton) and the electron will be equal to one hundred meters (Fig. 50, b). 

In Fig. 51, a diagram of the consecutive transition of the electron of the hydrogen atom from the first energy level (I) to the second one (II), from the second one to the third one (III) and from the third one to the fourth one (IV) is shown. 

As it is clear, binding energy of the electron with the proton P at the moment of its stay at the first (I) energy level is equal to 
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=13.6 eV, and full energy is 
[image: image344.wmf]e

E

=5.11(105 eV. After absorption of the photon with energy  
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=10.2 eV, the electron goes to the second (II) energy level, and its binding energy becomes equal to  
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=3.4 eV. When the photon with energy  
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=1.89 eV is absorbed, the electron goes to the third (III) energy level, and its binding energy with the nucleus becomes equal to 
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=1.51 eV, etc. 

In accordance with the rules of vector algebra, this process will be written in the following way:
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It corresponds completely to the spectrum formation law (207) and proves vector properties of energies of single photons and electrons.
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Fig. 51. Diagram of addition of vectors of energies of the photon 
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, the electron 
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 and binding energy of the electron with the atomic nucleus 
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When binding energy 
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 with the electron with the nucleus is increased, it comes nearer to the atomic nucleus or is submerged deeper into its cell. We understand ‘the cell” as a volume of a conical form with the apex at the atomic nucleus, in which the electron rotates like the peg-top. The larger the binding energy of the electron with the nucleus, the nearer it is situated to the nucleus or the deeper in its cell. 

When the photons are absorbed, binding energy of the electron with the nucleus is reduced, and it goes on rotating and precessing on the nucleus and with draws  from it coming nearer to the surface of the atom. When the electron emits the photons, its binding energy with the atomic nucleus is increased, and it is submerged deeper in its “cells”. 

It is important that there are no trigonometric functions in the mathematical expression (212) of the spectrum formation law. It means that the processes of absorption and emission of the photons by the electrons take place only in case when vectors of their single energies are directed along one straight line. If it were not the case, the correction factors or trigonometric functions would be present in the spectrum formation law of the atoms and ions. But we cannot exclude the possibility of emergence of these factors and trigonometric functions during the calculation of the spectra of the atoms with many electrons and the ions. 

        Thus, the hydrogen atom is a core with the positively charge proton at one end and the negatively charged electron at the second end. The size of the electron is by a factor of 
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 less than the size of the atom itself, and the size of the proton is by a factor of 
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 less than the size of the electron and by a factor of 
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 less than the size of the atom (Fig. 50, b). 

As magnetic moment of the electron (
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 greater than the magnetic moment of the proton (
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) and as their vectors in the hydrogen atom are directed in the opposed ways, magnetic moment of the hydrogen atom is practically equal to magnetic moment of the electron or Bohr magneton(
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Besides, equality of spins of the electron and the proton and their opposite directivity make the hydrogen atom spin equal to zero. 

The hydrogen atom model shown in Fig. 50 demonstrates its activity. On the one hand, there is a positively charged proton, which is ready to be connected with a free electron; on the other hand, there is a negatively charged electron, which is ready to be connected with a proton or an electron. That’s why the hydrogen atoms can exist only at high temperature (5000…10000)(C. At this temperature the atomic electrons are in exited state, i.e. at the highest energy levels where their bond with the protons is very weak. 

The cause of the emission of the photons during approximation of the electron with the proton can be described in the following way. During the coaxial approximation of the electron with the proton different numbers of their revolution in relation to one and the same axis form the moment of forces, which will inhibit or accelerate rotation of the electron. In the initial stage, the moments of forces of the proton and the electron will be different. In order to restore equality of these moments, the electron emits a part of its mass in the form of the photon or absorbs it from the environment and is brought nearer or comes off from the proton. 

Here one should take into account the photon condition of the environment. If the concentration of the photons, which are necessary for the electron for the transition to the next energy level, is enough, it will absorb such photon and make the corresponding energy transition. If there is a lack of the photons, which correspond to the existence of the electron at the definite energy level, in the environment, it will emit this photon and will move to lower energy level. The necessary equilibrium of the photons is preserved in the environment, which determines its temperature. It is necessary to analyze photon pressure on everything that exists in the photon environment in the same way as, for example, in liquid or gaseous medium, but we’ll not consider this necessity, because there exist more interesting tasks. 

10.3. Models of the Hydrogen Molecule

As the temperature is reduced, the electrons of the hydrogen atoms move to lower energy levels (come close to the protons). Their bond with the protons becomes stronger, and the conditions appear for the connection into a unified structure of two protons and two electrons. But prior to it the formation of an intermediate structure 
[image: image364.wmf]+
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 is possible , which is called a molecular ion of hydrogen. The structure of such ion is given in Fig. 52 [2], [52]. Let us pay attention to the formation of its spin.
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Fig. 52. Diagram of molecular ion 
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: a) originates from our theory; b) originates from Schroedinger’s equation

As in general vectors of angular momentum 
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 and magnetic moment 
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 coincide in their direction and as the like magnetic poles of the electron and the first proton are directed to meet each other, vectors of their angular momentum 
[image: image369.wmf]h

 are directed to meet each other, that’s why their sum is equal to zero. Vector of angular momentum of the second proton remains uncompensated, that’s why spin of molecular ion of hydrogen 
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 is equal to Planck’s constant. The directions of vectors of magnet moments of both protons coincide, that’s why magnet moment of ion 
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 is reduced as compared with magnet moment of the hydrogen atom by a value of magnet movement of the second proton and becomes equal  to 
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Molecular ion of hydrogen is unstable formation as well, because its second proton has weaker connection with the electron and, therefore, it has a stock of free electromagnetic lines in order to be connected with free electron, and this phenomenon does not take place. Hydrogen molecule 
[image: image373.wmf]2

H

 is formed (Fig. 53). Magnetic and electrical lines of force interact with each other, that’s why such structure is chemically inactive at usual temperature. 

Two protons and two electrons, as it is accepted in modern chemistry, form the structure with rather strong bond equal to 436 kJ/mol. In calculation for one molecule it will be 
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and for one atom – 2.26 eV.
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Fig.  53. Diagram of the hydrogen molecule 
[image: image376.wmf]2

H

: a), b) – orthohydrogen, c) – parahydrogen

Let us pay attention to an important thing. According to the existing notions, the hydrogen molecule can have two structures. In the structure of orthohydrogen, the directions of vectors of magnetic moments of the protons are turned to one direction, and in the structure of parahydrogen to opposite directions [2]. But we have already shown that the value of magnetic moment of the proton is by a factor of 
[image: image377.wmf]2
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 less than the value of magnetic moment of the electron, that’s why the hydrogen molecule classification adopted in modern chemistry should be determined not by magnetic moment of the proton, but by magnetic moment of the electron. If this peculiarity is taken into consideration, the hydrogen molecule will have the following difference in its structure. 

In Fig.  53, a, b, the directions of vectors of magnetic moments 
[image: image378.wmf]e

M

 of both electrons coincide; it means that the directions of vectors of their angular momentum 
[image: image379.wmf]h

 coincide too. Let us call the structure orthohydrogen. In Fig. 53, c the above-mentioned vectors are opposite, that’s why let us call this structure parahydrogen [2]. 

Let us pay attention to the logical actions of the Nature connected with orthohydrogen structure formation (Fig. 53, a). Electro static forces of mutual attraction of the first electron and the first proton are balanced by magnetic forces of these particles turned to opposite directions. That’s why vectors (
[image: image380.wmf]e
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 and  
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  of their magnetic moments are turned to opposite directions. Electrostatic forces of repulsion existing between the first electron and the second one are balanced by magnetic forces converging them, that’s why the direction of vectors (
[image: image382.wmf]e

M

 of their magnetic moments coincide. In order to compensate for electrostatic forces of mutual attraction of the second electron and the second proton, it is necessary to make magnetic forces of these particles opposite directed ones. This action is reflected in opposite directed vectors  
[image: image383.wmf]P

M

 and 
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 of magnetic moments of the second proton and the second electron. 

One more variant of an arrangement of orthohydrogen molecule is shown in Fig. 53, b. The principle of formation of this molecule is the same. Vectors of magnetic moments of the electrons and the protons are directed in such a way that if electric forces bring the particles nearer each other, magnetic forces should move away them from each other. As a result, an equilibrium is established between them. Stability of structure formed in such a way depends on binding energies between its elements. As magnetic movements of the electrons are by a factor of 
[image: image385.wmf]2
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 greater than magnetic moments of the protons ,electromagnetic forces of the first structure (Fig. 53, a) keep its elements together stronger than in the structure shown in Fig. 53, b, that’s why there is every reason to believe that the first structure of orthohydrogen is more stable than the second one. 

Let us retrace logical actions of the Nature during the formation of a molecule of parahydrogen (Fig. 53, c). The logic of bond formation between the first electron and the first proton remains the same. The forces of mutual attraction of the first electron and the second proton are balanced by their opposite directed magnetic forces. 

It is easy to see that the distances between the second proton and the electrons are less than between the first electron and the second one; it means that electrostatic forces of attraction of these electrons to the second proton will be greater than electrostatic forces of repulsion acting between the first electron and the second electron. Electrostatic forces of mutual attraction of the first electron and the second proton are balanced by opposite directed magnetic forces. As they are by a factor 
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of  greater in the electrons than in the protons, vector  
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 of magnetic moment of the second electron should be directed opposite to magnetic moment vector as it is shown in Fig. 53, c. 

It is high time to analyze the existing notions concerning the chemical bond between atoms in the molecules. They are described by several theories [36], [37], [38], [42]. 

Ion theory of bond describes the bonds established between unlike charged ions. On these grounds the bond between the first proton and the first electron as well as between the second electron and the second proton in the molecules of orthohydrogen (Fig. 53, a) is considered to be an ion bond. 

In accordance with the covalent bond theory, it is formed by two non-coupled electrons of  two atoms. Such bond can be observed between the first electron and the second one of the orthohydrogen molecule (Fig. 53, a). The reason why this bond has been called “covalent bond” is not clear for us, we’ll call the bond between the electrons simply the electron bond, between the protons – the proton bond, and the bond between the electron and the proton will be called the electron and proton bond. 

The hydrogen bond theory describes chemical bonds realized by the hydrogen atom. The diagram of the hydrogen atom (Fig. 50) shows that the hydrogen atom is an ideal link between the atoms. This bond is formed both by Coulomb’s forces of the proton and the electron and their magnetic forces. 

It is known that there is a phenomenon of electron capture by the proton and neutron formation with the emission of the neutrino as the modern physicists think. Let us consider the realization of this  phenomenon on the examples of the formation of the structures of the atom and the hydrogen molecule. It is clear that the situation is possible when vectors of magnetic moments (Figs 50, 51) of the proton and the electron coincide. The electrostatic and magnetic forces will attract the electron and the proton to each other, and the proton will absorb the electron. In order that the proton becomes the neutron, it should absorb more than two electrons. We have already noted that this process is realized during plasma electrolysis of water as the Japanese scientists T. Ohmori and T. Mizuno have found out [51]. The remainder of the third electron is called the neutrino by modern physicists and chemists. As it has no charge, it is an evasive particle. We have the possibility to suppose (i.e. to formulate another hypothesis) that a part of the third electron is not absorbed by the proton, it dissipates as a substance being called the ether [84]. 

10.4. Structure of the Helium Nucleus and Atom

As it is known, the helium atom has two electrons. We have already described the method of determination of binding energy 
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 of the first electron with the atomic nucleus, which corresponds to its first energy level. It is equal to 
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=13.48 eV. Taking into consideration of ionization of this electron 
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=24.587 eV and using spectroscopy law (212), we’ll get the necessary data (Table 30). 

Table 30. Spectrum of the first electron of the helium atom

	Value
	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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(theor.)
	eV
	3.37
	1.50
	0.84
	0.54
	0.37


Thus, if the electron of the hydrogen atom interacting with the nucleus is at a distance, which 100fold exceeds the size of the electron itself , it is interesting to know the first electron of the helium atom interacts with the nucleus. 

The reply to this question is given by binding energy (3.37 eV) of the first electron with the nucleus when it is on the second energy level (Table 30). In its quantity, this energy resembles binding energy (3.40 eV) of the electron of the hydrogen atom with the nucleus , which consists of one proton only when it is on the second energy level (Table 29). It is clear that at such binding energy with the nucleus the first electron cannot interact with two protons of the nucleus simultaneously as the second electron of the helium atom does having binding energy with the nucleus corresponding to the first energy level, which is equal to 13.6x4=54.40 eV. It appears from this that the first electron of the helium atom interacts only with one proton of its nucleus. It is confirmed by the structure of the nucleus of the helium atom (Fig. 22). Both protons  of the nucleus are arranged at two ends of the nucleus with linear structure. Each electron interacts with its own proton (Fig. 54) [109].

Let us recollect the spectroscopy analysis results, from which it is clear that all electrons lack orbital motion energy and, consequently, the orbital motion itself. The electron in the atom has only rotational energy relatively its axis, it being the main unexpected result. It makes us think that the electron interacts with the nucleus as a bar magnet, i.e. with its axis of rotation. Thus, the fact of interaction of the first electron of the helium atom by the axis of rotation with its nucleus from the spectroscopy law and is confirmed by a value of binding energy (3.37 eV) with the nucleus when it is on the second energy level.


                                                                        1

                                                                               N
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Fig. 54. Model of the nucleus and the atom of helium: N is the nucleus of the atom, 1,2 are the numbers of the electrons

It is necessary to explain the notion “axis of interaction”. It is an imaginary line, which passes through the magnetic poles of the electron or the proton. It connects geometrical centers of the proton or the electron or two electrons when they interact. Magnetic forces act along this line. They provide interaction of these particles and together with Coulomb forces form the conditions for stability of such formation. 

When determining the diagram of interaction of the second electron with the nucleus of the helium atom one should take into account that magnetic moment of the helium atom is equal to zero. It means that vectors of magnetic moments and vectors of their angular moment are directed along one straight line in opposite directions. The models of the helium atom with series of energy transitions of the first electron is such as it is given in Fig. 55, c. 

It is high time to speak about the notion “orbital motion of electron”. Now this notion does not reflect the essence, which is understood, that’s why it is necessary to introduce a new notion, which should reflect the process of the discovered motion of the electron in the atom more exactly. 

[image: image394.png]



Fig. 55. Model of the helium nucleus and the atom with energy transitions of the first electron: a) diagram of the model of the isotope nucleus of the helium atom; b) diagram of the model of the atomic nucleus of the helium atom; c) model of the atom: 1,2 are the numbers of the electrons; N is the atomic nucleus; 1’, 1’’, 1’” are the energy levels of the first electron

Let us recollect that the chemists embarrassed by the fact that Schroedinger’s equation does not give the opportunity to determine the exact position of the electron in the atom and specifies probability, with which it is possible to determine the position of the electron in this or that field of the atom, have decided to substitute the notion “orbital” for “orbit” implying something uncertain [2].

Now we see (Fig. 55, c) that during absorption of the photon the electron moves relatively to the nucleus along its axis of rotation, i.e. axis of symmetry, passing from one energy level to another one. That’s why in the future we’ll not use the notion “orbit”, we’ll use the notion “energy level”, or simply “level”. As the axis of rotation of the electron during the interaction with the nucleus can deviate, i.e. it can make precession motion, it is possible to call the movement of the electron in the atom a precession one.

Let us consider the electron charge. It is known that free electrons have one and the same charge. The question arises: is this charge changed during energy transitions of the electron in the atom? There is every reason to believe that it is changed. Let us pay attention to the interaction of the first electron and the second electron in the helium atom. Magnetic force repulsing the second electron from the nucleus, is directed along the axis, which connects their centers, and the electric forces, which exist between the electrons, bring them closer to each other. Regularity of the change of these forces determines regularity of the change of binding energy (213) of the electrons with the nucleus. 

A very important and interesting moment has come. As each electron of the helium atom interacts only with its proton, their binding energies with each proton should be equal. But the experiment gives another result. Let us copy out binding energies of the electron of the hydrogen atom with the proton, which correspond to n energy levels, from Table 27 and binding energies of the second electron of the helium atom with its nucleus from Table 10. Let us copy out binding energies with the atomic nucleus of the first electron of the helium atom (Tabl. 13) and put everything in Table 31. 

As it is clear, the electron of the hydrogen atom 
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 and the first electron 
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 of the helium atom have practically equal binding energies with the atomic nuclei at the corresponding energy levels. Binding energy of the second electron 
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e

 of the helium atom with its nucleus corresponding to the first energy level is fourfold greater than the corresponding binding energy of the hydrogen atom, that’s why all other values of binding energies of the electron, which are equal to the corresponding binding energies of the first electron of the helium atom and the electron of the hydrogen atom, are shifted. 

Table 31. Binding energies 
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 of the electron of the hydrogen atom 
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 and the first 
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 and the second 
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 of the electrons of the helium atom He with the nuclei

	n
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
[image: image402.wmf]H

e


	13.6
	3.40
	1.51
	0.85
	0.54
	0.38
	0.28
	0.21
	0.17
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	-
	3.37
	1.50
	0.85
	0.55
	0.38
	0.28
	0.22
	0.17
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	54.4
	13.6
	6.04
	3.40
	2.18
	1.51
	1.10
	0.85
	0.67


Let us pay attention to the fact that within the framework of the permissible error binding energies of the electrons of the helium atom (Table 31) corresponding to the first energy level (n=1) are calculated according to the formula
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        where 
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 is ionization energy of the hydrogen atom, 
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 is the number of the electron in the atom corresponding to the number of the potential of its ionization. 

Then the formula for the calculation of binding energy of any electron of the helium atom corresponding to any energy level will be as follows
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The coincidence of the calculation results according to this formula with the experimental results given in Table 31 proves correctness of the directions of the investigations. 

When binding energy of the second electron of the helium atom with the nucleus at the moment of its stay on the third energy level is determined, the formula (248) will be written in such a way:
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             A question emerges: why does each electron in the helium atom interact independently from each other with separate protons of the atomic nucleus, and binding energies with the nucleus are different? The answer will be as follows. 

In reality when both electrons are in the atom, and each of them interacts with its proton in the nucleus, their binding energies with the nucleus are similar or almost similar. When one electron is removed from the atom, the remaining electron (the second electron) begins to interact with two protons of the nucleus, not with one. Force 
[image: image410.wmf]F

 of interaction between the electron and the nucleus, which has two protons, will be written in the following way:
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If we multiply the right part by radius 
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, which determines the distance between the electron and the atomic nucleus, we’ll get the value of binding energy of the second electron with the nucleus of helium atom.
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It appears from this that if the first electron of the helium atom returns to the atom, binding energy of the nucleus of the second electron will be reduced and will be equal to binding energy with the same nucleus of the first electron of the helium atom. 

This conclusion is very important for chemistry. Both electrons of the helium atom have equal probability of formation of the connections with the electrons of other atoms, because they have equal binding energies with the nucleus on all energy levels. Later on we’ll see the same regularity of formation of binding energies with the atoms of the symmetrical structure of the nuclei. 

10.5. Structure of the Lithium Atom

We have already shown that the majority of the atomic nuclei of lithium have 4 neutrons and three protons (Fig. 23, a). All the protons have free magnetic poles for the connection with the magnetic poles of the electrons when an atom is formed (Fig. 56).

The connection is established by means of interaction of the unlike electric fields of the protons and the electrons, which bring them close to each other, and the like magnetic poles, which restrict this approach. It comes out that each electron interacts only with one proton of the atomic nucleus (Fig. 56). 

The analysis of the diagram of Fig. 56 shows that the electrons, which are arranged symmetrically, will have similar binding energies with the nucleus. The electron, which is arranged to the right of the nucleus, will be influenced by electrostatic forces of repulsion of two other electrons, that’s why it will be situated farther from the nucleus, and its binding energy with the nucleus will be the smallest one. That’s why we confirm that first number to this electron. 
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Fig. 56. Diagram of the models of the nucleus and the atom of lithium: N is the atomic nucleus; 1,2,3 are the numbers of the electrons

Let’s write binding energies of the first electron of the lithium atom with its nucleus out of Table 15 and of the second one out of Table 14. We’ll take binding energies with the nucleus of the lithium atom of the third electron out of Table 8.  Let us make a consolidated Table of binding energies of the electrons of the lithium atoms with its nucleus (Table 32). 

Table 32. Binding energies 
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 of the electron of the hydrogen atom 
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 and the first, the second and the third electrons of the lithium atom Li with the nucleus

	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
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	13.6
	3.40
	1.51
	0.85
	0.54
	0.38
	0.28
	0.21
	0.17

	1
	14.06
	3.51
	1.56
	0.88
	0.56
	0.39
	0.29
	0.22
	0.17

	2
	54.16
	13.54
	6.02
	3.38
	2.17
	1.50
	1.10
	0.85
	0.67

	3
	122.5
	30.6
	13.6
	7.65
	4.90
	3.40
	2.50
	1.91
	1.51

	
	
	
	
	
	
	
	
	
	

	n
	10
	11
	12
	13
	14
	15
	16
	17
	18
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	0.14
	0.11
	0.09
	0.08
	0.07
	0.06
	0.05
	0.05
	0.04

	1
	0.14
	0.12
	0.10
	0.08
	0.06
	0.06
	0.05
	0.05
	0.04

	2
	0.54
	0.45
	0.38
	0.32
	0.28
	0.24
	0.21
	0.19
	0.17

	3
	1.23
	1.01
	0.85
	0.72
	0.63
	0.54
	0.48
	0.42
	0.38


If we analyze Table 32, we see proximity of binding energies of the electron of the hydrogen atom and the first electron of the lithium atom on the first, the second and the third energy levels and almost complete coincidence on all the rest ones. It is one of the evidences of the fact that the first electron of the lithium atom interacts with one proton of the nucleus of its atom. 

It is not difficult to see that if one (the third) electron remains in the lithium atom, it will begin to interact with three protons at once, and its binding energy with the nucleus, which corresponds to the first energy level, will be determined according to the formula (248).
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It coincides with the values of this energy in Table 32 and confirms our hypothesis in relation to the fact that if one electron remains in the atom, it interacts simultaneously with all protons of the nucleus. 

Let us calculate binding energy of the third electron of the lithium atom with the nucleus according to the formula (248) when it is on the fifth energy level.
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As it is clear, this value matches similar binding energy of the third electron of the lithium atom with the nucleus when it is on the fifth energy level (Table 32). As the lithium atom with one electron is the hydrogen-like atom, let us calculate binding energy of the second electron of this atom with the nucleus to be convinced when it is on the seventh energy level.
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This result matches binding energy of the second electron of the lithium atom when it is on the seventh energy level (Table 32). 

If we managed to measure binding energy of two remaining electrons of the lithium atom with the nucleus without removal of the first electron from it, it would appear that all three electrons have equal binding energies with the nucleus. But it is hardly possible to carry out such an experiment at this stage of scientific research. But we have already given a hypothetical explanation of this phenomenon.

The coincidence of the calculation results according to the formulas (247) and (248) with the experimental results given in Table 32 proves viability of this explanation. 

        It is easy to imagine that various values of binding energies of various electrons of the lithium atom (Table 32), which correspond to the first energy level (n=1) are obtained due to the fact that after removal of the first electron from the atom the released proton begins to interact with the second electron increasing its binding energy to a value, which is near to binding energy of the second electron of the helium atom  (Table 32). 

When the second electron is removed from the atom, two free protons are in the nucleus, which begin to interact with the remaining third electron increasing its binding energy with the nucleus 
[image: image421.wmf]2
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 fold.

If we begin to return consequently all electrons to the atom, the number of the protons, which have interacted earlier with one electron, begins to be reduced. Binding energy of this electron will be reduced to the value, which is approximately equal to binding energy with the electron nucleus of the hydrogen atom. 

10.6. Structure of the Beryllium Atom

When we define the structure of the atoms, we are guided by the results of the analysis of experimental optical spectroscopy, from which it appears that the electron in the atom has no orbital movement and interacts with the nucleus with the axis of its rotation. Please, pay attention to the structure of the symmetrical nucleus of the beryllium atom (Fig. 26). It consists of four protons and five neutrons. 

The atom of the chemical element beryllium is also symmetrical as its nucleus (Fig. 57). As all four protons of the nucleus are situated on its surface and each of them has one free magnetic pole, the electrons are connected to these poles. 

Let us make a table of binding energies of all electrons of the beryllium atom (Table 33). Let us remind that binding energy of the first electron of this atom with the nucleus, which  corresponds to the first energy level, is equal to 
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=64.67 eV, of the second one - 
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=56.26 eV, of the third one - 
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=120.89 eV, of the fourth one - 
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=217.71 eV.

Table 33. Binding energy 
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 of the electron of the hydrogen atom 
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 and of the first, the second, the third and the fourth electrons of the beryllium atom Be with the nucleus

	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
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	13.6
	3.40
	1.51
	0.85
	0.54
	0.38
	0.28
	0.21
	0.17

	1
	16.17
	4.04
	1.80
	1.01
	0.65
	0.45
	0.33
	0.25
	0.20

	2
	56.26
	14.06
	6.25
	3.52
	2.25
	1.56
	1.15
	0.88
	0.69

	3
	120.89
	30.22
	13.43
	7.56
	4.83
	3.36
	2.47
	1.89
	1.49

	4
	217.71
	54.43
	24.19
	13.6
	8.71
	6.05
	4.44
	3.40
	2.69

	
	
	
	
	
	
	
	
	
	

	n
	10
	11
	12
	13
	14
	15
	16
	17
	18
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	0.14
	0.11
	0.09
	0.08
	0.07
	0.06
	0.05
	0.05
	0.04

	1
	0.16
	0.12
	0.10
	0.08
	0.07
	0.06
	0.05
	0.05
	0.04

	2
	0.56
	0.46
	0.39
	0.33
	0.29
	0.25
	0.22
	0.19
	0.17

	3
	1.21
	1.00
	0.84
	0.72
	0.62
	0.54
	0.47
	0.42
	0.37

	4
	2.18
	1.80
	1.51
	1.29
	1.11
	0.97
	0.85
	0.75
	0.67



As example we calculate the binding energy for the  forth  electron and its 14-th energy level.  
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(see Table 33). For the third electron and its 17-th energy level we have 
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 (see Table 33).

We’ll not give similar calculations for all electrons and all their energy levels, but we’ll note that the determined regularities remain in this case as well. It is natural that the calculation error is increased when the atom and its nucleus become more complicated. It is explained by the fact that when the atom and its nucleus become more complicated. It is explained by the fact that when one or two electrons interact with the nucleus of the atom with many protons the screening effect of the neutrons is increased. The analysis of regularity of this increase waits for its investigator. 

The analysis of Table 33 shows that when the number of energy level is increased in the spectra of the second, the third and the fourth electrons, the energy values appear, which are close to the energy values of the hydrogen atom at its high energy levels. Indirectly, it proves the fact that if all electrons are in the atom, their binding energies with the nuclei are approximately equal and close to binding energies of the electron of the hydrogen atom with its nucleus. It is a very important consequence. It points out to the fact that each electron of one atom can be connected with the electrons of another atom generating almost similar binding energies on the like energy levels.
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Fig. 57. Diagram of the structure of the beryllium nucleus and atom: 1, 2, 3 and 4 are the numbers of the electrons

In connection with the above-mentioned facts, a question arises: is it reasonable to calculate binding energies of all electrons of the atom taking into account ionization energy of each of them? It  is unlikely. Binding energies calculated in such a way belong to such state of the atom when one, two and more electrons are absent in it. In such a state, the atom can be at the temperature, which brings it into a plasma state. As this state corresponds to a very high temperature, at which usually no chemical reactions take place, the necessity of such calculations is reduced.

It is much more important to know binding energies of any electron of any atom for the state when the majority of chemical reactions take place. In such state the atom has all electrons, and their binding energies with the nuclei are close to binding energies of the electron of the hydrogen atom. That’s why during further analysis of the structures of the atoms we’ll calculate the spectra and determine binding energies with the atomic nuclei only for the first electrons, which have the least ionization potential. They are the main valence electrons of the atoms. 

10.7. Structure of the Boron Atom

The boron atom is the fifth element in the periodic law. The majority of the nuclei of this atom have five protons and six neutrons (Fig. 25, b). The nucleus of the boron atom has one axis of symmetry. The atom of this chemical element has similar structure (Fig. 58). Five protons have free magnetic poles, to which the electrons are attached.
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Fig. 58. Structure of the Boron atom

The axis of the first electron, which passes through the atomic nucleus, is the only axis of its symmetry. Later on, we’ll see that more complicated atoms have several axes of symmetry.

10.8. Structure of the Carbon Atom

Carbon is considered to the basis of life, because it forms the largest number of bonds with the atoms of other chemical elements. Let us define the cause of its activity. The nucleus of the carbon atom has two forms. The first form of the nucleus, which includes six neutrons, forms the atoms of graphite (Fig. 26, a). The second, spatial form of the nucleus has seven neutrons. It forms the nuclei of diamond (Fig. 26, b). Each proton has a free magnetic pole to be connected with the electron. 

All six protons of the nucleus of the carbon atom and its all six electrons of the atom have equal possibilities to be connected with the electrons of other atoms and to form complex combinations. The carbon atoms with a flat nucleus (Fig. 59, a) form organic combinations, in which all six electrons of this atom take part in the formation of bonds between the atoms of various molecules.

The structure of the atom of diamond, which is formed from the spatial nucleus of this atom, has free axes of symmetry (Fig. 59, b). They are the axes of the Cartesian coordinate system. The structure of spatial nucleus and atom of carbon and the atom itself demonstrate the main property of diamond: its strength.
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Fig. 59. Flat a) and spatial b) structure of the carbon atom: N is nucleus; 
[image: image434.wmf]e

 are electrons; XYZ are the axes of the Cartesian coordinate system

The electrons of the flat carbon atoms have large binding energies with the nuclei, and they are less active. When they become excited, their activity is considerably increased, and they start being connected with the electrons of the atoms of other chemical elements. 

10.9. Structure of Nitrogen Atom

Nitrogen is the seventh element in the periodic law of elements arranged in its fifth period. Structure of its nucleus is shown in Fig. 27. In its form, it is similar to the structure of the carbon atom. As the majority of the nuclei of the nitrogen atoms have seven protons and seven neutrons, this majority has flat nucleus shown in Fig. 27, a. The diagram of the nitrogen atom, which has such nucleus, is shown in Fig. 60. 
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Fig. 60. Diagram of the nitrogen atom: N is the atomic nucleus;  e are the atomic electrons

10.10. Structure of the Oxygen Atom and Molecule

The oxygen atom is the eighth element of the periodic law of chemical elements arranged in its sixth group (Fig. 61). The structure of its nucleus is shown in Fig. 28. Symmetry of the nucleus should be transferred to the atom. The most probable diagram of the oxygen atom is given in Fig. 61. It has eight electrons; the ones, which are situated on the axis of symmetry, are the most active ones (1 and 2). Six other electrons arranged in the plane, which is perpendicular to the axis line (the line of symmetry) remove the electrons 1 and 2 from the nucleus by its total electrical field at a long distance forming the conditions for their large activity during the interaction with the electrons of the neighboring atoms. 

The structure of the oxygen molecule is shown in Fig. 62. It is formed by means of connection of the unlike magnetic poles of the axis electrons of two oxygen atoms. 

As it is clear, the oxygen molecule has fourteen free electrons, which are ready to be connected. It is likely that the axis electrons 1’ and 2 are the ones, which are the most remote from the structure of the whole molecule, they are the most active ones, i.e. they are capable to be connected with the electrons of other atoms. 


                                                                    a)
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b)

Fig. 61. Diagram of the nucleus (a)  and  oxygen atom (b)

[image: image437.png]



Fig. 62. Diagram of the oxygen molecule model  
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10.11. Structure of the Water Molecule

Water is the most widely spread chemical combination. Numerous works are devoted to the study of this combination. In 1951, the Danish scientist N. Bjerrum studied the structure and the properties of ice and suggested the water molecule model given in Fig. 63 [46], [58], [63]. In this diagram, one can see the impression of the notions concerning the orbital movement of the electron in the atoms. Having determined the lack of orbital movement of the electrons in the atoms we did not dare changing the arrangement of the water molecule and gave it in our previous publications in the way, which is given in Fig. 64.
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Fig. 63. Diagram of the water molecule structure

We cannot help admiring the exactness, with which valence angle 104.5( is determined between the hydrogen atoms in water molecule. It is calculated with the help of indirect methods, which originate from the notions concerning the distribution of the electrons along the orbitals. These notions have been formed on the basis of the solutions of Schroedinger’s equations, which, as it is known, predict only density of probability of stay of the electron in this or that area of the atom.

We have already shown that Schroedinger’s equation operates outside the framework of the space-matter-time unity axiom, and due to this fact it distorts the actual physical and chemical phenomena of the micro world. That’s why we have every reason to doubt in the structure of the water molecule suggested by Bjerrum.

The diagram of the water molecule model shown in Fig. 64 takes into account the existing notions concerning the structure of this molecule, but without the orbital movement of the electrons. We have  used successfully this model for analysis of physical and chemical processes during plasma electrolysis of water. Now the model of the nucleus of the oxygen atom determined by us makes us change the existing notions concerning the water molecule structure. Showing a new structure of the water molecule we’ll note that it will not only change our energy calculations for plasma water electrolysis as we show later on, but allows us to advance in our search and to describe the processes, which take place in the thunderstorm discharges in the clouds and explosions. 
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Fig. 64. Diagram of the water molecule model: 1,2,3,4,5,6,7,8 are the numbers of the electrons of the oxygen atom, N is the nucleus of the oxygen atom, P is the nuclei of the hydrogen atoms (the protons); 
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 and  
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 are the numbers of the electrons of the hydrogen atoms.

In Fig. 65, the water molecule structure is shown, which originates from the structures of the atomic nuclei of oxygen and hydrogen. Two electrons 1 and 2 of the oxygen atom are arranged on the atomic axis, and six rest ones are arranged in a circle, which is perpendicular to the axis. One can suppose that the total electrostatic field of six electrons arranged in a circle (let us call them circle electrons) remove the first and the second axis electrons  at a larger distance than the distance from the atomic nucleus, at which he circle electron are situated. That’ why the axis electrons of the oxygen atom are the main valence electrons of this atom. The electrons of the hydrogen atom are connected to them, and a water molecule is formed (Fig. 65).

The electrons of the hydrogen atom are designated with the symbols 
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 and 
[image: image444.wmf]2

e

, and the protons of the hydrogen atoms are designated with the symbols 
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 and 
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. Let us remind that we give the numbers to the electrons in accordance with the sequence of the increase of their ionization potentials. We have given the first number to the electron of the oxygen atom, which has the least ionization potential 
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=13.618 eV. We have given the second number to the second electron of the oxygen atom, which has ionization potential of  
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=35.116 eV.
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Fig. 65. Diagram of the water molecule model: spatial diagram; b) linear diagram

It should be noted that when ambient temperature is decreased, the circle electrons of the oxygen atom in the water molecule come close to the nucleus (the axis of the water molecule), and with their total electrical field they remove two main axis electrons from the nucleus, which form connections in the water molecule clusters. Due to it, when water is frozen, the connections between the molecules in the clusters become longer, and frozen water molecule becomes longer and increases the volume of the clusters. This is the main reason of expansion of water when it is frozen. 

10.12. Structure of the Ammonia Molecule

Ammonia NH3 is colourless gas with pungent smell. It is clear from Fig. 66 that one hydrogen atom (the electron 
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 and the proton 
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P

) with its electron becomes connected with the axis electron of the nitrogen atom. Two other hydrogen atoms are connected by their electrons with two electrons of the nitrogen atom arranged in its ring. 

A question emerges at once: why are the hydrogen atoms connected by their electrons with the electrons of the nitrogen atom? The structures of both the electron and the proton are such that the protons of the hydrogen atoms can be connected with the electrons of the nitrogen atom. We have no answer to this question. 
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Fig. 66. Diagram of the ammonia molecule 
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: N is the nucleus of the nitrogen atom; 1,2,3,4,5,6 and 7 are the electrons of the nitrogen atom, 
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, 
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 and 
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 are the electrons of three hydrogen atoms; 
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, 
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 are the protons of the hydrogen atoms

We think that the above mentioned method of formation of the structures of the atoms and the molecules is enough in order to build the models of other atoms and molecules. 

10.13.  Energy Balance  of Fusion Processes of Molecules of Oxygen,  Hydrogen and Water

In engineering practice connected with ventilation system servicing, a phenomenon of excessive thermal energy in circulating air has been found. Similar phenomenon has been registered in water circulation systems with the devices for its active cavitations. The results of our investigations explain not only a cause of these phenomena, but they give an opportunity to perform quantitative calculations of energy processes, which generate additional thermal energy.

The oxygen atom is the eighth element of the periodical table. The structure  of this atom  and its nucleus is shown at Fig. 61.

The least ionization energy of the electron of the oxygen atom is equal to 
[image: image459.wmf]i

E

=13.618 eV. 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. The other binding energy of this electron is in Table 21. 

It is known that the fusion process of the oxygen molecules is accompanied with a release of 495 kJ/mole of energy, or in calculation for one molecule
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                                             (255)                               
What principle does the nature go by distributing energy 5.13 eV between the oxygen molecule electrons  (Fig. 67, a)? Energy of 5.13 eV is a thermal binding energy between the electrons 1 and 2’ of two oxygen atoms (Fig. 67, a). When the oxygen molecule is formed, it is emitted in the form of the photons by the electrons, which enter the bond. It appears from this that it is equal to an amount of energies of two photons emitted by these electrons. Consequently, each contacting electron emits  a photon with energies of 5.13/2=2.565 eV (Fig. 67). According to Table 21, in this case the valence electrons are situated between the second energy level and the third one. 
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Fig. 67. Diagram of binding energy distribution between the electrons in the oxygen molecule

Two oxygen atoms are connected into a molecule in an excitation state. The excitation state is the state of an atom when its valence electrons are situated at such distances from the nuclei when the binding energy between them is reduced to the thousandth fractions of an electron-volt. In such state, the atom can loose an electron and become an ion. Otherwise, without loosing electrons it is connected with an electron of the neighbouring atom by the valence electron, and a process of oxygen molecule formation begins. It is an exothermic process when the axis valence electrons 1 and 2’ emit the photons, descend on lower energy levels and release Eph = 2.565x2=5.13 eV. 

Let us pay attention to the fact that energy 5.13 eV is released by two electrons, which form a bond with energy of 2.56 eV. In modern chemistry, this bond is called a covalent bond. In order to break this bond, it is necessary to use 2.56 eV of mechanical energy. For thermal cleavage of this bond, double quantity of energy is required, i.e. 5.13 eV. It is explained by the fact that the photon energy of 5.13 eV is absorbed by two electrons simultaneously. Only in this case, both electrons will be transferred to the highest energy levels with minimal binding energy when they are disconnected, and each oxygen atom becomes a free one. 

Thus, energy expenses for an oxygen molecule destruction depend on an impact method on the bond. During thermal impact on the bond it is destroyed when energy is 5.13 eV. During mechanical impact of the bond, it is necessary to spend 2.56 eV of energy in order to destroy this bond. It appears from this that energetic of fusion process of the oxygen molecule depends on its destruction method. 

After the thermal destruction of the oxygen molecule its formation process begins from emission of the photons with energies of 2.56 eV by both valence electrons, and the previous electrodynamics binding energy (2.56 eV) is restored between the electrons of both atoms. 

Thus, during the thermal destruction of the oxygen molecule the same amount of thermal energy is spent, which is released during its further formation. No additional energy appears during thermal dissociation of the oxygen molecule and its further fusion. 

If the oxygen molecule is destroyed by a mechanical method, it is necessary to spend 2.56 eV of mechanical energy for this purpose. Valence electrons of the oxygen atoms are in a free state by a lack of energy corresponding to such state as there is no absorption process of 2.56 eV of energy by each of them. The electrons cannot remain in such state, they should replenish immediately the energy, which they have failed to receive during a mechanical break of the bond between them. Where should they take it? There is only one source: environment, i.e. physical vacuum filled with ether. They convert ether into energy of 2.56 eV immediately. 

       The next stage is a connection of two oxygen atoms, which valence electrons have replenished the reserves of their energy at the expense of ether. This process is accompanied by emission of the photons with energies of 2.56 eV by two electrons. Thus, energy of absorbed ether is converted into thermal energy of the photons. If we spend 2.56 eV of mechanical energy for the oxygen molecule destruction, we’ll get double quantity of energy (2.56x2=5.13eV) during further fusion of this molecule. Additional energy is equal to 2.56 eV. 

Many experimental data show that in ventilation systems thermal energy of circulating air exceeds electric energy spent for a fan drive. Now we know that this energy is generated at mechanical failure of covalent bonds in the molecules of the gases, which the air consists of. 

Using the above-mentioned method, we’ll analyse water molecule energetic, which sometimes generates additional thermal energy. A water molecule consists of one oxygen atom and two hydrogen atoms. Binding energies 
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E

 of the hydrogen atoms with its nucleus are given in Table 5. 

       It is known that a connection of hydrogen with oxygen is accompanied by an explosion, but its cause remains unknown. Let us try to find it.

Hydrogen molecule fusion energy is equal to 436 kJ/mole, or 4.53 eV per molecule. As the molecule consists of two atoms, the above-mentioned energy is distributed between them. Thus, energy of one bond between the hydrogen atoms is equal to 2.26 eV (Fig. 68). At thermal failure of this bond, double quantity is required 2.26x2=4.53 eV. 
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Fig. 68. Hydrogen molecule

In order to form two water molecules, it is necessary to break two hydrogen molecules and one oxygen molecule into atoms. If the destruction processes of the above-mentioned molecules are carried out with a thermal method, 4.53+4.53=9.06 eV are required for the destruction of two hydrogen molecules, and 5.13 eV are required for the destruction of one oxygen molecule. Totally, it is 14.19 eV. 

It is known that during fusion of one mole of water 285.8 kJ or 
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 per molecule are released. As a water molecule consists of one oxygen atom and two hydrogen atoms, 2.96/2=1.48 eV falls per bond (Fig. 69). It appears from this that the electrons of the atoms of hydrogen and oxygen in the water molecule are at the usual temperature 1.48/2=0.74 eV between the forth energy level and the fifth one (Tables 21 and 27). 

       Thus, when two hydrogen molecules and one oxygen molecule are destroyed by the thermal method, 14.19 eV are spent. As a result of fusion of two water molecules, 2.96x2=5.98 eV are released. It conflicts with the fact that water molecule fusion process is an exothermic one with a release of 2.96 eV by one molecule. The given calculation shows that (14.19-5.98)/2=4.10 eV are absorbed during fusion of one water molecule. What is the cause of this contradiction?

The oxygen atom in the water molecule should reduce its volume when the transition from gaseous state into liquid state takes place. It will happen when the rings electrons of the oxygen atom descend on lower energy levels (nearer to the nucleus). They will emit the photons, and we know their total energy. It is equal to energy spent to destruction of two hydrogen molecules and one oxygen molecule, i.e. 14.19 eV. As two water molecules have 12 ring electrons, each of them will emit 14.19/12=1.18 eV (Fig. 69). It is more than axis electron binding energy (0.74 eV) with the nucleus, and it shows that the ring electrons are situated nearer to the nucleus than the axis ones.
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Fig. 69. Diagram of water molecule:

1,2,3,4,5,6,7,8 are the numbers of the electrons of the oxygen atom; P1, P2 are the nuclei of the hydrogen atoms (the protons); e1 and e2 are the numbers of the electrons of the hydrogen atoms

In this case, quantity of the energy produced due to fusion of two water molecules (14.19+5.98) eV exceeds the energy spent for the destruction of two hydrogen molecules (9.06 eV) and one oxygen molecule (5.13 eV). The formed energy difference of 5.98 eV is divided between two water molecules. It means that 5.98/2=2.99 eV or 285.8 kJ/mole fall per molecule. It corresponds to the existing experimental data completely. 

The above-mentioned facts clarify a cause of the explosion, which takes place when hydrogen is combined with oxygen. Simultaneous transition of six ring electrons of each oxygen atom in the nascent water molecules to lower energy levels is accompanied by simultaneous emission of the photons, which generate explosion phenomenon. 

Let us pay attention to the fact that two binding energies between valence electrons e2 and 2 and between 1 and e1 are shown in Fig. 69, b. Energy of one electrodynamics bond is equal to 0.74 eV. If this bond is destroyed by the thermal method, 0.74x2=1.48 eV is required. This energy will be released during further fusion of the water molecule from hydrogen atom 
[image: image467.wmf]H

 and hydroxyl ion 
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OH

. In this case, no additional energy is generated.

It appears from this that the given bond is destroyed by the mechanical method spending 0.74 eV per bond, each electron will have energy deficit equal to 0.74 eV after bond failure. This energy will be absorbed from the environment immediately and will be emitted during the repeated fusion of the water molecule from the hydrogen atom 
[image: image469.wmf]H

 and the hydroxyl ion 
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. At mechanical failure of one bond of water molecule, the covalent chemical bond forms 0.74 eV of additional thermal energy, which is registered in the water cavitation systems constantly (as we have already noted). 

It is known that the water molecules unite and form clusters. If the bonds between the molecules in the clusters are covalent ones, mechanical destruction of these bonds should be accompanied by a release of additional thermal energy as well. 

In the Russian market, three firms (Yusmar, Termovikhr and Noteka) sell cavitation water heating equipment with energy efficiency index of 150%. Soon, an air heating device with the same efficiency will be produced. The processes of mechanical destruction of covalent bonds of the air gas molecules, molecules and clusters of water and their further fusion serve as a source of additional energy generated by these devices.

         Physical vacuum serves as a source of additional energy generated by these heating elements. The electrons of the clusters and molecules forming covalent bonds extract this energy from physical vacuum after mechanical destruction of these bonds and release it during further fusion of the molecules and the clusters.

10.14. Energetics of Chemical Bonds of the Ozone Molecule

             Ozone is a gaseous substance, which consists of three-atom molecules 
[image: image471.wmf]3
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.  In order to destroy the oxygen molecule, it is necessary to spend 5.13 eV of energy. During fusion of two ozone molecule, 2.99 eV of energy are released. As a result, energy difference  5.13-2.99=2.15  eV takes place. The authors of the fundamental monograph [195] devoted to ozone assert that energy of 2.15 eV is absorbed by the third unknown particle 
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, which takes part in this process. The oxygen atom, the molecules of oxygen and ozone as well as any other molecule being present in the ozone molecule fusion zone can play the role of this particle. Such assumption is made for the purpose that the law of conservation of energy will not be violated. The ozone molecule fusion reaction is written in such a way 
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At any rate, it is a strange assumption. It is known that each portion of energy has its owner in the processes of fusion and dissociation of the molecules. That’s why it is necessary to find a true owner of energy of  2.15 eV [210]. 

               Prior to the analysis of energetics of the chemical bonds of the ozone molecule, it is necessary to understand energetics of the chemical bonds of the atom 
[image: image474.wmf]O

 and the oxygen molecule 
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. 

The oxygen  atom is the eighth element of the periodic table, it is situated in its sixth group. The structure of its nucleus and atom is given in Fig. 61. The ozone molecule formation process begins with a destruction of the oxygen molecule (Fig. 67). As it is clear (Fig. 67, b), it is necessary to destroy a bond between the electrons 1 and 2’. In order to destroy this bond, it is necessary to transfer both electrons to the far energy levels with minimal binding energies. For this purpose, it is enough to radiate the molecule by the photons with energies, which are close to energy of 5.13 eV. Each photon will be absorbed simultaneously by these two valence electrons in such a way that its energy will be divided in twain (5.13/2=2.565 eV). Thus, both valence electrons 1 and 2’ get 2.565 eV each and go to the most remote energy levels loosing bond with each other. As a result, two oxygen atoms with axis electrons  appear in an exited state. They begin to be connected with the second valence electrons of the oxygen atoms being a part of its molecule (Fig. 70) [210].   
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Fig, 70. Diagram of binding energy distribution in the ozone molecule 
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         As ozone is formed according to equation
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,  it is necessary to destroy one oxygen molecule 
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 for fusion of two molecules of ozone 
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. To this effect, it is necessary to excite 2 electrons having spent 2.565x2=5.13 eV for this purpose. 

          It is known that 288 kJ are released during dissociation of two moles of ozone. As a result, we have per molecule:
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           Ozone formation process begins when even the smallest temperature reduction takes place in ozone where the oxygen atoms are in excited state. Their valence electrons are connected with the valence electrons of the oxygen atoms in its molecules and emit the photons with such total energy that the remainder of energy absorbed earlier (5.13 eV) will be equal to endothermic energy of 2.99 eV of formation of two ozone molecule. Energy of the emitted photons will be equal to 5.13-2.99=2.15 eV. This energy is spent for formation of the bonds in two ozone molecules, which have 4 valence electrons. Binding energy corresponding to one electron is equal to 2.15/4=0.54 eV (Fig. 70). In this case, valence electrons are almost on the fifth energy levels (Table 21). 

          As it is clear (Fig. 70), the ozone molecule is longer than the oxygen molecule (Fig. 67); binding energy (0.54 eV) between the third one, which is connected by the oxygen atom, is fivefold less than between the oxygen atoms (2.56 eV) in its molecule. As a result, stability of the ozone molecule is less than stability of the oxygen molecule, and it is destroyed easier forming the oxygen molecules and its atoms. For this effect, availability of light photons, which energy is changed within the range of 0.016-3.27 eV, is enough (Table 34).

Table 34. Electromagnetic emission scale ranges

	Ranges
	Wave-length, m 
	Energy, eV

	1. Low- frequency range
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	5. Infrared range
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	6. Light range
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	7. Ultraviolet range
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	8. Roentgen range
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      After destruction of two ozone molecules, the valence electrons of the separated oxygen atoms pass into exited state absorbing 0.54x4=2,15 eV of energy. When they reach the highest energy levels, they are separated; after the free state stage, they form an oxygen molecule emitting the photons with total energy equal to 5.13 eV. Difference between emitted energy of 5.13 eV and energy of 2.15 eV absorbed by four electrons is equal to the dissociation energy of  two ozone molecule of  2.99 eV, or 288 kJ/2 moles.

         It appears from this that during mechanical or electrodynamic destruction of the oxygen molecules for further ozone molecule formation less energy is spent than during laser radiation of the oxygen molecules. More energy should be released during mechanical destruction of the ozone molecules.

� EMBED Equation.3  ���








_1090244899.unknown

_1090907316.unknown

_1090910416.unknown

_1095064596.unknown

_1105885826.unknown

_1106709149.unknown

_1107088633.unknown

_1134563881.unknown

_1134634485.unknown

_1134634752.unknown

_1134646992.unknown

_1134634669.unknown

_1134563952.unknown

_1127406062.unknown

_1127406241.unknown

_1107089963.unknown

_1107090163.unknown

_1107089885.unknown

_1106710489.unknown

_1106710939.unknown

_1106710990.unknown

_1106711272.unknown

_1106710970.unknown

_1106710905.unknown

_1106710920.unknown

_1106710887.unknown

_1106709151.unknown

_1106709152.unknown

_1106709150.unknown

_1105886351.unknown

_1105888937.unknown

_1105888999.unknown

_1105889085.unknown

_1106575951.unknown

_1105888980.unknown

_1105886383.unknown

_1105886404.unknown

_1105886367.unknown

_1105885902.unknown

_1105886004.unknown

_1105886035.unknown

_1105886071.unknown

_1105886114.unknown

_1105886338.unknown

_1105886093.unknown

_1105886050.unknown

_1105886020.unknown

_1105885962.unknown

_1105885977.unknown

_1105885920.unknown

_1105885864.unknown

_1105885880.unknown

_1105885844.unknown

_1105372755.unknown

_1105885097.unknown

_1105885690.unknown

_1105885743.unknown

_1105885787.unknown

_1105885812.unknown

_1105885727.unknown

_1105885612.unknown

_1105885665.unknown

_1105885595.unknown

_1105616224.unknown

_1105885058.unknown

_1105885075.unknown

_1105616538.unknown

_1105686234.unknown

_1105611573.unknown

_1095065985.unknown

_1103999252.unknown

_1104081450.unknown

_1104420054.unknown

_1105372597.unknown

_1104420009.unknown

_1104420025.unknown

_1104419946.unknown

_1103999287.unknown

_1103999308.unknown

_1103999266.unknown

_1103988614.unknown

_1103989176.unknown

_1102937757.unknown

_1103988594.unknown

_1095066105.unknown

_1095065951.unknown

_1095065968.unknown

_1095064718.unknown

_1094360192.unknown

_1094360944.unknown

_1094364073.unknown

_1094364150.unknown

_1094364379.unknown

_1095064544.unknown

_1095064579.unknown

_1094364472.unknown

_1094364473.unknown

_1094364393.unknown

_1094364471.unknown

_1094364206.unknown

_1094364267.unknown

_1094364188.unknown

_1094364109.unknown

_1094364131.unknown

_1094364093.unknown

_1094363736.unknown

_1094363951.unknown

_1094364057.unknown

_1094363933.unknown

_1094360982.unknown

_1094363022.unknown

_1094360965.unknown

_1094360677.unknown

_1094360906.unknown

_1094360926.unknown

_1094360886.unknown

_1094360545.unknown

_1094360596.unknown

_1094360502.unknown

_1094358979.unknown

_1094359548.unknown

_1094359667.unknown

_1094360174.unknown

_1094359565.unknown

_1094359076.unknown

_1094359091.unknown

_1094359057.unknown

_1094357637.unknown

_1094358030.unknown

_1094358047.unknown

_1094358014.unknown

_1090910518.unknown

_1090910578.unknown

_1090910600.unknown

_1090910541.unknown

_1090910500.unknown

_1090910434.unknown

_1090910464.unknown

_1090908589.unknown

_1090909320.unknown

_1090909947.unknown

_1090910135.unknown

_1090910162.unknown

_1090910319.unknown

_1090910146.unknown

_1090910058.unknown

_1090909750.unknown

_1090909785.unknown

_1090909850.unknown

_1090909768.unknown

_1090909613.unknown

_1090909628.unknown

_1090909343.unknown

_1090908895.unknown

_1090909231.unknown

_1090909256.unknown

_1090909288.unknown

_1090908933.unknown

_1090909125.unknown

_1090909206.unknown

_1090909004.unknown

_1090908917.unknown

_1090908697.unknown

_1090908721.unknown

_1090908676.unknown

_1090908314.unknown

_1090908485.unknown

_1090908527.unknown

_1090908558.unknown

_1090908504.unknown

_1090908402.unknown

_1090908422.unknown

_1090908377.unknown

_1090907665.unknown

_1090907737.unknown

_1090908285.unknown

_1090907697.unknown

_1090907589.unknown

_1090907607.unknown

_1090907527.unknown

_1090250627.unknown

_1090906647.unknown

_1090906888.unknown

_1090907007.unknown

_1090907295.unknown

_1090906981.unknown

_1090906736.unknown

_1090906752.unknown

_1090906670.unknown

_1090906563.unknown

_1090906610.unknown

_1090906628.unknown

_1090906587.unknown

_1090251720.unknown

_1090906544.unknown

_1090250682.unknown

_1090250306.unknown

_1090250458.unknown

_1090250570.unknown

_1090250591.unknown

_1090250550.unknown

_1090250399.unknown

_1090250444.unknown

_1090250379.unknown

_1090249991.unknown

_1090250135.unknown

_1090250149.unknown

_1090250059.unknown

_1090245113.unknown

_1090249911.unknown

_1090245067.unknown

_1090245112.unknown

_1090244938.unknown

_1090239017.unknown

_1090241376.unknown

_1090243705.unknown

_1090244345.unknown

_1090244737.unknown

_1090244802.unknown

_1090244860.unknown

_1090244772.unknown

_1090244599.unknown

_1090244701.unknown

_1090244403.unknown

_1090243828.unknown

_1090243913.unknown

_1090244001.unknown

_1090244019.unknown

_1090244145.unknown

_1090243930.unknown

_1090243843.unknown

_1090243747.unknown

_1090243762.unknown

_1090243723.unknown

_1090241999.unknown

_1090243497.unknown

_1090243588.unknown

_1090243611.unknown

_1090243511.unknown

_1090242254.unknown

_1090242255.unknown

_1090242093.unknown

_1090242230.unknown

_1090241639.unknown

_1090241875.unknown

_1090241893.unknown

_1090241671.unknown

_1090241546.unknown

_1090241625.unknown

_1090241442.unknown

_1090240585.unknown

_1090240965.unknown

_1090241180.unknown

_1090241281.unknown

_1090241354.unknown

_1090241258.unknown

_1090241098.unknown

_1090241158.unknown

_1090240985.unknown

_1090240783.unknown

_1090240839.unknown

_1090240905.unknown

_1090240823.unknown

_1090240620.unknown

_1090240658.unknown

_1090240602.unknown

_1090240144.unknown

_1090240306.unknown

_1090240389.unknown

_1090240417.unknown

_1090240355.unknown

_1090240180.unknown

_1090240198.unknown

_1090240160.unknown

_1090239680.unknown

_1090239734.unknown

_1090239975.unknown

_1090239705.unknown

_1090239087.unknown

_1090239662.unknown

_1090239028.unknown

_1090234566.unknown

_1090235478.unknown

_1090237910.unknown

_1090238691.unknown

_1090238947.unknown

_1090238989.unknown

_1090238715.unknown

_1090238083.unknown

_1090238253.unknown

_1090237924.unknown

_1090237826.unknown

_1090237862.unknown

_1090237888.unknown

_1090237840.unknown

_1090235526.unknown

_1090235600.unknown

_1090235507.unknown

_1090234972.unknown

_1090235247.unknown

_1090235340.unknown

_1090235357.unknown

_1090235311.unknown

_1090235185.unknown

_1090235222.unknown

_1090235121.unknown

_1090234790.unknown

_1090234897.unknown

_1090234928.unknown

_1090234857.unknown

_1090234708.unknown

_1090234729.unknown

_1090234655.unknown

_1084811479.unknown

_1084813778.unknown

_1090234144.unknown

_1090234422.unknown

_1090234521.unknown

_1090234546.unknown

_1090234463.unknown

_1090234358.unknown

_1090234378.unknown

_1090234334.unknown

_1084815420.unknown

_1090233590.unknown

_1090234106.unknown

_1090234126.unknown

_1090233608.unknown

_1084815523.unknown

_1084855410.unknown

_1084855451.unknown

_1084855972.unknown

_1084855432.unknown

_1084855392.unknown

_1084815438.unknown

_1084815312.unknown

_1084815359.unknown

_1084815399.unknown

_1084815327.unknown

_1084815208.unknown

_1084815280.unknown

_1084815143.unknown

_1084811860.unknown

_1084813301.unknown

_1084813619.unknown

_1084813637.unknown

_1084813476.unknown

_1084812094.unknown

_1084812116.unknown

_1084812074.unknown

_1084811718.unknown

_1084811765.unknown

_1084811840.unknown

_1084811735.unknown

_1084811606.unknown

_1084811698.unknown

_1084811497.unknown

_1066581734.unknown

_1072458874.unknown

_1076519892.unknown

_1076677769.unknown

_1080300349.unknown

_1084811445.unknown

_1077817285.unknown

_1076591103.unknown

_1076602022.unknown

_1076603019.unknown

_1076602989.unknown

_1076594974.unknown

_1076567785.unknown

_1072463802.unknown

_1073650695.unknown

_1073650714.unknown

_1073651798.unknown

_1072463949.unknown

_1072955685.unknown

_1072462928.unknown

_1072463520.unknown

_1072462527.unknown

_1066652931.unknown

_1072439349.unknown

_1072439903.unknown

_1072439956.unknown

_1072440684.unknown

_1072440705.unknown

_1072440663.unknown

_1072439922.unknown

_1072439477.unknown

_1072195522.unknown

_1072422683.unknown

_1072195952.unknown

_1072196026.unknown

_1072259286.unknown

_1072195982.unknown

_1072195545.unknown

_1066755494.unknown

_1066755538.unknown

_1066658826.unknown

_1066582037.unknown

_1066582060.unknown

_1060356716.unknown

_1066497779.unknown

_1066498133.unknown

_1066581677.unknown

_1066498012.unknown

_1065286902.unknown

_1066497372.unknown

_1066497681.unknown

_1066496430.unknown

_1064077897.unknown

_1064077902.unknown

_1064077914.unknown

_1065286901.unknown

_1064077911.unknown

_1064077900.unknown

_1064077895.unknown

_1030727276.unknown

_1042818517.unknown

_1060166305.unknown

_1060356715.unknown

_1060166296.unknown

_1042818513.unknown

_1042818515.unknown

_1042818501.unknown

_1042818503.unknown

_1041610112.unknown

_1008191540.unknown

_1008194693.unknown

_1008194744.unknown

_1008191576.unknown

_1008192141.unknown

_1008191575.unknown

_1008191504.unknown

