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It is well known today that to observe quantum-dimensional effects, the size of structures in one, two, or three dimensions becomes comparable to some critical quantity. When studying the behavior of electrons in quantum structures, the critical parameter is the de Broglie wavelength. The closest to real atoms are zero-dimensional quantum structures or quantum dots. As in the atom, the motion of electrons at quantum dots is limited in three dimensions, and the energy spectrum is completely discrete. Depending on the number of electrons in the quantum dot, it represents a specific atom: one electron is a hydrogen atom, two are a helium atom, and so on.
The difference between a quantum dot and real atoms is that a quantum dot has no nucleus. The absence of a nucleus greatly simplifies the calculation of the parameters of the energy states of quantum dots or artificial atoms. The parameters of the quantum dot (energy levels, size, etc.) obtained during the calculation correspond to the parameters of real atoms.
In the quantum states s, the artificial hydrogen atom is a spherical shell on the surface of which a single charge is placed. Outside the spherical layer there is an electric field, the energy of which in the whole space can be calculated by the ratio:

After integration we find: Uel = q2/80r. The obtained result can be interpreted as the energy of a spherical capacitor, the inner cover of which has a radius r, and the outer is located at infinity Uel = q2 / 2C. Substituting the radius of the first Bohr orbit rB = 5.294 10-11 m, we obtain the energy of the ground steady state of the hydrogen atom U1 = 13.5985 eV. For the radii of the excited states rn = n2rB we obtain the value of the energy of the excited state En = U1 / n2.
Similarly, we can obtain p, d, f, … energy states. To do this, calculate the capacitance of the surface on which the charge is distributed, and calculate Uel = q2 / 2C. For example, when the charge is distributed on the surface of an ellipsoid, the capacity of the ellipsoid should be placed in the expression for energy [1].
According to the law of conservation of energy, En must be equal to the work of transferring the charge q from infinity to the surface of a sphere of radius rn, which in turn is equal to the kinetic energy of the charge on this surface. For an artificial atom, the potential energy of the charge on the spherical surface is exactly equal to the kinetic energy of the charge on the surface, and, therefore, allows to determine the velocity of the electron on the spherical surface.
However, the question of the forces that hold the charge on the spherical surface remains open. It is clear that these forces arise due to the interaction of the electron with the nucleus. The additional interaction of the charge with the nucleus keeps the electron on the spherical surface. Interaction with the nucleus doubles the potential energy of the charge on the surface of a sphere of radius rn:

This allows us to substantiate the virial theorem: the potential energy must be twice as large as the kinetic energy, i.e. 2 Uel. Only the difference of potential energy in the two states has a physical meaning. This difference will not change if you add or subtract the same value to the potential energy in each state. On the other hand, the potential energy in the bound state can be considered negative. In the case of an atom, none of the generally accepted justifications is legitimate, and this is why.
Determining the energy difference between two quantum states n, l, we find that it is equal to the energy of a spherical capacitor, the covers of which have radii equal to the radii of the Bohr orbits rn and rl. It is implicitly assumed that there is a positive charge on the inner cover of the capacitor equal to the charge e. A positive charge has a nucleus, i.e. the energy of steady states is equal to the energy of a spherical capacitor, one cover of which is the nucleus (in the hydrogen atom the radius of the proton), and the second – a spherical shell having an orbital radius in the quantum state n:
,
where rp = 0.841 Fm is the radius of the proton, rn is the radius of the sphere corresponding to the quantum state n. The true energy of steady states is much greater than that predicted by both the Bohr model and quantum mechanics. The energy of the ground state of the hydrogen atom is equal to 0.8563997 MeV (calculations are performed to the last sign). This is the exact value of the steady state energy of the hydrogen atom. It takes into account all the interactions that ensure the stability of the system, including interaction with the kernel.
The energy of each quantum state contains a constant term equal to the energy of the electric field of the nucleus (a spherical layer whose radius is equal to the radius of the proton):
.
In the hydrogen atom, this energy corresponds to the electromagnetic mass of the proton [1]. When substituting the radius of the proton rp = 0.841 Fm, we find the electromagnetic mass of the proton 0.8564 MeV. The sum of the electromagnetic mass of the proton and the mass of the electron 0.511 MeV give the exact value of the difference between the masses of the neutron and the proton [1].
It is easy to calculate the energy of steady states assuming that the charge is evenly distributed in the space between two spherical surfaces, the outer radius R and the inner r:
.
For the shell 1s, the radius of the inner sphere can be taken as r = 0, and therefore the expression for energy is simplified:
.
If R = rn, the formulas for calculating the energy for the spherical and volumetric charge distribution differ only in the coefficient: for the spherical distribution we have the coefficient ½; for volume – coefficient 3/5. It can be concluded that the charge distribution does not affect the energies of steady states, but determines the size of the system. The same value of energy can be obtained both for a charge placed on a spherical surface and for a charge distributed in the volume of a sphere: the radius of the sphere must be 1.2 times larger than the radius of the spherical surface.
With the exception of the Bohr model for the hydrogen atom, we have no theoretical justification for the radii of the steady states of atoms. Theoretically, you can get different values. In practice, ionic, covalent, metallic radii of atoms are used. And the actual radii of free atoms are still unknown.
Quantum mechanics assumes a volume distribution of charge, which is described by a plane wave:
(r, t) = exp[i (t – k r)] = cos(t – k r) + i sin(t – k r). 
The square of the modulus of the wave function |(r, t)|2  1. On the complex plane, the wave function is a circle of unit radius. Fixing the time t = 0, we obtain a wave function for steady states. Since the value of k r is a multiple of the period sin and cos, then r = n, which corresponds to the Bohr quantization condition, in Dirac's interpretation: an integer number of wavelengths must fit in the orbit, and r is the length of the circle, not its radius, and accordingly k is wave number, not wave vector.
The wave function can be represented in equivalent form:
.
Quantum states differ in the value of the principal quantum number E t / ħ = n and p r / ħ = n or E t = n ħ and p r = n ħ. Transitions between adjacent quantum states occur at n = 1, so we can write (E t)  ħ and (p r)  ħ, which actually determines the Heisenberg uncertainty ratio. Ignoring the rules of elementary mathematics, they are written and used as follows: E t  ħ and p r  ħ. And the solution of one equation with two unknowns is considered to be the most fundamental law of nature.
The condition stationarity of orbit in the Bohr model is replaced in quantum mechanics by the law of conservation of energy – the Schrödinger equation. Since both the total and kinetic energy of the electron determine the phase of the wave function, the law of conservation of energy must be written in operator form, and in the presence of interaction, the potential energy should also be added:
.
After differentiation by coordinates and time, on the left we get the sum of potential and kinetic energy, and on the right – the total energy (the wave function can be simply reduced). If we take into account the virial theorem, then the potential energy is actually superfluous in the Schrödinger equation.
This universal law of energy conservation is easy to turn into a very powerful algorithm of weight factors, which will allow very accurate calculations of anything, regardless of whether we understand the physics of the described phenomenon. To do this, add the condition of normalization of the wave function:
.
Normalization converts a wave function into a probability amplitude, and r becomes a radius that can vary from - to +.
Defining the wave function as the amplitude of the probability allows us to substantiate several general approaches to solving the Schrödinger equation. They are based on the properties of derivatives and take into account a specific type of wave function – a complex exponent.
1. The wave function can always be represented as the product of any number of wave functions:
;
2. The wave function can always be represented as a superposition of any number of wave functions:
;
3. The wave function can always be represented as a superposition of the products of the wave functions:
.
The first property is due to a specific type of wave function – a complex exponent. When multiplying exponents, their phases are added. And after applying the operators of kinetic and total energies, we obtain the sum of energies for all particles, which are described by each function used in the products (i.e. look for the total kinetic energy of the system and add to it the total potential energy).
The second property is connected with property of derivatives. After differentiation, we obtain the sum of kinetic, potential and total energies multiplied by the corresponding coefficient ai. However, it is incorrect to think that the coefficients ai, with which each function enters the superposition, determine the probability of the particle being in the corresponding quantum state, which is characterized by the wave function i. Not at all. These are scale factors that change the magnitude of the potential, kinetic and total energies of quantum states, which are described by each function in particular.
The third property allows you to divide the system into parts and then combine the parts into a single system, and the weight factors take into account the contribution of each part.
After calculating the derivatives, the Schrödinger equation is multiplied by a complex conjugate wave function and must be integrated in the range from - to +. Each such integral is equal to one, and the Schrödinger equation becomes the law of conservation of energy. To obtain the value of the energy of steady states, the lower limit of integration must be chosen arbitrarily (this is a fitting parameter). When choosing the lower limit of integration, there is no question of a physical justification at all, here the main thing is to get the right figure with the desired accuracy.
Different sets of wave functions have to be used to obtain the solution with the desired accuracy. And thousands of different combinations are possible. It is impossible to establish which of these combinations corresponds to the real one. Of course, we can list a few conditions that a solution must satisfy, but that's not enough to filter out thousands of possible options.
And most importantly – quantum mechanics does not involve analysis of processes occurring in the system. Due to this, selection rules were introduced in atomic physics, which determine which transitions in the system are possible and which are forbidden. Earlier we substantiated that all transitions between the really existing energy states are allowed, and the transition from one state to another occurs gradually [2]. At each stage of such a transition, the law of conservation of energy is fulfilled.
The physical reason for the existence of steady states is the quantization of the magnetic flux Ф0 = h / e. In each quantum state, the orbit of the electron captures the number of quanta of the magnetic flux equal to the principal quantum number.
The electron orbit in the Bohr model can be identified with a current coil that has a certain inductance. As in electrodynamics, when current flows in the coil, magnetic energy is stored, the value of which is determined by: LI2/2. The orbit of an electron in a hydrogen atom can be represented as one turn of the coil with inductance L, which stores the magnetic energy LI2/2, where I is the current resulting from the orbital motion of the electron. Therefore, the energy of the steady state is the energy of the magnetic field of the inductor and the energy of the electric field of the capacitor. Moreover, the magnetic energy of the coil with the current is exactly equal to the energy of the capacitor, and each of them – the energy of the steady state.
To calculate the energy of the magnetic field, we use the relation Eel = LI2/2. This energy can be expressed through the flow captured by the orbit. In particular, it should be assumed that the orbit of the electron binds the magnetic flux Φ, which penetrates the circuit (plane of the orbit):
Ф = LI,
where I is the current in the circuit. The current caused by the motion of an electron along a circular orbit of radius rn with velocity vn is equal to:
I = evn/2πrn.
For a stream captured by an orbit, in the quantum state n we obtain:
Ф = LI = Lnevn/2rn. 
In the state n, the orbit captures n quanta of magnetic flux of magnitude h / e:
Lnevn/2rn= nh/e.
From the last equation we determine the inductance of the orbit Ln:
.
Substituting the values of the parameters of the first Bohr orbit, we find the inductance of the orbit: L1 = 3.966 10-12 H. The capacitance of a spherical capacitor, the inner cover of which is equal to the Bohr radius, and the outer cover is a sphere of infinite radius, is equal to C1 = 5.89 10-9 pF.
The inductance of the coil and the spherical capacitor form an oscillating circuit, i.e. the steady state of the electron in the atom can be identified with the oscillating circuit. The resonant frequency of this circuit is equal to . The formula  is correct for small system sizes compared to the wavelength . Since in the ground state  = 2r (according to de Broglie), the given relation determines the resonant frequency up to a factor of 2.
The resonant frequency in the ground state is equal to  = 6.542 1015 s-1. For excited states, the resonant frequency 0n is  times less than the frequency of rotation of the electron in orbit:
.
In the first excited state, the capacitance of the capacitor and the inductance of the coil are equal to: C2 = 2.355 10-8 pF, L2 = 3.142 10-11 H. The resonant frequency of this circuit 02 = 1.1631015 c-1 is  times less than the frequency of rotation of the electron in orbit in the state n = 2. Similar ratios can be obtained for all higher excited states.
The absence of energy losses in such an oscillating circuit ensures the stability of states. However, only the ground state is an ideal oscillating circuit in which the energy loss is zero.
Unlike the ground state, the excited states are not stable. Radiation energy losses to lead to the transition of the system to the ground state with n = 1. Moreover, such a transition is inevitable, and therefore the concept of the probability of transition to it is inapplicable. You can even describe this transition in detail.
In fact, stationary states are a three-dimensional oscillating circuit in which electromagnetic energy circulates, and the circulating flux can be calculated elementary using the expression for the electromagnetic field flux vector (Pointing vector). The nucleus of a hydrogen atom has a charge and creates a radial electric field. An electron orbiting the nucleus creates a magnetic field. If there is a magnetic field and charges, then there is a circulating flow of energy, the value of which is equal to the Pointing vector, because EB is not equal to zero. If you observe the flow of energy, you can be sure that it circulates around the nucleus. There is no change in energy: everything that flows into any volume flows out of it. The circulating flow is equal to:
Spn = 0c2 EB.
The flux is the product of the magnetic field on the area covered by the orbit of the electron, which is equal to n quanta of the magnetic flux Ф = n h/e. Equating the fluxes, determine the induction of the magnetic field in the state n:
.
For an electromagnetic field, the electric field strength is equal to:
E = cB. 
Substituting the values of the fields in the Pointing equation, we find the magnitude of the circulating flux of electromagnetic energy in the quantum state n:
.
Since the source of the magnetic field is an electron, the expression for the flux must include the velocity of the electron in the corresponding quantum state:
.
Representing each steady state in a hydrogen atom in the form of a sphere whose radius is equal to the corresponding Bohr radius, we have the opportunity to calculate the energy flux circulating in the atom in each steady state:
.
During the transition between the steady states n, l, the velocity of the electron varies from the value of vn to vl. The average velocity of the electron during the transition time in the first approximation is .
When making transitions between steady states, the amount of circulating energy in the atom changes in proportion to the change in the energy of the steady state. The time during which the transition takes place can be calculated as a fraction of the division of the energy difference between the steady states by the difference of the circulating energy flows:
,
where  – the ratio of the average velocity of the electron in steady state n, l to the speed of light. This ratio takes into account the difference between the speed of energy flow and the speed of light in vacuum (the speed of the photon emitted). The coefficient ¼ takes into account the relationship between the frequency of the electromagnetic field circulating in the atom and the frequency of rotation of the electron in orbit in the corresponding steady state. The results of calculating the lifetime according to the above ratio are presented in table. 1.
Table. 1 The lifetime of excited states in the hydrogen atom.
	Quantum number of the excited state n 
	Calculated time of transition to the ground state, ns
	Experimental value of life time in the state np, ns

	2 
	1.603
	1.592(25); 1.600(4)

	3 
	5.179
	5.2; 5.8(3)

	4 
	11.87
	11.25(78); 14.6(25)

	5 
	22.62
	21.9(30); 24

	6 
	38.36
	40.7; 41

	7 
	60.02
	64.4

	8 
	88.54
	95.6

	9
	124.9
	136

	10
	169.9
	186

	11
	224.6
	247

	12
	289.9
	321



The experimental values of life time are taken from [3]. Depending on the method of determination, the experimental values of lifetime have different values. The table shows the maximum and minimum experimental values of life time (if any). The parentheses indicate the measurement error in the last significant digits. The notation of excited states is given without specifying the multiplicity indices. The theoretically calculated lifetime refers to the transition from this level to the ground state of the hydrogen atom.
The calculation results coincide with the experimental values of the electron lifetime in steady states, which are characterized by the value of the principal quantum number n = 2, 3, 4, 5. For higher quantum states, starting with n = 6, the calculation results give lower values of lifetime compared to experiment. The difference increases with increasing principal quantum number of the excited state. The largest deviation is 10.7% for the state with n = 12. The observed deviation of the higher quantum states can be due to two reasons.
The first reason: as the principal quantum number increases, more possible transitions between intermediate states appear, i.e. the electron passes from the upper state to the lower state through a number of intermediate states. Each intermediate transition takes some time. And the sum of all times of transition between intermediate states will be greater than the time of direct transition from the excited state to the ground state.
The second reason is the incorrect value of the average velocity of the electron during the transition between steady states. In the equation for the lifetime, it is assumed that the velocity of the electron changes linearly during the transition time. It is possible that for quantum transitions from states n  6 to the ground state the electron velocity during the transition time is not a linear function, i.e. the coefficient  is not a constant value, but should increase gradually as the value of principal quantum number increases. 
The discovery of the circulation of electromagnetic energy in the atom has a very radical effect on the established views on the interpretation of electronic transitions.
First, the continuous nature of the transitions between steady states is clarified. The lifetime of an electron in the excited state is actually the time during which the electron transitions from one state to another. During the transition time, the circulating flow varies from the value characteristic of the initial state, characterized by the quantum number n, to its value in the final state, which is characterized by the quantum number l. The difference between the circulating fluxes of the two quantum states between which the transition takes place will be emitted (or absorbed) in the form of a quantum of light.
Secondly, the continuous flow of circulating energy in the atom into the radiated energy is not probabilistic, because the exact period of time during which the energy will be radiated is known. The sum of circulating energy in the atom and already radiated energy at any given time remains constant. There is only a redistribution of fluxes between that which is still circulating in the atom and that which has already radiated. The flow of electromagnetic energy outside the atom is called a photon.
Third, steady states are spherical resonators in which electromagnetic energy circulates. The electromagnetic field in an atom circulates similarly to the circulation of an electromagnetic field in a bulk resonator. However, the frequency of the electromagnetic field in the atom is significantly higher than in any bulk resonator that can be created using available technologies. The atom also lacks resonator walls. However, the distribution of electric and magnetic fields in a bulk resonator gives a clear idea of the electromagnetic fields circulating in steady states in atoms.
Fourth, the resonant frequencies are determined by the volume of the resonator. Each steady state of the atom corresponds to a volume bounded by a spherical surface whose radius corresponds to the size of the atom in the corresponding steady state. In each steady state, an undamped electromagnetic field with a known set of frequencies can circulate. Changing the resonator volume changes the set of resonant frequencies. Frequencies for which there are no conditions for resonance should attenuate. In the case of an atom, the attenuating frequencies are the frequencies of the electromagnetic field that can be emitted or absorbed by the atom.
The energy of a radiation quantum is equal to the difference of the energies of steady states, which are identified with spheres of the corresponding radius. As the quantum of the electromagnetic field is absorbed, the energy of the steady state increases, and accordingly the radius of the bulk resonator increases, in which the conditions for the existence of an undamped field of other resonant frequencies arise. Reducing the radius of the resonator violates the conditions of existence of a standing wave of the corresponding frequency, which leads to the emission of a quantum of electromagnetic field. There are electric and magnetic multipole radiation, depending on the type of oscillations for which the resonance conditions in the bulk resonator are violated. Atoms are dominated by electric dipole radiation.
Conclusions. The energy of steady states in atoms is determined by the distribution of electric charges, in fact the charge distribution of electrons. The electron charge can be placed on the surface or in a volume. When the distribution of charges on the surface, the energy of the steady state is equal to the energy of the capacitor, the inner cover is a closed surface, and the outer extends to infinity. In atoms, the negative charge is localized on a spherical surface. The volume bounded by a spherical surface is a resonator in which electromagnetic energy circulates. The flux of circulating energies and the lifetime of the electron in excited states are calculated. The lifetime is equal to the ratio of the energy difference of steady states to the difference of circulating flows in these states.
In quantum mechanics, the charge is assumed to be distributed in volume, and the wave function determines the amplitude of the probability of electron localization at a certain point. It is established that by postulating the form of the wave function (complex exponent) the quantization condition is automatically introduced in de Broglie's interpretation – an integer number of wavelengths is placed in the orbit. The Schrödinger equation is the law of conservation of energy in the operator form.
The introduction of the normalization of the wave function gives the Schrödinger equation the ability to perform calculations with arbitrary accuracy (if it is known from the experiment, what number should be obtained). General approaches to solving the Schrödinger equation are proposed: a wave function can be represented by the product of wave functions, the superposition of wave functions, and the superposition of products of wave functions.
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