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Abstract: The here presented hydrogen atom model, exemplarily described for its first excited
state, proceeds from a previously published model approach by the author [30], applying
Newtonian mechanics, too, and hence querying classic quantum mechanics. Thereby the basic
concept was maintained, even if considerable corrections were made leading to a significantly
different shape of the electron trajectory envelope, namely a spherical one instead of a
hyperboloid one. This concept traces back to Bohr’s model, including de Broglie’s standing
wave concept, but implies – in contrast to his planar approach - three-dimensional electron
trajectories in the (meta-stable) excited states, whereas the electron orbit in the (stable) ground
state is planar. The electron trajectories in the excited states can be exactly described by means
of a rotating coordinate system, providing three different kinds of velocities (and thus kinetic
energies). Thereby the electron behaves like a rotating oscillator. However, this oscillation
occurs not linearly, as in the case of a spring pendulum, but curvedly. So the entire motion
process is determined by three partial motion processes: a horizontal rotation, a vertical
oscillation, and a horizontal deviation which steers the oscillation course. The context to Bohr’s
statement that the total angular momentum of the electron is given by the n-multiple of h/2π is
insofar difficult to understand as the total angular momentum is split into two parts: an obvious
one in the form of the rotation, and a hidden one in the form of the oscillation. A further
difficulty arises from the invariability of the angular momentum h/2π. That was not explainable
when Bohr proposed his model, neither when de Broglie postulated his wave concept. But it
can be explained by the thereafter discovered existence of the electron spin which induces a
constant angular momentum, known as the spin/orbit-coupling.
Applying this quantum condition on the electron rotation, and using the normal physical laws
concerning the electrostatic Coulomb attraction as well as the centrifugal force, the key values
for the respective parameters could be determined at the top position of the electron as well as
at its position at the equator. Surprisingly the distance between the proton (nucleus) and the
electron remains constant. In a next step, the oscillation frequency was determined employing
these values and applying the usual formula for a harmonic oscillator. It serves as a time base
for any temporally variable processes. Derived from this, the motion regularity of the deviation
process could be determined. Finally, the time dependency of the rotation angle could be
determined by taking into account de Broglie’s standing wave condition.
This oscillating process is insofar peculiar as it is not achieved by a transmutation of potential
energy into kinetic energy and vice versa, as it is the case at a spring pendulum, but by a
transmutation of different kinds of kinetic energies at a constant potential energy. Due to this,
the electron can move on a spherical segment at a constant distance which is identically equal
to the respective Bohr radius. Thereby, the motion occurs along a three-dimensional wavy
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spiral line, whereas in Bohr’s model it solely describes a simple planar circle. But in particular,
a stringent correlation of this oscillation frequency ν0 and the total energy of the electron could
be revealed, analogously to Einstein’s formula for the photoelectric effect, namely Etot = h ·ν0.
Thus it proves the equity of the electron frequency and the light frequency at the
absorption/emission process.
Keywords: Bohr’s atom-model, de Broglie wave, 3D atom-model, spin-orbital coupling,
electron trajectories, electron oscillation

1. Introduction
“Quantum theory is perhaps the most successful theory ever formulated. For almost 90 years,
experimenters have subjected it to rigorous tests, none of which has called its foundations into
question. It is one of the triumphs of twentieth-century science. The only problem with it,
argues Lee Smolin in Einstein’s Unfinished Revolution, is that it is wrong.” With this
challenging sentence, Graham Farmelo starts his review of the recently released book by Lee
Smolin [1]. And indeed: two other respective books, reviewed in [2] and in [3], and not least
the foundation of the present journal in 2015, give rise to the assumption that something is
wrong within this theory, affirming the former doubts of Einstein [4].
The designation «quantum mechanics» was launched during the 5 th Solvay conference in
1927 with the well-known discussion between Einstein and Bohr who then denied his own
previous model. It was based on de Broglie’s hypothesis of the wavy electron motion, and it is
preferably expressed by Schrödinger’s approach, implying Born’s probabilistic interpretation
of the wave function and Heisenberg’s «uncertainty principle». Instead of well-defined electron
trajectories, probabilities of presence were delivered, designated as «orbitals».
Nevertheless, it should be reminded that, in fact, Niels Bohr is the father of quantum
mechanics. He published in 1913 the article entitled “On the Constitution of Atoms and
Molecules” [5], focussing on the hydrogen atom, and applying the ordinary electrostatic
Coulomb law and the law for the centrifugal force, whereas the force of gravity and the
magnetic force could be neglected. Starting from Rutherford’s atom model, which consisted of
a heavy positively charged nucleus in the centre and an envelope of a single light electron, he
applied Planck’s quantum theory of radiation (introduced in 1900 [6]) in the form of Einstein’s
photoelectric effect (published in 1905 [7]), and suggested that - as a result of (UV-) radiative
excitation - well-defined orbits were occupied by the electron, associated to enhanced energy
levels. His model could explain to a large extent the line-spectrum of hydrogen, wherein
remarkable regularities had originally been found by Balmer [8], later revealed by Rydberg.
The essential theorem of his consideration may be expressed by the following statement made
in [5]: “In any molecular system consisting of positive nuclei and negative electrons in which
the nuclei are at rest relative to each other and the electrons more in circular orbits, the angular
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momentum of every electron round the centre of its orbit will in the permanent state of the
system be equal to h/2π, where h is Planck’s constant.” (Therein, «permanent state» means
«ground state»of the atom). Moreover, he found that the angular momenta of the excited states
are integral multiples of the angular momentum of the ground state. It is worth mentioning that
Planck’s constant h, which he himself denoted as «elementares Wirkungsquantum»
(«elemental impact quantum»), expresses the product of energy and time (delivering the unit
J·s). But actually it should be apparent that h/2π corresponds to an angular momentum, letting
suppose that it represents a vector with a constant value, and not a scalar. Moreover, it should
be noticed that the excited states do not exhibit the same characteristics as the ground state. In
particular, they are not permanently stable but solely temporarily, so they may be designated
as «meta-stable».
However, several questions remained: Firstly, the existence of a minimal ground state
(permanent state) could not be explained, i.e. it was not plausible why the electron does not
tumble on the nucleus. Secondly, the intrinsic cause for the existence of such exited – metastable – energy states could not be found. Thirdly, Bohr could not deliver a model of a molecule
like the H2-molecule, in contrast to the notification in the title of his article. And fourthly, the
structure of atoms with a higher atomic number was not derivable - not even the one of Helium
-, nor the «Aufbau-Principle»of the periodic system of the elements.
A step forward was made in 1924 by Louis de Broglie in his thesis [9], assuming a wavy
electron motion, and leading to the term «wave mechanics». It not only explained the deflection
of electron beams on thin metal foils (cf. for instance [10]), but also – and in particular – the
occurrence of well-defined electron trajectories in the excited states as a result of standing
electron waves. However, this phenomenon of electron waves could not be implemented into
Bohr’s planar H-atom model. Instead, an enigmatic particle/wave-duality was established. As
a consequence, the classic quantum mechanics were developed, based on Schrödinger’s
equation [11, 12, 13]. It was deduced from Hamilton’s theory, using imaginary or complex
numbers (which reduce the vividness), and starting from a local differential equation implying
the Laplace-operator which acts on a wave function (Hamiltonian). In the case of bound
electrons (as they exist in the atoms), it contains a term for the kinetic energy and a term for
the potential energy, delivering so-called «eigenvalues»for the total energy. The results were
cloudy orbitals lacking a clear angular momentum of the electron.
Subsequently, Dirac extended the theory by introducing Einstein’s special relativity theory
[14, 15]. It was also outlined by de Broglie in a book [16]. Later some modifications were
proposed, especially the one of Bohm [17, 18, 19] and those of the so-called Three Way
Hypothesis, which was developed in the 1970’s and 1980’s by Kostro [20] and Horodecki [21,
22, 23, 24], which was later on attributed to a kinematical classical system of two perpendicular
rolling circles by Sanduk [25, 26]. A further attempt for describing the trajectories of a
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corpuscular electron was made by Oudet, published in the Annales de la Fondation Louis de
Broglie, and assuming an exchange of matter between the electron and the proton [27, 28, 29].
A critical discussion of classic quantum mechanics and of the Bohmian one with respect to the
here presented model will be will added in the chap. 8 and 9.
Thereby it should be kept in mind that Bohr’s model cannot be totally wrong since the
therein computed energy levels match the empirical spectral results very well. Thus the same
total energy values must appear in any alternative model. This is actually the case for
Schrödinger’s model. However, another condition should be fulfilled: namely the conservation
of the total angular momentum of the electron orbit. And that condition is not fulfilled in
Schrödinger’s approach, nor in the other approaches; rather it is completely disregarded.
Moreover, in the assumed orbital range of the classic approach, characterized by a stochastic
motion of the electron, a standing wave can actually not be achieved since it would imply welldefined electron trajectories. Contrarily to Heisenberg’s hypothesis, it must be ascertained: the
fact that a state cannot be directly detected (i.e. that it is not observable) does not exclude that
it really exists.
However: The orbital momentum of the electron may at least partly be achieved by another
kind of motion than it is assumed in Bohr‘s planar model, particularly taking into account the
third dimension. Such a difference will act a considerable part in the subsequent considerations.
It also concedes that a formal summary equity may possibly not be identical with a real physical
equity. For instance: a linear harmonic oscillator can be modelled and mathematically
described by a rotating mass point, whereas the position of this mass point is not really identical
with the position in the corresponding orbital mapping.
With the aim of finding an H-atom-model exhibiting well-defined electron trajectories, in
his previous approach [30] the author kept in mind the original Bohr-model but implemented
de Broglie’s wave concept of the momentum pe = me ·ue = h/λe (me = electron mass, ue =
velocity, λe = wavelength), and took into account the standing wave condition. However, in
addition to the wavelength of the electron, a vibration frequency νe was introduced, according
to the usual relation ue = νvib,e ·λe. (To avoid ambiguity errors with the frequency ν, any velocity
is designated here with u). As a consequence, two kinds of motion appeared in the model,
implying two different frequencies, namely one for the rotation and one for the vibration.
Thereby it could be arithmetically derived that, firstly, this electronic vibration frequency is
the n-multiple of the rotation frequency (according to the Bohr model); and, secondly, that the
electronic vibration frequency is proportional to the frequency of the absorbed or emitted
electromagnetic radiation due to the electronic excitation, and therefore not to the rotation
frequency of the electron (as it is usually assumed when the H-atom is – falsely – compared
with a Hertz-oscillator). However, the resulting factor ½ between the light frequency and the
vibration frequency of the electron remained inexplicable.
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In order to get this principal finding into a figurative shape, in [30] a three-dimensional
model was supposed for the elevated states, using a rotating coordinate system entailing a
horizontal rotation process and a vertical oscillation process. Thereby the electron vibrates
between two opposite pole or top positions, passing through an intermediate state (equator).
Contrary to Bohr’s multiplicity statement about the total angular momentum, in this model the
electron maintains the original rotation of the ground state also in the excited states whereby
the orbital angular momentum is conserved. Moreover, it turned out that the oscillation does
not proceed linearly but curvedly, which requires an additional horizontal motion. Overall, the
envelopes of the resulting electron-trajectories turned out to be hyperboloid (Fig. 1), whereas
the trajectory in the ground state was planar.
rotation axis
top position of
the electron

d = elevation
of the electron
equator

R = rotation radius
R
electron
three different velocities
r = distance proton - electron

Fig.1: Intermediate position of the electron at the modified model according to [30]
(the abbreviations and designations in this figure and in the present text are partly altered)
When [30] was written, the existence of the ground state was not yet explainable. However,
the answer found later on turned out to be very simple but of particular importance. It results
from a discovery which was published by Uhlenbeck and Goudsmith in 1925/1926 [31, 32],
namely the electron spin. This hypothesis arose from the split-ups of spectral lines (multiplets)
which were observed when spectres were taken in the presence of strong magnetic fields, and
which implies a magnetic moment of the electron. Moreover, it was found that the magnetic
moment of the electron is equal to the magnetic moment of the circular orbit of the electron in
the ground state of the H-atom, corresponding to the angular momentum h/2π. Therefore, a
spin/orbit-coupling ensues, comparable to a resonance effect, where the spin of the electron
acts as initiator. It also explains the unit of h (namely Js) which corresponds to the unit of an
angular momentum and thus to an eminent physical term.
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The spin represents an indestructible natural constant, but it is – contrary to the elemental
charge - a vector. In a certain sense it can be regarded as a «perpetuum mobile», which propels
the electron. It cannot be expressed or modelled by other terms of our perception, and it
represents the real cause of the de Broglie wave, giving rise to the dual particle/wave concept.
As well known, it was implemented by W. Pauli into the already established quantum theory
[33]. However, this was done afterwards, and not initially. And since it is not possible to change
the foundation of a house when the house is already built, classic quantum mechanics lacks
this most important and fully precise component in its foundations, instead assuming the
uncertainty principle of Heisenberg. But that principle refers to a particle of our perception, not
to the real electron. Astonishingly, the trajectory of an electron can exactly be described like
the one of a particle, even if it implicates a wavy character due to the spin.
Recently, the validity of this statement could be empirically proved by the author’s
computation of the bond-length in the H2-molecule, assuming well-defined electron trajectories
in the ground state of the H-atoms, each with a constant angular momentum h/2π [34]. The
bond length was evaluated by finding the point of minimal total energy (Fig. 2).

Fig. 2: Total energy as a function of the bond-length at the H2-molecule, according to [34]
The result, illustrated in Fig. 3 (see next page), was compared with literature values based
on XRD-measurements, turning out to be quite exact. A similar proceeding had been
accomplished by Heitler and London at their time, applying classic quantum mechanics, but
leading to a less distinct result [35]; cf. also the respective citations in [34].
A subsequent analysis of the H-atom-model computation according to [30] yielded that the
assumptions made for the equatorial position of the electron were erroneous, thus requiring the
herewith presented revision of the model, leading to its significant modification. However, first
of all the common Bohr model-computation will be summarized, particularly delivering the
total energy of the here relevant second excited electron-state.
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Fig. 3: Model of the H2-molecule (true to scale), according to [34]

2. Brief Derivation of Bohr’s Model and Compilation of the Relevant Data
Herewith, Bohr’s model is briefly derived, delivering the relevant key data as a function of the
quantum number n, and using the following physical constants:
ε0 (permittivity of vacuum)

8.854187817·10-12 AsV-1 m-1

e (elementary charge)
me (rest mass of the electron)

1.60217646·10-19 C
0.9109382·10-30 kg

h (Planck’s constant)

6.6260688·10-34 Js

Moreover, the ad hoc defined constant K is used: K 

e2
4 0

= 2.30708·10-28 Jm

The radius r and the velocity u of the electron represent the variables whose values have to
be determined as a function of the quantum number n and Planck’s constant h, which
corresponds to an angular momentum. Moreover, the correlation to the frequency of the
interacting light has to be found, using Einstein’s formula for the photoelectric effect.
First of all, the equilibrium condition between the centrifugal force and the Coulomb
attraction has to be regarded, delivering relation (1):
me u 2 K
K
 2  me u 2 
(1)
r
r
r
Secondly, the quantization for the angular momentum L can be formulated (2):
h
Ln  me  u n  rn  n 
(2)
2
As a consequence, for L1 (at the ground state where n = 1) the following value results (3):
h
L1  me  u1  r1 
= 1.0545716·10-34 Js
(3) u1, r1 = minimal velocity or radius
2

8
Quantum Speculations 2 (2020) 1 - 26

The combination of these equations yields the values for un and rn:

1 K u
un    1
n L1 n
rn  n 2 

(4)

L12
 r1  n 2
K  me

with u1 = 2.1877·106 ms-1

(5)

with r1 = 0.52918·10-10 m

Furthermore, the total energy can be determined as the sum of potential and kinetic energy:
2

Etot ,n  E pot ,n  Ekin,n
whereby Etot ,1

m
 e
2

K
1 m K
1
   1 me  u n2   2  e     2  Etot ,1
2
rn
n 2  L1 
n

(6)

2

K
   = -2.17988·10-18 J and Etot,2 = -0.54497·10-18 J, which is relevant
 L1 

for our case where the first excited state is assumed implying n = 2.
Finally, a connection between the difference of two energy levels and the frequency of the
absorbed or emitted light can be established by means of Einstein’s relation (7)

Etot  h  light (7a)
yielding  light 

Etot
h

and

(8a) and  light 

Etot  h   light

(7b)

Etot ,1  1
 1
1 
1 
 2  2   K Rydberg  2  2 
h  n1 n2 
 n2 n1 

(8b)

wherein KRydberg = Rydberg constant = 3.28985·1015 s-1. The fact, that the values of this equation
fit significant parts of the atomic hydrogen spectrum quite precisely delivers the evidence of
its validity.

3. Outline of the Present Model Approach
Starting from the previous approach [30], herewith an improved version is presented for the
first excited electron state where n = 2, also assuming well-defined electron trajectories but
finally yielding a different envelope. Even though the differences to the previous approach are
partly significant, the respective Fig. 1 is used for the initial illustration, whereby some symbols
are changed. Therein, anyway still relevant – in terms of Bohr’s model - is the value of the total
energy. Also still relevant is the conservation of the basic angular momentum h/2π for the
(horizontal) rotation process at any position of the electron. And finally still relevant is the
numerical value of the total rotation velocity as well as the one of the electron radius at the top
position of the electron.
The following three types of electron motions and trajectories were provided:


a rotation with the velocity urot and the rotation radius R (scheduled horizontally), whereas
the total radius between proton (= nucleus) and electron was designated with r
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an oscillation perpendicular to it, with the opening angle φ, the elevation (= oscillation
distance) d and the rotation velocity u osc  d (scheduled vertically)
a deviation ΔR perpendicular to the oscillation, with the deviation velocity u  R
dev

For determining the respective parameters, besides the conservation law of the basic angular
momentum L1 = h/2π during the rotation process and the one of the total energy over all
processes, the force equilibria between the Coulomb attraction FCoul and the centrifugal force
Fcent were regarded, firstly at the top position of the electron (yielding rtop, Rtop, dtop and urot,top,
cf. Fig. 4), and secondly at the equatorial position (yielding Req = req, urot,eq and uosc,eq). In
contrast to the previous approach [30], at the equatorial position not only the rotation velocity
but also the oscillation velocity was implemented for computing the centrifugal force.

rotation
axis
urot,top
Rtop

FCoul,d
dtop

equator

rtop

Fcent,r

FCoul,R
FCoul,r

φtop

Fig. 4: Schematic depiction of the force equilibrium at the top-position of the electron between
the electrostatic Coulomb-force FCoul,r and the centrifugal force Fcent,r. Thereby the basic
Colomb-force FCoul,r is splitted in a vertical component FCoul,d and in a horizontal component
FCoul,R according to the relation FCoul,R = FCoul,r ·R/r
At the next step, for describing the temporal course of the oscillating distance d the usual
expression for the harmonic oscillator was inserted delivering – together with uosc,eq – the value
of the time-base angular velocity ω0 in sin(ω0t). Applying the theorem of Pythagoras, a
respective expression for R(t) could be derived. Finally, the rotation angle ψ(t) was determined
by infinitesimal summarizing the time-dependent product ωrot·Δt instead of the integral (9) in
such a way that the standing wave condition (10) was fulfilled. Therefore, the standing wave
condition was not expressed by means of the de Broglie wave-length (entailing that the n-fold
wave-length must be equal to the perimeter of the electron orbit), but by means of the constant
angular velocity ω0 (which is not provided in de Broglie’s approach):

   rot dt

T

(9)

Standing wave condition: 0T  2    rot dt (10) T = period
0
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4. Evaluation of the Parameters at the Special Positions of the Electron
To say in advance, the rotation velocity urot obeys the quantum condition (11) in any case:

h
(11)
2
It occurs within the horizontal plane of the model, is variable and differs in the general case
fundamentally from Bohr’s velocity un, even though it may be equal in some cases.
me u rot R  L1 

4.1. Evaluation of the Parameters at the Top Position
At the top position (cf. Fig. 4), the oscillation velocity and the deviation velocity is zero. Thus,
the total velocity matches the rotation velocity urot. This facilitates the computation insofar as
the centrifugal force can easily be determined according to equation (12):

Fcent ,top 

2
me  u rot
,top

(12)

rtop

On the other hand, the Coulomb force can easily be determined according to equation (13):

FCoul ,r 

K
2
rtop

(13)

Equating (12) and (13) yields

K
2
 me  u rot
,top
rtop

(14)

Furthermore, the law of conservation of energy can be applied, whereby Etot is given by
equation (15):

Etot  

K 1
K 1
2
 me u rot


m u2
 Etot
,
top
2
2 e rot ,top
rtop
rtop

(15)

Finally, the combination of (14) and (15) yields (16):
rtop  

K
2 Etot

(16)

Inserting the value for Etot,2 from chapter 2, for rtop the value of 2.11671·10-10 m is obtained,
which corresponds exactly to the value of the Bohr-radius for n = 2. Then the value of urot,top
can be computed using equation (15), yielding 1.09385·106 ms-1. It likewise corresponds to the
velocity un in Bohr’s model for n = 2.
However, in this model an additional radius exists, namely Rtop. It can be computed using the
quantum condition (11), being read in this case

L1  urot ,top  Rtop  me

(17)

and yielding the value Rtop = 1.05835·10-10 m. Finally, dtop can easily be computed, using the
theorem of Pythagoras with rtop and Rtop and delivering the value of 1.83312·10-10 m.

11
Quantum Speculations 2 (2020) 1 - 26

The obtained results can be summarized as follows:
rtop = 2.11671·10-10 m
Rtop = 1.05835·10-10 m
urot,top = 1.09385·106 ms-1
ωrot,top = urot,top/Rtop = 1.03354·1016 s-1 (angular velocity)
dtop = 1.83312·10-10 m
cos(φtop) = Rtop/rtop = 0.5, φtop = 60°
4.2. Evaluation of the Parameters at the Equator
At the equator, the total radius req is identically equal to the rotation radius Req, while the
oscillation velocity uosc,eq is maximal. Thus, the three parameters req = Req, urot,eq and uosc,eq have
to be evaluated, requiring three equations. They may be based on the same conditions as in the
above case: the first one results from the law of conservation of the total energy (18); the second
one can be derived from the horizontal force balance between the Coulomb-force and the
centrifugal force (19); and the third one is given by the quantum condition for the rotating
electron (20). The evaluation of Req and of the other parameters is here easier than in the case
of the top position, and may be made by simple combinations of these equations. However,
one aspect has to be regarded in particular: in order to formulate the horizontal force balance,
i.e. to compute the centrifugal force, not only the rotation velocity but also the oscillation
velocity has to be taken into account.



K
2
2
 1 me u rot
,eq  u osc,eq
2
Req

Law of conservation of the total energy:

Etot  

Horizontal force balance:

2
2
me u rot
K
,eq  u osc,eq

Req2
Req

Quantum condition:

L1  urot ,eq  Req  me  h 2







(18)
(19)
(20)

The combination of these equations yields the value for Req = - K/2Etot = 2.11671·10-10 m which
is equal to req. Therewith, the remaining parameters can easily be computed:
urot,eq = 0.54692·106 ms-1
ωrot,eq = urot,eq/Req = 0.25838·1016 s-1
Erot,eq = 0.13624·10-18 J
Eosc,eq = 0.40873·10-18 J
uosc,eq = 0.94730·106 ms-1
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Surprisingly, req is equal to rtop, which means that the distance between the nucleus and the
electron remains constant during the whole oscillation process, and that the oscillation occurs
along the surface of a spherical segment (cf. Fig. 5). Moreover, the rotation velocity at the top
position is equal to the velocity in Bohr’s model, i.e. urot,top = utot,top = u2. As a consequence, at
that position the total angular momentum is numerically equal to the angular momentum in
Bohr’s model, i.e. urot,top ·r ·me = n ·h/2π (whereby n = 2).

rotation axis

r
φtop

equator

Fig. 5: Envelope of the electron trajectory
Analogously, at the equator the total angular momentum is also n ·h/2π. However, here the
respective total velocity is composed of the two components urot,eq and uosc,eq, according to the
2
2
formula utot ,eq  u rot ,eq  uosc,eq , as it has already been used in formula (18). Hence there is a

principal difference between the total angular momentum Ltot = utot,eq ·r ·me and the rotational
angular momentum L1 = urot,eq ·r ·me; in our case it amounts to twice as much.
Above all, this means that during the oscillation process the potential energy remains
constant since r remains constant. This also implies that the total velocity remains constant.
Therefore the oscillation is due to and accompanied by the transformation of kinetic energy in
other forms. However, in the ground state (where n = 1) such a three dimensional array does
not exist since then Rtop = Req = r which implicates a planar motion of the electron, induced by
its spin (spin/orbit-coupling).
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5. The Implementation of the Oscillation Process
The here proposed atom model entails an oscillation process which profoundly differs from
our normal perception of an oscillator typified by a spring pendulum. In this case no permanent
transformation from kinetic energy into potential energy occurs (and vice versa), but a
conversion of different kinds of kinetic energies while the potential energy remains constant.
Thereby three kinds of kinetic energies are relevant, referring to the respective velocities:
horizontal rotation urot, vertical oscillation uosc, and horizontal deviation udev. They are
interdependent and thus not independent from each other. Their values have been determined
for the boundary situations at the top position and at the equator. In the next step it is required
to connect them in a consistent manner.
In order to determine the entire motion process in phase, and in particular to implement the
standing wave condition, a unique time base must be found on which all the motions depend.
Preferably, thereto the vertical oscillation part related to the distance d is chosen.

5.1. The Vertical Oscillation
Even though a principal difference to a normal harmonic oscillator exists, typically given by a
spring pendulum, it may be advantageous to understand its mathematical description. Its
motion can be expressed by the differential motion equation for the retroacting force:

m  d   D  d

where m = oscillating mass, d = elevation, D = spring constant

This differential motion equation implies the solution

d  A  sin 0 t

where A = amplitude, t = time, ω0t = oscillation phase

Applied on our case, and initially disregarding the constancy of the potential energy but
considering a general case, the Coulomb-force can be split as shown in Fig. 4, yielding (21):

K d
K d
me  d   2    3
r r
r

(21)

At first appearance, the solution of this differential equation appears to be quite intricate
because of the existence of the two variables d and r. However, the fact that r is constant
considerably facilitates the problem, enabling to apply the usual approach for a harmonic
oscillator (22):

d  d top  sin 0t

(22)

The temporal derivation of d yields an expression for the oscillation velocity:

uosc  d  o  d top  cos 0t

(23)
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At the equator, time t = 0 and cosω0t = 1, which delivers the value for uosc,eq:

uosc,eq  d top  0

(24)

Using the already found values for dtop = 1.83312·10-10 m and uosc,eq = 0.94730·106 ms-1, the
value for the basic angular velocity ω0 can easily be computed:
ω0 = 0.516767·1016 s-1
This term relates to the (vertical) oscillating process. It lies between the two values for the
(horizontal) rotating process, namely between ωrot,eq = 0.25838·1016 s-1 and ωrot,top =
1.03354·1016 s-1. Therefore, it is applicable as the time base for the rotation process.
But in particular, the knowledge of ω0 enables the diagrammatic representation of the
oscillation distance d as a function of the phase ω0t (Fig. 6), as well as the one of the oscillation

oscillation distance d [10-10m]

distance d as a function of the oscillation velocity uosc (Fig. 7).
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Fig. 6: The oscillation distance d as a function of the phase ω0t
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Fig. 7: The oscillation distance d as a function of the oscillation velocity uosc
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5.2. The Horizontal Deviation
In order to describe the horizontal deviation ΔR, the temporal dependence of R must be known.
Hereto the constancy of the radius r is helpful, too, since R can be expressed as a function of d
by using the theorem of Pythagoras in combination with equation (21):
2
R  r 2  d top
sin 2 (0t )

(25)

Its temporal derivation delivers a mathematical expression for the deviation velocity udev:

0  d top sin(0t )  cos(0t )
 R  
R
2

udev

(26)

This expression becomes zero, both when ω0t is zero (i.e. at the equator) and when ω0t is

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.0
0.0

0.5

1.0

1.5

2.0

-0.5

2.5

oscillation distance d [10-10 m]

oscillation distance d [10 -10 m]

90°(i.e. at the top position). So it fulfils the required condition. These equations enable the
diagrammatic representations of the oscillation distance d as a function of R (Fig. 8) and of the
oscillation distance d as a function of udev (Fig. 9).

0.5

0.0
-0.8

-0.4

-1.0
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horizontal radius R [10 -10 m]

Fig. 8: The oscillation distance d
as a function of R
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deviation velosity Ṙ [10 6 ms-1]

Fig. 9: The oscillation distance d
as a function of udev

5.3. The Comprising Diagram of all Velocities and the Energetic Verification
Since ω0 is known, all the velocities can be derived as a function of the oscillation phase ω0t:
Using equation (11) in its general form and inserting the values for R according to formula (25)
with the known constants r and dtop, the values for the rotation velocity urot can be determined.
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The oscillation velocity dosc can be computed using formula (23), whereas the deviation
velocity udev is determinable by equation (26). The comprising diagram of all these velocities
is given in Fig. 10.
1.2
1.0

0.8
velocity [106 ms-1]

0.6
0.4
0.2

u(rot)

0.0

u(osc)

-0.2 0

45

90

135

180

225

270

315

360

u(dev)

-0.4
-0.6
-0.8
-1.0
oscillation phase ω0t [°]

Fig. 10: The three velocity forms ‚rotation’ (urot), ‚oscillation’ (uosc)
and ‚deviation’ (udev) as a function of the oscillation phase ω0t

Using the same formulas as well as formula (27) comprising all energy components

Etot  



K 1
2
2
2

me u rot
 uosc
 u dev
2
r



(27)

yields in the respective diagram (Fig. 11) a perfect horizontal straight line when the computed
total energy value is divided by the desired (constant) total energy value as a function of the

quotient Etot

oscillation phase ω0t. This is equivalent to the proof of their correctness.
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Fig. 11: Display of the computed total energy value divided by the desired
(constant) total energy value as a function of the oscillation phase ω0t
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5.4. The Determination of the Rotation Angle ψ as a Time-Dependent Parameter
In order to describe the whole process - and particularly to implement the standing wave
condition -, it is necessary to formally combine the oscillation process with the rotation
process, yielding the values for the time-dependent rotation angle ψ (which is not drawn in the
figures 1 and 4). As already stated in formula (9), ψ is given by the temporal integral of ωrot.
This integral can be expressed by R(t), regarding the relation ωrot = urot/R and using this formula,
which yields relation (28):

   rot dt 

L1
dt

me R(t ) 2

(28)

Instead, the method of differential summarizing may be used, according to formula (29)

 
i

rot,i  rot,i 1
t
2

(29)

Finally, the standing wave condition (10) has to be regarded, adapted to method (29). Thereby,
the period T is given by the sum of Δt.
The resulting values for the rotation angle ψ(t) may be used as the determining variable to
depict the oscillation distance d and the radius R (Fig. 12), the oscillation velocity uosc and the
deviation velocity udev (Fig. 13), and the rotation velocity urot (Fig. 14). Obviously, the curves
do not match regular sinus-curves.
Remarkably, the total rotation velocity utot is invariant for the following reason: Since the
vectors of the three composing velocities urot, uosc and udev are perpendicular to each other, the
value of utot is given by the formula (30):
2
2
2
utot  urot
 uosc
 udev

(30)

And since equation (27) is fulfilled, implicating constant total energy and constant potential
energy, the invariability of urot is evident. Hence this theory is rounded out by the fact that urot
corresponds to the rotation velocity in Bohr’s atom model in the case of n = 2.

6. The Coherence between ω0, the excitation energy and the light frequency
The basic relation in Bohr’s atom theory was given by Einstein’s photoelectric effect E = h·ν
where ν signifies the frequency of the absorbed or emitted light, and ΔE the energy difference
between the ground state and an excited electron state (or between two different excited states;
cf. chapter 2). As already pointed out in [30], applying the de Broglie relation onto Bohr’s
model, there is a direct coherence between the frequency of the light and the vibration
frequency of the electron. However, then it was not possible to find an assignment of the
vibration frequency of the electron to a really describable motion process of the electron.
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Fig. 12: Oscillation distance d and radius R as a function of the rotation angle ψ
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Now, such a description of the motion process is available, including the angular velocity
ω0 = 0.516767·1016 s-1 as a unique time base. And since ω = 2π ν, the value of ν0 can easily be
computed, yielding 0.0822449·1016 s-1. This value turns out to be identically equal with the
value of the light frequency which is related to the total energy of the first excited electron state
(related to n = 2) according to Einstein’s relation, thus

Etot  h  0  h  light

(31)

7. Compilation of the General Values of the Parameters
Based on the n-dependent values of Bohr’s model L1 (3), un (4), rn (5), and Etot,n (6), and
applying the respective formulae, the following general values are given below:
Concerning the top position:
L2
rtop  rn  n 2  1
K  me
1 K
u rot ,top  u n  
n L1
rtop
L1
L12
Rtop 
 n

utop  me
K  me
n

rot ,top 

u rot ,top



Rtop

d top  r  R
2
top

cos top  

2
top

Rtop
rtop



1 K 2 m e

n2
L13

L12
 n n 1
K  me
2

1
n

Concerning the position at the equator:

L12
K  me
L1
1 K u
urot ,eq 
 2  n
rn  me n L1 n
u
1 K 2 m e rot ,top
rot ,eq  rot ,eq  4 

Req
n
L13
n2
Req  rtop  rn  n 2 

uosc,eq 

K
n2  1 K


L1
n2
L1

Computation of ω0 (implicit to the oscillation):

0 

uosc,eq
d top

1 K 2 m e  rot ,top
 3

n
n
L13
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8. Comparison with Schrödinger’s Approach
The here presented model, based on Newtonian mechanics in combination with the spinphenomenon, leads to a principal query of the classic quantum mechanics, where physical
terms are replaced by operators of them. Thereby, Schrödinger’s approach may still be
considered as their exponent. It is neither possible nor necessary to discuss the whole respective
theory which is quite difficult to understand, not least because of the use of imaginary numbers.
However, it is feasible to reveal some intrinsic weak spots of that theory, being pointed point
out, on the one hand, by disclosing the differences in the resulting statements, and, on the other
hand, by revealing their inconsistency with empirical facts. Thereby, the difficulty has to be
regarded that single hydrogen atoms are not viable under normal conditions (but solely in high
vacuum and in Space), so further empiric evidence except the spectroscopic one – particularly
a thermodynamic one - is not available. But as already mentioned in the introduction, the
feasibility of exactly computing the bond length in the H 2-molecule assuming planar electron
trajectories in the ground states of the H-atoms [34] delivers enough evidence to refute the
respective statement of the classic quantum mechanics which implicates a three-dimensional
spherically symmetric (s-)orbital.
This deviation implies two crucial consequences: Firstly, this model misses the existence
of a well-defined angular momentum which represents Bohr’s eminent presumption. And
secondly, it does not enable the occurrence of a standing wave which is part of de Broglie’s
hypothesis, delivering the foundation of quantum mechanics, also named wave mechanics.
But how could these discrepancies arise?
First at all it has to be said that quantum mechanics deals with two kinds of systems: open
ones (affecting free particles, for instance occurring when an electron beam is diffracted on an
atom lattice) and closed ones where no energy exchange occurs with the environment («particle
in the box», existing in atoms or molecules). Obviously, in our case of the H-atom model a
closed system is concerned. However, de Broglie’s relation p = h/λ actually affects an open
system since it relates to a momentum, and not to an orbital angular momentum. Therein, the
natural constant h exhibits the unit J·s, means energy x time, thus usually designated as «action
quantum». But such a term does not exist elsewhere, particularly not as a part of a conservation
law. Rather this unit matches the unit of an angular momentum. So it suggests itself that this
angular momentum delivers the origin of the wavy movement of the electron, and not vice
versa. Moreover, the inducement of that constant angular momentum h/2π is given by the spin
of the electron. This could be proved by the consistency of the present model derivation. Hence
the spin can be considered as the origin of the constant angular momentum of the electron in
the H-atom, as well as the wavy movement of the electron in an open system. This means that
the electron-spin must be an intrinsic component of the model. It cannot be implemented
afterwards.

21
Quantum Speculations 2 (2020) 1 - 26

In order to explain this formally, the time-independent Schrödinger equation (in Cartesian
coordinates) may be alleged which reads for the case of a single H-atom as follows:

 2


K
 
    (r )  E  (r ) with   h / 2 , Δ = Laplace operator, E = Eigenvalues
r
 2me
Therein the first term refers to the kinetic energy of the electron, the second term to its
potential energy, and the third term (on the right site of the equation) to its total energy. The
solution of the wave function ψ in this differential equation requires a separation into a radial
function and an angular dependent function, accompanied by the introduction of the three
quantum numbers n (first or energy quantum number), l (related to the angular momentum),
and m (magnetic quantum number). Afterwards, the spin quantum number s was introduced,
but it is not part of the original Schrödinger approach since it was not known at that time.
However, the additional quantum numbers l and m are only relevant for atoms with more
than two electrons and thus for higher electron shells where the electron-pairs are aligned in
several directions, whereas in the case of the hydrogen atom only spherically symmetric sorbitals are affected, in the ground-state as well as in the excited states. Therefore, the electron
trajectories of the here proposed model have to be compared with the s-orbitals of the classic
model. Thereby, resemblance is given by the ball shape. But in the case of the present model it
is solely a spherical segment, and not an entire ball. In particular, thereby precisely defined
electron trajectories are given, due to different kinds of electron velocities, whereas the classic
theory solely delivers diffuse electron movements defined by local probabilities of presence,
presuming a single kind of motion.
Considering the above equation, with respect to the now achieved results at least two flaws
are evident: there is only one kind of kinetic energy, based on h and expressed by the angular
momentum, whereas the potential energy is not constant but depends on the radius r. Moreover,
the angular momentum loses its vector character due to its squaring. Above all, Schrödinger’s
approach makes impossible to realize the now found phenomenon that here the oscillation of
the electron is not induced by the fluctuation between potential and kinetic energy but by the
fluctuation between several kinds of motions and thus of kinetic energies. Actually, it
represents a derivation of a vivid model on an abstract mathematical formalism, and not a
derivation of formalism on a vivid model, as it is made in the here presented model.

9. Comparison with Bohm’s Approach
That approach, developed by Bohm in conjunction with de Broglie, is based on Schrödinger’s
equation, extending it by additionally introducing a so-called guiding equation which
determines the motion of the particles, in this case of the electron. Insofar it entails the
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objections which have been made with respect to Schrödinger’s approach. Moreover, several
schools exist [19], which impedes a consideration. A critical discussion of the de Broglie-Bohm
interpretation is delivered in [36], whereas a poster of Cesa et al. entitled “Chaotic Bohmian
trajectories for the hydrogen atom»[37] seems to spare further discussion.

10.

Summary and Conclusions

The here presented model for the hydrogen atom, exemplarily described for its first excited
state, proceeds from the previously published model approach [30], and applying Newtonian
mechanics, too. Thereby the basic concept was maintained, even though considerable
corrections were made, leading to a significantly different shape of the electron trajectory. This
concept traces back to Bohr’s model, including de Broglie’s standing wave concept, but implies
– in contrast to his planar approach - three-dimensional electron trajectories in the excited
(metastable) states. Solely the electron orbit in the ground (stable) state is planar. The electron
trajectories in the excited states can be exactly described by means of a rotating coordinate
system, providing three different kinds of velocities (or kinetic energies). Thus it principally
differs from the classic quantum mechanics, mainly represented by Schrödinger’s equation,
where such a distinction is not possible, delivering solely probabilities of presence.
In the here presented atom model the electron behaves like a rotating oscillator. However,
this oscillation occurs not linearly, as in the case of a spring pendulum, but curvedly. So the
entire motion process is determined by three partial motion processes: a horizontal rotation, a
vertical oscillation, and a horizontal deviation which steers the oscillation course. The context
to Bohr’s statement that the total angular momentum is given by the n-multiple of h/2π is
insofar difficult to understand as the total angular momentum is split into two parts: an obvious
one in the form of the rotation, and a hidden one in the form of the oscillation. A further
difficulty arises from the invariability of the angular momentum h/2π. It was not explainable
when Bohr proposed his model, neither when de Broglie postulated his wave concept. But it
can be explained by the thereafter discovered existence of the electron spin which induces a
constant angular momentum, known as the spin/orbit-coupling.
Applying this quantum condition on the electron rotation, observing it as a conservation law,
and using the normal physical laws concerning the electrostatic Coulomb attraction as well as
the centrifugal force, the key values for the respective parameters could be determined at the
top position of the electron as well as at its position at the equator. Surprisingly – and
contradicting the assumption of the previous approach [30] – the distance r between the proton
(nucleus) and the electron remains constant, which involves an electron trajectory on a
spherical segment. The difference to the previous approach, where a hyperboloid electron
trajectory had been obtained, mainly arises from incorporating the oscillation velocity in order
to compute the centrifugal force, which had originally been disregarded. Obviously, there is a
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certain similarity to the spherical 1s and 2s orbitals known from the classic quantum mechanics.
However, there is a significant difference since in that case the electron position is not located,
describing a random course with a variable distance to the nucleus.
In a next step, the oscillation frequency (or rather the angular velocity) was determined
employing these values and applying the usual formula for a harmonic oscillator. It serves as a
time base for any temporally variable process. Derived from this, the motion regularity of the
deviation process could be determined. Finally, the time dependency of the rotation angle ψ
could be determined by taking into account de Broglie’s standing wave condition.
This oscillating process is insofar peculiar as it is not achieved by a transmutation of
potential energy into kinetic energy and vice versa, as it is the case at a spring pendulum, but
by a transmutation of different kinds of kinetic energies at a constant potential energy. Due to
this, the electron can move on the surface of a sphere at a constant distance within an opening
angle φ of 60°(in the case where n = 2). This distance is identically equal to the respective
Bohr radius, which is also true for the further excited states. However, at the present model the
motion occurs along a three-dimensional wavy spiral line, whereas in Bohr’s model it solely
describes a simple planar circle. But in particular, the correlation of this oscillation frequency
and the total energy at the excited electron level could be revealed, being consistent with
Einstein’s formula for the photoelectric effect. It also proves the equity of the electronic
oscillation frequency with the frequency of the interactive light.
Above all, the electron spin acts a central part since it is responsible for the permanent
rotation in the ground state of the electron. Thereby it must be realized that the spin cannot be
explained by reducing it to other natural laws or phenomena. Its nature is unexplainable, like
e.g. the elemental charge. Solely its effects are empirically detectable, in particular its magnetic
moment and the multiplicity of spectral lines when the spectra are taken in the presence of
strong magnetic fields. But the effects are diverse, requiring a respective theoretical perception,
accompanied by a vivid model: In our case of the single hydrogen atom where the electron is
bonded to a proton, it induces a constant planar rotation of the electron. Thereby it lets associate
with a «perpetuum mobile», enabling the existence of stable atoms. It affects the excited metastable states of the electron insofar as its orbital angular momentum must be constant, and as
the standing wave condition according to de Broglie must be fulfilled, implying threedimensional electron trajectories. However, in the case of an electron beam where the electron
is not bonded to a nucleus, it induces a wavy behaviour which explains the deflection at crystal
lattices.
Hence the electron cannot be imagined in the same way as we imagine a particle, typically
as a globule. It is really inconceivable. However, within the hydrogen atom its position and its
velocity can be precisely described, as the one of a point mass, in spite of its wavy character.
And this contradicts Heisenberg’s uncertainty principle and the classic quantum mechanics.
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Next up, it seems obvious to study the electron motion in the two-electron system of Helium,
based on this novel perception.
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