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Abstract

The birth of quantum mechanics in 1925-1926 may be described metaphorically as a scientific zugzwang
(being forced to make a move on the chessboard): the old classical language could not longer explain atomic
phenomena, yet every move into a new theory required the sacrifice of familiar concepts such as trajectory,
visualization, determinism, and simple locality. Heisenberg’'s matrix mechanics, Schrodinger’'s wave
mechanics, Born’s probability interpretation, and Bohr’s complementarity were powerful responses to this
crisis. However, the many interpretations of quantum mechanics suggest that the mathematical formalism
was accepted before a single agreed physical picture was found. This article proposes the metaphor of the
delayed quantum zwischenzug (instead of playing the expected move, a new unexpected move changes the
situation of the chessboard): a hidden, unexpected “in-between move” by Nature that may later reopen the
interpretive game. Nicholson in 1912 proposed a transverse oscillation of the electron while orbiting around
the proton. J.J. Thomson in 1913 postulated unknown attractive and repulsive forces inside of the atom.
Quantum chromodynamics in 1964 discovered the composition of protons as three quarks with charges (+2/3¢;
-1/3e; +2/3e). We propose one delayed quantum zwischenzug, where that composite proton rotates with the
light speed c and radiates the Planck action intensity h/4m with the speed v = ac (a is the Sommerfeld fine
structure constant). The orbiting electron oscillates at the distance a, (the Bohr radius) on the stable orbit. The
Coulomb law is expressed through both attractive and repulsive forces as it was anticipated by J.J. Thomson in
1913. The orbiting electron can absorb and release a photon with mass m_. The electron screening by photons
modifies the effective electrical charge of that orbiting electron as -1 e/n?. This screening effect influences both
attractive and repulsive forces inside of that hydrogen between orbiting electron and the rotating composite
proton. This delayed quantum zwischenzug can newly interpret the known mathematical formulae, e.g. the
Rydberg energy. The article concludes that the “delayed quantum zwischenzug” is a useful physical picture
that preserves quantum predictions while restoring some visualization of events in the inner architecture of
the hydrogen.

Keywords: Attractive and Repulsive Forces Inside of Atom, Delayed Quantum Zwischenzug, Planck Action
Intensity [Js steradian™'], Zugzwang in Quantum Mechanics.

1. Introduction an analogous intellectual condition. Classical physics
had achieved magnificent victories, but inside of the
atom its language became increasingly inadequate.
The Copenhagen generation was forced to move
from pictorial mechanics to symbolic mechanics,

In chess, zugzwang is a position in which player would
prefer not to move, because every legal move worsens
the position. Inquantum physicsaround 1925-1926, the
founders of quantum mechanics found themselves in
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e.g. [1]-[10]. The move saved the game empirically,
but sacrificed classical transparency. We propose a
metaphor: Nature placed the founders of quantum
mechanics in zugzwang, and the future may still
contain Nature’s delayed quantum zwischenzug.

The word zwischenzug in chess means an unexpected
intermediate move, often inserted before the expected
continuation. It changes the logic of position.
In quantum mechanics, the delayed quantum
zwischenzug would be a future hidden conceptual
move: a surprising deeper structure that changes how
we interpret the quantum board. Nature as the Great
Chess Master could arrange the chessboard around
the years 1925-1926 in such a way that all classical
concepts were dissolved. The founders had to accept
a formalism that worked extraordinarily well, even
though its meaning remained disputed.

The delayed quantum zwischenzug is a hidden
intermediate move by Nature, not visible from the
Copenhagen position, by which a deeper physical
structure may later be revealed beneath the
abstract quantum formalism.

2. An Attempt to Visualize the Motion of a
Free Composite Proton

The founders of the old quantum theory: Haas [11],
Nicholson [12], Bohr [13] in their hydrogen models
limited themselves to the circular orbit of a negatively

charged electron in the electrostatic field of an equal
positive charge uniformly distributed over a sphere

of finite radius. In order to stabilize that orbital path
of electron Nicholson proposed some transverse
oscillations of that orbiting electron, Bohr proposed
his famous model of hydrogen with stationary orbits,
e.g. [14]-[24].

J.J. Thomson [25] anticipated a combined radial
attractive force with a radial repulsive force inside
of that atom. J.J. Thomson [25] in his very inspirative
paper proposed: ,,Itis possible that the force exerted by
a single atomic charge may not spread out uniformly in
all directions, but be concentrated along certain lines
or cones.“ J.J. Thomson [25] in 1913 stated: ,,We shall
not, however, at this stage enter into any consideration
as to the origin of this force; we shall simply postulate
its existence.” This J.J. Thomson inspiration leads us
to the definition of the Planck action intensity h/4n
with dimension [Js steradian™]. Moreover, we have
now an information about the composition of protons
that might be useful for such model with cooperating
attractive and repulsive forces acting between the
proton and the electron in the hydrogen atom.

A proton is a stable subatomic particle with mass m_
and a positive electric charge +1 e. In the modern
Standard Model of particle physics, protons are known
to be composite particles of two up quarks of charge
+2/3 e each, and one down quark of charge -1/3 e, e.g.
[26]-[28]. Stavek [29], [30] modeled this composite
proton as two quarks with mass m /2 and charge +2/3
¢ rotating around the quark with mass m_and charge
-1/3 e. This model is given by Fig. 1.
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Figure 1. The free rotating composite proton with the radius /lp = 1,32 fm (the Compton wavelength), the quark charge radius of the
red and green quarks is about r = 0,84 fm (proton radius puzzle).

The rotation of this composite circular proton creates
the total Planck action intensity h/4x [Js sr''] composed
from two contributions of red and green quarks h/8x.

The total action intensity guides red and green quarks
on their circular path around the blue quark with the
charge -1/3 e. This possible scenario is given by Fig. 2.
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Figure 2. The free rotating composite proton with red, green and blue quarks radiating the Planck action intensity h/4x.

3. An Attempt to Visualize the Motion of
a Composite Proton and Orbiting Electron

in the Hydrogen Atom

The rotating composite proton inside of the hydrogen

Figure 3. The rotating composite proton and orbiting electron under the influence of attractive and repulsive forces inspired by the
J.J. Thomson paper [25]. The visualization of the Rydberg energy formula.

Fig. 4 depicts the detail of the electron oscillation

between the Bohr radius a and the radius \2 a,around makes 1/a cycles around the rotating composite proton.

Figure 4. The rotating composite proton and orbiting electron under the influence of attractive and repulsive forces inspired by
the J.J. Thomson paper [25]. The electron oscillates between the Bohr radius a, and the radius \2 a, The electron is orbiting with
the speed v = ac (the Sommerfeld speed [31]) synchronized with the radiating Planck action intensity from the rotating composite
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atom radiates the Planck action intensity h/4m [Js
steradian™'] with the speed v=ac. The orbiting electron
oscillates under the influence of both attractive and
repulsive forces between the orbits with Bohr radius a,
and the radius V2 a,. This situation is shown in Fig. 3.

the rotating composite proton. The orbiting electron
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4. Electron Shielding by Photons in the
Hydrogen Atom

The shielding effect influences the attraction or
repulsion between the electron and the proton in the
hydrogen atom. The adsorption of photons on the
surface of electrons and their desorption modifies the
orbital radius of that electron — “the quantum jumps”.

It is experimentally very well known that only photons
with certain mass can be adsorbed or desorbed on/
from the surface of that electron.

Table I surveys four visible photons from the Balmer
series that can be seen in the spectrum of that hydrogen
atom.

Table L. The electron shielding by the photon mass in the visible spectrum — the Balmer series.

Transition of n 32 4 -2 52 6—2
Name H-a H-B H-y H-8
Wavelength (nm) 656.279 486.135 434.0472 410.1734
Mass (10°¢ kg) 3.36 4.55 5.09 5.39
Energy difference (eV) 1.89 2.55 2.86 3.03
Color Red Cyan Blue Violet

Fig. 5 depicts adsorbed visible photons on the surface
of electron. The more massive photon increases the

shielding effect and the distance of orbiting electron
from the central composite proton.

32 452

Balmer series in the visible light

Electron shielding by photon mass

552 652

Figure 5. The adsorbed photon mass on the surface of the electron — the electron shielding. The effective electron charge decreases

as -1 e/n2 and therefore the orbital radius grows

The famous Bohr model predicts the wavelengths of 5, Conclusion

hydrogen atomic transitions: Egs. 2 - 4:
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where R, is the Rydberg unit of energy, R_ is the
Rydberg constant, n, and n, are two different positive
integers, A is the wavelength of the emitted or absorbed
light, m_is the mass of that photon. The Planck action
intensity h/4n rotates with the angular speed ac/a,.

Eq. 4 combines the Planck action intensity with the
angular orbital speed change of that electron. This is
an example of the visualization of events in the inner
architecture of atom.

The founders of quantum mechanics were placed
in a historical zugzwang. Classical physics could
not remain unchanged, but the new mathematical
language demanded profound conceptual sacrifices.
The Copenhagen school stabilized the new theory,
but it did not end the interpretive game.

Nature still posses a hidden move — the delayed
quantum zwischenzug as a valuable metaphor for the
future of quantum foundations. The delayed quantum
zwischenzug is Nature’s hidden intermediate move:
a future quantum discovery that may restore a deeper
physical intelligibility beneath quantum mechanics,
revealing that the board was larger than Copenhagen
had imagined.

The immortal zugzwang game is a chess game
between Friedrich Sdmisch and Aron Nimzowitsch,
played in Copenhagen in March 1923. It gained
its name because the final position is sometimes
considered a rare instance of zugzwang occurring in
the middlegame [32].

12

Open Access Journal of Physics V8. 13. 2026



On the Zugzwang and the Delayed Quantum Zwischenzug in Quantum Mechanics

Acknowledgment

We were

supported by the contract number

0110/2020.

Conflict of Interest

The author declares that there is no conflict of
interest.

6. References

1.

10.

11.

Heisenberg W. Uber quantentheoretische Umdeutung
kinematischer und mechanischer Beziehungen.
(Quantum-theoretical re-intepretation of kinematic
and mechanical relations). Zeitschrift fiir Physik.
1925; 33(1): 879-893. In German.

Born M, Jordan P. Zur Quantenmechanik. (On the
quantum mechanics). Z. Phys. 1925; 34: 858-888. In
German.

Born M, Heisenberg W, Jordan P. Heisenberg W,
Jordan P. Zur Quantenmechanik II. (On the quantum
mechanics). Z. Phys. 1926; 35: 557-615. In German.

Schrodinger E. Quantisierung als Eigenproblem.
(Quantisation as a eigenproblem) Ann. Phys. 1926;
79:361-376. In German.

Born M. Zur Quantenmechanik der Stossvorginge.
(On the quantum mechanics of collision processes).
Z. Phys. 1926; 37: 863-867. In German.

Dirac PAM. The quantum theory of the emission and
absorption of radiation. Proc. R Soc. Lond. A. 1927,
114: 243-265.

Bohr N. The quantum postulate and the recent
development of atomic theory. Nature. 1928; 121:
580-590.

Einstein A, Podolsky B, Rosen N. Can quantum-
mechanical description of physical reality be
considered complete? Phys. Rev. 1935; 47: 777-780.

Bohr N. Can quantum-mechanical description of
physical reality be considered complete? Phys. Rev.
1935; 48: 696-702.

Bohm D. A suggested interpretation of the quantum
theory in terms of ,hidden* variables 1. Phys. Rev.
1952; 85: 166-179.

Haas AE. Uber die elektrodynamische Bedeutung des
Planck’schen Strahlungsgesetzes und iiber eine neue
Bestimmung des elektrischen Elementarquantums
und der Dimension des Wasserstoffatoms. (On the
electrodynamic significance of the Planck’s law of
radiation and on a new determination of the elementary
electric quantum and the dimensions of the hydrogen
atom). Sitzungsberichte der kaiserlichen Akademie
der Wissenschaften in Wien. 2a. 1910; 119, 119-144.
In German.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Nicholson JW. The constitution of the Solar corona
II. MNRAS. 1912; 72(8): 677-693.

Bohr N. On the constitution of atoms and molecules.
The London, Edinburgh, and Dublin Phil. Mag. and
Journal of Science. 6™ series. 1913, 26(151): 1-25.

Kramers HA, Holst H. The atom and the Bohr theory
of its structure: an elementary presentation. London.

Gyldendal, 1923.

Heilbron JL, Kuhn TS. The genesis of the Bohr atom.
Historical Studies in the Physical Sciences. 1969; 1,
211-290.

Mehral, Rechenberg H. The quantum theory of Planck,
Einstein, Bohr and Sommerfeld: its foundation and
the rise of its difficulties 1900-1925. Springer. New
York, 1982.

McKagan SB, Perkins KK, Wieman CE. Why
we should teach the Bohr model and how to teach

it effectively.Phys. Rev. Special Topics - Physics
Education Research. 2008; 4, 010103.

Kragh H. The early reception of Bohr's atomic theory
(1913-1915): a preliminary investigation. RePoss:
Research Publications on Science Studies. 2010.
https://css.au.dk/fileadmin/reposs/reposs-009.pdf

Kragh H. Conceptual objections to the Bohr atomic
theory — do electrons have a “free will”? Eur. Phys. J.
H.2011; 36, 327-352.

Kragh H. Resisting the Bohr atom: The early British
opposition. Phys. Persp. 2011; 13, 4-35.

Niaz M, Cardellini L. What can the Bohr-Sommerfeld
model show students of chemistry in the 21st century?
J. Chem. Educ. 2011; 101, 240-243.

Kragh H. Niels Bohr and the quantum atom, the
Bohr model of atomic structure 1913-1925. Oxford
University Press, Oxford, 2012.

Pinke DD, Osz K, Lente G. The origin of the postulates
in the Bohr model of the hydrogen atom. ChemTexts.
2025; 11. 11.

Barley K, Ruffing A, Suslov SK. Old quantum theory
by Bohr and Sommerfeld from a modern perspective.
Arxiv preprint: 2506.00408v6.

Thomson JJ. LXVII. On the structure of the atom.
Phil. Mag. Series 6. 1913; 26:154, 792-799.

Gell-Mann M. A schematic model of baryons and
mesons. Phys. Lett. 1964; 8(3): 214-215.

Zweig G. An SU(3) model for strong interaction
symmetry and its breaking I1. In "Developments in the
quark theory of hadrons’. Ed. D. Lichtenberg and S.
Rosen. Nonatum, Mass. Hadronic Press, 1980, p. 2.

Open Access Journal of Physics V8. 13. 2026

13



On the Zugzwang and the Delayed Quantum Zwischenzug in Quantum Mechanics

28.

29.

30.

Greenberg OW. Spin and unitary-spin independence
in a paraquark model of baryons and mesons. Phys.
Rev. Lett. 1964; 13(20): 598-602.

Stavek J. The colored plum pancake model: the
composite proton and neutrons molecules. Open
Access Journal of Physics. 2026; 8(1): 50-55.

Stavek J. Can steradians modify our understanding
of quantum mechanics and the special theory of

31.

32.

relativity? Open Access Journal of Physics. 2026,
8(3): 1-8.

Sommerfeld A. Zur Quantentheorie der Spektrallinien.
(On the quantum theory of the spectral lines). Annalen
der Physik. 1916; 4: 51-52. In German.

Wikipedia: Immortal Zugzwang Game. Copenhagen,
March 1923. https://en.wikipedia.org/wiki/Immortal
Zugzwang_Game

14

Open Access Journal of Physics V8. 13. 2026



