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Abstract 10 

The electron of magnetic spin −1/2 is a Dirac fermion of a complex four-component spinor field. 11 

Though it is effectively addressed by relativistic quantum field theory, an intuitive form of the 12 

fermion still remains lacking. In this novel undertaking, the fermion is examined within the 13 

boundary posed by a recently proposed MP model of a hydrogen atom into 4D space-time. Such 14 

unorthodox process conceptually transforms the electron to the four-component spinor of non-15 

abelian in both Euclidean and Minkowski space-times. Supplemented by several postulates, the 16 

relativistic and non-relativistic applications of the model are explored from an alternative 17 

perspective. The outcomes have important implications towards defining the spin-orbit coupling 18 

of particles from external light interactions. These findings, if considered could consolidate 19 

properly the fundamentals of the quantum state of matter from an alternative perspective using 20 

quantum field theory application and they warrant further investigations.  21 

 22 
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 25 

1.   Introduction  26 

At the fundamental level of matter, particles are described by wave-particle duality, charges and 27 

their spin property [1, 2]. These properties are revealed from light interactions and are pursued 28 

by the application of relativistic quantum field theory (QFT) [3–6]. The theory of special 29 

relativity defines lightspeed, c to be constant in a vacuum and the rest mass, m of particles, 𝑚 =30 

𝐸/𝑐2 with E equal to energy[3, 4]. By definition, the particle-like property of light waves is 31 

massless photons possessing spin 1 of neutral charge. Any differences to the spin, charge and 32 

mass-energy equivalence provide the inherent properties of the particles at the fundamental level 33 

and this is termed causality [1, 2]. Based on QFT, particles are considered to be fields 34 

permeating space at less than lightspeed, where there is a level of indetermination towards 35 

unveiling their charge and spin property, while the wave-particle characteristic is depended on 36 

the instrumental set-up [7, 8]. Such definition counteracts the deterministic viewpoint of non-37 

relativistic Schrödinger’s electron field wave function, 𝜓, which is extremely useful in 38 

describing precisely the probability of future events for a lone particle like an electron in orbit of 39 

the atom [9]. First, it does not account for the spin property of the particles. Second, 𝜓 is 40 

classically applied to physical waves such as for the water waves. Thus, it is difficult to imagine 41 

wavy form of particles freely permeating space without interactions and this somehow collapses 42 

to a point at observation [10].  43 

 At the atomic state, the energy is radiated in discrete energy forms in infinitesimal steps 44 

of Planck’s radiation, ±h. Such interpretation is consistent with observations except for the 45 
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resistive nature of proton decay [11]. Despite this set-back, the preferred quest is to make non-46 

relativistic equations become relativistic due to the shared properties of both matter and light at 47 

the fundamental level as mentioned above.  48 

 Beginning with Klein-Gordon equation [12], the energy and momentum operators of 49 

Schrödinger equation,  50 

 51 

                                                                  𝐸̂ = 𝑖ℏ
𝜕

𝜕𝑡
,         𝑝̂ = −𝑖ℏ𝜵,                                                        (1) 52 

 53 

are adapted in the expression, 54 

 55 

                                                        (ℏ2
𝜕2

𝜕𝑡2
− 𝑐2ℏ2𝜵2 + 𝑚2𝑐4)𝜓(𝑡, 𝑥̅) = 0.                                       (2) 56 

   57 

Equation 2 incorporates special relativity, 𝐸2 = 𝑝2𝑐2 + 𝑚2𝑐4 for mass-energy equivalence, 𝜵 is 58 

the del operator in 3D space, ℏ is reduced Planck constant and 𝑖 is an imaginary number, 𝑖 =59 

√−1. Only one component is considered in Equation 2 and it does not take into account the 60 

negative energy contribution from antimatter. In contrast, the Hamiltonian operator, 𝐻̂ of Dirac 61 

equation [13] for a free particle is,   62 

 63 

                                                                      𝐻̂𝜓 = (−𝑖𝜵. 𝒂 + 𝑚𝛽)𝜓.                                                       (3) 64 

 65 

The 𝜓 has four-components of fields, 𝑖 with vectors of momentum,∇ and gamma matrices, α, β 66 

represent Pauli matrices and unitarity with m equal to particle mass. The concept is akin to, e+ e– 67 
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⟶ 2𝛾, where the electron annihilates with its antimatter to produce two gamma rays. Antimatter 68 

existence is observed in Stern-Gerlach experiment and positron from cosmic rays. While the 69 

relativistic rest mass is easy to grasp, how fermions acquire mass other than Higgs field remains 70 

yet to be solved at a satisfactory level [14]. But perhaps, the most intriguing dilemma is offered 71 

by the magnetic spin ±1/2 of the electron and how this translates to a Dirac fermion of a four-72 

component spinor field. Such a case remains a very complex topic, whose intuitiveness in terms 73 

of a proper physical entity remains lacking and it is often described either by the so-called Dirac 74 

belt trick [5] or Balinese cup trick [6]. In this novel undertaking, the electron is examined within 75 

the boundary posed by a recently proposed MP model of 4D space-time of a hydrogen atom [15]. 76 

With this process, the transition of the electron to a Dirac fermion is unveiled. Supplemented by 77 

a number of postulates, the fermion’s relationships to both relativistic and non-relativistic aspects 78 

of the spin property are examined from an alternative perspective. The outcomes have important 79 

implications towards defining the spin-orbit coupling of particles from external light interactions. 80 

If considered, these findings could consolidate properly the fundamentals of the quantum state of 81 

matter from an alternative perspective using QFT application and they warrant further 82 

investigations. 83 

 84 

 85 

2.   The wrong turn with QFT interpretations 86 

Yukawa definition for the relativistic range of interaction, R = ℏ/mc adapts the uncertainty 87 

principle [16]. This is incorporated into the Yang-Mills theory of the non-abelian Standard 88 

Model of particles, where relativistic mass, m = 0 sustains unitarity and gauge invariance [17] 89 
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such as for quark confinement in which case, R becomes infinite comparable to the property of 90 

asymptotic freedom [18]. Similarly, m ≠ 0 draws divergent terms to the Fourier Transform 91 

integral, ∫𝑑4𝑘 with k equal to 4th dimensional variable [19]. For Dirac fermion of four-92 

component spinor field, renormalization is assumed by particle self-interaction with exchanges 93 

of virtual photons delineated to Feynman path integral diagrams [3, 4]. The SM lagrangian 94 

resolves the infinite high-order terms, where transition from m = 0 to m ≠ 0 is accounted for by 95 

dynamic chiral symmetry breaking like the Higgs scalar field [19, 20], Φ of quartic self-96 

interacting terms. The theory has seen tremendous success, where it ably accounts for all 97 

observations made so far into the electroweak force interactions. However, the notion of matter 98 

existing either as wave or particle at the fundamental level cannot be true for this is depended on 99 

the instrumental setup [7, 8]. Such flawed assumption is adapted by QTF like the SM and it 100 

considers a particle to be a field permeating space and it somehow collapses to a point at 101 

observation. Furthermore, the relativistic mass-energy equivalence, 𝐸 = 𝑚𝑐2 is accorded to the 102 

particle travelling near the speed of light. These intuitions are at odds with the fermions as the 103 

building blocks of matter with their spin property defined by Pauli exclusion principle. For they 104 

cannot be converted to energy for it would mean the collapse and disintegration of matter. Thus, 105 

Wolfgang Pauli was aghast by Yang-Mills preposition of zero mass for it produces infinite terms 106 

to relativistic mass [21]. The Higgs boson does not resolve this problem for its resistive nature to 107 

decay into observable supersymmetry partners of fermions and bosons offers the hierarchy 108 

problem [22]. So to draw back on the Copenhagen interpretation of quantum mechanics [23], an 109 

elementary charge particle like electron possesses superposition states of spin ±1/2, and this 110 

offers a level of indeterminacy at observations. Similarly, its momentum and position cannot be 111 

constrained simultaneously. Its evolution with time is described very well by Schrödinger 𝜓 112 
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without accounting for the spin property [9]. How this is physically transformed to a Dirac 113 

fermion is conceptualized in this study and is supplemented by several postulates pertinent to the 114 

tenets of physics. From this basis, the electron’s relationships to both relativistic and non-115 

relativistic aspects are explored from an alternative perspective.    116 

 117 

 118 

3.   Conceptualization process of the MP model 119 

An alternative version of how the electron is converted to a Dirac fermion of four-component 120 

spinor in non-abelian Euclidean space-time is presented in Fig. 1a. In Fig. 1b, the fermion of spin 121 

±1/2 in superposition states of Minkowski space-time is offered. From these illustrations, a 122 

number of postulates can be drawn from the first principle of space-time.  123 

 124 

 125 

Figure 1. The MP model [15]. (a) In 2D space, a spinning electron’s (green dot) orbit of time reversal due 126 

to gravity is transformed to an elliptic MP field (grey area). Its precession of a clock face (black and grey 127 

arrows) generates a 4D space-time. The circular E appears to be a straight line (red dotted) and this 128 
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perpendicularly dissects the monopole field to generate its dipole moment. (b) The MP field (white area) 129 

at position 1 is projected along the vertical axis for an electron cloud model. Minkowski space-time is 130 

applicable to an internal observer positioned at the center. The pairings of 1, 5 and 3,7 of the Bohr orbits 131 

(BOs) (a) translate to angular momentum and these combine to produce a pair of light-cones (navy 132 

colored). Orthogonal projection of chirality, 
1

2
(1 ± 𝑖𝛾0𝛾1𝛾2𝛾3) with respect to the electron’s path is reduced 133 

to spin, 
1

2
(1 ± 𝑖𝛾1𝛾3) along BOs with the superscripts equal to Dirac matrices [3, 4] (Postulate 1). 134 

Inversion of symmetry through the center violates parity, whereas chirality and time reversal symmetry 135 

are sustained. In Hilbert space, the spin angular momentum (purple dotted lines) of the orbit is projected 136 

towards singularity at the center. Its outward projection relates to the precession of the overarching MP 137 

field. E of a straight path is assumed by the arrow of time of a light-cone in asymmetry of unidirectional 138 

and it translates to a magnetic dipole moment (blue arrows) of the MP field. In this way, Schrödinger 𝜓 is 139 

transformed to a Dirac fermion of a four-component spinor field, 𝑖𝛾0𝛾1𝛾2𝛾3.  140 

 141 

1) A lone electron in orbit of the MP model is likened to Bohr model of the hydrogen atom 142 

(Fig. 1a). Its circular orbit is transformed to an elliptic MP field of B and this is dissected 143 

perpendicularly by a circular E of a straight path of a dipole moment. Precession of the 144 

MP field of a clock face generates a 4D space-time. The electron’s orbit of time reversal 145 

due Einsteinian gravity [15] is quantized along Bohr orbits (BOs) in degeneracy into n-146 

dimensions. The cyclic BO in Euclidean space-time (e.g., positions 1 and 5 in Fig. 1a) is 147 

somehow transformed to angular momentum in Minkowski space-time (Fig. 1b). Such 148 

pairings of positions 1, 5 and 3, 7 offer both local realism and entanglement of electron-149 

positron pair in violation of lightspeed of spherical rotation at 360° (e.g., Fig. 2). The 150 

spacing between the BOs of n-dimensions is defined by h with unitarity, λ sustained. Its 151 

excitation from external light interaction assumes, 𝐸 = 𝑛ℎ𝑣, whereas the probability of 152 

locating the electron of Schrödinger 𝜓 is defined by De Broglie relationship, λ = h/p 153 
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(e.g., Fig. 3). Multiple MP fields are expected for electrons distribution in multielectron 154 

atoms.  155 

2) The orthogonal relationship between E and B by reciprocity transforms the precession of 156 

the MP field of a clock face to a straight path dissecting a spherical E (e.g., Fig. 4). The 157 

electron path is composed of both u- and v-type particle-like properties in Hilbert space. 158 

Parity transformation from positions 0 to 4 and then 4 to 8 of 720° rotation appears 159 

invariant to the electron path of a straight line (Fig. 4). In Fig. 2, a positive helicity or 160 

right-handedness for spin in accordance with precession of a clockwise direction is 161 

envisioned for the electron. Negative helicity or left-handedness is assigned to the spin of 162 

anticlockwise direction to precession for a positron. The electron assumes a chiral  163 

 164 

 165 

Figure 2. Electron-positron pair. To an external observer at an inertia frame of reference, the electron 166 

pops in and out of existence at positions, 0, 1, 2, 3 (Fig. 1a) for a 360° rotation to generate a positron at 167 

position, 4 of maximum twists provided by the torque of the BOs. In this case, the spin is of anticlockwise 168 

direction to the precession of the MP field (black curve arrow) of a clock face. The process is attained at a 169 

classical rotation of 180° of a hemisphere (Fig. 1a). The unfolding process at 720° rotation (i.e., 360° 170 
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classical rotation) towards position 8 or 0 restores the electron to its original state. The area defined by 171 

the shift in the electron’s positions is of non-abelian Euclidean lattice. Where positions 1 and 3 converge 172 

at either position 0 or 2 on a surface of a sphere indicates non-Euclidean space. This is applicable to the 173 

equivalence principle of general relativity [24].  174 

 175 

symmetry and the probability of locating it at any positions from 0 to 8 is Hermitian of 176 

the orthogonal relationship, P(0→8) = ∫ 𝜓∗𝐻̂𝜓𝑑𝜏
𝜏

, with 𝜏 equal to time. The unitarity 177 

gauge obeys the “natural units”, ℏ = c = 1 with the electron’s orbit accorded to the 178 

Euler’s formula, 𝑒𝑖𝜋 + 1 = 0 for continual precession (e.g., Fig. 3). The electron’s 179 

position, 𝑖ћ within a sphere (e.g., Fig. 4) incorporates the uncertainty principle, ΔE.Δt ≥ 180 

ħ/2 or Δx.Δp ≥ ħ/2 of time invariance.  181 

3) The Dirac four-component spinor, 𝜓 = (
𝜓0
𝜓1
𝜓2
𝜓3

) assumes its own antimatter at positions, 0, 182 

1, 2 and 3 in Hilbert space (Fig. 4). By reduction, only two positions 𝜓1 and 𝜓3 generate 183 

the spin, ±1/2 property and the pair is linked by a geodesic curve of a closed loop (Fig. 184 

1b). The outcome of the spin is determined by Born’s probabilistic interpretation,|𝜓|2, 185 

where the past or future paths of the electron from positions 0 to infinity are not 186 

accounted for at observations [3, 4]. 187 

4) In a multiverse of the models at a hierarchy of energy scales, the procession ensues in the 188 

following manner, nucleus => atom => planet => star => galaxy. There is noticeable 189 

distinction to matter between the scales such as life on Earth and gluons at the nucleus. 190 

However, the underlying structure of fermions in accordance with Pauli exclusion 191 

principle is possibly dictated by the MP model of electromagnetic field, in which case, 192 
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fine-tuning appears to be heuristic in principle (e.g., Fig. 5a and b). So the relationship of 193 

the electron to an atom is comparable to satellite to planet, planet to star and possibly star 194 

to galaxy. Whether these explanations could accommodate the basic principles of general 195 

relativity is open to further discussions. For example, based on Fig. 4 and Fig. 1a, 196 

gravitational time dilation is applicable in Hilbert space, gravitational lensing to the shifts 197 

in the orthogonal relationship between E and B of the MP model and perihelion 198 

precession to the rotation of the MP field of a clock face.    199 

5) If time of a clock face resembles the precession of the MP field into 4D space-time, it 200 

would tick faster at the atomic scale with respect to lightspeed of 360° spherical rotation. 201 

Linearly, this would transform to a constant speed in a vacuum (e.g., Fig. 6a and b). In 202 

this case, entanglement is assumed at 720° rotation for the transformation of the electron 203 

path to electron-positron pair (Fig. 2) compared to lightspeed. Local realism is sustained 204 

by the electron as an elementary particle. The progression of time towards higher 205 

hierarchy of scales in a multiverse is slowed or redshifted consistent with the twin 206 

paradox narrative [25]. However, this will present the illusion of the clock ticking faster 207 

if the Earth’s orbit is of time reversal with respect to precession of its MP field of a clock 208 

face to generate an inertia frame of reference at the ground level. Similarly, the observer 209 

on Earth would be subject to Mercury’s unusual perihelion precession [26] and redshift in 210 

the sun’s precession about the Milky Way. In this case, the cosmic microwave 211 

background of a MP field type and its precession is expected to be considerably 212 

redshifted of linear time [13, 27]. Thus, Clausius’s conservation of energy for the 213 

universe is assumed [28], where entropy is recycled in a multiverse by the application of 214 

2nd law of thermodynamics at reduced rate towards a higher hierarchy of scales.  215 
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 216 

The above postulates based on the transformation of the electron to Dirac fermion are pertinent 217 

to the tenets of physics. These provide the basis to explore both relativistic and non-relativistic 218 

aspects of the hydrogen atom of a MP model of 4D space-time.  219 

 220 

 221 

4.   Non-relativistic aspects of the hydrogen atom 222 

The wave-particle duality of the electron is described by the Bohr model of the hydrogen atom 223 

[29] (Fig. 3). Its orbit is considered to be of time reversal due to Einsteinian gravity [15] and is 224 

balanced by its transformation to an elliptic MP field with precession of a clock face into 4D 225 

space-time (Fig. 1a). This provides an inertia frame of reference on the boundary of the MP field. 226 

Its position in 3D space is established by non-relativistic Schrödinger 𝜓 of spherical polar 227 

coordinates, Ω, Φ, θ with respect to the Cartesian coordinates, x, y, z (Fig. 3). Its angular 228 

component is assigned to Bohr orbit and is demarcated by θ. A diagonal pair of BOs intersecting 229 

at the center encompasses a pair of light-cones in accordance with Minkowski space-time (Fig. 230 

1b). The magnetic momentum is offered by Φ within a cylindrical boundary. The radial 231 

component into n-dimension is referenced to the z-axis. The configurations of 𝜓 due to the 232 

precession of the MP field are defined by Ω of a von Neumann entropy state (Fig. 3). The 233 

microcanonical ensemble for the entropy, S = k In Ω is applicable to the model, with k providing 234 

an approximation of the electron transition into space of quantized form with exponential rise in 235 

Hilbert space. The precession of the spherical model assumes the integrals [30], 236 

 237 
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                                         ∫ ∫ ∫ 𝑓(𝑟)𝑟2𝑠𝑖𝑛𝜃𝑑𝑟𝑑𝜃𝑑𝜙 = ∫ 𝑓(𝑟)4𝜋𝑟2𝑑𝑟.
∞

0

2𝜋

0

𝜋

0

∞

0

                                 (4) 238 

 239 

where the polar coordinates for the axes are, 𝑥 = 𝑟𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜙, 𝑦 = 𝑟𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜙 and 𝑧 = 𝑟𝑐𝑜𝑠𝜃 240 

(Fig. 3). The shift in the electron’s position, 𝑖ћ obeys the Euler’s form, 𝜓𝑖𝜃 = 𝑐𝑜𝑠𝜃 +  𝑖 𝑠𝑖𝑛𝜃. Its 241 

evolution with time adheres to the generic non-linear Schrödinger equation,  242 

 243 

                                             𝑖ℏ
𝜕𝜓

𝜕𝑡
(𝑥, 𝑡) = 𝐻̂𝜓 (𝑥, 𝑡).                                                  (5)    244 

                  245 

Equation 5 is of first order in space-time and is applicable to Equation 3. It cannot be derived by 246 

QFT application. The, 𝜓𝑛,𝑙,𝑚,𝑚𝑠 incorporates the quantum parameters of principal quantum  247 

  248 

Figure 3. Deterministic harmonic oscillation (green wavy 249 

curve) of Schrödinger 𝝍 within the MP field. The electron 250 

is considered a physical entity (insert image), where its 251 

mass acquisition scenario is attained by the oscillation 252 

process. The polar coordinates are referenced to the center. 253 

Image modified from ref [30]. 254 

 255 

number (n), angular momentum quantum number (l) 256 

and magnetic quantum number (m). The magnetic spin 257 

(ms) in Minkowski space-time offers a level of 258 

indeterminacy (Postulate 5) comparable to 259 

Schrödinger’s cat narrative [31] of superposition of coherent states prior to observation. How 260 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 December 2022                   doi:10.20944/preprints202210.0172.v4

https://doi.org/10.20944/preprints202210.0172.v4


 

 

 

13 

 

these all align with entanglement, spin-orbit coupling splitting, including generation of linear 261 

electromagnetic waves is considered next.   262 

 263 

 264 

5.   Relativistic transformation of the hydrogen atom 265 

The electron orbit within the elliptic MP field is envisioned to be a straight path of magnetic 266 

field, B orthogonal to a cyclic electric field, E. Further explanations on the numbered positions 267 

are offered in Fig. 1a and b. In Fig. 4, the electron translates to a positron at anticlockwise spin to 268 

the precession of a clock face and vice versa (see also Fig. 2). Because position 0 can shift to  269 

 270 

 271 

Figure 4. Wave-particle duality of the electron, 𝒊ћ. The fermion (green circle) and its wave property are 272 

relatable to the double slit experiment for Born’s probabilistic interpretation,|𝜓|2 by decoherence at 273 

observation (Postulate 3). The ±1/2 spins at positions 0 to 4 from the electron’s orbit at 360° is provided. 274 
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The reversal process from position 4 to 8 or 0 provides superposition states of the spins at 720° rotation. 275 

The electron’s path constitutes both u- and v-type particle-like properties in Hilbert space of the vacuum. 276 

Parity transformation is attained through the center to generate polarization, ±1 for the qubits 0 and ± 1. 277 

These interpretations are consistent with the Schrödinger’s cat narrative and hence, the wave function 278 

collapse scenario. The actual numbered positions from 0 to 8 in repetitive process are offered in Fig. 1a 279 

and b. 280 

 281 

anywhere on the spherical boundary, this offers both u- and v-type particle properties in Hilbert 282 

space. The electron motion in orbit at positions 0 to 8 is attained in the form, 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 →283 

𝑝𝑜𝑠𝑖𝑡𝑟𝑜𝑛 → 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 at 720° rotation within a classical spherical rotation of 360° and this 284 

somewhat mimics the Dirac belt trick [5] of Dirac fermion. Maximum twist from the torque of 285 

the BOs is attained at position 4 for a positron of high energy and the unfolding process restores 286 

the electron at position 8 or 0 in a repetitive process. In this way, both local realism and 287 

entanglement are assumed by the electron such as shown for a double slit experiment (Fig. 4;  288 

 289 

 290 

Figure 5. Feynman diagrams of electron-positron pairings. (a) Orthogonal relationship of E and B for 291 

eight-order Feynman diagrams of the electron-self interaction within a hemisphere [32]. This is somehow 292 

relatable to Fig. 4. For example, the arrowed horizontal line represents the actual electron path, which 293 
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acquires electron-positron pair. Wavy lines are virtual photons with the circles assigned to assumed 294 

precessing stages of the MP field in Hilbert space. The applicability of the physical constants like, 𝜀0 and c 295 

are demonstrated, while ℏ and 𝑒2 are provided in Fig. 4 with respect to the electron path. These 296 

processes are applicable to a generic Feynman diagram (b).  297 

 298 

Postulate 5). Multiple slits are envisioned for the electron path. Translation of the hemisphere to 299 

multi-order Feynman diagrams (Fig. 5a and b) incorporates the physical constants like fine- 300 

structure constant, α, vacuum permittivity, 𝜀0, reduced Planck constant, ℏ and lightspeed, c, 301 

where the value of the electron charge is calculated, i.e.,  𝑒2 = 4𝜋𝜀0ℏ𝑐𝛼. In this way, the 302 

reciprocal of the mystical dimensionless value [33, 34], 𝛼 as 1/137 is ably accounted for, which 303 

otherwise cannot be explained by QTF application the conventional way. The antisymmetric 304 

product of one-particle solutions [35] of the electron is given by,  305 

 306 

                                               𝜓(𝑥1, 𝑥3) = 𝜑1(𝑥1)𝜑3(𝑥3) − 𝜑1(𝑥3)𝜑3(𝑥1) .                                       (6a) 307 

 308 

                   𝑃̂𝜓(𝑥1, 𝑥3) = 𝜑1(𝑥3)𝜑3(𝑥1) − 𝜑1(𝑥1)𝜑3(𝑥3),                   309 

 310 

                                                                    = −𝜓(𝑥1, 𝑥3).                                                                           (6b) 311 

 312 

𝑝̂ is the probability operator for the Hermitian of the spin 1/2 property of Dirac matrices, 𝛾1,3 313 

(Fig. 4) by the reduction of the Dirac fermion [3, 4] of a four-component spinor field, 314 

𝑖𝛾0𝛾1𝛾2𝛾3. 𝜑 is the spinor generated along the BOs into n-dimensions of Hilbert space either in 315 

outward direction from the precessing MP field or inward direction from the electron’s orbit of 316 

time reversal to generate both u- and v-type particles (Fig. 4). Both are encased by the 317 
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configurations, 𝛺 of same magnitudes (Fig. 3). Equation 6b is reduced to, ±𝜓(1/2) at positions 318 

𝑥1, 𝑥3 with ±1 equal to spherical polarization (Fig. 4; Postulate 3). Such intuition is consistent 319 

with experiments violating Bell’s inequality tests [36, 37] supposing multielectron are applicable 320 

to multiple MP fields (Postulate 1) and their interactions with photons could somehow correlate 321 

at a distance.  322 

 323 

 324 

6.   Implications – Generation of electromagnetic waves 325 

How the electron or Dirac fermion accommodates electromagnetic field of linear time at 326 

observations is examined. In Fig. 6a, b and c, both the radial and angular distributions are given.  327 

 328 

 329 

 330 

 331 
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 332 

Figure 6. Induction of electromagnetic waves from the MP model into space. (a) B assumed at 333 

positions 0 to 4 is accompanied by E of a hemisphere at spherical rotation of 180° (e.g., Fig. 4). The 334 

numbered positions from 9 onwards repeat the process described by positions 0 to 8 of the MP model 335 

(see Fig. 1a and b). (b) Radial distribution of sinusoidal wave is energized by the presence of the electron 336 

(dotted wavy curve). The energy dissipation into space from external light interaction could resemble 337 

water waves losing energy into open space while the electron and hence, atom is conserved. (c) (i) In the 338 

presence of a weak external B, the energization of the model from the ground state, n = 1 at 0 position to 339 

the excited state, n = 2 allows for the spin-orbit splitting to emerge from the degenerate BOs (Fig. 1b) 340 

such as for the 2P orbital noted for electron paramagnetic resonance [38]. (ii) Dirac belt trick. The electron 341 

is converted to a positron at position 4 and it is restored at position 8 or 0 (see also Fig. 2). The energy 342 

difference, ∆E between the spins is proportional to the g-factor (g) and Bohr magneton (β). The selection 343 

rule, 𝛥𝑀𝑆 = ±1 is offered in Fig. 4. 344 

 345 

The electron’s presence energizes the electromagnetic waves projected along the intranuclear or 346 

z-axis with external light interactions without dislodging it from the atom. The orthogonality of 347 

Maxwell’s electromagnetic waves is normalized to the intranuclear axis (e.g., Fig. 4 and 6b). The 348 

above interpretations can further extend to include Fourier transform, lamb shift and nuclear spin 349 

by assuming the applicability of the MP model to the nucleus. Further explanations are offered in 350 
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the Supplemental Material. The helicity of both the positron and electron is provided in Fig. 2. 351 

These explanations offer an alternative perspective to the Dirac fermion and hence, spin-orbit 352 

coupling splitting. 353 

 354 

 355 

7.  Conclusion 356 

The MP model of 4D space-time for the hydrogen atom of Bohr model considered in this study 357 

is somehow able to transform the electron to Dirac fermion of a four-component spinor field. Its 358 

evolution with time is defined by Schrödinger 𝜓 and this sustains local realism. The 359 

transformation of the electron to electron-positron pair during its orbit at more than lightspeed in 360 

both Euclidean and Minkowski space-times offers entanglement. These outcomes present an 361 

alternative perspective to spin-orbit coupling splitting from external light interactions. If 362 

considered, such findings could consolidate properly the fundamentals of the quantum state of 363 

matter from an alternative perspective using QFT application and they warrant further 364 

investigations.  365 

 366 
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 463 

 464 

Supplemental Material 465 

Based on the transformation of the electron to Dirac fermion, alternative interpretations are 466 

offered on the basics of spin-orbit coupling splitting. This is done to demonstrate the 467 

compatibility of QFT application to the MP model of 4D space-time.  468 

 469 

  470 

Spin-orbit coupling of the electron 471 

Diagonal coupling of rotating BOs and 𝐿⃗  produces intrinsic properties of 𝐽  or the spinor in units 472 

of ℏ (Supplemental Fig. 1a). This is related to the reduction of Dirac fermion of four-component 473 

spinor field to spin ±1/2 states (Fig. 1b and Supplemental Fig. 1b). The pair of light-cones is of 474 

time invariant to the helicity of the model (Fig. 2). From zero-point energy at position 0, energy 475 

absorption activates the BOs from n = 1 to n = 2 for the spin-orbit coupling of 2P orbital (Fig. 476 

6c(i) and (ii)) in Minkowski space-time (Fig. 1b). This relates to Dirac spinor and hence, the 477 

lamb shift and are rigorously pursued by the theory of quantum electrodynamics. Somehow, both 478 

are applicable to the MP model, where renormalization appears to be heuristic in principle (e.g., 479 

Fig. 5a and b; Postulate 4). Thus, at position 1 of Minkowski space-time, the total angular 480 

momentum, 𝐽 = 𝑙 ±
1

2
, provides the values, 

3

2
 and 

1

2
  for p orbital at n = 2, l = 1 and this relates to 481 

the degenerate states of BOs. Similarly, the Clebsch−Gordon series for the total orbital angular 482 

moment, 𝐿⃗ = √𝑙(𝑙 + 1)ℏ and total spin, 𝑆 = √𝑠(𝑠 + 1)ℏ are applicable to the BOs of n- 483 
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 484 

 485 

Supplemental Figure 1. Spin-orbit coupling splitting [30, 39]. (a) In the presence of a weak external 486 

magnetic field, 𝐵⃗ , its dipole moment, uB of classical Bohr magneton exerts corresponding response from 487 

the electron’s dipole moment. The combined dipole is, 𝑢𝑧 = 𝑢𝐵 + 𝑢𝑙, with 𝑢𝑙 equal to 𝐽  and 𝐽 = 𝑙 + 1/2 488 

(e.g., Fig. 1b). The electron’s orbit in Hilbert space is quantized, ℏ (e.g., Fig. 4) and is aligned 489 

perpendicularly to its magnetic momentum, m at the center. (b) When the electron and the MP field dipole 490 

moments, i.e., 𝑆̂ and 𝐿̂ respectively are aligned to 𝐵⃗ , 2𝑃3/2 is produced at high energy such as for a 491 

positron (Fig. 6c(i)). In the anticoupling process with 𝑆̂ in the opposite direction, 2𝑃1/2 for the electron is 492 

assumed at a slightly lower energy than 2𝑆1/2 for the lamb shift. This is attributed to the degenerate states 493 

of BOs. The pursuits of spin-orbit coupling splitting become more complex from the Bohr model to Dirac 494 

field theory followed by quantum electrodynamics. 495 

 496 

dimensions. For example, the magnitude [30], 𝐽 = 𝐿⃗ + 𝑆  is assumed by a triangulated geometry 497 

at positions 0, 2 and 3. The shift in position is dictated by Einsteinian gravity against forward 498 

time of a clock face (Fig. 1b; Postulate 1). The lamb shift refines the value of the fine-structure 499 

constant, α to about less than 1 part in a billion [40] and it quantifies the gap between the fine 500 

structure of the hydrogen spectral lines. It is a measure of the strength of the electron and its 501 

interaction with the electromagnetic field by the relationship [33, 34], 502 
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 503 

                                                                       𝑎 =
𝑒2

4𝜋𝜖0
.                                                                                 (7) 504 

 505 

In high-energy physics, a nondimensional system is used with the boundary, 𝜖0= c = ℏ = 1 (see 506 

also Postulate 2), so Equation 7 is reduced to the form,  507 

 508 

                                                                       𝑎 =
𝑒2

ℏc
≈

1

137.036
.                                                                (8) 509 

 510 

In this study, α is naturally accounted for by the MP model as mentioned earlier (e.g., Fig. 4, 5a  511 

and b). It provides powers to the perturbative expansion of the anomalous dipole moment of the 512 

electron with respect to its g-factor in the form,  513 

 514 

                                                                    𝑔𝑒 = 2 (1 +
𝑎

2𝜋
+ ⋯) .                                                           (9) 515 

 516 

Equation 9 describes how the electron undergoes 720° rotation to resume its original position or 517 

is twice faster (Postulate 5) than a classical spherical rotation at 360° in continuum mode (Fig. 518 

1a). The general consensus to the predicted and measured g-factor of the electron is calculated to 519 

about 10 decimal points [41]. The relationship between the generated magnetic moment, 𝑢𝑠 and 520 

g-factor is given by,  521 

 522 

                                                                               𝑢𝑠 = 𝑔𝑒  
𝑢𝐵

ℏ
𝑠,                                                                (10) 523 

 524 
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where s is the intrinsic spin property of the electron and 𝑢𝐵 is a classical Bohr magneton (Fig. 525 

6c(i) and Supplemental Fig. 1b). Unlike a rotating classical object, the electron’s spin and 526 

angular momentum are applicable in Minkowski space-time (Fig. 1b). Other related themes that 527 

can perhaps be explored in a similar manner include Coulomb interactions, Rydberg constant, 528 

Campton scattering and so forth.  529 

 530 

 531 

Spin-orbit coupling at the nucleus 532 

By extending the electron spin-orbit coupling (Fig. 6c(i) and (ii)), this can accommodate the 533 

gauge symmetry, SU(3) flavor octet (J = 1/2) and its decuplet (J = 3/2) of the weak nuclear 534 

isospin for baryonic matter of quarks. Explanations for Dirac fermion are offered above with 535 

respect to corresponding J values so these could also become applicable to quarks. Such a  536 

 537 

 538 

Supplemental Figure 2. Spin-orbit coupling splitting [42]. (a) The spin-orbit coupling doublet state 539 

incorporates both the electron and the nuclear magnetic spin, 𝑀𝐼 (see also Fig. 6c(i) and (ii)). (b) 540 

Hyperfine coupling constant, α of the electron paramagnetic resonance spectra possibly links the MP 541 

models between the atom and the nucleus in a possible multiverse scenario (Postulate 4).  542 
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 543 

relationship can be established by the magnetic spin of both the electron and the nucleus 544 

(Supplemental Fig. 2a and b). The hyperfine constant, α offers the energy difference between 545 

them. With quark confinement, the selection rule for the nuclear magnetic spin is, ∆𝑀𝐼 = 0 546 

unlike the electron, where ∆𝑀𝑆 = ±1 (e.g., Supplemental Fig. 2a). Thus, for the electroweak 547 

nuclear decay like beta decay, 𝑛° → 𝑝 + 𝑊− → 𝑢𝑢𝑑 + 𝑒− + 𝑣̅, it reinforces the MP models for 548 

both the quark and electron at different energy scales (Postulate 4). The transition between them 549 

can somehow translate to either neutrinos at 720° rotation or 360° rotation for antineutrinos in 550 

Hilbert space (see also Fig. 5a and b). Mass acquisition is then obtained by oscillation process 551 

and is somewhat comparable to Higgs mechanism (e.g., Fig. 3). These interpretations can 552 

constrain the free parameters of the Standard Model of non-abelian in terms of particle masses 553 

and mixing angles in both Euclidean (Fig. 1a) and Minkowski space-times (Fig. 1b) from an 554 

alternative perspective. The color change of charges for gluons would then resemble the photons 555 

interceptions of the spherical rotation of the electron propagation path (e.g., Fig. 5a and b). The 556 

three generations of the quarks and leptons would appear as a function of increasing mass in 557 

onion-like structure of the MP models analogous to the spin-orbit coupling triplet state of 558 

Zeeman effect. Whether the model can be extended to incorporate the principles of general 559 

relativity remains a possibility as implied in a recent study [15] (Postulate 4). Some of those 560 

inferred in the Conceptualization process of the MP model (Section 3) include both Euclidean 561 

and Minkowski space-times, the equivalence principle, inertia frame of reference, Einsteinian 562 

gravity, gravitational time dilation, gravitational lensing and perihelion precession. However, this 563 

does not accommodate quantum gravity, gravitational waves or black holes. 564 

  565 
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