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Abstract

This paper explores the implications of our previously proposed
reformulation of Einstein’s mass-energy equivalence from E = mc2

to Et2 = md2 for electromagnetic phenomena, with specific focus
on magnetic fields. We demonstrate that interpreting spacetime as
a “2+2” dimensional structure—with two rotational spatial dimen-
sions and two temporal dimensions, one of which manifests as the
perceived third spatial dimension—offers profound insights into the
nature of magnetic fields. Within this framework, magnetic fields
emerge naturally as rotational phenomena in the two-dimensional spa-
tial substrate, with the apparent three-dimensional structure arising
from our perception of the temporal-spatial dimension as the third
spatial dimension. We derive modified Maxwell equations that ac-
commodate this dimensional reinterpretation while preserving empir-
ical predictions. Several distinctive features of magnetic fields, in-
cluding their rotational nature, the absence of magnetic monopoles,
and their transformation properties, find natural explanations in this
framework. We identify observational predictions that could distin-
guish our model from conventional electromagnetic theory, focusing
particularly on high-energy phenomena, magnetic field topology, and
electromagnetic wave propagation. This approach potentially unifies
our understanding of electromagnetic fields through a fundamental
reinterpretation of spacetime dimensionality.

1 Introduction

Magnetic fields have been traditionally understood as vector fields in three-
dimensional space, mathematically represented through the curl of a vector
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potential and physically manifested through forces on moving charges. The
conventional framework, based on Maxwell’s equations in a 3+1 dimensional
spacetime, has proven remarkably successful in describing electromagnetic
phenomena across a wide range of scales and applications.

However, fundamental questions remain about the nature of magnetic
fields. Why are magnetic fields inherently rotational? Why do magnetic
monopoles appear to be absent in nature? How do magnetic fields funda-
mentally relate to electric fields beyond their mathematical unification in the
electromagnetic tensor?

In previous work, we proposed a reformulation of Einstein’s mass-energy
equivalence from E = mc2 to Et2 = md2, where c is replaced by the ratio
of distance (d) to time (t). This mathematically equivalent formulation led
us to interpret spacetime as a “2+2” dimensional structure: two rotational
spatial dimensions plus two temporal dimensions, with one of these tem-
poral dimensions being perceived as the third spatial dimension due to our
cognitive processing of motion.

This paper extends this framework to electromagnetic phenomena, with
specific focus on magnetic fields. We propose that magnetic fields repre-
sent specific rotational configurations in the two rotational dimensions, with
their apparent three-dimensional structure arising from our perception of the
temporal-spatial dimension as the third spatial dimension. This reconceptu-
alization potentially resolves several longstanding questions about magnetic
fields while providing a more elegant explanation for their observed properties
and behaviors.

The profound implications of this approach include:

1. Natural explanation for the rotational nature of magnetic fields

2. Resolution of the magnetic monopole problem through dimensional
analysis

3. Unified understanding of electromagnetic interactions in the rotational
framework

4. Novel predictions for high-energy electromagnetic phenomena

5. Coherent framework that aligns with quantum field theoretical descrip-
tions
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2 Theoretical Framework

2.1 Review of the Et2 = md2 Reformulation

We begin with Einstein’s established equation:

E = mc2 (1)

Since the speed of light c can be expressed as distance over time:

c =
d

t
(2)

Substituting into the original equation:

E = m

(
d

t

)2

= m
d2

t2
(3)

Rearranging:
Et2 = md2 (4)

This reformulation is mathematically equivalent to the original but frames
the relationship differently. Rather than emphasizing c as a fundamental
constant, it explicitly relates energy and time to mass and distance, with
both time and distance appearing as squared terms.

2.2 The “2+2” Dimensional Interpretation

The squared terms in equation (4) suggest a reinterpretation of spacetime
dimensionality. The d2 term represents the two rotational degrees of freedom
in space, while t2 captures conventional time and a second temporal dimen-
sion. We propose that what we perceive as the third spatial dimension is
actually a second temporal dimension that manifests as spatial due to our
cognitive processing of motion.

This creates a fundamentally different “2+2” dimensional framework:

• Two dimensions of conventional space (captured in d2)

• Two dimensions of time (one explicit in t2 and one that we perceive as
the third spatial dimension, denoted by τ)
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2.3 Modified Maxwell Equations

In conventional electromagnetism, Maxwell’s equations describe the behav-
ior of electric and magnetic fields in 3+1 dimensional spacetime. In our
framework, these equations are reformulated to explicitly reflect the “2+2”
dimensional structure.

The modified Maxwell equations in rotational coordinates (θ, ϕ) and tem-
poral coordinates (t, τ) are:

∇rot · E⃗ =
ρ

ϵ0
(5)

∇rot · B⃗ = 0 (6)

∇rot × E⃗ = −∂B⃗

∂t
− α

∂B⃗

∂τ
(7)

∇rot × B⃗ = µ0J⃗ + µ0ϵ0
∂E⃗

∂t
+ βµ0ϵ0

∂E⃗

∂τ
(8)

Where ∇rot is the gradient operator in the rotational dimensions, and
α and β are coupling constants that determine the relative influence of the
conventional time dimension and temporal-spatial dimension.

3 Magnetic Fields in the 2+2 Framework

3.1 Rotational Nature of Magnetic Fields

In our framework, magnetic fields emerge naturally as rotational phenomena
in the two-dimensional spatial substrate. The inherent rotational character
of magnetic fields, traditionally captured by the curl operation in three-
dimensional space, becomes more fundamental—a direct reflection of the
rotational structure of the two spatial dimensions.

Mathematically, we can express the magnetic field vector as:

B⃗ = Bθθ̂ +Bϕϕ̂+Bτ τ̂ (9)

Where Bθ and Bϕ represent the components in the rotational dimensions,
and Bτ represents the component in the temporal-spatial dimension that we
perceive as the third spatial dimension.

The rotational nature of magnetic fields becomes explicit in this formula-
tion, as Bθ and Bϕ directly capture rotational modes in the two-dimensional
spatial substrate. The component Bτ arises from the interaction between
the rotational dimensions and the temporal-spatial dimension, creating what
we perceive as the third component of the magnetic field in conventional
three-dimensional space.
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3.2 Vector Potential Reformulation

The electromagnetic vector potential in our framework becomes:

Aµ = (A0, Aθ, Aϕ, Aτ ) (10)

The magnetic field components emerge from this potential as:

Bθ =
∂Aϕ

∂τ
− ∂Aτ

∂ϕ
(11)

Bϕ =
∂Aτ

∂θ
− ∂Aθ

∂τ
(12)

Bτ =
∂Aθ

∂ϕ
− ∂Aϕ

∂θ
(13)

This formulation reveals that the magnetic field components in the ro-
tational dimensions (Bθ and Bϕ) are influenced by gradients of the vector
potential in the temporal-spatial dimension τ . This dimensional coupling
explains why magnetic fields appear to have a three-dimensional structure
despite the fundamentally two-dimensional nature of space in our framework.

3.3 Absence of Magnetic Monopoles

The absence of magnetic monopoles—one of the longstanding puzzles in elec-
tromagnetic theory—finds a natural explanation in our framework. The con-
straint ∇rot · B⃗ = 0 emerges as a mathematical necessity of the rotational
structure of the two spatial dimensions.

In a two-dimensional rotational space, any divergence-free vector field
must form closed loops. This topological constraint makes magnetic monopoles
impossible without violating the dimensional structure of spacetime itself.
The apparent possibility of magnetic monopoles in conventional three-dimensional
space arises from the misinterpretation of the temporal-spatial dimension as
a third spatial dimension.

Mathematically, this can be expressed through the relationship:∮
S

B⃗ · dA⃗ =

∫
V

∇rot · B⃗ dV = 0 (14)

Where the integral must vanish due to the rotational structure of the two-
dimensional spatial substrate, not as an empirical law but as a mathematical
necessity of the dimensional structure.
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3.4 Lorentz Force in the 2+2 Framework

The Lorentz force law, which describes the force experienced by a charged
particle in electromagnetic fields, takes a modified form in our framework:

F⃗ = qE⃗ + qv⃗rot × B⃗ + qγv⃗τ · ∇rotB⃗ (15)

Where v⃗rot represents the velocity components in the rotational dimen-
sions, v⃗τ represents the velocity component in the temporal-spatial dimen-
sion, and γ is a coupling constant.

This modification explains subtle deviations from the conventional Lorentz
force that might be detectable in high-precision experiments, particularly for
particles moving at high velocities through complex magnetic field configu-
rations.

4 Electromagnetic Waves in the 2+2 Frame-

work

4.1 Wave Equation Modification

The electromagnetic wave equation in vacuum becomes:

∇2
rotE⃗ − 1

c2
∂2E⃗

∂t2
− δ

c2
∂2E⃗

∂τ 2
− 2ϵ

c2
∂2E⃗

∂t∂τ
= 0 (16)

Where δ and ϵ are coupling constants that determine the influence of the
temporal-spatial dimension on wave propagation.

This modified wave equation predicts subtle frequency-dependent propa-
gation effects that might be detectable in precision experiments, particularly
for high-frequency electromagnetic waves or waves propagating through re-
gions with strong gravitational fields.

4.2 Polarization Effects

In our framework, electromagnetic wave polarization takes on a deeper signifi-
cance. The conventional polarization states (linear, circular, elliptical) reflect
specific phase relationships in the rotational dimensions and their coupling
to the temporal-spatial dimension.

Linear polarization corresponds to oscillation primarily within the rota-
tional dimensions, while circular polarization involves a more complex phase
relationship that includes coupling to the temporal-spatial dimension. This
interpretation explains why polarization properties are so fundamental to
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electromagnetic waves and why they transform in specific ways under rota-
tions.

5 Experimental Predictions

Our framework makes several distinctive predictions that could distinguish
it from conventional electromagnetic theory:

5.1 High-Energy Electromagnetic Phenomena

1. At very high energies, electromagnetic interactions should reveal subtle
deviations from standard predictions due to dimensional coupling effects.

2. The propagation of gamma rays over cosmological distances should
exhibit energy-dependent effects that could be detected with next-generation
gamma-ray telescopes.

3. Synchrotron radiation from particles in extremely strong magnetic
fields might show distinctive polarization patterns that reflect the “2+2”
dimensional structure.

5.2 Magnetic Field Topology Studies

1. Complex magnetic field configurations, such as those in solar coronal
mass ejections or magnetic reconnection events, should exhibit topological
constraints that align with our rotational dimensional framework.

2. Magnetic field evolution in highly dynamic systems might reveal the
influence of the temporal-spatial dimension through unexpected conservation
properties.

3. Magnetic helicity measurements could provide evidence for the dimen-
sional coupling between the rotational dimensions and the temporal-spatial
dimension.

5.3 Precision Laboratory Experiments

1. Quantum Hall effect measurements at extreme conditions might reveal
subtle deviations that reflect the two-dimensional rotational nature of the
underlying spatial substrate.

2. Precision measurements of the anomalous magnetic moment of ele-
mentary particles could show evidence for dimensional coupling effects.
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3. Magnetooptical effects in novel materials might exhibit unexpected
frequency dependencies that could be explained by our dimensional frame-
work.

6 Discussion

6.1 Theoretical Challenges

Several significant theoretical challenges remain:

1. Developing a complete mathematical formalism for electromagnetism in
the “2+2” dimensional framework that is both mathematically rigorous
and computationally tractable.

2. Reconciling this approach with quantum electrodynamics and properly
accounting for quantum effects within the dimensional framework.

3. Understanding the specific coupling mechanisms between the rotational
dimensions and the temporal-spatial dimension in various electromag-
netic contexts.

4. Deriving precise numerical predictions for electromagnetic phenomena
across different scales and regimes.

6.2 Comparison with Conventional Electromagnetic The-
ory

Our approach differs from conventional electromagnetic theory in several key
ways:

1. Based on a fundamental reinterpretation of spacetime dimensionality
rather than on the conventional 3+1 dimensional framework.

2. Treats magnetic fields as primarily rotational phenomena in a two-
dimensional spatial substrate rather than as vector fields in three-
dimensional space.

3. Provides natural explanations for the absence of magnetic monopoles
and the rotational nature of magnetic fields through dimensional anal-
ysis.

4. Predicts subtle deviations from conventional theory that might be de-
tectable in high-precision experiments, particularly at high energies or
in strong field configurations.
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6.3 Philosophical Implications

Our framework suggests profound shifts in our understanding of electromag-
netic reality:

1. The rotational nature of magnetic fields may reflect the fundamen-
tal rotational structure of the two-dimensional spatial substrate rather
than being a derived property.

2. Our perception of magnetic fields as three-dimensional vector fields may
be a cognitive construction that simplifies a more complex dimensional
reality.

3. The unification of electric and magnetic fields in the electromagnetic
tensor may have a deeper basis in the dimensional structure of space-
time itself.

4. The puzzling aspects of electromagnetism, such as the absence of mag-
netic monopoles and the transformation properties of electromagnetic
fields, may be direct consequences of the dimensional structure of real-
ity rather than empirical laws.

7 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides
a conceptually revolutionary approach to understanding magnetic fields and
electromagnetic phenomena more broadly. By reinterpreting what we per-
ceive as a three-dimensional space as a two-dimensional rotational space plus
a temporal dimension perceived as spatial, we offer potential resolutions to
longstanding puzzles in electromagnetic theory.

Our framework provides natural explanations for the rotational nature of
magnetic fields, the absence of magnetic monopoles, and the transformation
properties of electromagnetic fields under rotations and boosts. It offers
distinctive experimental predictions that could be tested with current or near-
future observations, potentially distinguishing our model from conventional
electromagnetic theory.

While substantial theoretical development and experimental testing re-
main necessary, this approach merits further investigation as a potentially
transformative reconceptualization of magnetic fields and our understanding
of the dimensional structure of electromagnetic reality.
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