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Abstract

This paper extends our reformulation of Einstein’s mass-energy
equivalence from E = mc2 to Et2 = md2 to the propagation of waves
in spacetime. We demonstrate that interpreting spacetime as a ”2+2”
dimensional structure—with two rotational spatial dimensions and
two temporal dimensions, one of which manifests as the perceived
third spatial dimension—offers profound insights into the nature of
wave propagation without requiring a traditional medium. Wave phe-
nomena, particularly electromagnetic waves, are reinterpreted as os-
cillations primarily within the two rotational dimensions, while gravi-
tational waves span all four dimensions of our framework. This recon-
ceptualization resolves the historical aether problem by identifying
spacetime itself—specifically its dimensional structure—as the sub-
strate for wave propagation. We derive modified wave equations that
incorporate this dimensional framework and identify several experi-
mental signatures that could distinguish our model from conventional
interpretations. Our approach potentially unifies the description of
various wave phenomena through a common dimensional understand-
ing, offering a more parsimonious explanation for wave propagation in
physics.

1 Introduction

The propagation of waves has historically presented a conceptual challenge
in physics. Early theories postulated the existence of a ”luminiferous aether”
as the medium through which light waves propagate, analogous to how sound
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waves require air or water. The failure of the Michelson-Morley experiment
to detect this aether led to Einstein’s special relativity, which eliminated the
need for a physical medium. Modern physics describes electromagnetic waves
as self-propagating disturbances in fields, but the fundamental question re-
mains: what exactly is ”waving” when a wave propagates through seemingly
empty space?

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 wave propagation. We propose that
waves, particularly electromagnetic waves, represent oscillations primarily
within the two rotational spatial dimensions, with specific phase relationships
to the temporal dimensions. This reconceptualization potentially resolves the
historical question of what constitutes the medium for wave propagation by
identifying the dimensional structure of spacetime itself as the substrate for
these oscillations.

The profound implications of this approach include:

1. Natural resolution of the aether problem through dimensional analysis

2. Explanation for the self-propagating nature of electromagnetic waves

3. Distinction between electromagnetic and gravitational wave propaga-
tion

4. Unification of various wave phenomena through a common dimensional
framework

5. Novel predictions for wave behavior in extreme conditions

2 Theoretical Framework

2.1 Review of the Et2 = md2 Reformulation

We begin with Einstein’s established equation:

E = mc2 (1)
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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

=
md2

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)

3 Wave Propagation in the 2+2 Framework

3.1 Electromagnetic Waves as Rotational Oscillations

In conventional physics, electromagnetic waves are described as coupled os-
cillations of electric and magnetic fields that propagate through space at
the speed of light. In our framework, these waves are reinterpreted as oscil-
lations primarily within the two rotational spatial dimensions with specific
phase relationships to the temporal dimensions.
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The wave equation for electromagnetic waves becomes:

∇2
rotΦ− 1

c2
∂2Φ

∂t2
= 0 (5)

Where ∇2
rot is the Laplacian operator in the rotational dimensions and

Φ represents the electromagnetic potential. Expressing this in terms of our
reformulation:

∇2
rotΦ− t2

d2
∂2Φ

∂t2
= 0 (6)

This formulation shows that electromagnetic waves propagate primarily
through the rotational dimensions, with the temporal factor t2

d2
determining

the speed of propagation.

3.2 Gravitational Waves Across All Dimensions

Unlike electromagnetic waves, gravitational waves in our framework propa-
gate across all four dimensions—both the rotational spatial dimensions and
both temporal dimensions. The wave equation for gravitational perturba-
tions becomes:

∇2
rothµν −

t2

d2
∂2hµν
∂t2

− ∂2hµν
∂τ 2

= 0 (7)

Where hµν represents the gravitational perturbation tensor and τ is the
coordinate in the temporal-spatial dimension. This explains why gravita-
tional waves appear to interact differently with matter compared to electro-
magnetic waves—they engage with the full dimensional structure rather than
just the rotational components.

3.3 The Medium Question Resolved

Our framework resolves the historical question of what constitutes the medium
for wave propagation. Rather than requiring a physical substance like the
aether, waves propagate through the dimensional structure of spacetime it-
self. The wave is a pattern of oscillation in the relationships between the
rotational dimensions and the temporal dimensions.

For electromagnetic waves, the oscillation occurs primarily in the phase
relationships within the rotational dimensions:

Eθ = E0 sin(k · θ − ωt) (8)

Bϕ = B0 sin(k · ϕ− ωt) (9)

Where θ and ϕ are angular coordinates in the rotational dimensions. The
perpendicular nature of electric and magnetic fields emerges naturally from
the rotational geometry of these dimensions.
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4 Wave-Particle Duality

4.1 Particles as Wave Packets in Dimensional Space

Our framework offers a fresh perspective on wave-particle duality. Particles
can be understood as localized wave packets in the full ”2+2” dimensional
structure:

ψ(θ, ϕ, t, τ) =

∫
A(k, ω, κ)ei(k·r⃗−ωt−κτ)dkdωdκ (10)

Where k represents momentum in the rotational dimensions, ω is fre-
quency in conventional time, and κ is the frequency component in the temporal-
spatial dimension.

This formulation naturally explains why particles exhibit both wave-like
and particle-like properties—they are manifestations of localized oscillations
in the dimensional structure of spacetime.

4.2 Photons as Pure Rotational Excitations

In our framework, photons represent pure excitations in the rotational di-
mensions with minimal coupling to the temporal-spatial dimension. This
explains why photons travel at the speed of light and exhibit no rest mass:

Ephoton = ℏω =
ℏd2

t2
(11)

This equation directly relates to our reformulated mass-energy equiva-
lence, showing why massless particles like photons can still carry energy and
momentum.

5 Experimental Predictions

Our framework makes several distinctive predictions that could distinguish
it from conventional interpretations of wave propagation:

5.1 Polarization Effects

1. Electromagnetic waves should exhibit polarization properties that specifi-
cally reflect the two-dimensional rotational space, with potential higher-order
polarization modes that conventional theory doesn’t predict.

2. The interaction between polarized light and gravitational fields should
show subtle dependencies that reflect the coupling between the rotational
dimensions and both temporal dimensions.
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3. At extremely high energies, polarization mixing effects might emerge
that reveal the underlying dimensional structure.

5.2 Propagation in Strong Fields

1. Wave propagation near black holes or other strong gravitational sources
should show specific deviations from conventional predictions due to the cou-
pling between all four dimensions.

2. The behavior of electromagnetic waves in strong gravitational fields
might reveal signatures of the temporal-spatial dimension that are not ac-
counted for in standard theories.

3. The phase velocity and group velocity relationships should exhibit
energy-dependent modifications in extreme conditions.

6 Discussion

6.1 Theoretical Challenges

Several significant theoretical challenges remain:
1. Developing a complete mathematical formalism for wave propagation

in the ”2+2” dimensional framework.
2. Understanding how our conventional perception interprets oscillations

in the temporal-spatial dimension.
3. Reconciling this approach with quantum field theory’s description of

fields.
4. Formulating testable predictions at experimentally accessible energy

scales and field strengths.

6.2 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:
1. The historical debate about whether light is a wave or a particle is

reframed as a question about the dimensional nature of oscillations.
2. The perception of three spatial dimensions may be a cognitive con-

struction that simplifies a more complex ”2+2” dimensional reality.
3. Wave phenomena may be more fundamental than particle phenom-

ena, with particles emerging as localized wave patterns in the dimensional
structure.
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4. The speed of light’s constancy emerges naturally from the relationship
between the rotational dimensions and the temporal dimensions, as expressed
in our reformulated equation Et2 = md2.

7 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides
a conceptually revolutionary framework for understanding wave propagation.
By reinterpreting spacetime as two rotational spatial dimensions plus two
temporal dimensions (with one perceived as the third spatial dimension),
we offer potential resolutions to longstanding questions about the nature of
waves and their propagation.

Our approach naturally explains the medium problem for electromagnetic
waves, the distinction between different types of waves, and the constancy of
the speed of light. It makes distinctive predictions that could be tested with
current or near-future experiments, potentially providing empirical evidence
for this radical reconceptualization of wave phenomena.

While substantial theoretical development and experimental testing re-
main necessary, this approach offers a promising pathway toward a unified
understanding of wave phenomena based on a novel conception of the dimen-
sional structure of spacetime.
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