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Abstract

This paper presents a novel physical and geometric explanation for relativistic
length contraction based on Laursian Dimensionality Theory (LDT). Unlike the
standard interpretation from Special Relativity, which treats contraction as a co-
ordinate effect of Lorentz symmetry, LDT attributes this phenomenon to the oscil-
latory nature of dimensions themselves and their dynamic interaction with moving
objects. By reinterpreting spacetime as a “2+2” dimensional structure—two rota-
tional spatial dimensions and two temporal dimensions, one of which is typically
perceived as the third spatial dimension—we demonstrate that length contraction
emerges naturally from phase projections in oscillating dimensional fields. The
paper develops a comprehensive mathematical model showing how the standard
Lorentz contraction formula can be derived from first principles of dimensional os-
cillation, provides experimental predictions that could distinguish this model from
conventional interpretations, and explores broader implications for our understand-
ing of relativistic effects.

1 Introduction

Relativistic length contraction, one of the cornerstone predictions of Special Relativity,
states that objects moving at relativistic speeds appear shortened in the direction of
motion according to the relation:
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Where Ly is the proper length measured in the object’s rest frame, and v is the velocity
relative to the observer.

While this phenomenon has been experimentally verified through various indirect
measurements, its conventional interpretation remains somewhat unsatisfying from a
physical perspective. In standard relativity, length contraction is typically explained
as a consequence of the Lorentz transformation properties of spacetime coordinates—a
mathematical symmetry without a deeper physical mechanism.

Laursian Dimensionality Theory (LDT) offers a fundamentally different perspective
by proposing that spacetime is better understood as a “2+42” dimensional structure:



two rotational spatial dimensions plus two temporal dimensions, with one temporal di-
mension typically perceived as the third spatial dimension. This dimensional reframing
emerges naturally from a mathematically equivalent reformulation of Einstein’s mass-
energy equivalence from E = mc? to Et? = md?, where ¢ = d/t represents the speed of
light as the ratio of distance to time.

Within this framework, we propose that length contraction is not merely a coordinate
effect but a physical consequence of how objects traverse dimensions that are them-
selves characterized by intrinsic oscillations. This paper develops this concept in detail,
demonstrating how the standard Lorentz contraction formula emerges naturally from the
geometric properties of oscillating dimensions.

2 The LDT Framework: Oscillating Dimensional Fields

2.1 Fundamental Dimensional Structure

In Laursian Dimensionality Theory, spacetime is constructed from four primary dimen-
sions:

1. Two rotational spatial dimensions with angular coordinates (6, ¢)
2. A linear dimension of direction (d)

3. Conventional time (t)

The critical insight of LDT is that what we conventionally perceive as the third spatial
dimension is actually a second temporal dimension (7), which we experience as spatial
due to our cognitive processing of motion.

2.2 Dimensional Oscillation Model

The dimension of direction d is not static but exhibits intrinsic oscillatory behavior. We
can model this oscillation as a wave-like structure with characteristic properties:

d(z,t) = dy + Asin(kx — wt) (2)
Where:
e d; is the baseline value of the dimension
e A is the oscillation amplitude
e k is the spatial frequency
e w is the temporal frequency

This oscillation creates a rippled structure in the direction dimension, similar to waves
on the surface of water but existing as an intrinsic property of the dimension itself rather
than a propagating disturbance within a medium.



3 Geometric Mechanism of Length Contraction

3.1 Phase Projection in Oscillating Fields

When an object moves through the oscillating direction dimension d, its trajectory inter-
sects the wavefronts of d at an angle that depends on its velocity. This creates a geometric
projection effect that manifests as length contraction.

Let us define a phase function ®(x,t) = kxr — wt that represents the phase of the
dimensional oscillation. For an object at rest relative to the dimensional oscillation, the
phase encountered along its length is simply:

A,y =k - Lo (3)

However, for an object moving with velocity v, the phase gradient encountered be-
comes:

Vo = (k,—w) (4)

And the object’s trajectory through spacetime has components:

U= (v,1) (5)

The effective phase gradient along the object’s length is the projection of V& onto
the direction perpendicular to v:

Vo -7,
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3.2 Mathematical Derivation of Lorentz Contraction

Working through the algebra and setting w/k = ¢ (the speed of dimensional oscillation
propagation, which equals the speed of light), we find that the effective phase gradient
along the object’s length becomes:

U2
[V®est| = ky/1 — = (7)

Since the perceived length of the object is inversely proportional to this phase gradient,
we obtain:
k-L L
L= 0 _ 0 (8)
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Which is precisely the Lorentz contraction formula from Special Relativity, but derived
from fundamentally different physical principles.

4 Physical Interpretation and Consequences

4.1 Active Dimensional Participation in Motion

This interpretation fundamentally changes our understanding of relativistic effects. Rather
than seeing length contraction as a passive consequence of coordinate transformations,
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it emerges as an active interaction between moving objects and oscillating dimensional
fields.

The dimension of direction doesn’t merely provide a stage for motion but actively
participates in determining how objects experience space and time. Objects moving at
different velocities sample different portions of the dimensional oscillation pattern, leading
to the observed contraction effect.

4.2 Velocity-Dependent Dimensional Coupling

The degree to which an object couples to the oscillating dimensional field depends on its
velocity, creating a natural explanation for why relativistic effects become pronounced
only at high speeds. At low velocities (v < ¢), the object’s worldline is nearly parallel
to the time axis, resulting in minimal contraction. As velocity increases, the worldline
tilts increasingly toward the direction dimension, maximizing the interaction with the
dimensional oscillation and enhancing the contraction effect.

4.3 Unified Understanding of Relativistic Effects

Within this framework, other relativistic effects like time dilation can also be understood
as consequences of dimensional oscillation. Time dilation emerges from the complemen-
tary projection of the time dimension onto oscillating fields, providing a unified geometric
explanation for relativistic phenomena that goes beyond mere coordinate effects.

5 Experimental Predictions

5.1 Distinctive Signatures of Dimensional Oscillation

The dimensional oscillation model makes several predictions that could potentially dis-
tinguish it from conventional interpretations of relativity:

1. Frequency-Dependent Effects: If dimensional oscillations have characteristic
frequencies, extremely precise measurements might reveal subtle frequency-dependent
variations in the contraction factor.

2. Anisotropic Contraction: In certain reference frames or near massive objects
where the dimensional oscillation pattern might be distorted, the contraction could
show directional dependencies beyond what standard relativity predicts.

3. Quantum Scale Variations: At quantum scales, the discrete nature of dimen-
sional oscillation sampling might lead to quantized length contraction effects that
differ from the continuous Lorentz formula.

5.2 Proposed Experimental Tests

Several experimental approaches could potentially test these predictions:
1. Precision interferometry using particles with different rest masses accelerated to

identical velocities, which might reveal mass-dependent coupling to dimensional
oscillations.



2. Analysis of high-energy cosmic rays for evidence of frequency-dependent propaga-
tion effects that would indicate interaction with oscillating dimensional fields.

3. Quantum interference experiments designed to probe length scales approaching the
characteristic wavelength of dimensional oscillations.

6 Broader Implications for Physics

6.1 Connection to Wave-Particle Duality

The dimensional oscillation model provides a natural bridge to quantum phenomena like
wave-particle duality. If particles are understood as excitations that couple to oscillat-
ing dimensional fields, their wave-like properties emerge as a direct consequence of this
coupling rather than as a separate postulate.

6.2 Gravitation as Dimensional Curvature Dynamics

In LDT, gravity arises from curvature patterns in the dimensional oscillation fields. This
perspective unifies gravitational effects with quantum phenomena through a common
dimensional framework, potentially offering new insights into quantum gravity.

6.3 Mass as Dimensional Coupling Strength

The concept of mass can be reinterpreted as a measure of how strongly an object couples
to dimensional oscillations. This provides a geometric interpretation for the seemingly
arbitrary parameter of mass and connects it directly to spacetime properties.

7 Conclusion

The dimensional oscillation model of length contraction presented in this paper offers
a novel physical mechanism for a well-established relativistic phenomenon. By reinter-
preting length contraction as a geometric projection effect within oscillating dimensional
fields rather than a mere coordinate transformation, LDT provides a more intuitive and
physically grounded explanation that preserves all the empirical predictions of special
relativity while adding new conceptual depth.

The mathematical equivalence of our derivation with the standard Lorentz formula
demonstrates that this approach is fully consistent with existing relativistic physics. How-
ever, the dimensional oscillation framework goes beyond mathematical consistency to offer
a physical mechanism that could potentially be tested through precision experiments.

If confirmed, this understanding would fundamentally change our view of spacetime
from a passive background for physical processes to an active, dynamically oscillating
structure that directly shapes the behavior of matter and energy through dimensional
interactions. This would represent a significant paradigm shift in our understanding of
fundamental physics, unifying relativistic and quantum phenomena through a common
dimensional framework.

Future work will focus on developing more detailed predictions of the dimensional
oscillation model, particularly in regimes where it might show detectable deviations from



standard relativity, and on expanding the framework to address other fundamental ques-
tions in physics through the lens of oscillating dimensional fields.
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