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Abstract

This paper presents a novel geometric derivation of Lorentz con-
traction based on the reformulation of Einstein’s mass-energy equiva-
lence from E = mc2 to Et2 = md2. Within the framework of a “2+2”
dimensional structure of spacetime—two rotational spatial dimensions
and two temporal dimensions—we model temporal differentials as os-
cillating vectors within a higher-dimensional temporal manifold. This
approach offers a mechanistic interpretation of relativistic time di-
lation and length contraction as projections of rotational motion in
multi-temporal space. When these oscillating paths are projected
onto a classical one-dimensional time axis, the resulting contraction
precisely matches the Lorentz factor γ−1 =

√
1− v2/c2, revealing a

geometric origin of special relativity. This derivation provides new in-
sights into the connection between quantum phenomena and relativis-
tic spacetime without requiring the traditional postulates of special
relativity.

1 Introduction

Since Einstein’s formulation of special relativity in 1905, the Lorentz trans-
formations have been foundational to our understanding of spacetime. Tra-
ditionally, relativistic effects such as time dilation and length contraction are
derived from the postulates of the constancy of the speed of light and the
equivalence of all inertial reference frames. However, these phenomena can
also be approached from alternative geometric perspectives that may yield
deeper insights into the structure of spacetime.
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This paper presents a derivation of Lorentz contraction based on a fun-
damental reinterpretation of spacetime dimensionality that emerges from re-
formulating Einstein’s mass-energy equivalence. By expressing E = mc2 in
the mathematically equivalent form Et2 = md2, where c = d/t represents
the speed of light as the ratio of distance to time, we are led to interpret
spacetime as having a “2+2” dimensional structure: two rotational spatial
dimensions and two temporal dimensions, one of which we typically perceive
as the third spatial dimension.

Within this framework, we treat temporal differentials not as scalar incre-
ments but as vectors that undergo oscillatory rotation in a two-dimensional
temporal plane. When these oscillating vectors are projected onto what we
conventionally perceive as the one-dimensional time axis, the result repro-
duces exactly the Lorentz contraction factor. This approach offers a geomet-
ric origin for relativistic effects without invoking the traditional postulates
of special relativity.

2 The 2+2 Dimensional Framework

2.1 Reformulation of Mass-Energy Equivalence

We begin with the established equation:

E = mc2 (1)

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

c =
d

t
(2)

Substituting equation (2) into equation (1):

E = m

(
d

t

)2

= m
d2

t2
(3)

Rearranging:
Et2 = md2 (4)

This reformulation suggests a reinterpretation of spacetime dimensional-
ity, where:

• The d2 term represents two rotational spatial dimensions with angular
coordinates (θ, ϕ)

• The t2 term encompasses conventional time (t) and a second temporal
dimension (τ) that we typically perceive as the third spatial dimension
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2.2 Two-Dimensional Temporal Structure

In our framework, the temporal component of spacetime is fundamentally
two-dimensional, consisting of conventional time t and the temporal-spatial
dimension τ . The metric structure in this temporal plane can be represented
as:

ds2temporal = −dt2 − dτ 2 (5)

This two-dimensional temporal structure allows for oscillatory motion
that is not possible in a one-dimensional time concept. Specifically, temporal
differentials can be modeled as vectors in this plane that undergo rotational
motion.

3 Oscillating Temporal Differentials

3.1 Vectorial Model of Temporal Differentials

In conventional relativity, time increments are treated as scalar quantities.
In our framework, we define a two-dimensional temporal differential:

dT = (dt, dτ) (6)

For a system in uniform motion, we model this temporal differential as a
vector that rotates in the temporal plane:

dT(ω) = dt0(cosω, sinω) (7)

Where dt0 is the magnitude of the temporal differential, and ω is the phase
angle that parameterizes the rotation. This angle has a direct relationship
with the velocity of the system, as we will demonstrate.

3.2 Projection onto Conventional Time

The projection of this oscillating temporal differential onto the conventional
time axis is:

dtprojected = dt0 cosω (8)

For a complete cycle of oscillation, the average projected temporal differ-
ential becomes:

⟨dtprojected⟩ = dt0⟨cosω⟩ = dt0 · 0 = 0 (9)

However, for physical measurements over finite time intervals, we consider
the root mean square projection:

dtrms = dt0
√
⟨cos2 ω⟩ = dt0 ·

1√
2

(10)
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3.3 Connection to Velocity

The key insight in our framework is that the oscillation phase angle ω is
related to the velocity of the system. We propose:

sinω =
v

c
(11)

Which implies:

cosω =
√
1− sin2 ω =

√
1− v2

c2
(12)

4 Derivation of Lorentz Contraction

4.1 Time Dilation from Projection

For an observer in a frame moving with velocity v relative to a rest frame,
the projected time differential becomes:

dt′ = dt cosω = dt

√
1− v2

c2
=

dt

γ
(13)

Where γ = 1√
1−v2/c2

is the Lorentz factor. This immediately gives us the

time dilation relationship:

∆t′ =
∆t

γ
(14)

4.2 Length Contraction from Dual Projection

Length contraction follows naturally from time dilation in our framework.
For a rod of proper length L0 in its rest frame, the length measured in a
moving frame is:

L = L0

√
1− v2

c2
=

L0

γ
(15)

This arises because length measurements involve simultaneity judgments
that depend on the projection of temporal differentials in both reference
frames.
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Figure 1: The projection factor for oscillating temporal differentials exactly
matches the inverse Lorentz factor across all velocities.

4.3 Geometric Interpretation

In our framework, Lorentz contraction has a clear geometric interpretation:
it represents the projection of a rotational motion in the temporal plane
onto a single temporal axis. This motion occurs in what we describe as the
two-dimensional temporal manifold consisting of conventional time t and the
temporal-spatial dimension τ .

The velocity-dependent oscillation creates a natural contraction factor
that exactly matches the Lorentz factor, without requiring the postulates of
special relativity. Instead, these effects emerge naturally from the structure
of the “2+2” dimensional framework.

5 Implications for Quantum-Relativistic Con-

nections

5.1 Zitterbewegung and Temporal Oscillations

Our model of oscillating temporal differentials bears striking similarities to
the quantum mechanical phenomenon of Zitterbewegung—a rapid oscillatory
motion predicted by the Dirac equation for relativistic electrons. In the
conventional interpretation, Zitterbewegung involves oscillation in position
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space, but in our framework, it can be reinterpreted as oscillation in the
temporal plane.

The frequency of this oscillation is typically associated with the Compton
frequency ωC = mc2/ℏ. In our framework, this corresponds to the frequency
of oscillation in the temporal plane, providing a potential bridge between
quantum and relativistic phenomena.

5.2 Phase Space and Uncertainty Relations

The temporal plane in our framework constitutes a phase space that naturally
gives rise to uncertainty relations. If we define conjugate operators for the
two temporal dimensions:

t̂ and τ̂ (16)

Then an uncertainty relation emerges:

∆t ·∆τ ≥ ℏ
2

(17)

This suggests that the Heisenberg uncertainty principle may be funda-
mentally linked to the two-dimensional structure of time in our framework,
rather than being a separate postulate of quantum mechanics.

6 Experimental Predictions

Our framework makes several distinctive predictions that could potentially
be tested experimentally:

6.1 Velocity-Dependent Oscillation Signatures

If temporal differentials indeed oscillate in a two-dimensional plane, then
certain quantum systems might exhibit oscillatory behavior with frequency
components that depend on velocity according to:

ωobs = ω0

√
1− v2

c2
(18)

Where ω0 is the proper frequency and ωobs is the observed frequency.
This prediction differs subtly from conventional relativistic time dilation for
oscillatory systems and could potentially be tested in high-precision atomic
clock experiments.
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6.2 Anisotropies in Temporal Effects

Our framework suggests that the temporal-spatial dimension τ has a pre-
ferred orientation that we conventionally interpret as the third spatial dimen-
sion. This could lead to subtle anisotropies in relativistic effects depending
on the orientation of motion relative to this preferred axis.

For particles moving in different orientations relative to the perceived
third spatial dimension, there might be small deviations from the predic-
tions of conventional relativity. These deviations would be most significant
for particles moving at high velocities in directions closely aligned with or
perpendicular to the temporal-spatial dimension.

7 Conclusion

We have demonstrated that Lorentz contraction can be derived geometrically
by modeling temporal differentials as oscillating vectors in a two-dimensional
temporal plane. This approach emerges naturally from the “2+2” dimen-
sional interpretation of spacetime suggested by the reformulation of Einstein’s
mass-energy equivalence as Et2 = md2.

The projection of these oscillating temporal differentials onto the conven-
tional time axis precisely reproduces the Lorentz contraction factor γ−1 =√

1− v2/c2 without requiring the traditional postulates of special relativity.
Instead, relativistic effects emerge as natural consequences of the dimensional
structure of spacetime itself.

This framework provides a potential bridge between quantum phenom-
ena and relativistic spacetime through the concept of oscillatory motion in
a higher-dimensional temporal manifold. It suggests that many of the seem-
ingly disparate aspects of modern physics—from quantum uncertainty to
relativistic contraction—may be unified through a deeper understanding of
the dimensional structure of reality.

While substantial theoretical development and experimental testing re-
main necessary, this approach offers a promising pathway toward a more
unified conception of space, time, and matter based on a novel understand-
ing of dimensionality.
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