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Abstract

This paper explores the implications of the reformulated mass-
energy equivalence relation Et2 = md2 for our understanding of en-
tropy. By interpreting spacetime as a “2+2” dimensional structure—two
rotational spatial dimensions and two temporal dimensions, one of
which is typically perceived as the third spatial dimension—we de-
velop a novel conceptualization of entropy that spans both temporal
dimensions. We propose that entropy operates differently across these
dimensions, with conventional entropy increasing along standard time
while a complementary form exists in the temporal-spatial dimension.
This framework potentially resolves several thermodynamic puzzles,
including the origin of the arrow of time, apparent violations of the
Second Law in quantum systems, and the nature of black hole en-
tropy. We derive modified thermodynamic relations that incorporate
both temporal dimensions and explore the rotational entropy charac-
teristics within the two-dimensional spatial framework. Several ex-
perimental predictions are presented that could distinguish this di-
mensional entropy interpretation from conventional thermodynamic
approaches, particularly in quantum systems, rotational phenomena,
and gravitational contexts.

1 Introduction

Entropy stands as one of the most fundamental and enigmatic concepts in
physics, governing the direction of physical processes and the apparent arrow
of time. Since its formulation in classical thermodynamics and subsequent
extension into statistical mechanics, information theory, and quantum me-
chanics, entropy has provided profound insights into the behavior of physical
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systems while raising equally profound questions about the nature of time
and irreversibility.

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 the concept of entropy. We propose
that entropy operates across both temporal dimensions—conventional time t
and the temporal-spatial dimension τ that we typically perceive as the third
spatial dimension. This reconceptualization potentially resolves several long-
standing puzzles in thermodynamics and quantum mechanics while providing
a more comprehensive understanding of irreversibility, information, and the
arrow of time.

The profound implications of this approach include:

1. Natural explanation for the arrow of time through the dual unidirec-
tional nature of both temporal dimensions

2. Resolution of apparent violations of the Second Law in certain quantum
systems

3. Novel interpretation of black hole entropy through temporal-spatial
dimension effects

4. Unification of thermodynamic, informational, and gravitational en-
tropy concepts

5. Testable predictions in quantum, rotational, and gravitational systems

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)
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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)

3 Entropy in the “2+2” Framework

3.1 Dual Temporal Entropy

In conventional thermodynamics, entropy is a state function that increases
monotonically for isolated systems according to the Second Law:

∆S ≥ 0 (5)

In our framework, we propose that entropy operates across both temporal
dimensions, requiring a generalized formulation:

S = S(t, τ) (6)
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The total entropy change can then be expressed as:

dS =
∂S

∂t
dt+

∂S

∂τ
dτ (7)

While conventional entropy typically increases along the t dimension
(∂S
∂t

> 0), the behavior along the τ dimension might differ, potentially al-
lowing for:

∂S

∂τ
≶ 0 (8)

This dual-dimensional entropy allows for richer thermodynamic behavior
than the conventional monotonic increase, particularly in systems where both
temporal dimensions significantly interact.

3.2 Modified Second Law

The Second Law of Thermodynamics requires modification in our framework
to account for both temporal dimensions:

∆Stotal = ∆St +∆Sτ ≥ 0 (9)

Where ∆St represents entropy change along conventional time and ∆Sτ

represents entropy change along the temporal-spatial dimension.
This formulation maintains the overall increase in entropy while allowing

for apparent violations of the conventional Second Law in systems where
∆St < 0 but compensated by ∆Sτ > |∆St|.

3.3 Rotational Entropy in Two-Dimensional Space

The rotational nature of the two spatial dimensions in our framework suggests
a distinctive form of configurational entropy based on rotational states. For a
system with N particles in the two rotational dimensions, the configurational
entropy can be expressed as:

Srot = kB lnΩrot (10)

Where Ωrot represents the number of accessible rotational microstates,
which depends on the phase space structure of the two-dimensional rotational
space:

Ωrot =

∫
dθNdϕNdpNθ dp

N
ϕ

h2N
(11)

Here, θ and ϕ represent the angular coordinates in the two rotational
dimensions, with pθ and pϕ as their conjugate momenta.
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This rotational entropy reveals distinctive properties not evident in con-
ventional three-dimensional space, particularly in systems with significant
rotational degrees of freedom.

4 The Arrow of Time

4.1 Dual Temporal Arrows

The arrow of time, traditionally associated with entropy increase, finds a
natural explanation in our framework through the dual nature of tempo-
ral dimensions. Both temporal dimensions—conventional time t and the
temporal-spatial dimension τ—have inherent directional asymmetry.

This dual temporality creates a stronger thermodynamic arrow than can
be explained by conventional entropy alone. The perceived irreversibility
of physical processes stems from the combined unidirectional flow of both
temporal dimensions, creating what we experience as the inexorable forward
progression of time.

4.2 Mathematical Formulation

The combined temporal arrow can be expressed through a directional entropy
gradient:

∇tS =

(
∂S

∂t
,
∂S

∂τ

)
(12)

The magnitude of this gradient:

|∇tS| =

√(
∂S

∂t

)2

+

(
∂S

∂τ

)2

(13)

This represents the strength of the temporal arrow. In most macroscopic
systems, both partial derivatives are positive, reinforcing the perceived arrow
of time. However, in certain quantum systems, the components might work
in opposition, creating the appearance of time-symmetric behavior despite
the underlying temporal asymmetry.
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5 Information and Entropy

5.1 Information Preservation Across Temporal Dimen-
sions

In conventional information theory, the Shannon entropy of a system with
probability distribution pi is:

Sinfo = −
∑
i

pi ln pi (14)

In our framework, information might appear to be lost in one temporal
dimension while being preserved in the other. The complete information
entropy spans both temporal dimensions:

Sinfo = Sinfo(t) + Sinfo(τ) (15)

This suggests that information might be conserved across the full “2+2”
dimensional structure even when appearing to be lost from the perspective
of conventional three-dimensional space plus time.

5.2 Quantum Measurement and Information

The measurement problem in quantum mechanics gains new perspective in
our framework. The apparent ”collapse” of the wavefunction might represent
information transfer between the two temporal dimensions rather than a true
loss of information:

|Ψ(t, τ)⟩ measurement−−−−−−−→ |Ψ(t0, τ0)⟩ (16)

The information seemingly lost during measurement might be preserved
in correlations across both temporal dimensions:

Sinfo(t, τ) = Sinfo(t) + Sinfo(τ)− I(t; τ) (17)

Where I(t; τ) represents the mutual information between the two tempo-
ral dimensions.

6 Gravitational Entropy

6.1 Black Hole Entropy Reinterpreted

In conventional black hole thermodynamics, a black hole’s entropy is propor-
tional to its surface area:

SBH =
kBA

4l2p
(18)

6



Where kB is Boltzmann’s constant, A is the horizon area, and lp is the
Planck length.

In our framework, this entropy can be reinterpreted as measuring the in-
formation content along the temporal-spatial dimension at the event horizon:

SBH =
kBArot

4

t2

d2
(19)

Where Arot specifically represents the ”area” of the two rotational dimen-
sions at the horizon, and the factor t2

d2
reflects the dimensional relationship

in our formulation.

6.2 Information Paradox Resolution

The black hole information paradox finds natural resolution in our frame-
work. Information falling into a black hole is encoded in correlations along
both the conventional time dimension and the temporal-spatial dimension:

|Ψmatter⟩ =
∑
i,j

cij|ψi⟩t ⊗ |ϕj⟩τ (20)

As the black hole evaporates through Hawking radiation, the information
encoded in the temporal-spatial dimension becomes progressively correlated
with the outgoing radiation, ultimately preserving unitarity:

|Ψfinal⟩ =
∑
k

dk|χk⟩radiation ⊗ |ωk⟩τ (21)

This structure ensures information conservation while explaining why in-
formation appears to be lost from the perspective of conventional three-
dimensional space.

7 Observable Predictions

7.1 Quantum Systems

Our framework makes several distinctive predictions in quantum systems:

1. Specific patterns of apparent entropy decrease in certain quantum pro-
cesses that would be identified as temporary violations of the conven-
tional Second Law

2. Time-asymmetric decoherence patterns that reflect the interplay be-
tween both temporal dimensions
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3. Distinctive entropy signatures in quantum entanglement experiments,
particularly when entangled particles are subject to different temporal
conditions

7.2 Rotational Systems

Systems with prominent rotational characteristics should exhibit entropy be-
haviors distinctive to our framework:

1. Scale-dependent entropy patterns in rotating systems, with deviations
from conventional thermodynamic expectations

2. Characteristic entropy production in systems transitioning between dif-
ferent rotational states

3. Specific heat anomalies in two-dimensional or quasi-two-dimensional
materials that reflect the rotational entropy structure

7.3 Gravitational Systems

Our approach predicts several distinctive entropic signatures in gravitational
contexts:

1. Modified Hawking radiation spectrum from evaporating black holes
reflecting the dual temporal entropy structure

2. Entropy gradients in strong gravitational fields that differ from conven-
tional predictions

3. Distinctive thermodynamic behavior in systems where gravitational ef-
fects interact significantly with rotational degrees of freedom

8 Experimental Approaches

8.1 Quantum Optics Experiments

We propose quantum optics experiments specifically designed to probe en-
tropy behavior across both temporal dimensions:

1. High-precision measurements of entropy generation in quantum inter-
ference setups
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2. Experiments tracking entropy in quantum eraser configurations with
variable time delays

3. Tests of entropy conservation in complex entanglement networks

8.2 Studies of Rotational Systems

Several experimental approaches could test the rotational entropy aspects of
our framework:

1. Precision calorimetry of quasi-two-dimensional materials under rota-
tion

2. Measurements of entropy production in transitions between different
rotational excitation states

3. Studies of entropy scaling in systems dominated by rotational degrees
of freedom

8.3 Gravitational Experiments

While more challenging, several approaches could potentially test our gravi-
tational entropy predictions:

1. Analysis of thermodynamic systems in varying gravitational potentials

2. Precision measurements of entropy generation in systems with large
angular momentum

3. Future studies of Hawking radiation analogs in laboratory systems

9 Discussion

9.1 Theoretical Challenges

Several significant theoretical challenges remain:

1. Developing a complete mathematical formalism for entropy across both
temporal dimensions

2. Reconciling the approach with conventional statistical mechanics

3. Addressing potential issues with the uncertainty principle when ex-
tended to both temporal dimensions
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4. Elaborating the connection between rotational entropy and conven-
tional thermodynamic quantities

9.2 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:

1. The irreversibility of time might be a consequence of the dual temporal
structure rather than merely statistical effects

2. Entropy might be more fundamentally connected to the dimensional
structure of reality than previously recognized

3. Information might be conserved more completely than conventional
quantum mechanics suggests

4. Our perception of irreversibility might reflect how our consciousness
processes information from both temporal dimensions

10 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides
a conceptually revolutionary approach to understanding entropy. By rein-
terpreting spacetime as two rotational spatial dimensions plus two temporal
dimensions (one of which we perceive as the third spatial dimension), we offer
potential resolutions to longstanding puzzles in thermodynamics, quantum
mechanics, and gravitational physics.

Our framework provides natural explanations for the arrow of time, ap-
parent violations of the Second Law, black hole entropy, and the information
paradox. It offers distinctive experimental predictions that could be tested
with current or near-future experiments, potentially distinguishing our di-
mensional entropy interpretation from conventional approaches.

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