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Abstract

This paper extends the reformulation of Einstein’s mass-energy
equivalence from E = mc2 to Et2 = md2 to the physics of black holes.
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 di-
mension—leads to significant revisions in our understanding of black
hole physics. Within this framework, the event horizon is reconcep-
tualized as a temporal threshold rather than a spatial boundary, the
singularity is reinterpreted as a temporal extremum, and Hawking
radiation emerges as a natural consequence of quantum processes in-
volving both temporal dimensions. We derive modified Schwarzschild
and Kerr metrics that accommodate our dimensional reinterpretation
while preserving the empirical predictions of general relativity. Sev-
eral observational predictions are presented that could distinguish our
model from standard black hole physics, focusing particularly on grav-
itational wave polarization, black hole shadow morphology, and tem-
poral signatures in accretion processes. Our framework potentially
resolves the information paradox through a fundamental reinterpreta-
tion of the dimensional structure of spacetime near black holes.

1 Introduction

Black holes represent the most extreme gravitational phenomena in the uni-
verse, where conventional physics approaches its limits. The standard model
of black holes, developed within general relativity, describes them as regions
of spacetime where gravity is so intense that nothing, not even light, can
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escape beyond the event horizon. At the center lies a singularity where
spacetime curvature becomes infinite—a mathematical pathology indicating
the breakdown of the theory.

Despite the success of this model in explaining observational data, signifi-
cant theoretical challenges remain. The black hole information paradox—the
apparent loss of quantum information in black hole evaporation—highlights
the tension between general relativity and quantum mechanics. The nature
of the singularity remains poorly understood, and questions persist about
the true structure of spacetime near and within black holes.

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 black hole physics. We propose that
black holes are not simply regions of extreme spatial curvature but represent
critical phenomena in the temporal-spatial dimension—the dimension we typ-
ically interpret as the third spatial dimension but which is actually temporal
in nature. This reconceptualization potentially resolves several longstanding
puzzles in black hole physics while providing a more elegant explanation for
phenomena like Hawking radiation and the information paradox.

The profound implications of this approach include:

1. Reinterpretation of the event horizon as a temporal threshold rather
than a spatial boundary

2. Resolution of the singularity problem through temporal-dimensional
analysis

3. Natural explanation for Hawking radiation through temporal dimen-
sion interactions

4. Solution to the information paradox via preservation in the temporal-
spatial dimension

5. Unified dimensional framework for both classical and quantum aspects
of black holes
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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

=
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. We propose that what we per-
ceive 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 Black Hole Metrics

In standard general relativity, the Schwarzschild metric describes the space-
time around a non-rotating black hole:

ds2 = −
(
1− 2GM

rc2

)
dt2 +

(
1− 2GM

rc2

)−1

dr2 + r2dΩ2 (5)

Where dΩ2 = dθ2 + sin2 θdϕ2 represents the angular components.
In our framework, this metric is reformulated to explicitly reflect the

“2+2” dimensional structure:

ds2 = −
(
1− 2GMt2

rd2

)
dt2 +

(
1− 2GMt2

rd2

)−1

dτ 2 + r2dΩ2
rot (6)

Where dΩ2
rot = dθ2 + sin2 θdϕ2 now specifically represents the two rota-

tional dimensions, and dτ represents the differential element in the temporal-
spatial dimension.

This reformulation preserves the mathematical structure of the Schwarzschild
solution while reinterpreting its physical meaning. The critical surface at
r = 2GMt2

d2
represents not a spatial boundary but a temporal threshold in the

temporal-spatial dimension.

3 Black Holes in the 2+2 Framework

3.1 Event Horizon as Temporal Threshold

In our framework, the event horizon represents a critical threshold in the
temporal-spatial dimension rather than a spatial boundary. At this thresh-
old, the temporal-spatial dimension τ becomes so warped that motion in what
we perceive as the ”outward” spatial direction becomes impossible—not be-
cause space itself prevents escape, but because the temporal nature of this
dimension makes ”returning” equivalent to moving backward in this second
time dimension, which is forbidden.

Mathematically, this can be expressed through the modified metric coef-
ficient:

gττ =

(
1− 2GMt2

rd2

)−1

(7)

At the event horizon where r = 2GMt2

d2
, this coefficient becomes infinite,

signifying the critical point beyond which progression in the temporal-spatial
dimension only occurs inward.
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3.2 Singularity as Temporal Extremum

The black hole singularity is reinterpreted as an extremum in the temporal-
spatial dimension—a ”temporal terminus” where the temporal-spatial di-
mension reaches a limit point. Rather than representing infinite spatial cur-
vature (which creates mathematical pathologies), the singularity represents
a boundary in the temporal structure of spacetime.

This can be expressed through a modified Kretschmann scalar (which
typically measures spacetime curvature):

K = RαβγδRαβγδ ∝
G2M2t8

r6d8
(8)

As r approaches zero, this scalar grows large but remains finite when
interpreted as measuring the curvature of the temporal-spatial fabric rather
than purely spatial curvature.

3.3 Black Hole Thermodynamics Revised

In standard black hole thermodynamics, a black hole’s entropy is proportional
to its surface area:

S =
kA

4l2p
(9)

Where k 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:

S =
kArot

4

t2

d2
(10)

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.
This reinterpretation preserves the mathematical structure of black hole

thermodynamics while providing a more intuitive explanation for how infor-
mation is stored at the event horizon.

4 Hawking Radiation in the 2+2 Framework

4.1 Quantum Field Theory in Dual Time

In conventional quantum field theory near black holes, Hawking radiation
emerges from vacuum fluctuations near the event horizon. In our frame-
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work, these fluctuations occur in a spacetime with two temporal dimensions,
fundamentally changing their interpretation.

The vacuum state for a quantum field in our dual-time framework can be
expressed as:

|0⟩t,τ =
∏
k

|0k⟩t ⊗ |0k⟩τ (11)

Where the vacuum state factorizes into components associated with con-
ventional time t and the temporal-spatial dimension τ .

4.2 Particle Pair Creation Mechanism

Hawking radiation results from virtual particle pairs that form near the event
horizon, with one particle escaping while its partner falls into the black hole.
In our framework, this process is reinterpreted as a quantum interaction
across both temporal dimensions:

|Ψ⟩ =
∑
n

cn|n⟩out,t ⊗ |n⟩in,τ (12)

Where |n⟩out,t represents particles in conventional time that escape the
black hole, and |n⟩in,τ represents their partners in the temporal-spatial di-
mension that cross the event horizon.

This reformulation presents Hawking radiation not as particles escaping
from a spatial boundary, but as a manifestation of quantum correlations
between the two temporal dimensions, with measurable particles appearing
in conventional time while their partners proceed forward in the temporal-
spatial dimension that we perceive as the interior of the black hole.

4.3 Temperature and Thermal Spectrum

In standard black hole physics, the Hawking temperature is:

T =
ℏc3

8πGMkB
(13)

In our framework, this becomes:

T =
ℏd3

8πGMkBt3
(14)

The thermal spectrum of Hawking radiation emerges naturally from the
interplay between the two temporal dimensions, with the apparent thermal-
ity reflecting our limited ability to observe only one of the two temporal
dimensions directly.
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5 Information Paradox Resolution

5.1 Information Preservation in the Temporal-Spatial
Dimension

The black hole information paradox arises from the apparent destruction of
quantum information when black holes evaporate. In our framework, this
paradox finds a natural resolution: information is preserved in the temporal-
spatial dimension, inaccessible to conventional spatial observation but not
fundamentally lost.

When matter falls into a black hole, its quantum information is encoded
in correlations along both the conventional time dimension and the temporal-
spatial dimension:

|Ψmatter⟩ =
∑
i,j

cij|ψi⟩t ⊗ |ϕj⟩τ (15)

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 (16)

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

5.2 Temporal Entanglement and Purification

In our framework, the apparent mixed state of Hawking radiation is due
to entanglement across the two temporal dimensions. As the black hole
evaporates completely, this entanglement results in a purification process
where information is recovered:

ρradiation(tfinal) = Trτ (|Ψfinal⟩⟨Ψfinal|) → |χpure⟩⟨χpure| (17)

This explains how the final state of radiation can be pure despite appear-
ing mixed during the evaporation process, reconciling the apparent contra-
diction between quantum mechanics and general relativity.

6 Observable Predictions

Our framework makes several distinctive predictions that could distinguish
it from standard black hole physics:
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6.1 Gravitational Wave Signatures

Black hole mergers in our framework should produce gravitational waves with
distinctive polarization patterns that reflect the fundamentally rotational
nature of space and the involvement of both temporal dimensions:

1. Additional polarization modes beyond the standard plus and cross po-
larizations of general relativity

2. Frequency-dependent propagation effects that reveal the underlying
”2+2” dimensional structure

3. Distinctive phase relationships in the merger waveform that reflect
temporal-dimensional interactions

6.2 Black Hole Shadow Characteristics

The shadows of supermassive black holes like M87* should exhibit subtle
characteristics that reflect our dimensional reinterpretation:

1. Asymmetries in the shadow morphology related to the temporal-spatial
nature of the third dimension

2. Distinctive intensity patterns in the surrounding accretion disk that
reflect the rotational nature of the two true spatial dimensions

3. Polarization signatures in the electromagnetic radiation from the vicin-
ity of the event horizon

6.3 Accretion Phenomena

Matter falling into black holes should display distinctive temporal signatures:

1. Modified redshift patterns that reflect the dual temporal structure near
the event horizon

2. Unique spectral features in X-ray emissions from the innermost stable
circular orbit (ISCO)

3. Quasi-periodic oscillations (QPOs) with frequency relationships that
reveal the ”2+2” dimensional structure

7 Experimental Approaches

We propose several experimental approaches to test our theory:

8



7.1 Enhanced Gravitational Wave Analysis

Data from LIGO, Virgo, and future gravitational wave observatories should
be analyzed with algorithms specifically designed to detect the polarization
patterns and phase relationships predicted by our model.

7.2 Event Horizon Telescope Extensions

Future observations by the Event Horizon Telescope could search for the
subtle asymmetries and polarization patterns predicted by our model, par-
ticularly with enhanced resolution and multi-wavelength capabilities.

7.3 X-ray Spectroscopy of Accreting Black Holes

High-resolution X-ray spectroscopy of black hole accretion disks could search
for the distinctive spectral features and temporal patterns predicted by our
framework.

8 Discussion

8.1 Theoretical Challenges

Several significant theoretical challenges remain:

1. Perceptual Reconciliation: Explaining how a temporal dimension is
perceived as spatial in everyday experience

2. Mathematical Formalism: Developing a complete mathematical frame-
work for quantum field theory in curved ”2+2” dimensional spacetime

3. Singularity Resolution: Fully resolving the mathematical structure at
the temporal extremum that replaces the conventional singularity

4. Lorentz Invariance: Ensuring compatibility with relativistic principles
in the modified dimensional framework

8.2 Comparison with Competing Theories

Our approach differs from other attempts to resolve black hole paradoxes in
several key ways:
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1. Unlike loop quantum gravity, which posits a discrete spacetime struc-
ture at the Planck scale, our approach preserves spacetime continuity
while reinterpreting its dimensional nature

2. Unlike the firewall hypothesis, which suggests a high-energy barrier at
the event horizon, our framework maintains the principle of equivalence
while reinterpreting the nature of the horizon

3. Unlike holographic approaches, which map the interior of the black
hole to its boundary, our framework reconceptualizes the interior as a
region of progression in the temporal-spatial dimension

8.3 Philosophical Implications

Our framework suggests profound shifts in our understanding of reality:

1. Illusory Barrier: The apparent impenetrability of the event horizon
may be an artifact of our perception of a temporal dimension as spatial

2. Time Supremacy: Time may be more fundamental than space, with
two temporal dimensions and only two ”true” spatial dimensions

3. Dimensional Perception: Our perception of three spatial dimensions
may be a cognitive construction that simplifies a more complex ”2+2”
dimensional reality

4. Nature of Singularities: Singularities may represent boundaries in tem-
poral structure rather than points of infinite spatial density

9 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence, when
interpreted in terms of a ”2+2” dimensional framework, provides a concep-
tually revolutionary approach to understanding black hole physics. By rein-
terpreting the event horizon as a temporal threshold rather than a spatial
boundary, and the singularity as a temporal extremum rather than a point
of infinite density, we offer potential resolutions to longstanding puzzles in
black hole physics.

Our framework provides natural explanations for Hawking radiation, black
hole thermodynamics, and the information paradox through a fundamental
reinterpretation of the dimensional structure of spacetime. It offers distinc-
tive observational predictions that could be tested with current or near-future
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instruments, potentially distinguishing our model from standard black hole
physics.

While substantial theoretical development and observational testing re-
main necessary, this approach merits further investigation as a potentially
transformative reconceptualization of black holes and our understanding of
the dimensional structure of spacetime in extreme gravitational regimes.
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