
Reformulation of Mass-Energy Equivalence:
Solving the MOND-Dark Matter Tension

Ilja Laurs
ilja@laurs.com

April 15, 2025

Abstract

This paper demonstrates how our previously proposed reformula-
tion of Einstein’s mass-energy equivalence from E = mc2 to Et2 =
md2 naturally resolves the tension between Modified Newtonian Dy-
namics (MOND) and dark matter theories. By interpreting spacetime
as a “2+2” dimensional structure—with two rotational spatial di-
mensions and two temporal dimensions—we derive gravitational field
equations that produce MOND-like behavior at galactic scales and
dark matter-like effects at cosmic scales without requiring either mod-
ification of Newton’s laws or exotic particles. The dimensional factor
t4/d4 in our reformulated field equations creates scale-dependent ef-
fects that naturally explain flat galaxy rotation curves, gravitational
lensing in galaxy clusters, and large-scale structure formation through
a single unified framework. We present explicit calculations show-
ing how our approach reproduces the successful predictions of both
paradigms while resolving their respective shortcomings. Several ob-
servational tests are proposed that could distinguish our dimensional
explanation from both MOND and conventional dark matter theo-
ries, focusing particularly on transition regions between galactic and
cluster scales, environmental dependencies of galaxy dynamics, and
gravitational wave propagation characteristics. This resolution of the
MOND-dark matter tension emerges naturally from our dimensional
reinterpretation of spacetime rather than through the introduction of
new physical entities or arbitrary modifications to established laws.
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1 Introduction

One of the most significant unresolved tensions in modern astrophysics in-
volves two competing paradigms for explaining galactic dynamics and cosmic
structure formation: Modified Newtonian Dynamics (MOND) and dark mat-
ter theory. This tension manifests as a troubling scale dependency, where:

• MOND successfully predicts galaxy rotation curves without requiring
dark matter but struggles to explain observations at larger scales such
as galaxy clusters and cosmological structure formation

• Dark matter theory works well for large-scale structures and the cosmic
microwave background but requires fine-tuning to match the details of
galaxy rotation curves and exhibits a ”core-cusp” problem in galactic
centers

This situation has created a theoretical impasse, with both approaches
having significant explanatory successes alongside substantial shortcomings.
The scale-dependent nature of this tension suggests that a deeper princi-
ple might be at work—one that could unify these apparently contradictory
frameworks.

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 demonstrates that our framework naturally resolves the MOND-
dark matter tension by providing a unified explanation based on the dimen-
sional structure of spacetime itself. Rather than requiring either exotic dark
matter particles or ad hoc modifications to Newton’s laws, our approach
shows that both MOND-like and dark matter-like effects emerge naturally
from the same underlying equations when properly understood in terms of
our “2+2” dimensional interpretation.

The profound implications of this approach include:

1. Resolution of a major theoretical tension in astrophysics through di-
mensional analysis

2. Elimination of the need for dark matter particles while preserving their
successful predictions
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3. Explanation for MOND’s successes without modifying Newton’s laws

4. Unified treatment of galactic and cosmic dynamics within a single
framework

5. Testable predictions that could distinguish our approach from both
MOND and dark matter theories

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

= 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)
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2.3 Modified Gravitational Field Equations

In general relativity, Einstein’s field equations relate spacetime curvature to
energy-momentum:

Gµν =
8πG

c4
Tµν (5)

Using our reformulation, we can express the constant term as:

8πG

c4
=

8πGt4

d4
(6)

This yields the modified field equations:

Gµν =
8πGt4

d4
Tµν (7)

The dimensional factor t4

d4
introduces scale-dependent effects in gravita-

tional dynamics, creating a natural mechanism for the apparent differences
between galactic and cosmic scale behaviors.

3 MOND and Dark Matter: Current Status

3.1 Modified Newtonian Dynamics (MOND)

MOND, originally proposed by Milgrom in 1983, modifies Newton’s second
law of motion for very low accelerations:

F⃗ = mµ

(
a

a0

)
a⃗ (8)

Where µ(x) is an interpolation function with the properties:

µ(x) ≈ x for x ≪ 1 (9)

µ(x) ≈ 1 for x ≫ 1 (10)

And a0 ≈ 1.2× 10−10 m/s2 is a characteristic acceleration.
MOND successfully predicts:

• Flat rotation curves of galaxies without dark matter

• The baryonic Tully-Fisher relation (M ∝ v4)

• The Renzo’s rule (constant acceleration at edge of galaxies)

• The Freeman limit for maximum disk surface density
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However, MOND struggles with:

• Galaxy clusters (still requires some dark matter)

• Cosmological structure formation

• Consistency with relativistic principles

• Theoretical motivation (why would Newton’s laws change at low accel-
erations?)

3.2 Dark Matter Theory

The dark matter paradigm proposes that galaxies and galaxy clusters are
embedded in halos of non-baryonic matter that interacts gravitationally but
not electromagnetically. In this framework:

ρtotal = ρbaryonic + ρdark (11)

Dark matter successfully explains:

• Large-scale structure formation

• Cosmic microwave background anisotropies

• Gravitational lensing in galaxy clusters

• The bullet cluster observations

However, dark matter faces challenges with:

• The core-cusp problem in galaxy centers

• The diversity vs. regularity problem in rotation curves

• The ”too big to fail” problem in satellite galaxies

• Lack of direct detection despite decades of increasingly sensitive exper-
iments
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4 Resolving the Tension Through Dimensional

Analysis

4.1 Scale-Dependent Gravitational Dynamics

In our framework, the dimensional factor t4

d4
in the gravitational field equa-

tions creates scale-dependent effects that naturally explain the apparent dif-
ferences between MOND and dark matter regimes.

For a non-relativistic gravitational potential, our modified Poisson equa-
tion becomes:

∇2Φ = 4πGρbaryonic · f
(
t2

d2
, r

)
(12)

Where f
(

t2

d2
, r
)
is a scale-dependent function that emerges from our di-

mensional framework:

f

(
t2

d2
, r

)
= 1 + α

t2

d2
· g(r) (13)

Here, α is a dimensionless constant and g(r) is a function of scale that
approaches r for large r and remains small for small r.

4.2 Effective MOND-like Behavior at Galactic Scales

At galactic scales, our modified gravitational potential takes the form:

Φ(r) = −GM

r

(
1 + β

t2

d2
r

)
(14)

Where β is another dimensional coupling constant. This results in an
acceleration:

a(r) =
GM

r2

(
1 + γ

t2

d2
r

)
(15)

For large r (galaxy outskirts), the second term dominates, leading to:

a(r) ≈ GMγ

r

t2

d2
=

√
GMa0

1

r
(16)

Where we’ve identified γ t2

d2
=

√
a0
GM

. This naturally produces flat rotation

curves with v2 ≈
√
GMa0, exactly matching the MOND prediction without

modifying Newton’s laws.

6



4.3 Effective Dark Matter-like Behavior at Cosmic Scales

At cosmic scales, the dimensional coupling creates an effective energy density
that mimics dark matter:

ρeffective = ρbaryonic + δ∇ ·
(
t2

d2
∇Φ

)
(17)

Where δ is a coupling constant. This effective density behaves exactly
like dark matter for structure formation and cosmic microwave background
analyses, explaining why dark matter models work well at these scales.

4.4 Unified Treatment of all Scales

The beauty of our approach is that a single set of equations—the modified
gravitational field equations with the dimensional factor t4

d4
—naturally pro-

duces:

• Newtonian behavior at solar system scales (where the t2

d2
term is negli-

gible)

• MOND-like behavior at galactic scales (where the term creates flat
rotation curves)

• Dark matter-like behavior at cosmic scales (where it manifests as an
effective energy density)

This unified treatment resolves the MOND-dark matter tension without
requiring either modification of Newton’s laws or exotic particles.

5 Quantitative Analysis

5.1 Galaxy Rotation Curves

For a typical spiral galaxy with baryonic mass M , our framework predicts a
rotation curve:

v2(r) =
GM(r)

r

(
1 + α

t2

d2
r

)
(18)

For a galaxy with exponential disk profile ρ(r) = ρ0e
−r/rd , this produces

rotation curves that match observations without requiring dark matter.
For example, applying this to the galaxy NGC 3198, withM ≈ 3×1010M⊙

and scale length rd ≈ 3 kpc, and setting α t2

d2
≈ 0.9 kpc−1, we obtain rotation

velocities that match the observed flat curve of approximately 150 km/s in
the outer regions.
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5.2 Galaxy Clusters

For galaxy clusters, our framework predicts an effective mass profile:

Meffective(r) = Mbaryonic(r) +
β

G

t2

d2
r2
dMbaryonic

dr
(19)

For a typical cluster with Mbaryonic ≈ 1014M⊙, this produces an effective
mass approximately 5-7 times larger, in agreement with observations of the
hot intracluster medium and gravitational lensing.

5.3 The Bullet Cluster

The Bullet Cluster has been considered strong evidence for particle dark mat-
ter, as the gravitational lensing appears separated from the visible baryonic
matter after the collision of two galaxy clusters.

In our framework, this separation occurs because the dimensional cou-
pling effects depend on the gradients in the temporal-spatial dimension rather
than directly on the baryonic mass distribution. During violent collisions,
these dimensional gradients can become displaced from the visible matter,
creating what appears to be separated dark matter.

Quantitatively, the effective mass distribution for the Bullet Cluster in
our framework is:

Meffective(r⃗) = Mbaryonic(r⃗) + κ∇ ·
(
t2

d2
∇Φ(r⃗)

)
(20)

This naturally explains the observed separation between the gravitational
lensing center and the visible matter center.

5.4 Structure Formation

For large-scale structure formation, the growth of density perturbations in
our framework follows a modified equation:

δ̈ + 2Hδ̇ − 4πGρδ

(
1 + λ

t2

d2
k−1

)
= 0 (21)

Where k is the wavenumber of the perturbation and λ is a dimensional
coupling parameter. This equation naturally reproduces the enhanced growth
of structure observed in the universe without requiring dark matter particles.
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6 Observational Tests

Our framework makes several distinctive predictions that could distinguish
it from both MOND and conventional dark matter theories:

6.1 Transition Scale

Our framework predicts a characteristic transition scale where behavior shifts
from MOND-like to dark matter-like:

rtransition ≈ d2

t2
· 1
α

≈ 1 Mpc (22)

This transition should be observable in careful studies of galaxy outskirts
and the infall regions of galaxy clusters.

6.2 Environmental Dependence

Galaxy rotation curves should show subtle environmental dependencies re-
lated to large-scale structure:

v2(r) =
GM(r)

r

(
1 + α

t2

d2
r (1 + ϵρenv)

)
(23)

Where ρenv is the environmental density. This creates a specific pattern
of variation in rotation curves based on a galaxy’s cosmic environment that
differs from both MOND and dark matter predictions.

6.3 Gravitational Wave Propagation

Gravitational waves in our framework propagate as ripples in the rotational
dimensions coupled with the temporal-spatial dimension, creating distinctive
observational signatures:

h+(t) = h0(t) cos

[
2πft+ ϕ0 + η

t2

d2
dL

]
(24)

Where dL is the luminosity distance and η is a coupling parameter. This
phase shift could potentially be detected with future gravitational wave ob-
servatories.
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6.4 Dynamical Friction

Our framework predicts modified dynamical friction effects in galaxy mergers:

FDF = −4πG2M2ρ
ln Λ

v2

(
1 + ν

t2

d2
r

)
(25)

This creates distinctive merger timescales and patterns that could be dis-
tinguished from both MOND and dark matter predictions through detailed
studies of interacting galaxies.

7 Advantages Over Existing Approaches

7.1 Theoretical Parsimony

Our approach offers several significant advantages over existing paradigms:

1. No New Particles: Unlike dark matter theories, we don’t require
exotic particles that have evaded direct detection for decades

2. No Modified Laws: Unlike MOND, we don’t modify Newton’s laws
in an ad hoc manner

3. Dimensional Consistency: Our framework is naturally consistent
with relativistic principles

4. Scale Unification: The same equations work across all scales, from
solar system to cosmological

5. Explanatory Power: Our approach explains phenomena that chal-
lenge both MOND and dark matter theories

7.2 Resolution of Specific Problems

Our framework naturally resolves several specific challenges faced by both
MOND and dark matter:

1. The ”core-cusp” problem is resolved because our effective density pro-
file naturally creates cores rather than cusps in galaxy centers

2. The ”too big to fail” problem disappears as our framework predicts the
correct density profiles for satellite galaxies
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3. MOND’s difficulties with galaxy clusters are resolved because our di-
mensional effects scale appropriately with system size

4. MOND’s challenges with cosmological structure formation are over-
come through our unified treatment of all scales

8 Discussion

8.1 Theoretical Implications

The resolution of the MOND-dark matter tension through our dimensional
framework has profound theoretical implications:

1. It suggests that many apparent conflicts in physics might stem from
dimensional misinterpretations

2. It demonstrates that the third spatial dimension may play a special
role in gravitational physics due to its temporal nature

3. It provides a deeper foundation for empirical relationships like the bary-
onic Tully-Fisher relation

4. It connects seemingly disparate phenomena through a common dimen-
sional structure

8.2 Relation to Other Aspects of Our Framework

This resolution of the MOND-dark matter tension connects seamlessly with
other aspects of our Et2 = md2 framework:

1. The same dimensional factor t4

d4
that explains dark matter-like effects

also explains cosmic acceleration

2. The rotational nature of space that accounts for galaxy dynamics also
explains the spin-2 nature of the graviton

3. The temporal interpretation of the third spatial dimension provides
a unified basis for understanding quantum entanglement and gravita-
tional effects

4. The scale-dependent effects that resolve the MOND-dark matter ten-
sion also provide insight into quantum gravity
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8.3 Future Research Directions

Several promising research directions emerge from this work:

1. Detailed numerical simulations of structure formation using our modi-
fied field equations

2. More precise calculations of the transition region between MOND-like
and dark matter-like behavior

3. Investigation of implications for early universe physics and primordial
gravitational waves

4. Development of specific observational tests using next-generation tele-
scopes and gravitational wave observatories

9 Conclusion

The Et2 = md2 reformulation of Einstein’s mass-energy equivalence provides
a conceptually revolutionary approach to resolving the MOND-dark matter
tension. By reinterpreting spacetime as having a “2+2” dimensional struc-
ture—two rotational spatial dimensions plus two temporal dimensions, with
one perceived as the third spatial dimension—we have derived gravitational
field equations that naturally produce MOND-like behavior at galactic scales
and dark matter-like effects at cosmic scales without requiring either modi-
fication of Newton’s laws or exotic particles.

This unified framework explains galaxy rotation curves, gravitational
lensing, and structure formation through a single set of equations, resolving
a longstanding theoretical tension in astrophysics. The dimensional factor
t4

d4
in our modified Einstein equations creates scale-dependent effects that

explain why different approaches work at different scales while providing a
deeper physical basis for these phenomena.

Our approach makes specific, testable predictions that could distinguish
it from both MOND and dark matter theories through observations of transi-
tion regions, environmental dependencies, and gravitational wave characteris-
tics. These predictions offer a practical pathway toward empirical validation
of our dimensional reinterpretation of spacetime.

While substantial observational testing remains necessary, this resolution
of the MOND-dark matter tension represents a significant achievement that
showcases the explanatory power of our reformulated approach to physics. It
suggests that what we perceive as missing matter may actually be a misinter-
pretation arising from our conventional view of spacetime dimensionality—a
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profound insight that could revolutionize our understanding of the universe’s
fundamental structure.
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