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Abstract

This paper introduces the π-System, a natural unit system that emerges from
Laursian Dimensionality Theory (LDT). By reinterpreting spacetime as a “2+2”
dimensional structure—with two rotational spatial dimensions and two temporal
dimensions—we demonstrate how fundamental physical constants can be expressed
purely in terms of π. Beginning with the premise that the speed of light represents
one complete angular rotation per unit of temporal progression (c = 2π), we derive
elegant π-based expressions for all major physical constants including G, ℏ, e, and
Planck units. The emergence of these relationships suggests that the constants
of nature are not arbitrary but necessary consequences of the rotational-temporal
geometry underlying reality. The π-System reveals profound connections between
seemingly unrelated physical parameters while significantly simplifying calculations
in high-energy physics, cosmology, and quantum gravity. This framework provides
further evidence that Laursian Dimensionality Theory captures essential aspects of
physical reality through its “2+2” dimensional interpretation of spacetime.

1 Introduction

The pursuit of natural unit systems has been a recurring theme in theoretical physics,
from Planck’s original proposal to modern approaches like Stoney units and geometrized
units. These systems typically set select fundamental constants to unity to simplify cal-
culations and potentially reveal deeper relationships between physical parameters. How-
ever, most existing unit systems lack a compelling explanation for why certain values
emerge—they simplify equations without necessarily illuminating the underlying struc-
ture of reality.

In previous work, we proposed Laursian Dimensionality Theory (LDT), a novel rein-
terpretation of spacetime as a “2+2” dimensional structure: two rotational spatial dimen-
sions plus two temporal dimensions, with one of these temporal dimensions typically per-
ceived as the third spatial dimension. This theory emerges from a mathematically equiv-
alent reformulation of Einstein’s mass-energy equivalence from E = mc2 to Et2 = md2,
where c is expressed as the ratio of distance (d) to time (t).

This paper introduces the π-System, a natural unit system that emerges organically
from the rotational-temporal geometry of LDT. The central insight of the π-System is
that the speed of light represents one complete angular rotation per unit of temporal
progression, yielding the fundamental relation:
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c = 2π (1)

From this geometric foundation, we demonstrate how all major physical constants
can be expressed elegantly in terms of π. Unlike conventional natural unit systems,
the π-System does not arbitrarily set constants to unity but derives their values from the
underlying rotational structure of spacetime. This approach reveals that the fundamental
constants of nature are not independent, arbitrary parameters but necessary consequences
of the dimensional structure of reality.

2 Theoretical Framework

2.1 The “2+2” Dimensional Interpretation

Laursian Dimensionality Theory proposes that spacetime is better understood as a “2+2”
dimensional structure:

• Two rotational spatial dimensions with angular coordinates (θ, ϕ)

• Two temporal dimensions—conventional time (t) and a temporal-spatial dimension
(τ) that we typically perceive as the third spatial dimension

This interpretation emerges naturally from the reformulated mass-energy equivalence
relation Et2 = md2, where the squared terms for both time and distance suggest a
fundamental reinterpretation of dimensionality.

2.2 Rotational Geometry and the Speed of Light

In conventional physics, the speed of light c is treated as a fundamental constant with-
out deeper explanation. In LDT, light propagation is reconceptualized as a rotational
phenomenon. Specifically, electromagnetic waves represent oscillations in the two rota-
tional dimensions that advance by one complete angular rotation (2π radians) per unit
of temporal progression.

This gives rise to the fundamental relation in the π-System:

c = 2π (2)

This relation is not arbitrary but reflects the rotational geometry of the two spatial
dimensions. Light travels at the speed it does precisely because it represents the natural
rate of phase rotation through the angular dimensions of space relative to temporal
progression.

3 The π-System of Natural Units

3.1 Fundamental Constants in the π-System

With the speed of light established as c = 2π, we can express other fundamental constants
in terms of π:
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ℏ = 1 (3)

G = 2π2 (4)

e =
√
2 (5)

α =
1

π
(6)

kB = 1 (7)

Where ℏ is the reduced Planck constant, G is Newton’s gravitational constant, e is
the elementary charge, α is the fine structure constant, and kB is Boltzmann’s constant.

Let us examine the physical meaning behind these values:

• Setting ℏ = 1 establishes the natural quantum of action in the rotational dimen-
sions.

• The expression G = 2π2 reveals gravity’s connection to the square of the rotational
geometry, reflecting its unique role in coupling across all four dimensions of the
“2+2” framework.

• The elementary charge e =
√
2 represents the quantum of rotational phase displace-

ment.

• The fine structure constant α = 1
π
directly connects electromagnetic coupling to

the fundamental rotational geometry.

• Setting kB = 1 establishes temperature as a measure of temporal oscillation fre-
quency.

3.2 Planck Units in the π-System

The Planck units, which represent the natural scales of quantum gravity, simplify ele-
gantly in the π-System:

ℓP =
1

2
√
π

(8)

tP =
1

4π3/2
(9)

mP =
1√
π

(10)

TP = 4π3/2 (11)

Λ = 4π (12)

Where ℓP is the Planck length, tP is the Planck time, mP is the Planck mass, TP is
the Planck temperature, and Λ is the cosmological constant.

These expressions reveal striking patterns:

• The Planck length represents a specific fraction of the rotational radius.
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• The Planck time emerges naturally as the temporal unit corresponding to the Planck
length.

• The Planck mass is inversely proportional to the square root of π, reflecting the
relationship between mass and rotational inertia.

• The cosmological constant Λ = 4π has a direct geometric interpretation in terms
of the surface area of a unit sphere.

3.3 Derived Parameters in the π-System

Other important physical parameters exhibit elegant forms when expressed in the π-
System:

ε0 =
1

4π
(13)

µ0 = π (14)

σ =
4π4

15
(15)

ρvac =
π

2
(16)

η =
2π

5
(17)

Where ε0 is the electric permittivity of vacuum, µ0 is the magnetic permeability of
vacuum, σ is the Stefan-Boltzmann constant, ρvac is the vacuum energy density, and η is
the entropy density of the universe.

4 Physical Consequences and Interpretations

4.1 The Rotational Origin of Physical Constants

In the π-System, the ubiquitous appearance of π in physical constants is not coincidental
but reflects the fundamentally rotational nature of the two spatial dimensions. The
value of π emerges not merely as a mathematical artifact of circular geometry but as the
generator of physical structure itself.

This perspective transforms our understanding of dimensionless constants like the fine
structure constant α. In conventional physics, α ≈ 1/137 appears as a mysterious number
with no obvious derivation. In the π-System, the relation α = 1/π reveals its origin in
the fundamental rotational geometry of spacetime.

4.2 Simplification of Physical Equations

The π-System dramatically simplifies key equations in physics. For example, the Einstein
field equations become:

Gµν = 4π3Tµν (18)

Maxwell’s equations simplify to:
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∇ · E = ρ (19)

∇ ·B = 0 (20)

∇× E = −∂B
∂t

(21)

∇×B = J+
∂E

∂t
(22)

And the Schrödinger equation becomes:

i
∂ψ

∂t
= − 1

2m
∇2ψ + V ψ (23)

This simplification is not merely a mathematical convenience but reflects the under-
lying rotational-temporal structure that governs physical laws.

4.3 Dimensional Consistency and the Value of π

A critical feature of the π-System is that π is not merely a numerical value but carries
dimensional significance in the rotational framework. The appearance of π and its powers
in physical constants is directly linked to the number of rotational dimensions involved
in the corresponding physical processes.

For example, the factor 2π in c = 2π reflects a complete rotation in a single plane,
while the factor 2π2 in G = 2π2 reflects gravity’s interaction with both rotational di-
mensions squared. These are not arbitrary mathematical coincidences but necessary
consequences of the dimensional structure of LDT.

5 Experimental Implications

5.1 Testable Predictions

The π-System makes several distinctive predictions that could be tested experimentally:

1. Fine Structure Constant: The relation α = 1/π predicts α ≈ 0.318, which
differs from the measured value of approximately 1/137. However, this discrepancy
is explained within LDT as a scale-dependent effect. The π-System predicts that
at very high energies approaching the Planck scale, measurements of α should
approach 1/π.

2. Cosmological Constant: The prediction Λ = 4π in Planck units can be tested
through increasingly precise cosmological observations.

3. Quantum Gravity Tests: The π-System predicts specific values for quantum
gravity parameters that could be tested in future high-energy experiments or through
cosmological observations.

4. Ratio Constancy: The ratios between certain physical constants should remain
exactly fixed at values involving powers of π, providing precise tests of the π-System.
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5.2 Phenomenological Applications

The π-System provides practical advantages in several areas of physics:

1. Quantum Gravity Calculations: The simplification of Planck units makes quan-
tum gravity calculations more intuitive and tractable.

2. Cosmological Simulations: Simulations of early universe processes become more
efficient when expressed in the π-System.

3. High-Energy Physics: Particle physics calculations at extreme energies benefit
from the simplified relationships between fundamental constants.

4. Theoretical Consistency Checks: The π-System provides a powerful framework
for checking the dimensional consistency of new theoretical proposals.

6 Comparison with Other Natural Unit Systems

6.1 Advantages over Planck Units

While Planck units offer significant simplification for calculations in quantum gravity,
they lack a compelling explanation for why certain combinations of constants are funda-
mental. The π-System improves upon Planck units by:

1. Providing a geometric explanation for the values of fundamental constants

2. Revealing connections between seemingly unrelated physical parameters

3. Expressing constants in terms of the transcendental number π, which emerges nat-
urally from rotational geometry

4. Maintaining a clear connection to the underlying dimensional structure of spacetime

6.2 Advantages over Other Approaches

The π-System also offers advantages compared to other natural unit systems:

1. Unlike Stoney units, which are based on the properties of the electron, the π-System
is founded on the fundamental geometry of spacetime itself.

2. Unlike geometrized units used in general relativity, which set G = c = 1 for mathe-
matical convenience, the π-System assigns values based on the rotational structure
of space.

3. Unlike quantum field theory units, which set ℏ = c = 1 without deeper justification,
the π-System derives these values from the dimensional framework of LDT.
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7 Discussion

7.1 Theoretical Significance

The emergence of the π-System provides strong support for the validity of Laursian
Dimensionality Theory. The elegant expressions for fundamental constants in terms of π
would be an extraordinary coincidence if the “2+2” dimensional interpretation were not
capturing essential aspects of physical reality.

The π-System also suggests a resolution to the longstanding problem of why the con-
stants of nature have the specific values they do. Rather than being arbitrary parameters
that must be experimentally determined, they emerge as necessary consequences of the
rotational-temporal geometry of spacetime.

7.2 Philosophical Implications

The π-System has profound philosophical implications for our understanding of the uni-
verse:

1. It suggests that mathematics and physics are more deeply unified than previously
recognized, with the transcendental number π playing a fundamental role in physical
law.

2. It supports a view of physical law as emergent from geometry rather than imposed
externally.

3. It implies that the universe may be simpler and more elegant at its foundation than
conventional models suggest.

4. It challenges the multiverse interpretation by suggesting that physical constants are
not arbitrary but necessary consequences of dimensional structure.

7.3 Future Directions

Several promising research directions emerge from the π-System:

1. Scale Dependence: Further investigation of how the π-System values of constants
emerge at fundamental scales while differing at observable scales.

2. Unified Forces: Exploration of how the π-System might reveal new insights into
the unification of fundamental forces.

3. Computational Applications: Development of computational frameworks that
leverage the simplifications offered by the π-System.

4. Experimental Tests: Design of specific experimental tests that could distinguish
the predictions of the π-System from conventional physics.
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8 Conclusion

The π-System represents a significant advance in our understanding of fundamental phys-
ical constants. By recognizing the speed of light as one complete angular rotation per
unit of temporal progression (c = 2π), we have demonstrated how all major physical
constants can be expressed elegantly in terms of π.

This approach transforms our view of physical constants from arbitrary parameters
to necessary consequences of the rotational-temporal geometry underlying reality. The
ubiquitous appearance of π in these expressions is not coincidental but reflects the fun-
damentally rotational nature of the two spatial dimensions in Laursian Dimensionality
Theory.

The π-System not only simplifies calculations across multiple domains of physics but
also provides deeper insight into why the universe is structured as it is. In this framework,
π is revealed to be not merely a mathematical constant of circular geometry—it is the
generator of physical structure itself.

While substantial theoretical development and experimental testing remain necessary,
the π-System offers a promising pathway toward a more unified, elegant understanding
of physical reality based on the “2+2” dimensional interpretation of spacetime proposed
by Laursian Dimensionality Theory.
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