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Abstract

Theoretical physics models that incorporate multiple time dimen-
sions (T > 1) have historically been discarded due to severe patholo-
gies such as causality violation, the presence of “ghosts,” and dy-
namic instability. In this work, we argue that these anomalies are not
intrinsic to temporal multidimensionality but rather a consequence
of a categorical error: mistakenly treating time as an isotropic, re-
versible dimension. We propose a new geometric framework where
unidirectionality is not an emergent property but a defining axiom.
We formalize this distinction by dynamically restricting the tempo-
ral evolution to a positive semigroup (R+)

T through a logarithmic
barrier term in the Lagrangian. We demonstrate that, under this fun-
damental constraint, multiple time dimensions collapse into a scalar
Effective Time (Teff), recovering the hyperbolicity of the wave equa-
tions and guaranteeing a stable causal structure. We explicitly show
how this formalism resolves the known pathologies in Bars’ 2T-physics
without the need for massive gauge symmetries. Finally, we establish
that the observable limiting velocity (VL) is an emergent property,
dependent on the internal architecture of the temporal flow vector.
This approach focuses on the internal logical consistency of the
T > 1 framework, providing rigorous foundations for any theory that
postulates multiple times.
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1 Introduction: The Conceptual Problem of

Multitemporality

The structure of spacetime in standard General Relativity is defined by a
Lorentzian manifold with signature (−,+,+,+), possessing a single time
dimension (T = 1). While string theory and supergravity have normalized
the study of extra spatial dimensions (D > 4), the addition of extra temporal
dimensions (T > 1) remains a taboo in theoretical physics.

1.1 History of the Problem

The systematic rejection of multitemporal models has both technical and
conceptual roots:

Known Technical Pathologies:

• Ostrogradsky Ghosts: In theories with signatures (−,−,+,+, . . .),
modes with unbounded negative energy appear, leading to vacuum in-
stability [5].

• Causality Violation: Closed Timelike Curves (CTCs) become generic
rather than exceptional, allowing for causal paradoxes [3].

• Cauchy Problem: The generalized wave equation
∑T

i=1 c
2
i∂

2
ti
Φ−∇2Φ =

0 is not hyperbolic for T ≥ 2, lacking well-defined initial data [3].

Previous Attempts at Solution:
The most prominent work is Itzhak Bars’ 2T-physics [1, 2], which intro-

duces a second time dimension along with massive Sp(2,R) gauge symme-
tries. The price of this construction is:

1. Considerable mathematical complexity (auxiliary fields, non-physical
degrees of freedom)

2. The extra dimensions must be “hidden” through gauge projections

3. It does not provide a fundamental justification for why time must be
unidirectional

Other approaches include signature change [6], where the metric dynam-
ically transitions between different signatures, and algebraic constructions
with complex time. However, none address the fundamental ontological prob-
lem.
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1.2 The Categorical Error: Time vs. Space

We argue that the historical failure of T > 1 models is due to an ontological
classification error: implicitly assuming that temporal dimensions belong
to the same topological class as spatial ones, differing only by the sign in the
metric.

This assumption is deeply problematic. In all successful physical theories,
time possesses unique qualitative characteristics:

• Thermodynamic Irreversibility: The second law defines a time
arrow

• Causal Asymmetry: Causes precede effects, never the reverse

• Memory and Record: Only the past is informationally accessible

• Modal Structure: The future is contingent; the past, necessary

If these properties are fundamental and not merely emergent from special
initial conditions, then the topology of time must reflect this intrinsic asym-
metry. Space allows for inversion symmetries (x → −x); time does
not.

1.3 Objectives and Scope

This work does not seek to describe the phenomenology of our universe (T =
1), but to establish the conditions for internal logical consistency for
any physical theory that postulates T > 1. Our specific objectives are:

1. To elevate temporal unidirectionality from an emergent property to a
geometric axiom

2. To demonstrate that this axiom, implemented as a semigroup con-
straint, eliminates known pathologies

3. To explicitly show how the specific problems of Bars’ 2T-physics are
solved

4. To derive the limiting velocity as an emergent property of the multi-
temporal structure

5. To provide a rigorous framework for future research in T > 1 models

The validity of this framework does not depend on whether our universe
is multitemporal, but on its mathematical consistency and capacity to solve
existing conceptual problems.
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2 The Axiom of Topological Distinction

For a theory with T > 1 to be logically consistent, we must establish a
rigorous definition of a temporal dimension that distinguishes it from a spatial
dimension. The key is the flow topology.

2.1 Flow Distinction

Definition of Spatial Dimension (xi): A geometric property that allows
localization and movement in any direction. Topologically, its evolution is
reversible and characterized by an additive Translation Group.

dxi ∈ R (Translation Group) (1)

Definition of Temporal Dimension (tj): An evolution parameter
characterized by forced advancement. Its topology must reflect the non-
reversibility of causality. We postulate that temporal flow is restricted to a
positive Evolution Semigroup.

dtj ∈ R+ (Evolution Semigroup) (2)

2.2 Topological Requirement of the Temporal Dimen-
sion

This distinction implies that the configuration space for T temporal dimen-
sions is not RT , but the product of positive half-lines: (R+)

T . Any point in
the manifold that requires ṫ ≤ 0 to be reached is topologically disconnected
from accessible physical reality.

Axiom of Topological Distinction: Temporal coordinates are topo-
logically restricted to the positive cone (R+)

T , and all physical dynamics
must preserve this constraint.

The imposition of this axiom prevents the emergence of closed timelike
loops (CTCs) by construction, as reaching a “previous” state would require
ṫ < 0, which is topologically forbidden.

2.3 Comparison with Other Approaches

Contrast with Bars’ 2T-physics:

• Bars: Allows reversible time but imposes gauge symmetry to eliminate
pathological degrees of freedom
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• Our Framework: Prohibits reversible time as a fundamental axiom,
eliminating pathologies at the source

Contrast with Signature Change:

• Hartle-Hawking: The Euclidean (+,+,+,+) signature dynamically
transitions to the Lorentzian (−,+,+,+) signature

• Our Framework: The time-space distinction is absolute and non-dynamical;
the semigroup topology is invariant

Our approach is more fundamental: while other methods “repair” patholo-
gies post-hoc, we prevent them through an ontological redefinition of time
itself.

3 Constrained Lagrangian Formalism

3.1 Particle Lagrangian and Causal Barrier Potential

Consider the action of a test particle on a manifold with coordinates Xµ =
(t1, . . . , tT , x1, . . . , xD) parameterized by a proper time τ :

S =

∫
dτ (Lkinetic + Lcausal) (3)

The standard kinetic term for a diagonal metric is:

Lkinetic =
1

2

[
T∑
i=1

c2i (ṫi)
2 −

D∑
j=1

(ẋj)
2

]
(4)

where ṫi ≡ dti
dτ
.

To ensure the condition ṫi > 0, we introduce a logarithmic barrier poten-
tial:

Lcausal = µ

T∑
i=1

ln(ṫi) (5)

Where µ is a coupling constant. The term ln(ṫi) diverges to −∞ when
ṫi → 0, implying an infinite “causal force” that prevents temporal flow from
stopping or reversing.
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3.2 Equations of Motion and Causal Momentum

The Euler-Lagrange equations for a temporal coordinate tk are:

d

dτ

(
∂L
∂ṫk

)
− ∂L

∂tk
= 0 (6)

Assuming a flat spacetime, ∂L
∂tk

= 0, and we obtain the conservation of
the conjugate momentum Pk:

Pk =
∂L
∂ṫk

= c2k ṫk +
µ

ṫk
= const (7)

Interpretation of Pk: Pk is the Generalized Causal Momentum of the
dimension tk. The term c2k ṫk is the standard kinetic momentum, while µ

ṫk
is

the Causal Barrier Momentum, which quantifies the inertia imposed by the
axiom to prevent temporal reversal.

3.3 Rigorous Analysis of the Coupling Constant µ

The constant µ is the dynamic regulator of causality. Physically, it establishes
the rigidity of the Axiom of Topological Distinction.

• Classical Limit (µ → 0): In this limit, the conserved equation is
c2k ṫk = Pk. The standard, unconstrained dynamics are recovered. How-
ever, by virtue of the Axiom of Topological Distinction (Section 2), this
limit is only physically valid for solutions that already satisfy ṫk > 0. If
a solution requires ṫk ≤ 0, the limit µ → 0 violates the defining axiom
of the framework.

• Absolute Causality Limit (µ → ∞): If µ → ∞, the logarithmic
term dominates. For the Action to be finite, ṫi is strictly required
to stay away from zero. This forces a strictly non-singular causality,
preventing temporal flow from stagnating.

4 Extension to Field Lagrangian Density

The conceptual generality of the framework requires extending the Lagrangian
formalism to the case of a scalar field Φ(Xµ).
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4.1 Semigroup Constraint in the Action Functional

Instead of introducing a barrier term dependent on the temporal derivatives
of the field (which introduces complex formal pathologies), the semigroup
constraint is imposed on the temporal integration domain of the action func-
tional:

S[Φ] =

∫
(R+)T

dT t

∫
RD

dDxLfield(Φ, ∂µΦ) (8)

Where the free field Lagrangian Density is the standard one:

Lfield =
√

−g̃

(
1

2
g̃µν∂µΦ∂νΦ

)
(9)

and g̃µν = diag(c21, . . . , c
2
T ,−1, . . . ,−1).

The resulting Euler-Lagrange Equation, g̃µν∂µ∂νΦ = 0, operates exclu-
sively over the temporal semigroup domain (R+)

T .

4.2 Vector Reduction and Recovery of Hyperbolicity

The key to consistency is forced temporal unification.
1. Temporal Flow Vector (T⃗ ): The multiple temporal velocities of

the particle are projected onto a vector:

T⃗ =
T∑
i=1

ciṫi êi (10)

2. Effective Time (Teff): Teff is the scalar magnitude (arc length) that
emerges from the vector sum of temporal flows:

dTeff

dτ
= ||T⃗ || =

√√√√ T∑
i=1

c2i

(
dti
dτ

)2

(11)

4.2.1 Hyperbolicity Restored from Teff

We assume that the field Φ couples to the single global evolution parameter:
Φ = Φ(Teff, x1, . . . , xD). Under this temporal unification, the Wave Equation
□Φ = 0 is projected onto the reduced spacetime (Teff, x⃗), formally recovering
the standard Lorentzian signature (−1,+1,+1, . . .):

1

V 2
L

∂2Φ

∂T 2
eff

−∇2Φ = 0 (12)
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Where VL is the Emergent Limiting Velocity, defined as:

V 2
L =

T∑
i=1

c2i

(
ṫi
T ′
eff

)2

(13)

The rigorous derivation demonstrates that hyperbolicity is restored when
the dynamics are projected onto the Effective Time Teff, which, by construc-
tion, respects the semigroup constraint. This eliminates the tachyonic insta-
bilities typical of multitemporal signatures.

5 Application: Resolution of Pathologies in

2T-Physics

To demonstrate the practical utility of our framework, we explicitly apply
the semigroup formalism to the known problems of Bars’ 2T-physics.

5.1 Recap: Pathologies in Standard 2T-Physics

In Bars’ formalism [1, 2], a spacetime with signature (+,+,−,−, . . .) or
(−,−,+,+, . . .) with two times t1, t2 is considered. The standard Lagrangian
is:

LBars =
1

2
(ṫ21 + ṫ22 − ẋ2

1 − · · · − ẋ2
D) (14)

Problem 1: Ostrogradsky Ghosts
The free equation of motion for a scalar field is:

∂2
t1
Φ + ∂2

t2
Φ−∇2Φ = 0 (15)

This equation is elliptic in the (t1, t2) subspace, not hyperbolic. Modes
with complex frequencies ω = iΩ grow exponentially, indicating vacuum
instability.

Problem 2: Closed Timelike Curves
In the manifold R2 × RD, trajectories with ṫ1 < 0 or ṫ2 < 0 are mathe-

matically allowed, generating CTCs.
Bars’ Solution: Impose Sp(2,R) gauge symmetry that projects the two

times onto a single physical time, eliminating spurious degrees of freedom.
However, this requires:

• Introducing non-physical auxiliary fields

• Considerable mathematical complexity

• No explanation for why time is fundamentally unidirectional
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5.2 Solution via Semigroup Constraint

We apply our formalism to the T = 2 case:
Step 1: Impose Axiom of Topological Distinction
Temporal coordinates belong to (R+)

2, with mandatory flows ṫ1, ṫ2 > 0.
Step 2: Lagrangian with Causal Barrier

L =
1

2
(c21ṫ

2
1 + c22ṫ

2
2 − ẋ2) + µ(ln ṫ1 + ln ṫ2) (16)

Step 3: Construction of Effective Time
The temporal flow vector is:

T⃗ = c1ṫ1ê1 + c2ṫ2ê2 (17)

The effective time:

T ′
eff = ||T⃗ || =

√
c21ṫ

2
1 + c22ṫ

2
2 (18)

Step 4: Wave Equation Projection
Substituting Φ(t1, t2, x⃗) → Φ(Teff, x⃗), we obtain:

1

V 2
L

∂2Φ

∂T 2
eff

−∇2Φ = 0 (19)

with

V 2
L = c21

(
ṫ1
T ′
eff

)2

+ c22

(
ṫ2
T ′
eff

)2

(20)

Result: The equation is now hyperbolic, not elliptic. Ghosts are elimi-
nated without the need for gauge symmetries.

5.3 Direct Comparison: Bars vs. Our Approach

Aspect 2T-Physics (Bars) Semigroup (Our Work)
Initial Metric (±,±,−,−, . . .) (+,+,−,−, . . .)
Temporal Reversibility Allowed Axiomatically Forbidden
Ghost Elimination Sp(2,R) Gauge Symmetry Projection to Teff

Auxiliary Fields Necessary Unnecessary
CTCs Eliminated by gauge Topologically Impossible
Complexity High Medium
Fundamentality Phenomenological Ontological

Conclusion: Our framework achieves the same physical results (elimi-
nation of pathologies) through a conceptually simpler and more fundamental
strategy: redefining the nature of time instead of imposing ad-hoc gauge
constraints.

9



6 Implications and Discussion

6.1 Emergent Limiting Velocity (VL)

A fundamental result of this formalism, applicable to any hypothetical T > 1
universe that satisfies the axiom, is that the limiting velocity of information
propagation (VL) is not a fundamental constant imposed on the metric, but
the result of projecting the internal velocities ci in the multiple temporal
dimensions.

The magnitude VL (which we identify with c in our T = 1 universe) is
an emergent dynamic limit imposed by the internal temporal architecture
of spacetime, and not a pre-established, immutable constant in all models.
This provides a formal and dynamic justification for the existence of a finite
limiting velocity.

6.2 Latent Dimensions

The formalism is consistent with the existence of temporal dimensions that
exist topologically but remain “latent.” This occurs when the contribution
to the temporal flow is zero or negligible: ck ṫk ≈ 0. These dimensions do
not flow (or flow infinitely slowly relative to Teff), remaining decoupled from
observable causal dynamics, justifying why a T > 1 universe can be observed
as T = 1.

6.3 Limitations of the Framework and Future Work

It is important to be explicit about what this framework is not intended to
achieve:

Not a Theory of Everything:

• We do not explain why our universe appears to be T = 1

• We do not provide a compactification or dimensional reduction mech-
anism

• We do not address quantization or quantum effects in T > 1

Not Phenomenology:

• We do not make testable predictions for experiments

• We do not connect with cosmological observations

• We do not propose that our universe is multitemporal
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What we do provide:

• Necessary conditions for logical consistency in T > 1 theories

• Conceptual resolution of known pathologies

• Rigorous framework for future theoretical developments

• Ontological foundation for the time-space distinction

Future Work:

• Extension to gauge theories and gravitation

• Quantization of the formalism

• Analysis of symmetries and conservation laws in (R+)
T

• Explicit examples with T = 2 and T = 3 (see Appendix for T = 2 case)

• Connection with thermodynamics and the arrow of time

7 Conclusion

We have presented a theoretical framework where the multiplicity of tem-
poral dimensions is compatible with strict causality. By elevating the uni-
directionality of time to the status of a geometric axiom (semigroup) and
implementing it through a restrictive Lagrangian and a constraint on the
field Action domain, we avoid the historical pathologies of T > 1 models.

The fundamental contribution of this work is not phenomenological but
conceptual : we demonstrate that the failure of multitemporal models is not
inevitable, but a consequence of incorrectly treating the topological nature
of time. This approach:

1. Transforms the limiting velocity from a fundamental constant to an
emergent dynamic property

2. Offers a consistent justification for the apparent one-dimensionality of
our time

3. Provides a rigorous framework for theories that postulate T > 1

4. Resolves the pathologies of 2T-physics without complex gauge machin-
ery
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The robustness of this framework lies in its internal logical consistency
for any hypothetical T > 1 universe that satisfies the Axiom of Topological
Distinction. Whether or not our universe is multitemporal, this formalism
establishes the conditions under which such a structure would be coherent.

A Explicit Example: Symmetric T = 2 Case

To make the formalism concrete and demonstrate its practical applicability,
we thoroughly develop the case of two temporal dimensions with complete
symmetry. This example serves as a prototype for understanding the general
structure of any T > 1 model.

A.1 System Configuration

Consider a manifold with coordinates (t1, t2, x, y, z) where:

• t1, t2 ∈ R+: Two temporal dimensions with flows ṫ1, ṫ2 > 0

• x, y, z ∈ R: Three standard spatial dimensions

• Symmetry: c1 = c2 = c (both temporal dimensions have the same
“characteristic velocity”)

Particle Lagrangian:

L =
1

2

[
c2(ṫ21 + ṫ22)− (ẋ2 + ẏ2 + ż2)

]
+ µ(ln ṫ1 + ln ṫ2) (21)

A.2 Equations of Motion

A.2.1 Conjugate Momenta

For t1:

P1 =
∂L
∂ṫ1

= c2ṫ1 +
µ

ṫ1
(22)

By symmetry, P2 = c2ṫ2 + µ
ṫ2
. In flat spacetime, these momenta are

conserved.

A.2.2 Solution for Temporal Flows

From the equation P1 = c2ṫ1 +
µ
ṫ1
, multiplying by ṫ1:

c2ṫ21 − P1ṫ1 + µ = 0 (23)
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Solving the quadratic equation:

ṫ1 =
P1 ±

√
P 2
1 − 4c2µ

2c2
(24)

For real solutions to exist, we need P 2
1 ≥ 4c2µ, which imposes a physical

restriction on the admissible causal momenta. We take the positive root
(since ṫ1 > 0):

ṫ1 =
P1 +

√
P 2
1 − 4c2µ

2c2
(25)

A.3 Symmetric Case: P1 = P2 = P

We assume that both temporal dimensions evolve symmetrically: ṫ1 = ṫ2 = ṫ.
This implies P1 = P2 = P .

A.3.1 Symmetric Temporal Flow

From the quadratic equation:

ṫ =
P +

√
P 2 − 4c2µ

2c2
(26)

Numerical Example 1: Let c = 1 (natural units), µ = 0.25, P = 2:

ṫ =
2 +

√
4− 4(1)(0.25)

2(1)
(27)

=
2 +

√
3

2
(28)

≈ 1.866 (29)

Therefore, ṫ1 = ṫ2 ≈ 1.866.

A.3.2 Temporal Flow Vector

The flow vector in the two-dimensional temporal space:

T⃗ = cṫ1ê1 + cṫ2ê2 = cṫ(ê1 + ê2) (30)

Geometric Interpretation: In the (t1, t2) plane, the vector T⃗ points
in the bisector direction (45◦ angle), indicating symmetric evolution in both
temporal dimensions.
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A.3.3 Effective Time

The magnitude of the flow vector:

dTeff

dτ
= ||T⃗ || =

√
c2ṫ2 + c2ṫ2 = cṫ

√
2 (31)

Crucial Result: For the symmetric T = 2 case, the effective time is:

T ′
eff =

√
2 cṫ (32)

With our numerical values (c = 1, ṫ ≈ 1.866):

T ′
eff ≈

√
2× 1.866 ≈ 2.639 (33)

A.3.4 Emergent Limiting Velocity

The limiting velocity is calculated as:

V 2
L = c2

(
ṫ1
T ′
eff

)2

+ c2
(

ṫ2
T ′
eff

)2

(34)

For the symmetric case:

V 2
L = 2c2

(
ṫ

cṫ
√
2

)2

= 2c2 · 1

2c2
= 1 (35)

Fundamental Result: In the symmetric T = 2 case, the emergent
limiting velocity is:

VL = c (36)

This demonstrates that the characteristic velocity of each temporal di-
mension (c) projects exactly as the observable limiting velocity in the reduced
spacetime.

A.4 Asymmetric Case: Dominant Temporal Dimen-
sion

Let us now consider a case where one temporal dimension dominates the
other.
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A.4.1 Asymmetric Configuration

Let P1 = 3 (dominant dimension) and P2 = 1.2 (subdominant dimension),
with c = 1, µ = 0.25. The minimum momentum required for a real solution
is Pmin = 2

√
c2µ = 1. Both are above the threshold.

For t1:

ṫ1 =
3 +

√
9− 1

2
=

3 +
√
8

2
≈ 2.914 (37)

For t2:

ṫ2 =
1.2 +

√
1.44− 1

2
=

1.2 +
√
0.44

2
≈ 0.932 (38)

A.4.2 Asymmetric Flow Vector

T⃗ = 2.914ê1 + 0.932ê2 (39)

The vector points predominantly in the t1 direction (angle≈ 17.7◦ relative
to the t1 axis).

A.4.3 Asymmetric Effective Time

T ′
eff =

√
(2.914)2 + (0.932)2 (40)

=
√
8.491 + 0.869 (41)

≈ 3.059 (42)

A.4.4 Limiting Velocity in Asymmetric Case

V 2
L =

(
2.914

3.059

)2

+

(
0.932

3.059

)2

(43)

≈ (0.953)2 + (0.305)2 (44)

≈ 0.908 + 0.093 (45)

= 1.001 ≈ 1 (46)

Result: Even with asymmetric temporal flows, VL ≈ c. The limiting
velocity is robust against asymmetries in the individual temporal flows.
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A.5 Latent Temporal Dimension

A.5.1 Latent Dimension Limit

Consider the extreme case where P2 → Pmin = 2
√
c2µ. In this limit:

ṫ2 →
2
√
c2µ

2c2
=

√
µ

c
(47)

For c = 1, µ = 0.25: ṫ2 → 0.5.
If simultaneously P1 ≫ 2

√
c2µ, then ṫ1 ≫ ṫ2.

Numerical Example 2: P1 = 10, P2 = 1 (near the minimum):

ṫ1 ≈
10 +

√
100− 1

2
≈ 9.95 (48)

ṫ2 ≈
1 +

√
1− 1

2
= 0.5 (49)

Ratio: ṫ1
ṫ2
≈ 19.9. Dimension t2 is almost 20 times slower than t1.

A.5.2 Dominated Effective Time

T ′
eff =

√
(9.95)2 + (0.5)2 ≈

√
99.0 + 0.25 ≈ 9.963 (50)

The contribution of t2 is barely 0.25
99.25

≈ 0.25% of the total temporal flow.

A.5.3 Physical Interpretation

In this regime, dimension t2 is effectively latent:

• It exists topologically (t2 ∈ R+)

• It flows positively (ṫ2 = 0.5 > 0), respecting the axiom

• But its contribution to the observable dynamics is negligible

This provides a natural mechanism to explain why a T = 2 universe
could be observed as T = 1: one temporal dimension could be present but
dynamically “frozen.”
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A.6 Wave Equation in the Reduced Space

For a scalar field Φ(Teff, x, y, z) in the symmetric case:
Projected Wave Equation:

1

c2
∂2Φ

∂T 2
eff

−
(
∂2Φ

∂x2
+

∂2Φ

∂y2
+

∂2Φ

∂z2

)
= 0 (51)

This is the standard (1 + 3)-dimensional wave equation with signature
(−,+,+,+).

Plane Wave Solution: Let us test Φ = Aei(kTeff−k⃗·x⃗):

1

c2
(−k2)− (−(k2

x + k2
y + k2

z)) = 0 (52)

k2
x + k2

y + k2
z =

k2

c2
(53)

This is the standard dispersion relation ω = c|⃗k|, confirming that:

1. The equation is hyperbolic (not elliptic as in unconstrained multitem-
poral models)

2. Waves propagate at velocity c

3. There are no tachyonic modes or ghosts

A.7 Stability Analysis

A.7.1 Perturbations to Symmetric Flow

Consider small perturbations: ṫ1 = ṫ+ δ1, ṫ2 = ṫ+ δ2.
The causal momentum for t1:

P1 = c2(ṫ+ δ1) +
µ

ṫ+ δ1
(54)

Expanding to first order in δ1:

P1 ≈ c2ṫ+ c2δ1 +
µ

ṫ
− µδ1

ṫ2
+O(δ21) (55)

The coefficient of δ1 is:

∂P1

∂ṫ1
= c2 − µ

ṫ2
(56)
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For the system to be stable (restoring response), we need ∂P1

∂ṫ1
> 0:

c2 >
µ

ṫ2
⇒ ṫ >

√
µ

c2
(57)

With c = 1, µ = 0.25: we need ṫ > 0.5. In our symmetric case, ṫ ≈
1.866 > 0.5, confirming stability.

A.8 Resumen de Resultados para T = 2

Caso Simétrico Asimétrico
ṫ1 1.866 2.914
ṫ2 1.866 0.932
T ′
eff 2.639 3.059

VL/c 1.000 1.001

Ángulo T⃗ 45 17.7
Contribución t2 50% 9.3%

Conclusiones del Ejemplo T = 2:

1. El formalismo produce ecuaciones de onda hiperbólicas estables

2. La velocidad ĺımite emergente VL = c es robusta

3. Las dimensiones latentes son naturalmente permitidas

4. Las perturbaciones son estables para ṫ >
√

µ/c2

5. El caso simétrico recupera exactamente la estructura (1+3)-dimensional
estándar
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