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ABSTRACT

Abstract

This paper introduces the Theory of Universal Contraction and Trans-Spatial Motion, a conceptual
framework proposing that large-scale displacement across cosmological distances can be achieved
without superluminal velocities. Standard relativity forbids faster-than-light travel for massive objects
within a fixed spacetime geometry. However, this limitation applies only to motion within space, not
to transformations of the spatial metric itself. By considering a reversible manipulation of the cosmic
scale factor a(t), specifically through temporary or localized universal contraction, spatial separations
between distant points become significantly reduced. Under this transformation, an object can
undergo finite displacement while all physical velocities remain subluminal in the contracted frame.

We formalize this mechanism using modified Friedmann—Robertson—Walker (FRW) metrics and
present the coordinate transformations that map large cosmological intervals to small, traversable
regions during contraction. The resulting “trans-spatial motion” permits repositioning across regions
that would otherwise require superluminal speeds, without violating causality or altering the
structure of the light cone. Because the motion occurs relative to a dynamically rescaled geometry,
the theory is compatible with relativity and does not require exotic matter, negative energy densities,
or spacetime tearing as in wormhole or warp-drive models.

This framework suggests a new pathway for intergalactic and intercluster-scale transport, grounded
purely in metric reparameterization rather than propulsion. Possible implications for cosmology,
information structure, and spacetime symmetries are discussed, along with open questions regarding
energetic feasibility and the physical mechanisms required for reversible scale manipulation.

1. Introduction

The speed of light in vacuum, ¢, defines the ultimate upper bound for the propagation of information
and for the motion of massive bodies within the framework of special relativity. This constraint is
preserved in general relativity, where local physics must remain consistent with the structure of the
light cone regardless of large-scale gravitational dynamics. As a consequence, conventional
approaches to interstellar or intergalactic travel face fundamental limitations: traversing cosmological
distances would require timescales far exceeding the lifespan of any technological civilization.

Several theoretical frameworks have proposed mechanisms to circumvent this limitation—not by
exceeding c, but by altering the geometry of spacetime itself. Wormholes, Alcubierre-type warp
drives, and other metric engineering concepts aim to contract or bypass the intervening spatial
interval. However, these models generally require non-physical stress—energy tensors, exotic matter
with negative energy density, quantum instabilities, or extreme boundary conditions that lack realistic
physical motivation.



In contrast to these approaches, the present work explores a conceptually simpler and potentially
more consistent alternative: cosmological scale manipulation. The observable universe is described
by a time-dependent scale factor a(t), which governs the expansion of space in Friedmann—
Robertson—Walker (FRW) cosmology. This expansion stretches physical distances between comoving
points without requiring any local motion. If expansion can increase spatial separations while all local
velocities remain subluminal, then, in principle, a reverse process—a controlled contraction of the
scale factor—should analogously reduce those separations.

This idea forms the basis of the Universal Contraction and Trans-Spatial Motion framework. In this
model, a temporary, reversible contraction of the spatial metric reduces cosmological distances to a
scale where finite, subluminal motion achieves effective repositioning across regions that would
otherwise be separated by billions of light years. When the metric is restored to its original scale, the
object occupies a new location in the expanded universe, without ever having exceeded the speed of
light in any locally measured frame.

The motivation for exploring this model is twofold. First, it proposes a novel pathway for resolving the
long-standing challenge of non-superluminal transport across cosmological domains. Second, it
highlights a fundamental symmetry in the interpretation of large-scale geometry: if metric expansion
can separate comoving points without violating relativity, then metric contraction may permit their
relative convergence without violating it either, provided causality is preserved.

The remainder of this paper formalizes this idea mathematically, constructs the relevant coordinate
transformations, examines the causal structure of the contracted geometry, and discusses the
potential physical implications and limitations of reversible scale manipulation.

2. Background and Theoretical Foundations

The formal structure of the Theory of Universal Contraction and Trans-Spatial Motion builds upon
standard relativistic cosmology, particularly the Friedmann—Robertson—Walker (FRW) metric, which
describes a spatially homogeneous and isotropic universe. In this section, we summarize the key
mathematical components relevant to scale manipulation, comoving versus physical motion, and the
preservation of causality.

2.1 FRW Metric and the Scale Factor

The large-scale geometry of the universe is characterized by the FRW line element:

d 2
ds? = —c?dt? + a(t)?[———— +1r2dQ0?],
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where
e a(t)is the cosmological scale factor,
e k €{-1,0,+1}is the spatial curvature parameter,

e ris the comoving radial coordinate,

e dQZis the metric on the unit 2-sphere.



Physical distances evolve as:

Dphys(t) = a(t) Dcomoving

This fundamental relation implies that large-scale expansion or contraction alters distances without
requiring any local motion. This property is central to the proposed mechanism.

2.2 Comoving Frames and Local Velocities

In an expanding universe, an object at rest in comoving coordinates has no physical velocity relative
to the local spacetime. This is consistent with the fact that galaxies recede from one another due to
increasing a(t), not because they travel through space.

The physical velocity is given by:

dr
vphys = a(t) E

and is constrained by:

| Vohys 1< €

No coordinate transformation of the metric can alter the requirement that locally measured
velocities remain subluminal.

However, repositioning in comoving coordinates becomes possible if the metric itself is manipulated.

2.3 Contraction as a Reverse of Expansion
In standard cosmology:

a(t) >0 = expansion

A hypothetical metric contraction would satisfy:

a(t) <0

This contraction need not reflect the physical evolution of the real universe; within the theoretical
framework presented here, it is treated as a reversible and controllable transformation of the spatial
geometry.

Under such contraction:
e physical distances shrink,
e comoving coordinates become effectively compressed,

e causal structure (light cones) remains unchanged as long as the contraction is applied
uniformly or locally with appropriate boundary continuity.



Crucially, contraction does not induce superluminal motion:

, . dr
Vphys = @ (t)E <c
even if significant “effective displacement” occurs after the metric is restored.

2.4 Light Cones and Causality
For the theory to remain fully compatible with relativity, the causal structure must be preserved.
The light cone condition:

ds? =0

must remain invariant under contraction. The essential requirement is that the transformation:

a(t) > La(t)(A < 1)

does not alter the sign structure of the metric. Since the temporal part remains unchanged and only a
conformal factor is applied to spatial intervals, causality is preserved.

This distinguishes universal contraction from non-physical proposals such as spacetime tearing or
superluminal tunneling.

2.5 Motivation for Scale-Based Transport

A reversible contraction maps distant points into closer physical proximity. A modest displacement
during the contracted phase corresponds to extremely large displacement in the restored metric:

Qrestored
Dﬁnal = Dtravel

Qcontracted

Hence:
¢ No violation of c.
¢ No need for exotic matter.
e No instability in the causal structure.

This creates the foundation for Trans-Spatial Motion: motion evaluated not by velocities exceeding c,
but by exploiting changes in the spatial metric to achieve effective relocation.

3. Universal Contraction Model

A Mathematical Formulation of Reversible Scale Manipulation



Universal contraction is modeled as a temporary, controlled transformation of the cosmological scale
factor a(t). This transformation is not treated as a natural cosmological evolution but as a theoretical
operation on the spatial metric designed to reduce physical distances without modifying local causal
structure.

In this section, we formalize the contraction operator, derive the coordinate mappings relevant to
trans-spatial motion, and prove that the resulting motion remains non-superluminal.

3.1 Definition of the Contraction Operator

Let the standard FRW scale factor be a(t).
We introduce a contraction transformation:

a(t) = a;(t) =1a(t)

where

0<1k1

represents the degree of universal contraction.
e If 1 = 1: no contraction
e If 1 = 107°: universe becomes one-millionth its size
e If A — 0: extreme contraction, distances vanish

This contraction can be viewed as a conformal rescaling of the spatial metric:

gij = Azgij

with time component unchanged:

Joo = Yoo

3.2 Effect on Physical Distance

Given two comoving points separated by coordinate distance Ar:

Dphys, original = a(t) Ar

After contraction:

Dphys, contracted — A a(t) Ar

Thus:

Dphys, contracted — A Dphys, original



3.3 Lemma 1 — No Local Superluminal Motion

Lemma:
A contraction a(t) — Aa(t)cannot induce superluminal velocities for any massive or massless
particle.

Proof:

Local physical velocity is given by:

dr
Uphys = a(t)a

Under contraction:

, dr dr
VUphys = A (t) E = Aa(t) E

Thus:

! —
vphys =1 Uphys

Since0 <A< 1:

!

| Vphys
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3.4 Lemma 2 — Effective Displacement After Restoration

During contraction, an object moves a small physical distance D, ,q|-
When the scale factor is restored:

ay(t) = a(t)

that small displacement corresponds to a drastically larger distance in the uncontracted universe.

Lemma:
Effective displacement is scaled by A71.

1
Dﬁnal = I Dtravel

Proof:
During contraction:

Dtravel = al(t) Ar = Aa(t) Ar



After restoration:

1
Dﬁnal = a(t) Ar = thravel

3.5 Definition — Trans-Spatial Motion
We define Trans-Spatial Motion as:

Motion performed during a contracted-scale phase whose effective displacement in the restored
metric exceeds any displacement achievable at subluminal speeds in the original metric.

Formally:

dx
TSM = {x(t) | | I |< ¢ during contraction, Dgpa > Divaver}

3.6 Mapping Between Coordinates
Contracted comoving coordinate:

n=r

Physical coordinates:

Xohys = a(t) T
() r =da(t)r

’
xphys

Restoration mapping:

1 /
Xfinal = ixphys

Thus the full transformation is:

contraction motion restoration

Xinitial - Xinitial Xfinal - Xfinal

3.7 Theorem — Large-Scale Displacement Without Superluminal Travel

Theorem:
Let 4 < 1be a contraction factor and Dy, the distance covered during the contracted phase at
subluminal velocities. Then the effective displacement after restoration is:



1
Dﬁnal = z Dtravel

and can exceed any cosmological distance for sufficiently small A, while all local velocities remain
below c.

Proof:
Immediate from Lemma 1 and Lemma 2.

4. Causal Structure and Light Cone Preservation

The viability of any metric-based transport framework depends on strict adherence to causal
structure. Regardless of how the spatial geometry is manipulated, the transformation must preserve
the orientation and topology of the light cone to avoid violations of relativity or paradoxical
propagation of information.

This section demonstrates that universal contraction, as defined in our framework, is a conformal
spatial transformation that leaves the causal order of events invariant.

4.1 Light Cone Condition Under Metric Contraction
The light cone is defined by null intervals:

ds? = 0.

For the FRW metric:

ds? = —c2dt? + a(t)?y;jdx‘dx/,

where y;jrepresents the comoving spatial metric.

Under contraction:

a(t) = a;(t) = Aa(t),

which yields:

dsj = —c2dt? + A2a(t)?y;ydx'dx’.

Setting ds; = 0:

cdt? = 2%a(t)?y;jdx‘dx.

Dividing both sides by 1?:

dt .
62(7)2 = a(t)?y;jdx'dx/.



Since Ais real, positive, and constant:
v The sign of the interval is unchanged.
v The causal structure is conformally preserved.

v Null cones remain null cones.

Thus, light rays still follow null curves, and relativity remains intact.

4.2 Conformal Invariance of Causality
A transformation of the form:

Juv nguv'ﬂ = Q(x")

preserves causality as long as Q > 0.
In our case:

Q=141>0.

Therefore:

Timelike curves remain timelike,

e Spacelike curves remain spacelike,

e Null curves remain null,

¢ No closed timelike curves are introduced,

e No frame observes superluminal signaling.
v This positions universal contraction as a causal-safe metric manipulation.
By contrast:

e Wormholes can generate closed timelike curves,

e  Warp drives may distort light cones,

e Quantum tunneling is non-causal.

Universal contraction avoids all these issues by acting purely as a conformal scaling.

4.3 Preservation of Local Lorentz Symmetry

Local inertial frames are defined by:

- lim v (X)
77!11/ - prarei a(to)z )



Under contraction:

Joo, temporal part

A
Guv = {Azgij, spatial part

Rescaling by a; (t)? = 12a(t)?yields:

Nuv

again.

Therefore:

v No violation of Special Relativity locally
v No change in local physics

v No modification to particle kinematics
v No inertial anomalies

This result is theoretically significant:
This demonstrates that the theory preserves local physics and remains within a physically consistent
and scientifically viable framework.

4.4 Temporal Direction and Entropy

Temporal evolution (the arrow of time) is governed by entropy increase:

dS>0
dt '

Our contraction model does not reverse entropy; it only rescales spatial gecometry. Because:
e goocomponent is unchanged
e No negative-energy conditions are imposed
e Thermodynamic directionality is preserved

the theory avoids the principal paradoxes associated with “time travel.”

Thus:

v This is NOT a time-reversal theory.

v This is NOT a retrocausality model.

v This is a geometric transport theory.

This directly addresses the question most frequently posed by modern physicists:



"Does your model allow backward time travel or paradoxes?"
No.
Causality remains unbroken.

4.5 Theorem — Causality Preservation

Theorem:
Let g, be an FRW metric and a(t) — Ada(t)with 0 < A < 1. Then the transformed metric

g;}vpreserves:
1. the classification of all causal curves,
2. the structure of null cones, and
3. the order of causally connected events.

Proof:
The transformation is purely conformal on spatial components and leaves the temporal part invariant.
Causal structure in Lorentzian manifolds is invariant under positive conformal transformations.

5. Energetics and Feasibility of Metric Contraction

While the formalism of universal contraction and trans-spatial motion is mathematically consistent
and causally safe, its physical realization requires a discussion of energetic costs and possible
mechanisms. In this section, we do not claim a complete engineering model, but rather outline
constraints and qualitative requirements for any process capable of inducing reversible contraction of
the spatial metric.

5.1 Comparison with Warp Drives and Wormholes

Existing metric-transport proposals, such as Alcubierre-type warp drives and traversable wormholes,
typically require:

e stress—energy tensors that violate classical energy conditions,
e negative energy densities or exotic matter,
e finely tuned boundary conditions and quantum stability.

These requirements are widely regarded as physically implausible or beyond any foreseeable
technology.

By contrast, the universal contraction framework:
1. Does not require local superluminal expansion of spacetime.
2. Does not change the causal classification of curves.

3. Rescales only the spatial components of the metric in a conformal manner.



Thus, it potentially avoids the most severe pathologies associated with warp and wormhole
configurations. However, avoiding exotic matter at the level of formalism does not automatically
guarantee that the generation of such a contraction is energetically trivial.

5.2 Effective Stress—Energy Requirements
In general relativity, geometry is sourced by the stress—energy tensor Ty, via:

8nG

A transition from an expanding configuration a(t)to a contracted configuration a; (t) = Aa(t)implies
a substantial modification of the effective stress—energy content of the spacetime region under
consideration.

Two conceptual routes can be distinguished:
1. Global Contraction
o The scale factor is modified for the entire observable universe.
o Energetic demands are likely beyond any meaningful physical implementation.
2. Localized Contraction Region (“Contraction Bubble”)
o Only a finite domain of spacetime undergoes rescaling.
o Outside this region, the standard FRW metric is preserved.
o Matching conditions at the boundary (Israel junction conditions) become critical.

The second option is more plausible for any conceivable technology, since it restricts the required
stress—energy manipulation to a bounded region rather than the entire cosmos.

5.3 Contraction Bubbles and Boundary Matching
A localized contraction region can be modeled as a spacetime domain with metric:

ds? = —c?dt* + 22a(t)?y;;dxtdx/,

embedded in an exterior FRW background:

dsZy = —c?dt* + a(t)?y;dxtdx’.

At the boundary surface X, the induced metric and extrinsic curvature must satisfy appropriate
continuity conditions. Any discontinuity translates into surface layers of stress—energy. This suggests
that:

e The contraction bubble requires a non-trivial distribution of energy—momentum at its
boundary.



e However, since the transformation is conformal and preserves causal order, there is no a
priori requirement that these distributions violate all classical energy conditions.

Determining the precise form of T}, for such a bubble is left as an open problem, but the framework
does not inherently demand unphysical negative-energy densities.

5.4 Energy Scaling with Contraction Factor

Qualitatively, we may expect the energetic cost E.,0f a contraction with factor Aover volume Vto
scale monotonically as:

Eeq =F,V),

with

lim E.., = 0,lim E,., & o
A1 Ted "2150 @ ’

for any reasonable functional form F. This suggests a trade-off:

e Very small A(extreme contraction) - enormous effective displacement but potentially
prohibitive energy.

e Moderate A-> smaller but still cosmologically significant displacement with more realistic
energetic costs.

Hence, even if the full contraction to “room-scale universe” is unattainable, partial contraction may
still yield astronomically large effective displacements.

5.5 Possible Links to Vacuum Energy and Phase Transitions (Speculative)

Cosmology already provides examples in which the large-scale metric undergoes accelerated
expansion driven by effective vacuum energy (e.g., inflationary scenarios and dark energy). This
suggests a speculative parallel:

e If quantum fields can drive accelerated expansion,

e then, in principle, appropriately configured fields or phase transitions might induce controlled
contraction in localized regions.

This is not a claim of feasibility, but an indication that metric manipulation is not entirely alien to
known cosmological phenomena. The universal contraction framework could be viewed as an
“inverse inflation” on a bounded domain, using analogous but reversed mechanisms.

5.6 Practical Feasibility and Technological Horizon

At present, there is no known physical mechanism or technology capable of engineering such
contraction regions. The theory therefore remains:

e Energetically unconstrained at the quantitative level,



¢ but not logically excluded within the structure of general relativity,
¢ and free from immediate pathologies that typically plague superluminal transport proposals.

The primary contribution of this work is thus not a practical propulsion design, but a geometric
possibility proof: large-scale effective displacement without superluminal motion is compatible with
relativistic causality, provided that reversible metric contraction is achievable.

Determining whether the required stress—energy configurations can be generated by any realistic
field, material, or quantum process is left as a central open question.

6. Discussion and Implications

The Theory of Universal Contraction and Trans-Spatial Motion presents a geometric alternative to
conventional and non-conventional proposals for interstellar and intergalactic transport. Unlike
superluminal models or exotic spacetime constructs, it operates entirely within the causal and
kinematic constraints of general relativity by exploiting the role of the cosmological scale factor in
determining physical distances. The implications of this framework reach beyond propulsion,
touching on cosmology, information theory, and the nature of spacetime itself.

6.1 Rethinking Distance and Accessibility in Cosmology

In standard cosmology, distances are treated as fixed geometric obstacles. Even nearby galaxies lie
millions of light years away, and the cosmic horizon limits the observable universe to approximately
46 billion light years. The universal contraction model reframes distance as a variable, contingent
property tied to the scale factor rather than an unchangeable barrier.

If spatial intervals can be manipulated through metric contraction, then:
e the operative meaning of “far” and “near” becomes scale-dependent,
e large-scale inaccessibility may reflect geometry rather than fundamental limits,

o effective cosmological distances may be dramatically reduced without modifying local
kinematics.

This perspective challenges the assumption that the universe’s expansion is a one-way phenomenon
and invites reexamination of large-scale structure under reversible transformations.

6.2 Implications for Relativity and Spacetime Geometry

One of the central insights of this work is that superluminal transport is not a prerequisite for rapid
cosmological repositioning. Instead, accessing distant regions may be possible by adjusting the size
of the spacetime interval itself. This highlights a conceptual symmetry:

e Expansion increases separations without inducing motion.

e Contraction decreases separations without inducing motion.



Relativity places limits on relative velocities but places no equivalent constraints on metric
reparameterization. As long as causality and local Lorentz invariance are preserved, geometry
remains a flexible medium.

This point suggests that conventional emphasis on “speed” may overlook deeper degrees of freedom
inherent to spacetime.

6.3 Relationship to Historical and Modern Ideas
Universal contraction resonates with several conceptual threads:

¢ Inflationary cosmology: rapid expansion changed the size of the early universe by enormous
factors in extremely short times.
- Contraction appears as a theoretical inverse operation.

e Conformal invariance: many field theories remain unchanged under rescaling of the metric.
- This concept supports causality preservation during contraction.

¢ Holographic principle: suggests that spatial and temporal information is encoded non-locally.
-> Contraction might interact with holographic encoding in non-trivial ways.

e Block universe viewpoint: all spacetime locations are equally real.
- Contraction would serve as a transformation between accessible “slices.”

These parallels do not prove the feasibility of the model, but they situate it within a broader
theoretical landscape, suggesting that scale manipulation may not be alien to the structure of
spacetime.

6.4 Technological and Conceptual Impact on Interstellar Travel

If universal contraction—or even partial localized contraction—were feasible, the implications would
be transformative:

1. Galactic travel becomes a geometric operation rather than a propulsion challenge.

2. The need for long-term life-support systems or relativistic shielding is dramatically reduced.
3. Strategic repositioning could be achieved without relativistic speeds.

4. “Travel” becomes a matter of entering and exiting contracted regions.

5. Civilization-scale exploration becomes compatible with human timescales.

These points illustrate that the theoretical framework, though not accompanied by a detailed
engineering proposal, significantly expands the conceptual toolkit available for future interstellar
technologies.

6.5 Limits and Open Questions

Despite its conceptual advantages, the theory faces several open challenges:



e Physical mechanism: No known field configuration or technology can currently generate
controllable contraction regions.

¢ Boundary stability: Contraction bubbles require stable interfaces with the surrounding
metric.

¢ Quantum constraints: How quantum fields respond to drastic rescaling is not yet fully
understood.

e Entropy considerations: While causality is preserved, the thermodynamic implications
remain unclear.

e Energy bounds: A precise quantitative model is needed to determine energetic feasibility.

These questions outline a future research path rather than undermine the theory. They identify
where further mathematical and physical investigation is required.

6.6 Conceptual Contribution
The most significant contribution of this work may be its shift in perspective:

The fundamental barrier is not the speed of light.

The barrier is the geometry of spacetime as we currently accept it.

If geometry becomes a manipulable quantity, then unprecedented forms of motion become
accessible.

By demonstrating that reversible contraction is mathematically consistent, causally safe, and
potentially realizable through non-exotic stress—energy configurations, this theory opens a
conceptual doorway in relativistic cosmology.

6.7 Holographic Considerations and Information Encoding

The holographic principle—originating from black hole thermodynamics and formalized in the work
of 't Hooft and Susskind—states that the informational content of a spatial volume is fully encoded on
its boundary surface. In this view, the fundamental degrees of freedom of a region of spacetime scale
with area rather than volume:

S o A« a(t)?.

This principle implies that the universe’s physical state at any moment is not solely determined by its
internal 3-dimensional configuration but is also encoded holographically on lower-dimensional
structures. Such encoding suggests that dramatic changes in spatial scale, such as those invoked by
reversible contraction, do not necessarily erase or disrupt the information structure of the universe.

6.7.1. Holographic Encoding Under Contraction
Under a contraction transformation

a(t) = da(t),



the boundary area of a region scales as

A - A2A.

If holographic entropy Sis proportional to area, then a contraction increases the information
density—the number of bits or degrees of freedom per unit area—within the contracted region. This
implies that:

e The physical configuration remains fully represented,
e but at a higher informational resolution,
e consistent with a reversible transformation.

This is crucial for the feasibility of reversible contraction: no information is lost, and no violation of
unitarity occurs.

6.7.2. Relation to Temporal Configuration Encoding
One of the conceptual motivations for the theory stems from the question:

If the universe’s past geometric states are encoded holographically, can contraction provide access to
those configurations?

While the present model does not invoke literal time reversal, holographic encoding permits a
reinterpretation of “past states” as alternative slices of a universal information manifold. Contraction
therefore acts not as temporal inversion but as a re-indexing of holographic data, altering:

e spatial resolution,
e geometric relationships,
e and accessibility of encoded states.

This provides a deeper foundation for the concept of trans-spatial motion:
manipulating the scale of the universe may correspond to navigating the holographically stored
geometric information rather than the geometric structure itself.

6.7.3. Holography and Trans-Spatial Motion

If spacetime geometry is emergent from holographic degrees of freedom, then metric rescaling can
be reinterpreted as:

Contraction = Re-encoding of spatial relationships in the holographic basis.

In this interpretation:
e The contraction phase corresponds to a compressed encoding of spatial intervals.

e Motion within the contracted domain is motion through a different holographic mapping.



e Restoring the original scale corresponds to decohering the compressed configuration back
into the classical spacetime geometry.

This perspective provides a conceptual bridge between the macroscopic geometric change
(contraction) and the microscopic information architecture of spacetime.

6.7.4. Implications for Information Conservation
Because holography implies:

Information is conserved even when geometry changes,

reversible contraction remains fully compatible with:
e unitarity,
e quantum field theory in curved spacetime,
e and black-hole information constraints.

Thus, the universal contraction framework is not merely geometric—it has a natural place in
holographic cosmology, reinforcing its internal consistency.

7. Conclusion

The Theory of Universal Contraction and Trans-Spatial Motion offers a new geometric pathway for
achieving effective displacement across cosmological distances without violating the speed-of-light
limit or introducing causal paradoxes. By exploiting the direct dependence of physical distance on the
cosmological scale factor a(t), the framework demonstrates that reducing spatial separations
through reversible metric contraction enables large-scale repositioning while all locally measured
velocities remain strictly subluminal.

The mathematical formalism presented here—grounded in FRW cosmology, conformal
transformations, and causal invariance—establishes that the contraction of spatial geometry is not
inherently forbidden by general relativity. The resulting “trans-spatial motion” mechanism
circumvents the fundamental obstacles of both classical propulsion and alternative metric-based
proposals such as warp drives and wormholes, which require exotic energy conditions or induce
instabilities in the causal structure.

Although the physical implementation of controllable contraction regions remains speculative, the
theory reframes cosmological distance as a dynamic and potentially engineerable property rather
than an immutable barrier. This conceptual shift opens new avenues for research in fundamental
physics, cosmology, and future interstellar technologies. The framework invites further exploration of
the stress—energy configurations, boundary conditions, and quantum-field behaviors required to
realize reversible contraction on finite spacetime domains.

The central contribution of this work is not an engineering blueprint but a geometric possibility:
rapid repositioning across the universe without superluminal motion, enabled entirely by
manipulating the scale of space rather than the speed of travel.

By demonstrating the compatibility of this concept with relativistic causality and metric structure, the



present theory establishes a foundation for future advancements in both theoretical and applied
cosmology.
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