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Abstract 

This paper proposes the Variable Speed Rule (VSR), a hypothesis that the local 

propagation speed of light is not fixed, but depends on local energy density — decreasing 

smoothly toward zero as density approaches a threshold value (E_threshold), rather than 

remaining constant at c as in Einstein's Special Relativity. Starting from Maxwell's 

equations, the standard electromagnetic wave equation is rigorously derived; the paper's 

central postulate is introduced explicitly at this point — replacing the constant vacuum 

permittivity–permeability product with a density-dependent function — and is not itself 

derived from established physics. This substitution, governed by a coupling constant K 

(termed the LAP constant), yields a modified wave equation predicting a smooth 

suppression of light speed near black hole horizons and an energy-dependent delay in 

photon arrival from high-density astrophysical events such as neutron-star mergers. 

Using the timing bound from the GW170817 merger, this paper shows that for a 

physically motivated E_threshold (Planck density), the predicted delay is many orders of 

magnitude below current detection limits; a value of E_threshold large enough to be 

detectable currently has no independent physical justification. This tension is identified as 

the central open problem for testing the framework. Three concrete, falsifiable 

predictions are proposed for future observational testing. The paper does not claim 

experimental confirmation — its aim is to present a mathematically self-consistent, 

clearly labeled hypothesis, with rigorous derivation and unproven postulate explicitly 

distinguished throughout. 

1. Introduction 

For nearly a century, Einstein's Special Theory of Relativity has established the speed of 

light in vacuum as a universal constant—an immutable pillar of modern physics. This 

fundamental postulate has withstood rigorous experimental scrutiny and forms the 

foundation of particle physics, cosmology, and gravitational theory. However, this paper 

challenges the universality of this assumption within extreme astrophysical environments 

characterized by extraordinarily high energy densities and distorted spacetime 

geometries. 



The proposed 'Variable Speed Rule' framework posits that while light propagates at 

approximately constant velocity in everyday conditions, in regimes of extreme energy 

concentration—such as the cores of supernova explosions and near black hole event 

horizons—the speed of light undergoes subtle but measurable variations. These variations 

are quantitatively described through the introduction of a new universal constant termed 

the LAP Constant (K), which mathematically couples the elasticity of spacetime fabric to 

localized energy density fluctuations. 

This theoretical work does not seek to overturn Einstein's Special Relativity, which 

remains extraordinarily accurate for conventional regimes. Rather, it proposes an 

extension to relativistic physics that operates at the quantum-gravitational threshold, 

where both general relativistic and quantum mechanical effects become simultaneously 

significant. The motivation for this reconceptualization emerges from longstanding 

discrepancies between quantum mechanics and general relativity, particularly in 

understanding the behavior of matter and radiation in the most extreme cosmic 

environments. 

2. Comparative Analysis: Einstein's Postulate vs. The Variable Speed Rule 

Einstein's formulation of Special Relativity rests upon two fundamental postulates: (1) 

the laws of physics are identical in all inertial reference frames, and (2) the speed of light 

in vacuum is constant and independent of the motion of the source or observer. The 

second postulate, in particular, has become a cornerstone assumption across all branches 

of modern physics. The constancy of light speed (c ≈ 3 × 10⁸ m/s) has been empirically 

validated through numerous experiments and observations spanning from laboratory 

interferometry to cosmological redshift measurements. 

 

 

 

 



Aspect Einstein's Relativity Variable Speed Rule 

Regime of Validity All inertial frames and 

conventional gravitational fields 
Extends to extreme energy 

densities and intense 

gravitational fields 
Speed of Light Constant (c) in all frames Dynamic in extreme regimes; Δv 

emerges near energy 

concentrations 
Spacetime Coupling Light follows geodesics; 

spacetime curvature described 

by Einstein field equations 

Light intrinsically bound to 

spacetime metric; perturbations 

directly modulate light speed 
Mass-Energy Equivalence E = mc² Modified to E = mc² × f(K, Δv) 

in extreme regimes 

 

3. Theoretical Framework: The Core Hypothesis 

The foundational premise of the Variable Speed Rule is that light is not an independent 

entity propagating through spacetime, but rather it is intrinsically 'locked' or coupled to 

the spacetime metric itself. While Einstein's General Relativity describes how mass-

energy curves spacetime—and light follows the resulting curved geodesics—the Variable 

Speed Rule goes further by proposing that extreme perturbations to the spacetime fabric 

directly modulate the observable velocity of light. 

Mathematically, this relationship can be expressed as: 

 

(Revised formulation — see note below on the correction from the original linear form.) 

where: c₀ represents the baseline speed of light in low-energy regimes, K is the LAP 

Constant quantifying coupling strength between spacetime elasticity and energy density, 

ρ(x,t) is the local energy density, and E_threshold is a characteristic energy density scale 

potentially related to the Planck density. 

Note on the revised functional form: An earlier linear formulation, v_light = c₀[1 − 

K·ρ/E_threshold], was found to be mathematically inconsistent: for any density 

approaching or exceeding E_threshold, it predicts negative light speeds, which is 

unphysical. The reciprocal (saturating) form used above avoids this failure by 



construction. As ρ → 0, v_light → c₀, recovering Einstein's constant-c result exactly as 

before. As ρ increases without bound, v_light monotonically approaches zero but never 

becomes negative or undefined, for any positive value of K and E_threshold. This makes 

the formulation self-consistent across the entire range of physically relevant densities, 

including the black hole interior limit discussed in Section 4.2. 

 

Figure 1. Light speed vs. local energy density: the original linear formula (red, dashed) becomes 
unphysical (negative) beyond ρ = E_threshold, while the corrected saturating formula (blue) remains 

positive and approaches zero smoothly. 

The LAP Constant K thus represents a new universal parameter of nature, 

complementary to other fundamental constants like G (gravitational constant) and ℏ 

(reduced Planck constant). Crucially, this framework does not violate Einstein's relativity 

in conventional regimes. For everyday conditions where ρ ≪ E_threshold, the correction 

term approaches zero, and light speed converges to c, recovering Einstein's results. 

However, in the centers of supernovae or near black hole singularities where ρ → 

E_threshold or beyond, light speed smoothly decreases toward zero rather than becoming 

negative, consistent with the physical picture of light being progressively confined rather 

than reversed. 



4. Astrophysical Applications and Predicted Results 

The Variable Speed Rule framework yields testable predictions in two primary 

astrophysical contexts: supernova explosions and black hole event horizons. In both 

scenarios, the extreme energy densities enable the LAP Constant to produce observable 

signatures distinguishable from standard Einstein's relativity. 

4.1 Supernova Dynamics and Light Propagation 

During the moment of supernova explosion, energy densities in the stellar core reach 

approximately 10⁵¹ ergs per cubic centimeter—among the highest energy concentrations 

in the universe excluding black holes. In this regime, the ejected material undergoes 

explosive decompression, and the resulting electromagnetic radiation propagates outward 

through an extraordinarily hot and dense medium. 

According to the Variable Speed Rule, photons emitted during this phase experience 

speed variations quantifiable through the LAP Constant. The predicted result is a 

measurable time delay between the arrival of high-energy photons (which may encounter 

denser material and higher energy concentrations) and lower-energy photons, even after 

accounting for conventional dispersion effects. This time delay would manifest as 

observable signal delays in gamma-ray and X-ray detectors, ranging from milliseconds to 

seconds for nearby supernovae. 

 

Figure 3. Schematic prediction: high-energy photons emitted during a supernova core collapse experience 
greater speed reduction (and thus arrival delay) than low-energy photons under the Variable Speed Rule. 



Furthermore, the Variable Speed Rule predicts subtle modifications to the spectral energy 

distribution of supernova radiation. The reduced light speed in high-density regions 

would cause photons to lose energy as they traverse these zones—an effect distinct from 

gravitational redshift. This could produce a characteristic 'flattening' of the ultraviolet 

slope in supernova spectra, observable with instruments like the James Webb Space 

Telescope. Modern supernova surveys monitoring multiple wavelengths simultaneously 

provide an unprecedented opportunity to test this prediction across a large sample of 

events. 

4.2 Black Hole Event Horizons and Light Confinement 

The most extreme test of the Variable Speed Rule comes from considering light 

propagation near black hole event horizons. In the vicinity of a black hole, spacetime 

curvature approaches infinity, and the energy density associated with the concentrated 

mass diverges. According to Einstein's General Relativity, the escape velocity at the 

event horizon equals the speed of light, resulting in the well-known statement that 

'nothing, not even light, can escape.' 

The Variable Speed Rule offers a novel perspective on this phenomenon. Rather than 

describing light confinement purely in terms of geodesic geometry, the framework 

suggests that the speed of light itself diminishes as one approaches the event horizon. The 

cumulative effect of this reduction in light speed, integrated over the approach to the 

horizon, could provide an alternative or complementary explanation for black hole 

confinement—a mechanism where light is progressively decelerated rather than being 

kinematically bound by geodesic curvature alone. 



 

Figure 2. Conceptual illustration of the Variable Speed Rule near a black hole: as local energy density ρ 
rises toward E_threshold near the event horizon, v_light decreases smoothly toward zero. 

Observable consequences of this framework include: (1) Modified photon sphere 

radius—the radius at which photons can orbit a black hole would differ slightly from 

Einstein's prediction (r_ph = 3M/2 in natural units), with deviations proportional to the 

LAP Constant K; (2) Altered accretion disk spectra—accreting material surrounding a 

black hole emits radiation that undergoes complex path integration near the event 

horizon, with the Variable Speed Rule predicting frequency-dependent modifications to 

accretion disk light curves detectable by X-ray observatories; and (3) Gravitational wave 

phase modifications in black hole merger signals from LIGO/Virgo, with characteristic 

signatures appearing in the final moments of merger when energy density peaks. 



 

Figure 4. Illustrative deviation of the photon sphere radius from Einstein’s prediction (r_ph = 3M/2) as a 
function of the LAP Constant K, one of the three observable signatures proposed in Section 4.2. 

5. Proposed Empirical Testing Methodologies 

To validate the Variable Speed Rule and constrain the LAP Constant K, several cutting-

edge observational and experimental approaches are proposed that leverage modern 

astronomical instrumentation and multi-messenger astronomy. 

5.1 Gravitational Wave and Electromagnetic Counterpart Timing Analysis 

When binary neutron stars or black holes merge, they produce both gravitational waves 

and electromagnetic counterparts (kilonovae, gamma-ray bursts). Gravitational waves, 

being tensor perturbations of spacetime, propagate via a different mechanism than 

electromagnetic waves. Current General Relativity predicts they travel at speed c, but the 

Variable Speed Rule would affect electromagnetic radiation uniquely due to direct 

coupling with the spacetime metric. 



 

Figure 5. Timing-test concept: a gravitational wave and its electromagnetic counterpart leave a merger 
together but, under the Variable Speed Rule, arrive with a measurable offset Δt used to constrain K. 

By analyzing minute time delays (Δt ~ microseconds to milliseconds) between the arrival 

of gravitational wave signals and their electromagnetic counterparts from sources like 

binary neutron star mergers, scientists can construct observational constraints on K. A 

statistical analysis of multiple merger events with LIGO/Virgo/Kagra and coordinated 

electromagnetic follow-up with Swift, Fermi, and future X-ray missions could achieve 

constraints of K < 10⁻⁵ (dimensionless) or better. If electromagnetic radiation experiences 

measurable speed delays relative to gravitational waves, this would constitute direct 

evidence for the Variable Speed Rule and permit quantitative determination of the LAP 

Constant. 

5.2 Cosmological Redshift Variations with JWST 

The James Webb Space Telescope, with its unprecedented infrared sensitivity, offers a 

unique capability for testing spectral anomalies in high-redshift supernovae. The Variable 

Speed Rule predicts energy-dependent modifications to supernova spectra arising from 

differential light speed effects in the cores of the exploding stars. By comparing observed 

spectral slopes and color indices with predictions from standard explosive models, 

deviations consistent with the Variable Speed Rule could be identified. A systematic 

survey of Type Ia supernovae at z > 1, combined with precise photometric and 

spectroscopic analysis, could either detect such deviations or place stringent upper limits 



on K, effectively constraining how much the speed of light can vary in extreme 

environments. 

6. Comparison with Alternative Theoretical Frameworks 

The Variable Speed Rule is not the first theoretical proposal to challenge the universality 

of light speed constancy. Several alternative frameworks within theoretical physics have 

proposed modifications to Einstein's postulate under different physical motivations and 

mathematical formulations. Understanding how the Variable Speed Rule relates to these 

existing approaches is essential for contextualizing its contributions to fundamental 

physics. 

6.1 Loop Quantum Gravity and Spacetime Quantization 

Loop Quantum Gravity (LQG) proposes that spacetime itself is fundamentally quantized 

at the Planck scale (~10⁻³⁵ m). In LQG frameworks, quantum gravitational effects can 

modify dispersion relations, potentially leading to energy-dependent modifications of 

light propagation. The Variable Speed Rule differs from LQG by operating at a 

mesoscopic scale (supernovae and black hole horizons) rather than strictly at Planck-

scale distances. Additionally, the Variable Speed Rule's direct coupling between local 

energy density and light speed represents a distinct physical mechanism from LQG's 

quantization-induced modifications. However, the frameworks are not mutually 

exclusive; LQG effects at the Planck scale could manifest macroscopically through the 

LAP Constant K in the Variable Speed Rule, potentially providing a unifying connection. 

6.2 Varying Speed of Light (VSL) Cosmology 

Varying Speed of Light (VSL) cosmology, pioneered in the early 2000s, proposed that 

the speed of light in vacuum has changed over cosmic time as a function of the scale 

factor a(t). VSL theories were primarily motivated by attempts to solve cosmic inflation 

problems (horizon and flatness problems) without invoking an inflaton field. A key 

distinction is that VSL cosmology proposes temporal variation (light speed changes with 

epoch) in a homogeneous, isotropic universe, whereas the Variable Speed Rule proposes 

spatial variation (light speed varies with local energy density) even within a single epoch. 

Furthermore, observational constraints from fine structure constant measurements and 



CMB observations have largely ruled out time-dependent VSL scenarios, whereas the 

Variable Speed Rule predicts local, event-dependent variations that do not necessarily 

conflict with cosmological observations. 

6.3 Doubly Special Relativity and Lorentz Invariance Violation 

Doubly Special Relativity (DSR) proposes that both the speed of light and a characteristic 

length scale (the Planck length) are observer-independent, modifying the structure of 

Lorentz transformations at high energies. DSR predicts energy-dependent modifications 

to particle dispersion relations that could affect light propagation through modifications 

to the photon's effective properties at extreme energies. The Variable Speed Rule, by 

contrast, modifies light propagation through direct environmental (energy density) 

coupling rather than through fundamental changes to Lorentz symmetry. This distinction 

is important: DSR violations of Lorentz invariance would manifest universally across all 

phenomena at high energies, whereas the Variable Speed Rule's effects depend on local 

energy density and would not necessarily violate Lorentz invariance in the fundamental 

sense—rather, effective deviations emerge in specific astrophysical contexts. 

7. Implications and Extensions of the Variable Speed Rule 

Beyond its direct astrophysical applications, the Variable Speed Rule framework has 

profound implications for fundamental physics. If validated observationally, it would 

suggest a previously undiscovered coupling mechanism between the quantum properties 

of spacetime and electromagnetic radiation. This could open new pathways toward 

reconciling quantum mechanics and general relativity—a central goal of theoretical 

physics. 

One intriguing extension of the theory concerns its applicability to gravitational waves 

themselves. While the current framework addresses electromagnetic radiation explicitly, 

the underlying principle—that wave propagation couples to spacetime geometry—should 

apply to gravitational waves as well. This raises the possibility that gravitational waves, 

like photons, experience velocity variations in extreme energy-density regimes. Testing 

this prediction through precise timing analysis of gravitational wave signals from black 



hole mergers would provide a comprehensive test of the Variable Speed Rule across the 

entire electromagnetic-gravitational spectrum. 

Another potential extension concerns the behavior of massive particles in extreme 

energy-density regimes. If light speed varies with energy density through the LAP 

Constant, might particle velocities also be affected? A generalized version of the Variable 

Speed Rule could propose that all particle velocities approach a common limit in extreme 

regimes, not the fixed constant c postulated by Einstein. This would represent a profound 

revision of fundamental kinematics and warrants theoretical investigation. 

8. Discussion and Critical Assessment 

The Variable Speed Rule framework presented in this work is speculative but 

mathematically tractable and empirically testable. Like all theoretical proposals that 

challenge fundamental postulates of established physics, it warrants careful scrutiny and 

honest assessment of its limitations. 

A key strength of the framework is its compatibility with Einstein's relativity in regimes 

where it has been extensively tested (solar system dynamics, precision laboratory 

experiments, electromagnetic phenomena at accessible scales). The theory makes no 

claims to overturn Einstein's successful predictions; rather, it extends Einstein's 

framework by introducing a new dimensionless constant K that captures previously 

unaccounted-for effects in extreme astrophysical environments. This conservative 

extension strategy minimizes the risk of conflicting with well-established experimental 

constraints. 

Conversely, the framework faces significant challenges. First, the physical origin of the 

LAP Constant K is not explicitly derived from first principles in this work; it is 

introduced phenomenologically. A complete theory would require deeper justification 

from quantum gravity or other fundamental considerations. Second, the proposed 

empirical tests, while feasible in principle, are technically demanding. Gravitational 

wave-electromagnetic timing requires sub-millisecond precision, and spectral analysis of 

distant supernovae requires accounting for numerous astrophysical confounding factors. 

Third, alternative explanations (dust extinction, plasma dispersion, relativistic beaming) 



could potentially mimic the signatures predicted by the Variable Speed Rule, requiring 

careful statistical control and model selection. 

A fourth, more fundamental challenge emerges from order-of-magnitude estimation. If 

E_threshold is taken to be the Planck density (~5 × 10⁹⁶ kg/m³), the ratio ρ/E_threshold 

for even the most extreme realistic astrophysical densities (e.g., ~10¹⁷ kg/m³ near a 

neutron star merger) is of order 10⁻⁸⁰, meaning the predicted effect would be undetectably 

small for any reasonable value of K, in tension with the observational sensitivities 

described in Section 5. Conversely, choosing E_threshold small enough to produce an 

effect at the edge of current detectability (using the GW170817 gravitational wave-

electromagnetic timing bound as a benchmark) requires E_threshold ~ 10¹³ kg/m³ — a 

value with no clear connection to any known physical constant. This tension indicates 

that E_threshold cannot simply be identified with the Planck density as originally 

suggested; its physical origin remains an open question and a necessary target for future 

work grounding the LAP Constant in a first-principles theory. 

 

Figure 6. The required value of K depends sharply on the assumed E_threshold. Anchoring E_threshold to 
the Planck density (red) makes K astronomically large and the effect undetectable, while making K order-

unity (green) requires an E_threshold with no established physical origin — the central open problem 
noted in Section 8. 



9. Conclusion and Future Directions 

The Variable Speed Rule, encapsulated through the LAP Constant K, represents a 

speculative but coherent theoretical extension of relativistic physics to extreme 

astrophysical regimes. By proposing that light speed varies with local energy density—

not globally across time or due to fundamental symmetry violation—the framework 

offers a novel perspective on how electromagnetic radiation behaves near black holes and 

in supernova explosions. 

This work demonstrates that the theory makes concrete, observable predictions testable 

with current and near-future instrumentation: (1) Time delays in gravitational wave-

electromagnetic counterpart pairs from compact object mergers; (2) Spectral anomalies in 

supernova radiation, particularly UV slope modifications; and (3) Potential phase shifts in 

gravitational wave signals from black hole mergers. Each of these predictions can be 

systematically tested through dedicated observations or archival analysis of existing 

multi-messenger astronomy data. 

Future work should focus on: (1) Deriving the LAP Constant from quantum gravity first 

principles, potentially through connections to alternative quantum gravity frameworks; 

(2) Developing detailed numerical simulations of electromagnetic and gravitational wave 

propagation in the framework of the Variable Speed Rule to make precision predictions 

for comparison with observations; (3) Performing meta-analyses of existing multi-

messenger astronomy data to search for statistical signatures of light speed variations; 

and (4) Designing targeted observations with JWST, LIGO/Virgo, XMM-Newton, and 

future gravitational wave detectors to test the framework's predictions directly. 

In essence, the Variable Speed Rule framework does not seek to replace Einstein's 

General Relativity, which continues to reign supreme in describing gravitational 

phenomena. Instead, it proposes an augmentation to our understanding of electromagnetic 

propagation in the universe's most violent and extreme environments. Whether this 

framework ultimately survives observational scrutiny or is falsified by future data, its 

exploration exemplifies the scientific process: proposing new theoretical possibilities, 

deriving their consequences, and submitting them to empirical test. Such continued 



questioning and extension of our fundamental theories remains essential to deepening 

human understanding of the cosmos. 

Appendix A: Step-by-Step Derivation of the Modified Wave Equation 

This appendix presents the full derivation connecting the standard electromagnetic wave 

equation to the Variable Speed Rule proposed in this paper. Each step is explicitly 

labeled as either (a) rigorously derived from Maxwell’s equations, or (b) a postulate 

introduced by this framework. This labeling is intentional: the goal is to make clear 

exactly where established physics ends and this paper’s original hypothesis begins. 

Step 1 — Maxwell’s equations in vacuum (established physics) 

 

Step 2–4 — Take the curl of the Faraday equation (eq. 3) and substitute the Ampere–

Maxwell equation (eq. 4): 

∇ ∇×( ×E) = ∇−∂/∂t( ×B) = −μ₀ε₀ ∂²E/∂t² 

Step 5 — Apply the vector identity ∇ ∇ ∇ ∇×( ×E) = ( ·E) ∇− ²E, and eq. (1) gives ∇·E = 

0. This yields the standard, rigorously derived wave equation: 

 

At this point, v = c = 1/√(μ₀ε₀) is a fixed universal constant. Everything above this line is 

standard, textbook electromagnetism. 



Step 6 — This paper’s postulate (NOT derived from Maxwell’s equations) 

Standard physics treats μ₀ and ε₀ as universal constants, fixed everywhere. The Variable 

Speed Rule framework introduces the following hypothesis: that the local values of μ₀ 

and ε₀ (and hence the light speed they define) are not fixed, but depend on local energy 

density ρ(x,t): 

 

This step is the actual scientific claim of this paper. It is a hypothesis to be tested, not a 

mathematical consequence of Steps 1–5. 

Step 7–8 — Consequence: substitute the explicit form of v_light(x,t) proposed in Section 

3, v_light(x,t) = c₀/(1+K·ρ(x,t)/E_threshold), back into the wave equation from Step 7. 

This gives the fully combined, modified wave equation: 

 

This equation is only as valid as the postulate in Step 6. Steps 1–5 are established physics; Step 6 is this 
paper’s hypothesis; Steps 7–8 are its algebraic consequence. 



 

Figure 7. The logical structure of the derivation, color-coded by epistemic status: blue steps are rigorously 
derived from Maxwell’s equations; orange marks the postulate introduced by this paper; purple shows 

results that follow once the postulate is accepted. 


