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Abstract 

The term “speed of light” is often inaccurately used in two fundamental ways: 

1. Incomplete Label: The correct term is "speed of light in a vacuum." Light 
travels slower in mediums such as air, water, and glass, leading to 
phenomena like Cerenkov radiation [1]. 

2. Historical Misnomer: "Speed of light in a vacuum" is historically rooted. A 
more accurate term is “cosmic speed limit for massless particles”, reflecting 
Einstein’s insights into its fundamental nature [2] [3]. 

The Variability of the Speed Limit (VSL) hypothesis challenges the established notion 
of the speed of light as a constant, proposing that this fundamental limit may vary 
under specific cosmic and quantum conditions [4] [5] [20]. This article synthesizes 
theoretical frameworks, observational data from cosmology, and experimental 
insights from astrophysics and particle physics to explore the implications and 
potential variability of the speed of light [5] [6] [20]. This empirical exploration offers a 
new perspective on dark matter and dark energy, suggesting that changes in the 
speed of light under different conditions could provide a more unified and 
comprehensive understanding of these enigmatic components of the universe [7] [8] 

[20]. 

This article delves into the VSL hypothesis, emphasizing its potential for 
experimental validation and its ability to address outstanding puzzles in cosmology 
and physics. The focus on testability and falsifiability necessitates collaboration with 
leading research facilities. This exploration aims to determine the true nature of the 
speed of light: a universal constant or a locally variable limit. 

Introduction 

Einstein's theory of relativity [2] [3] posits the speed of light, c, as a universal constant. 
However, emerging hypotheses such as Variable Speed of Light (VSL) suggest that c might 
vary locally under different conditions of the vacuum. This article explores the theoretical 
foundations of VSL, its implications for cosmology and quantum mechanics, and examines 
experimental efforts aimed at validating these concepts. The variability of the speed of light 
could provide insights into the nature of dark matter and dark energy, potentially offering 
explanations for their observed effects in the universe. 
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For over a century, Einstein's postulate of the constant speed of light has been a 
cornerstone of modern physics. Yet, the universe, in its vast and complex nature, often 
defies our simplest assumptions. Could the very fabric of spacetime, and the laws governing 
it, be more intricate than we imagine?  

Einstein's postulates revolutionized physics by building upon and improving Newton's 
theories. While more than two centuries separated Newton and Einstein, the latter's 
groundbreaking work in 1905 stemmed from two simple, experimentally verified premises. 
The first, echoing Galileo, posited that all observers must apply the same physical laws 
regardless of their position or motion. The second, supported by experiments from Fizeau 
[11], Michelson and Morley, established that the speed of light (c) is independent of the 
motion of the observer and the emitter. 

Einstein’s Special Relativity Theory (SRT) was developed based on these premises. Although 
c is often interpreted as the speed of light in a vacuum, Einstein never explicitly fixed its 
value at 299,792,458 m/s. Instead, he asserted that c should be measured experimentally, as 
demonstrated by the following: 

• Original German: "Jede Lichtquelle bewegt sich im Ruhestandssystem mit der 
bestimmten, von Experimenten festzustellenden Geschwindigkeit c." 

• Literal Translation: "Every light source moves in the rest system with the specific 
speed V, which can be determined experimentally." 

• Further Interpretations: "The speed of light in a vacuum is the same for all 
observers, regardless of the motion of the light-emitting source or the observer." 

The “Further Interpretations” of this second postulate introduce concepts such as invariance, 
constancy, and absolutism. However, these interpretations deviate from Einstein’s intent, 
which was to emphasize empirical determination. The phrase "Every light source moves in 
the rest system with the specific speed V" suggests the necessity of measurement, not a 

fixed constant [4] [5] [20]. 

Moreover, Lorentz transformations mathematically establish that c is the maximum 
achievable speed but do not prescribe a fixed value across all conditions. This mathematical 
framework supports the idea of a limit without fixing 'c' absolutely. This supports the idea 
that c should always be measured to reflect the medium it traverses, whether interstellar 
medium (ISM), intergalactic medium (IGM), or deep space. 

Moreover, and beyond biased interpretations, modern physics often relies on speculative 
theories to explain observed phenomena: 

• FLRW Metric and Space Creation: The Friedmann-Lemaître-Robertson-Walker 
(FLRW) metric describes an expanding universe where distant galaxies appear to 
move faster than the speed of light due to “space creation”. This concept, though 
widely accepted, is speculative and controversial, as it explains superluminal 
recession velocities through a mathematical model rather than direct observation. 

• Dark Matter and Dark Energy: Introduced to account for gravitational effects and 
the universe's accelerated expansion, these concepts are inferred from mathematical 
models rather than directly observed. 
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• Inflation Theory: Proposes a rapid expansion of the universe immediately after the 
Big Bang, based on mathematical models explaining cosmic uniformity. 

• Black Hole Singularities: Describe regions with infinite density, relying heavily on 
mathematical constructs. 

• From Einstein equation, �²=�²�²+�²�⁴, where � is momentum, and when the particle 
is at rest, �=0, J. P. Dirac went to the simplified equation to: ����=    ±��������², opening up a 
whole new world of possibilities (i.e. the existence of antimatter). 

Einstein himself was wary of overreliance on mathematics, once stating that its importance 
often left him puzzled by his own theories. This highlights the need for empirical evidence 
to ground our understanding of physical laws. 

In summary, Einstein’s theories, built upon Newtonian mechanics, introduced profound 
insights into space, time, and light. However, interpreting c as an absolute constant across 
all conditions diverges from Einstein’s original emphasis on empirical verification. By 
revisiting his postulates with a focus on measurement, we can refine our understanding of 
the universe and challenge speculative theories that lack direct empirical support. 

By examining the interplay between the quantum realm, the vast expanse of space, and the 
fundamental principles of relativity, we delve into the potential implications of a variable 
local speed of light limit in a given vacuum. This exploration aims to shed new light on the 
universe's evolution and to inspire future investigations into the true nature of light and 
spacetime. 

Historical Context 

• Early 20th Century: A Limited View of the Universe: In the early 20th century, our 
understanding of the universe was confined to the Milky Way galaxy. Technological 
limitations restricted observations, and the vastness beyond our galaxy remained 
largely unexplored. 

• Modern Cosmology:  Unveiling a Dynamic Universe: Modern cosmology paints a 
dramatically different picture. Through advancements in telescopes and instruments, 
we now recognize a vast and dynamic universe, significantly larger than previously 
thought. Discoveries like the Cosmic Microwave Background (CMB) radiation have 
offered new insights into the universe's early stages. 

• Einstein’s Contribution: Revolutionizing Spacetime and Gravity: Despite initial 
skepticism and working largely independently, Albert Einstein’s theories of relativity 
revolutionized our understanding of spacetime and gravity. His groundbreaking 
work, formulated with accessible mathematics, challenged prevailing scientific 
assumptions. One key postulate of his Special Relativity theory (1905) established 
the constancy of light's speed (c₀) in a vacuum within an inertial reference frame. The 
original German text used "Konstante" for "constant," which can be interpreted as 
both a fixed value and an invariant property. This concept, however, did not 
preclude Einstein himself from acknowledging the theoretical possibility of 
variations.  

• Refinement of Theories: A Balance Between Progress and Conservatism: The 
ever-evolving nature of astronomical observations necessitates refining existing 
theories like Einstein's to accommodate new data and phenomena. This approach 
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respects the scientific community's tendency towards conservatism while embracing 
the need for progress. For instance, Einstein's own theory of General Relativity (1915) 
introduced the concept of spacetime curvature, hinting at a possible influence of 
gravity on light's speed. The VSL hypothesis builds upon this notion that could be 
further explored. 

• Einstein's Early Thoughts: Chasing a Beam of Light: Interestingly, Einstein's 
fascination with light's speed began much earlier. As a teenager, he pondered a 
thought experiment where he imagined himself chasing a beam of light. According 
to classical mechanics, he should observe the light as stationary. However, this 
contradicted the established principle that light always propagates at its fixed speed 
(c₀) regardless of the observer's motion. This conundrum planted the seed for his 
later exploration of the relationship between light, space, and time. 

• Expanding Frontiers and New Challenges: The expanding frontiers of 
astronomical observation have unveiled a universe far more complex than Einstein 
could have imagined. The discovery of phenomena like dark matter, dark energy, 
and the accelerated expansion of the universe challenges current cosmological 
models. 

• The Need for Fresh Perspectives: Enter VSL: To address these challenges, a fresh 
perspective may be necessary. The Variable Speed of Light (VSL) hypothesis offers a 
potential framework for revisiting and refining fundamental principles without 
discarding established theories. VSL explores the possibility of light's speed varying 
in the near-vacuum environment of the intergalactic medium (c'') compared to the 
historically measured value (c₀). This approach could offer new insights into the 
mysteries of the universe. 

Cosmic Context: Unveiling Light's Secrets in the Vast Expanse 

The vastness of the observable universe offers a unique laboratory to explore the 
fundamental properties of light. Here, we focus on two key aspects: the observable universe 
as a whole and the specific environment of the intergalactic medium (IGM). Understanding 
these contexts is crucial for investigating the Variable Speed of Light (VSL) hypothesis. 

The Observable Universe (OU): A Canvas Painted by Light 

The observable universe stretches across an unimaginable distance, marked by the 
faint echo of the Big Bang - the Cosmic Microwave Background (CMB) radiation. This 
nearly uniform radiation, with a temperature of roughly 2.73 Kelvin, provides a 
glimpse into the universe's early stages. Additionally, observations of distant galaxies 
reveal a redshift paradox: their light is redshifted, signifying that they are moving 
away from us at an accelerating rate. This expansion of the universe, as observed by 
Riess [7] and Perlmutter [8], itself poses a challenge to our current understanding and 
could potentially be explained by the VSL hypothesis. 

The Intergalactic Medium (IGM): A Near-Vacuum Stage for Light 

Within the observable universe, the IGM reigns supreme, encompassing about 99% 
of its volume. This vast expanse is characterized by an incredibly low density, with 
only around 6 protons per cubic meter. Imagine a near-vacuum environment 
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compared to Earth's atmosphere, where light encounters minimal interference from 
particles. This makes the IGM a prime candidate for studying the speed of light (c'') 
with minimal distortion. 

The Quest for Measurement: Bridging the Gap 

While the IGM presents a promising environment for VSL investigation, directly 
measuring c'' remains a significant challenge. Our current tools are optimized for 
Earth-based measurements, where the achieved vacuum, while good, falls short of a 
truly empty space. This limitation contributes to the fixed value we assign to c0 
(299,792,458 m/s), which might not represent the speed of light under perfect 
vacuum conditions. However, advancements in observational techniques like high-
precision spectroscopy aimed at distant quasars might offer future opportunities to 
detect potential variations in the speed of light across vast cosmic distances. 

The Impact of Gravitational Fields on Light’s Velocity  

While the effect of gravity should be not neglected, it is so small that it can often be 
considered negligible. In 1911 Einstein [A. Einstein, Ann. Phys. 35, 898 (1911)] showed 
that the velocity of light is not constant in a gravitational field. He determined that a 
light signal emitted at a source point ‘S’ with an initial velocity ‘c’ would arrive at an 
observation point ‘O’ with a velocity c0 given by: 

c0 = c (1 + ΦSO/c2) 

where ΦSO is the difference of the gravitational potential between points S and O. 
This expression, however, led to an incorrect value for the deflection of light by the 
Sun, which Einstein’s later corrected in 1916 [A. Einstein, Ann. Phys. 49, 769 (1916)] by 
introducing the concept of the Coordinate Velocity of Light: 

c0 = c (1 − 2GM/Rc2) = c (1 – 2Rg/c2) 

Where g=G·M/R2  
On Earth, where the value of c0 was achieved:  

o Universal Gravitational Constant: G=6,67×10−11 N⋅m2/kg2 
o Earth Mass: MEarth=5,97×1024 kg 
o Earth’s Average Radius: REarth= 6,371×106 m. 
so: g= 9.81036023 m/s2 

Using these values, Einstein’s relativistic effect can be shown to be negligible: 
c0 c= c2 – 2g REarth  

c2 – c0 c – 2g REarth = 0 

and so:  
c= ½ [ c0 ± √(c0

2 + 8g REarth) ] 

or:  
c= ½c0 [1±√ (1 + 8g REarth / c0

2)] 

c= ½c0 [1±√ (1 + 500,026,778 / 299,792,4582)] 

c= ½c0 [1±1.000000003] 

c ≈ c0 1.000000001 

Thus, while Einstein's relativistic corrections are minute, Maxwell's equations become 
the predominant factor in determining the speed of light under these conditions. 

A Bridge Between Theory and Observation 

Understanding the vastness and characteristics of the observable universe, coupled 
with the unique properties of the IGM, is crucial for exploring the VSL hypothesis. 
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This framework doesn't discard established theories but rather seeks to refine our 
understanding of light's behavior in the near-vacuum environment of the IGM. By 
bridging the gap between theoretical concepts and future observational capabilities, 
we can shed new light on the true nature of light and its potential connection to the 
mysteries of the universe, like dark matter and dark energy. 

These both contexts (OU and IGM) underscore the importance of presenting the VSL 
hypothesis not as a radical departure but as a logical refinement of existing theories to 
account for new empirical data. This approach aims to build on the established framework, 
addressing contemporary challenges in cosmology while maintaining scientific rigor and 
respect for historical precedence. 

Einstein's Perspective on Spacetime Curvature  

Building upon the historical context, Einstein's theory of general relativity revolutionized our 
understanding of gravity by proposing that it is not a force, but a curvature of spacetime 
caused by the presence of mass and energy. Imagine spacetime as a flexible fabric; massive 
objects like the Sun warp this fabric, creating a "gravity well". Planets and other objects 
follow the contours of this curved spacetime, resulting in their orbits. This concept 
fundamentally altered our perception of the universe. It explained phenomena that 
Newtonian gravity couldn't, such as the precession of Mercury's anomalous orbit and the 
bending of light by massive objects. Einstein's theory also laid the groundwork for 
understanding black holes and the expansion of the universe. 
However, it is known that Einstein himself was initially uncomfortable with the geometrical 
interpretation of gravity. The concept of spacetime curvature, while mathematically elegant, 
can be counterintuitive. However, the overwhelming experimental evidence supporting 
General Relativity (GR) has led the majority of physicists to accept this interpretation. 
Nevertheless, the rubber sheet analogy is a common, but often misleading, simplification of 
spacetime curvature. It overemphasizes the spatial aspect and neglects the temporal 
component entirely. This can lead to a fundamental misunderstanding of the nature of 
spacetime. Here are some of the problems with this analogy:  
o Two-dimensional representation: Spacetime is four-dimensional, while a rubber 

sheet is only two-dimensional. 

o Neglect of time: The analogy focuses solely on space, ignoring the equally 
important time dimension. 

o Misconception of physical deformation: It suggests that spacetime is a physical 
fabric that can be physically bent, which is not accurate. 

 
It's essential to be cautious when using analogies to explain complex concepts. While they 
can be helpful for initial intuition, they can also be misleading if taken too literally. A more 
accurate way to think about spacetime is as a mathematical construct that relates spatial 
and temporal coordinates. This approach avoids the pitfalls of the rubber sheet analogy and 
provides a more accurate foundation for understanding general relativity. 
While general relativity has been incredibly successful in explaining gravity at large scales, it 
remains incompatible with the principles of quantum mechanics, the dominant theory 
governing the behavior of matter and energy at the atomic and subatomic level. This 
incompatibility has led physicists to search for a theory of quantum gravity, a hypothetical 
framework that would unify both general relativity and quantum mechanics. String theory 
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and loop quantum gravity are some of the promising approaches being explored in this 
ongoing quest for a more complete understanding of gravity. 
This incompatibility between general relativity and quantum mechanics necessitates further 

exploration. The following section delves into the challenges of unifying these two 

fundamental theories. 

Key points regarding Relative Theory and Quantum Mechanic 

The theories of special and general relativity, while revolutionary, represent extensions of 
classical physics and are not without their limitations. The quest for a unified theory 
encompassing both quantum mechanics (QM) and general relativity (GR) remains a central 
challenge in modern physics [9] [12]. Experimental evidence will ultimately determine the 
validity of any proposed theory, including the VSL hypothesis. 
o The limitations of classical physics: Both Special Relativity (SR) and General 

Relativity (GR) were developed as extensions of classical mechanics to accommodate 
the observed phenomena of their time. They represent significant advancements but 
are not without their limitations. 

o Quest for unification: The search for a theory that seamlessly combines quantum 
mechanics and general relativity remains one of the most challenging and sought-
after goals in physics. Quantum Gravity is the field of physics dedicated to reconciling 
GR and Quantum Mechanics. It's a complex and ongoing area of research with various 
promising approaches, such as string theory and loop quantum gravity. 

o Role of experimental evidence: Ultimately, the acceptance of any physical theory is 
based on its ability to accurately predict experimental results. While philosophical and 
conceptual issues are important, they must be reconciled with empirical data. Any 
theory of Quantum Gravity must be supported by experimental evidence. Detecting 
gravitational waves from quantum systems or observing the behavior of matter under 
extreme conditions are potential avenues for testing these ideas. 

o Role of the Quantum Vacuum: The quantum vacuum is indeed a concept shared by 
both Quantum Mechanics and GR, although with different implications. While it's true 
that solid-state physics relies heavily on quantum mechanics, the quantum vacuum 
also plays a role in cosmological models based on GR. The quantum vacuum, with its 
fluctuations and potential energy, offers a possible bridge between the classical and 
quantum realms. Understanding its role in gravity is crucial. 

The concept of the quantum vacuum, shared by both quantum mechanics and general 
relativity, offers a potential link between the microscopic and macroscopic realms. 
Understanding the properties and behavior of the quantum vacuum is crucial for exploring 
the implications of the VSL hypothesis. 

The 1972 Experiment and the Definition of the Meter  

o landmark achievement: The 1972 experiment where it was stablished that c0= 
299,729,458 meter per second and the subsequent definition of the Meter was a 
landmark achievement in metrology, and the value obtained has since been used to 
redefine the meter. However, it's essential to recognize that this measurement was 
conducted under specific laboratory conditions. To explore the potential variability of 
the speed of light as proposed by the VSL hypothesis, we must consider the impact of 
different media and cosmic environments. 
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o Experimental Conditions: The specific conditions of the 1972 experiment, including 
vacuum pressure and temperature, are crucial for understanding the precision of the 
measurement and its potential limitations. 

o Definition of the Meter: The 1983 redefinition of the meter in terms of the speed of 
light, detailed in works like those by Magueijo [5[ [20], highlights the importance of this 
constant in modern metrology. From 2019, one meter is the length of the path 
travelled by light in vacuum during a time interval of 1/299792458 of a second,  

o The Role of the Medium (Einstein emphasized the importance of the Fizeau 

experiment [11] regarding special relativity): While the Michelson-Morley experiment 
(1887) confirmed the constancy of the speed of light (c) in a terrestrial laboratory, and 
being used by Einstein to postulate the constancy of c, it didn't address the potential 
variation of the speed of light in different media or cosmic environments. 

o Evolution of Experimental Techniques: Advances in measurement technology have 
significantly expanded our ability to probe the nature of light and spacetime. More 
modern experiments with masers or lasers, atomic clocks, and last generation of 
interferometers offer far greater precision than was possible in the early 20th century. 
Such as more precision measurements will take place in different media or under 
varying conditions. 

o Implications for VSL: Understanding the experimental conditions of the 1972 
measurement is essential for assessing the potential variability of the speed of light in 
different environments. The limitations of historical experiments underscore the need 
for continued exploration and refinement of our understanding of the speed of light. 
VSL theories offer a potential framework for addressing these questions. 

o Consistency with Other Observations: It'll be essential to ensure that the VSL 
hypothesis is consistent with a wide range of observational data, including the cosmic 
microwave background, the large-scale structure of the universe, and the behavior of 
astronomical objects. 

While the 1972 experiment provides a foundation for our current understanding of the 
speed of light, it's crucial to conduct further experiments under a wider range of 
conditions to investigate the possibility of variations. Such experiments could involve 
probing the speed of light in different media, such as the interstellar medium (ISM) or 
the intergalactic medium (IGM), as well as under extreme conditions like those found in 
the vicinity of black holes. However, it is still not an easy task due to our physical 
limitations investigating the possibility of variations predicted by the VSL hypothesis. 

FLRW Metric and Its Alternatives 

o FLRW Metric: The Friedmann–Lemaître–Robertson–Walker (FLRW) metric is a 

theoretical framework based on a set of assumptions about the universe's 
homogeneity and isotropy. While it has been successful in explaining many 
cosmological observations, it's essential to remember that it's a model, and models 
are always subject to refinement or replacement based on new data. FLRW is a core 
component of the standard cosmological model (Λ-CDM), but it's essential to 
acknowledge its limitations. 

o Superluminal Expansion: The idea that galaxies can recede from each other faster 
than the speed of light due to space expansion is counterintuitive and raises questions 
about causality. However, the concept of a superluminal expansion, as the Moffat’s [6] 
and other models, proposes scenarios where the speed of light varies significantly. 
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o Creation of Space: Similarly, to the precedent point, the notion of the expansion of 

space itself, as implied by some cosmological models, present philosophical and 
conceptual challenges and lacks direct observational evidence. 

o Hubble Constant: The value of the Hubble constant (H₀) and its implications for the 
age and expansion rate of the universe are subjects of ongoing debate but is 
empirically demonstrated and so it became a law of physics. Hubble's Law, on the 
other hand, is based on direct observations of redshift-distance relationships. It's a 
fundamental empirical relationship that any cosmological model must account for. 
However, the Hubble constant, a fundamental parameter in the FLRW metric, is subject 
to ongoing refinement and measurement. Discrepancies between different 
measurement techniques, known as the Hubble tension, highlight the need for further 
investigation and potentially new cosmological models. 

 

Alternative Models and Theories 

o Challenges and Question: Given the challenges and questions surrounding the FLRW 
metric, it's clear that there's a need for alternative models that can explain the 
observed universe while addressing the limitations of the current paradigm. The 
limitations of the FLRW metric, such as the need for dark matter and dark energy, 
have spurred the development of alternative cosmological models, e.g. some 
physicists propose modifications to the standard model of cosmology to address 
these issues. While other alternative theories like inflation and modified gravity offer 
potential explanations for certain observations, they introduce additional complexities 
and parameters. VSL could be another much simpler alternative [4] [5] [13]. The VSL 
hypothesis provides a novel approach to addressing some of these challenges. By 
relaxing the assumption of a constant speed of light to be local, it offers the potential 
to reconcile observations without invoking additional hypothetical entities. 

o Speculative Theories: Throughout the recent history of cosmology, various theories 
have been proposed to explain observations that challenge our understanding of the 
universe. Some of these theories, despite lacking empirical demonstration, have 
gained acceptance within the scientific community. For instance, the FLRW metric 
describes the universe's expansion, suggesting that space itself can expand faster than 
the speed of light, a concept that circumvents the limit imposed by c on material 
objects and information. The idea that space is a dynamic fabric, capable of expanding 
independently of light speed, is often illustrated with the concept of a membrane or 
fabric of space-time. Additionally, the Inflaton Theory proposes a rapid exponential 
expansion of the universe in its early moments, driven by a hypothetical field and 
particle. Similarly, dark matter and dark energy are introduced to explain the missing 
mass and accelerated expansion of the universe, respectively, though they remain 
undetected directly. The notion of negative pressure is invoked to account for the 
repulsive force driving this acceleration. These speculative theories highlight the 
creative approaches taken to reconcile observations with existing frameworks, even 
when direct empirical evidence is lacking. 

Furthermore, and very important too, the Variable Speed of Light (VSL) hypothesis is one 
such alternative approach that proposes a local variation in the speed of light as a way to 
explain some of the inconsistencies of the Λ-CDM standard model. 
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Emphasizing Falsifiability and Testability 

o Direct Path to Verification: The VSL hypothesis offers a potentially more direct path 
to experimental verification compared to concepts like dark matter and dark energy. 
These concepts are inferred from their gravitational effects, while VSL proposes a 
measurable and potentially observable variation in the speed of light. Direct 
observations of light propagation in various cosmic environments could provide 
crucial evidence for or against the VSL hypothesis. Furthermore, the VSL hypothesis is 
falsifiable, in principle, through experiments that demonstrate light speed remains 
constant under varying conditions. Falsifiability and testability are crucial aspects of 
scientific theories, as emphasized in numerous works [5] [14] [15]. 
In the context of relativity, the observed energy and frequency of light depend on the 
relative motion between the light source and the observer (Doppler effect). This 
phenomenon highlights the importance of reference frames, which are perspectives 
from which observers measure phenomena. For the VSL hypothesis, variations in the 
speed of light within different cosmic environments could potentially influence the 
observed shifts in energy and frequency of light. This underscores the importance of 
falsifiability and testability in exploring the implications of VSL theories. 

o Theoretical Underpinnings: While VSL challenges the constancy of the speed of light 
in a vacuum, it still relies on established physical principles. It's essential to consider 
potential challenges and to ensure consistency with other well-established theories 
and to identify any possible conflicts or inconsistencies. Accurately measuring and 
controlling the properties of the vacuum is a complex task. Additionally, the 
interpretation of experimental results may be influenced by other factors, such as 
gravitational lensing or plasma effects. 

o Predictive Power: The VSL hypothesis should make specific predictions that can be 
compared with observational data. These predictions could include the behavior of 
light in different cosmic environments, the implications for the cosmic microwave 
background (CMB), or the dynamics of galaxies and galaxy clusters. To strengthen the 
VSL hypothesis, it's crucial to develop precise predictions and conduct carefully 
designed experiments. By comparing these predictions with observational data, we 
can assess the viability of the VSL concept and its ability to explain cosmological 
phenomena. Applying the scientific method is fundamental key. 

Galactic and Solar System Perspectives 

Let c0 represent the speed of light in a vacuum, c' the speed of light in the interstellar 
medium (ISM), and c'' the theoretical maximum speed of light in the intergalactic medium 
(IGM). 
The Milky Way galaxy and the Solar System provide natural laboratories for investigating 
the potential variations in the speed of light. 

Milky Way Dynamics 

The ISM, with its higher density of dust, gas, and plasma, reduces the speed of light 
(c') compared to the IGM, where the near-perfect vacuum conditions allow for a 
theoretical maximum speed (c''). The ISM's higher density compared to the IGM 
offers an opportunity to study how the properties of the medium affect the 
propagation of light. 
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Observations of pulsar dispersion measure, which measures the delay in arrival times 
of different radio frequencies from pulsars, provide evidence for a reduced speed of 
light in the ISM due to interactions with free electrons. These observations which 
exhibit variations in their pulse arrival times due to the dispersion of radio waves 
through the ISM, provide evidence for a refractive index different from unity. 
However, accurately separating the effects of the ISM from other factors influencing 
pulsar timing is challenging. 

Solar System Observations 

Within the Solar System, the interplanetary medium (IPM) offers a relatively 
controlled environment for studying the speed of light. While the measured value of 
the speed of light in the IPM is consistent with the terrestrial value, c0, the potential 
for small variations remains a subject of ongoing investigation. 
Instruments on Earth detect photons arriving from cosmic sources, capturing data 
that informs our understanding of the universe's origins and evolution. These 
observations, limited to photons that reach the Solar System, primarily reflect 
conditions within the ISM and the solar system's local interplanetary medium (IPM), 
where c0=299,792,458 m/s is the local constant value in the interplanetary medium.  

Precise measurements of the speed of light within the Milky Way and Solar System are 
crucial for testing the VSL hypothesis and other theories [16] [17]. By comparing these 
measurements with the expected values based on the properties of the ISM and IPM, we 
can search for evidence of deviations from the constant speed of light. 

Quantum Perspectives: Exploring the Dynamics of the Quantum Vacuum 

The Speed of Light and the Vacuum 

A fundamental tenet of physics is the existence of a limiting speed for any causal 
influence propagating through the vacuum, applicable to light (photons), gravity 
(gravitons), and any quantum particle with zero rest mass. In the standard model of 
quantum mechanics, these particles serve as force carriers or interaction mediators, 
known as bosons. 

The Quantum Vacuum: A Non-Empty Space 

In Quantum Field Theory, the vacuum of space is far from empty. Every field 
possesses a non-zero residual state, harboring a remnant energy equivalent to that 
of a proton per cubic meter within the vacuum. The quantum vacuum is a dynamic 
medium influenced by quantum fluctuations [10] [18]. These fluctuations, governed by 
the Heisenberg uncertainty principle, give rise to virtual particles that momentarily 
exist before annihilating. The properties of this quantum medium, including its 
energy density and electromagnetic characteristics, may impact the behavior of light 
and potentially contribute to variations in its speed. This concept further expands 
our understanding, providing context for vacuum fluctuations and the Higgs field. 

Photon Interactions and Quantum Effects 
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Within the intricate realm of the quantum vacuum, photons engage in complex 
phenomena that involve quantum fluctuations and interactions with the Higgs field. 
These interactions can influence photon propagation, potentially introducing 
variability in its speed under different quantum states and energy regimes. 
Furthermore, the interaction of photons with the quantum vacuum, mediated by 
processes like the Casimir effect and vacuum polarization, could introduce subtle 
modifications to the propagation of light. While these effects are typically minuscule, 
they raise the possibility of observable consequences under specific or extreme 
conditions, such as in the presence of strong gravitational fields or in the early 
universe. 

Heisenberg's Uncertainty Principle and Virtual Particles 

Heisenberg's energy-time uncertainty principle provides the foundation for 
understanding these fluctuations. It dictates that ephemeral pairs of matter and 
antimatter, known as "virtual pairs," are constantly being created and annihilated 
within a fleeting timeframe of approximately 10-21 seconds. These electrostatic 
dipoles, essentially electron-positron pairs, are termed "virtual" due to their elusive 
nature. Despite being undetectable, their existence is crucial for explaining the 
observed behavior of nature. 

Altered Initial Conditions and Modified Vacuum Properties 

The initial conditions governing physics might have been partially or entirely 
different from those we observe today. This implies that the vacuum's electrical 
permittivity (ε0) and magnetic permeability (μ0) could have possessed significantly 
different values in the early universe. 

The Evolving Vacuum: From "Nothing" to Our Current Reality 

To maintain the validity of our current theories (General Relativity and Quantum 
Mechanics), it is plausible that the "present-day free space vacuum" (with its 
inherent fluctuations and omnipresent Higgs field) was vastly different from the 
"initial free space" where the vacuum contained "nothingness". This suggests that 
there were potentially different values for 'εi' and 'µi' that allowed matter 
(encompassing mass and energy) to travel at significantly higher speeds while the 
’hypothetical nothingness occupied the vacuum’. As these quantum fluctuations, the 
Higgs field, and the electromagnetic and gravitational fields expanded, they invaded 
the free space previously occupied solely by "nothingness." 

The Role of the Higgs Boson and Relativistic Mass 

Relativistic mass nowadays is underused but, today, it is understood that the 
quantum vacuum provides the substance for the Higgs boson, which, in turn, 
contributes minimally to quark mass. The majority of mass arises from relativistic 
mass, as expressed by m=E/c2 (where m=γm0, Lorentz’s Factor x mass at rest). This is 
particularly evident in quark fermions, which exhibit a remarkable indifference to the 
Higgs boson (the particle imparting mass) and the gluons (particles responsible for 
"confining" quarks) that stabilize quarks within a neutron- or proton-sized region. To 



13 

 

achieve the observed white color, three quarks participate. Their mass is almost 
entirely relativistic (m=E/c2) and not attributed to the Higgs boson. Consequently, 
nearly 80% of the mass of neutrons and protons stems from "confined" kinetic 
energy within a 10-15-meter region. 

Exploring the Impact of Quantum Vacuum in the IGM 

While massless particles (photons) are primarily affected by quantum fluctuations, 
the potential influence of the Higgs boson should be investigated within the context 
of the intergalactic medium (IGM) where mass-particles are almost inexistent and 
cannot vibrate due to near Zero-Atmosphere conditions. This analysis would 
determine whether and to what extent the Higgs boson can indeed affect photon 
propagation in the IGM. 

Quantum Fluctuations and Hawking Radiation 

Quantum fluctuations have been extensively demonstrated through the 
phenomenon of Hawking radiation, which is responsible for the evaporation of black 
holes. However, as the only known process capable of inducing information loss, 
Hawking radiation remains a subject of ongoing debate. 

Shielding and the Fine Structure Constant 

This phenomenon, termed "shielding," manifests in quantum field theory, 
profoundly impacting the value of the electromagnetic interaction force exerted by 
the electron. The concept of the "naked electron" (representing the minimum 
possible effective mass) and the "clothed electron" arises from this shielding effect. 
The electrostatic force perceived from the "clothed" electron, which is the 
experimentally measured value, is 137 times smaller (fine structure constant α= 
e2/2e0hc0 = 1/137.03599908) than that of the "naked" electron. Similar 
electromagnetic quantum interactions are present also in quarks. And a comparable 
phenomenon can affect to ‘how to turn the vacuum into a superconductor’. 

Superconductivity and Extreme Conditions 

At temperatures approaching absolute zero (2,7 K) and in near-zero atmospheric 
pressures (as is the case in IGM), materials exhibit superconductivity, drastically 
altering electromagnetic properties. While achieving superconductivity in the 
extremely sparse IGM is highly unlikely, it's theoretically possible. In such 
environments, the permeability (μ) could approach zero due to the Meissner effect, a 
characteristic of superconductors where magnetic fields is expelled from the 
material, provided that permittivity (ε) remains relatively constant. This reduction in 
permeability could potentially lead to a significant increase in the speed of light 
within a hypothetical superconducting material, as described by the equation  

c = 1/√(με). 
Anyhow, investigating the relationship between Quantum Fluctuations including 
Fine Structure and the speed of light is crucial for understanding the potential 
mechanisms behind the VSL hypothesis. Precision measurements of photon 



14 

 

propagation in extreme quantum environments could provide valuable insights into 
the nature of the quantum vacuum and its influence on the speed of light. 

Compatibility with Established Theories 

The Variable Speed of Light (VSL) hypothesis challenges the constancy of light speed 
as a universal principle. However, it doesn't contradict established theories like 
General Relativity (GRT) and Quantum Mechanics (QM), on the contrary, it builds 
upon in both stablishes theories. Some interpretations of VSL propose a locally 
constant speed of light, meaning that light speed could vary depending on the 
specific environment or medium it travels through, while still adhering to the core 
tenets of GRT and QM [19]. 

Theoretical Implications of VSL and Empirical Data 

The journey of a photon from the cosmic microwave background (CMB) to our telescopes 
provides a unique opportunity to study the potential variations in the speed of light. As 
photons traverse the intergalactic medium (IGM), the interstellar medium (ISM), and the 
interplanetary medium (IPM), they experience different environments that could influence 
their propagation speed. 
The VSL hypothesis suggests that the speed of light might be higher in the low-density IGM 
compared to the denser ISM and IPM. This variation could impact our understanding of 
several cosmic phenomena, including the Hubble constant, the Cosmic Microwave 
Background (CMB), and the distribution of galaxies. For example, a higher speed of light in 
the IGM could affect redshift measurements and potentially resolve the Hubble tension. As 
well as influence the formation and evolution of large-scale structures. 

Pathway of a Photon 

A photon from the CMB travers three distinct phases: 
1. IGM: Photon travels at c'', potentially higher than c0 due to near-perfect 

vacuum conditions. This phase accounts for roughly 99.99% of the photon's 
journey time (approximately 13.68 billion years). 

2. ISM: Speed reduces to c' as the photon interacts with denser matter 
(approximately 1,000 light-years).  

3. IPM: Photon slows further to c0 as it approaches and enters the Solar System 
(approximately 0.0019 light-years, or roughly 166 hours). 

Unnecessary to mention the uncertainties associated with measuring variations in the 

speed of light across these vast distances. 

Empirical Observations 

Voyager 1 and 2 upon reaching the heliopause where the IPM transitions to the ISM, 
observed anisotropic properties of the universe. These observations challenge the 
assumption of cosmic homogeneity and highlight the need for more comprehensive 
empirical data to understand the variability of the speed of light and its implications 
for cosmic expansion and dark energy. 
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Implications for the Hubble Constant  

The VSL hypothesis affects the Hubble constant (H0), which in turn impacts redshift 
and distance measurements. A varying of c could reconcile current discrepancies 
between H0 values obtained from the CMB measurement and local supernova and 
Cepheid variable measurements. This suggests that H0 might not be a single 
constant value but could vary across different epochs and regions of the universe. 

Reference Frames and Light Cones  

Adopting the VSL hypothesis introduces a dynamic view of reference frames and 
light cones. Under VSL, the speed of light defining light cone boundaries would vary 
with local vacuum conditions. In the IGM, where c is higher, the light cone would be 
broader, allowing for faster information propagation. Conversely, in denser regions 
like the ISM with smaller c, the light cone would be narrower. This variability 
influences our understanding of causality, information transfer, and the observable 
universe's dimensions, potentially expanding our observable horizon. 

*** Ensuring Consistency with Fundamental Physical Principles *** 

The Variability of the Speed Limit (VSL) hypothesis aligns with other fundamental 
physical principles, such as the conservation of energy and momentum.  
Before delving deeper into this relationship, it is essential to clarify some key 
concepts: 

An explanatory theory for dark matter and dark energy [7] [8] [12] involves 
imagining different reference frames. VSL suggests that the IGM and ISM are 
different reference frames due to the time dimension (ct), noted with c' for 
ISM and c'' for IGM. This means that, although local observers within galaxies 
see no changes, the speed of light can vary in different regions of the 
universe without affecting their perception because information from distant 
regions must propagate with the same light's speed limit when it reaches 
their region. 
Using Einstein’s expression E²= (m₀c²)²+(pc)², where ‘p’ is the object's 
momentum given by p = γm₀v2, we obtain E = γm₀c². This is often expressed 
as E= mc², where 'm' is commonly referred to as relativistic mass. Conversely, 
m0= √((E/c2)–(pc)2) is the object’s rest mass, invariant for all observers 
regardless of their motion relative to the object. So, it’s an invariant. But it’s 
only in the object’s rest frame (its own “light cone” where the object moves 
only through time), where p=0 and then we get E= m0c2. Thus, we have an 
object with a rest mass of m0 moving through time at a speed of c.  
For instance, our planet Earth, inside its Interplanetary Medium (IPM), 
represents such a rest frame, governed by the speed of light c0, thus E0= 
m0c0

2. The Solar System, within its Interstellar Medium (ISM), adheres to 
similar principles but refined by VSL, where c′ is the speed of light in the ISM 

and E′=m0c′2. Likewise, our Milky Way within the Intergalactic Medium (IGM) 
follows E′′=m0c′′2. 

To conceptualize: 
1. IPM: The Observable Universe has a rest mass m0. 
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2. Within the vacuum of ISM, each IPM moves at c', with E′=m0c′2. 
3. Within IGM’s vacuum, each ISM moves at c'', resulting in E′′=m0c′′2. 

Given the universe’s isotropic and homogeneous, every planet in each stellar system 
in whichever galaxy across the universe would perceive a similar situation. 

*** Energy Consistency Across Different Media *** 

Supposing m0 is rest mass of our Solar System, to maintain mass consistency with 
the Λ-CDM model and across different media, we consider specific reference frames 
for each medium in order to evaluate which value of c’ and c” could be achieved in 
terms of matter and energy: 

• In the IPM: E0=m0c0
2=0.049 ET 

From this we can know the value of ET, the total energy contribution of the 
Solar System as expected by the Λ-CDM model is ET= m0c0

2/0,049. 
• In the ISM: E’=m0c’2=0.268 ET= 0.268 m0c0

2/0,049 
• In the IGM: E”=m0c”2=0.683 ET= 0.683 m0c0

2/0,049 
From these, the values of c’ and c” are calculated as: 

 c’= √(0.268·c0
2/0.049)= 700,968,957.1 m/s (≈2.33867·c0) 

 c”= √(0.683·c0
2/0.049)= 1,119,030,027 m/s  (≈3.733467·c0) 

This value of c” correspond to a Hubble’s parameter of H0= 80 km/s/Mpc, 
which is close to the values from observations of the Cosmic Microwave 
Background (CMB) and Cepheid stars, known as the “Hubble’s tension”. 

This reasoning supports the core principle of VSL, suggesting that what is labeled 
as dark matter and dark energy in the Λ-CDM model could be understood as 
variations in inertia caused by changes in the speed of light in different media. 
By redefining these principles within the context of VSL, we gain new insights into 
the nature of dark matter and dark energy. These concepts suggest that the inertia in 
the interstellar and intergalactic mediums increases by specific factors, currently 
interpreted as dark matter and dark energy. 
This simply method highlights the reference frame for the observable universe’s 

observer, seeing it light cone in the 3 different media locations. Assuming VSL, the 
observable universe's radius could be significantly larger if c'' in the IGM is 
indeed higher than c0: 

o New radius= 46.5 billion light-years x c′′/c0≈ 46.5x3.733467≈ 173.6062 billion 
light-years. 

In summary, incorporating the VSL hypothesis into our current understanding of 
cosmology provides a coherent framework consistent with established physical 
principles. By refining Einstein’s theories to include local variability in the speed of 
light, we open new avenues for understanding the universe’s structure and dynamics 
without introducing entirely new principles.  

*** Cosmological Implications *** 

As the universe cooled and expanded, conditions in the intergalactic medium (IGM) 
eventually became conducive to superconductivity approximately 6 billion years ago. 
This transition to a superconducting state, characterized by zero electrical resistance 
and perfect diamagnetism (where µr≈0 and so c=1/√ε0µ0µr could approximate to 



17 

 

infinite), may offer an alternative explanation for the observed accelerated expansion 
of the universe, traditionally attributed to dark energy. Galaxies in the IGM, 
experiencing low resistance due to near-zero atmospheric pressure, can increase 
their velocities through a combination of rotational dynamics and spatial freedom.  

Variable Speed of Light (VSL) Hypothesis: 
A variable speed of light could potentially offer alternative explanations for the 
observed accelerated expansion of the universe without invoking dark energy. 
Additionally, it might have implications for the formation of large-scale structures 
and the properties of the Cosmic Microwave Background (CMB). Edwin Hubble’s 
1929 discovery that distances to far-away galaxies were proportional to their 
redshifts implied that distant galaxies were moving away from us, confirming the Big 
Bang theory. This also suggests that galaxies formed after the Big Bang had different 
accelerations, leading to varying velocities. This phenomenon may continue, with 
farther galaxies moving faster. 
Unequal acceleration post-Big Bang applies during the Inflationary epoch, achieving 
enormous velocities due to true-vacuum conditions. However, energy can travel 
faster that matter, implying a decelerated process should be considered. This can be 
modeled with an Exponential Decay analogy (RC Circuit Analogy), where the speed 
of light transitions over time based on the characteristics of the medium: 

c(t)=cinitial⋅e−t/τ+ctransition 
Here, cinitial represents the initial speed of light immediately post-Big Bang, τ 
is the time constant characterizing the decay rate, and ctransition is the 
asymptotic speed of light to be achieved by each medium type: 

1. IPM: Ctransition= C0 (i.e. 299,729,458 m/s) 

2. ISM: Ctransition= c’ (Speed in denser interstellar medium, potentially better 

named as Cdark-matter). 

3. IGM: Ctransition= c” (Speed in near-perfect vacuum intergalactic medium).  

Density-Dependent Model:  
For the late-time acceleration phase, the speed of light varies with the universe's 
energy density: 

c(t)=ctransition(ρtransition/ρ(t))n 

where ρtransition was the reference energy density when the universe’s accelerated 
expansion restarted, and ‘n’ is a positive constant that determines the sensitivity of c 
to changes in ρ(t). 
 
Application to Friedmann equations: 
The Friedmann equations describe the dynamics of a homogeneous and isotropic 
universe: 

H(t)2=8πG/3·ρ(t)−k·c(t)2/a(t)2+Λ·c(t)2/3 

where: 

• H is the Hubble parameter, representing the rate of expansion. 

• ρ(t) is the energy density of the universe, which varies over time, 

• k is the curvature parameter, with k=1 for a closed universe, k=0 for a flat 

universe, and k=-1 for an open universe. 
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• a(t) is the scale factor, representing the universe’s expansion relative to a 

reference point. 

• Λ is the cosmological constant, a term accounting for the accelerating 

expansion in the current universe. (The biggest error Einstein’s recognized, 

but, nowadays, the best solution for physics to understand the acceleration 

expansion). 

In a vacuum, space is flat (k=0), simplifying the Friedmann equation:  

H(t)2=8πG/3·ρ(t) + Λ·c(t)2/3 
Late-Time Acceleration Phase:  

For t ≥ ttransition: 

H(t)2= (8πG/3)·ρ(t) + Λ/3 [ctransition(ρtransition/ρ(t)) n]2 

In the current universe, where energy density ρ(t) is relatively low, the cosmological 

constant term dominates, thus: 

 H(t)= ctransition·(ρtransition/ρ(t)) n · √Λ/3 

Enhanced Interpretation:  
Einstein’s second postulate of Special Relativity suggests that the speed of light is 

locally specific. This refinement maintains the consistency of physical laws across 

different media: 

• For IPM: c=c0 

• For ISM: c=cdark-matter 
• For IGM: c varies over time. 

In conclusion, the VSL hypothesis provides a compelling framework that integrates 
with existing cosmological models and offers alternative explanations for observed 
phenomena without the need for dark energy. 

These last 3 paragraphs articulate the core ideas of the VSL hypothesis with clarity and 
precision. They successfully integrate the concept of variable speed of light with existing 
cosmological observations and theories, offering a fresh perspective on phenomena such as 
the accelerated expansion of the universe and the nature of dark matter and dark energy. 
They express the quintessence of the VSL hypothesis and its compatibility with established 
physical principles. They provide a strong foundation for understanding how VSL can be 
integrated into current theories without disrupting the consistency of observations and 
measurements. 

Potential Experimental Validation 

Given the current technological limitations, primarily our confinement to the near space 
within our Solar System, directly measuring redshifts in the intergalactic medium (IGM) is 
not feasible. Although the wavelength (λ=c/υ) should theoretically increase with a higher c'', 
instruments will only reflect the value consistent with the speed of light in the interplanetary 
medium (IPM), or c0, upon detection. 

To validate VSL, precise measurements of the speed of light in different cosmic 
environments could be achieved through techniques such as pulsar timing arrays, very long 
baseline interferometry, and spacecraft-based experiments. These could include: 
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1. Precision Measurements with LIGO detectors: Utilizing advanced LIGO detectors 

to measure redshifts is more appropriate than telescopic observations, as matter 

with the highest redshifts might not be visible electromagnetically. 

2. Probing Cosmic Microwave Background (CMB): While the CMB has been 

extensively studied, a detailed analysis of its anisotropies could reveal subtle 

variations in 'c' over cosmic time. This analysis could contrast the initial expulsion 

velocities of galaxies, as observed by Hubble in 1929. 

3. Local Experiments with High-Precision Clocks: Conducting experiments to 

measure the speed of light under different controlled vacuum conditions using 

highly precise atomic clocks and interferometry is crucial. Although achieving the 
required vacuum and low temperatures, as in the pipes of the LHC (1.8 K), poses 
challenges, the relatively low cost of such instruments makes this a feasible avenue 
for investigation. Revisiting experiments similar to those conducted in 1972, either in 
Earth-based chambers or space-based setups, could yield valuable data on light 
speed variability under different conditions. 

Directly measuring variations in the speed of light across vast cosmic distances presents 
significant challenges due to the limitations of current technology. However, indirect 
probes and laboratory experiments [5] offer potential avenues for investigating the VSL 
hypothesis. Precise timing of pulsar signals and very long baseline interferometry can 
provide insights into the propagation of light through the interstellar medium. 
Deviations from expected behavior could indicate variations in the speed of light. 
Additionally, analyzing the cosmic microwave background for potential anisotropies 
related to the speed of light might reveal clues about its variability over cosmic time. 

Laboratory-based experiments, such as those utilizing advanced interferometers and 
atomic clocks, can test the constancy of the speed of light under controlled conditions. 
Comparing measurements in different environments and under varying experimental 
parameters could reveal potential deviations from the standard value. 

Conclusion 

The Variability of the Speed Limit (VSL) hypothesis posits that the speed of light varies 
across all cosmic and quantum vacuum conditions. This article has explored the theoretical 
foundations, observational implications from cosmology, and insights from quantum 
physics, and has considered insights from cutting-edge research facilities like the Large 
Hadron Collider. The local variability of c offers a new framework for understanding dark 
matter and dark energy, suggesting that changes in the speed of light under different 
conditions could influence their observed effects. Future advancements in observational 
techniques and theoretical models should continue to illuminate the nature of VSL and its 
implications in physics [4] [5] [7] [20]. 

By refining a few concepts in Einstein’s Special Relativity postulates to incorporate the local 
and temporal variability of c, and adapting them to the realities observed through advanced 
empirical data from the Λ-CDM model, we open new avenues for understanding the 
universe. No major changes are required in our theories, just an adjustment in the second 
postulate to: 
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Second Special Relativity Hypothesis: Constancy of the Speed of Light:  
German: "Jede Lichtquelle bewegt sich im Ruhestandssystem mit der bestimmten, von 

Experimenten festzustellenden Geschwindigkeit V." 

Literal Translation: "Every light source moves in the rest system with the specific speed V, 

determined by experiments." 

Refined version: “Every light source moves in the rest system with the LOCALLY 
specific speed V of the type of media, determined by experiments.” 

International collaboration is crucial for advancing VSL research.  

The scientific community possesses a wealth of knowledge and resources, from 
space telescopes and LIGO detectors to the expertise within facilities like the LHC 
and synchrotron light sources such as the Alba Synchrotron here in Spain. By 
fostering international collaborations that leverage these combined strengths, we 
can significantly enhance our understanding of the universe and rigorously test the 
VSL hypothesis. This collaborative approach holds the greatest promise for moving 
VSL research beyond its current theoretical stage and into the realm of verifiable 
science. 

Ensuring Consistency with Fundamental Physical Principles: 

The VSL hypothesis aligns with fundamental principles like the conservation of 
energy and momentum. By considering variations in the speed of light within 
different media, we can maintain consistency with established physical laws. This 
approach offers a novel perspective on the relationship between mass, energy, and 
the speed of light, suggesting that these variations could explain the gravitational 
effects attributed to dark matter and dark energy without introducing new, unseen 
forms of matter. 

Energy Consistency Across Different Media: 

In different cosmic environments, the speed of light varies, leading to corresponding 
changes in the energy and inertia of matter. For instance, within the interplanetary 
medium (IPM), interstellar medium (ISM), and intergalactic medium (IGM), the speed 
of light is c0, c', and c′′ respectively. This variability helps explain the observed 
properties of dark matter and dark energy, as changes in light speed affect the 
energy dynamics within these regions. This approach provides a coherent 
explanation for the increased inertia observed in these media, aligning with the Λ-
CDM model's predictions. 

Cosmological Implications: 

The VSL hypothesis also offers potential explanations for the accelerated expansion 
of the universe. As the universe cooled and expanded, conditions in the IGM may 
have become conducive to superconductivity, leading to zero electrical resistance 
and perfect diamagnetism. This transition could explain the observed acceleration 
traditionally attributed to dark energy. Additionally, the VSL framework suggests that 
varying light speeds could influence the formation of large-scale structures and the 
properties of the Cosmic Microwave Background (CMB). 
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The VSL hypothesis challenges the long-held assumption of a constant speed of light, 

offering a potential framework for addressing some of the outstanding puzzles in 
cosmology and physics. By relaxing the constraints imposed by a fixed speed of light, VSL 
opens up new avenues for exploring the nature of spacetime, gravity, and the evolution of 
the universe. 

Experimental verification of the VSL hypothesis is crucial to assessing its validity. High-
precision measurements of the speed of light in various environments, combined with 
theoretical advancements, will be essential for determining the feasibility of this radical 
concept. If confirmed, the VSL hypothesis could have profound implications for our 
understanding of the cosmos, potentially leading to a paradigm shift in physics. However, it 
is equally important to consider alternative explanations and to rigorously test the VSL 
hypothesis against observational data. 
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