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Abstract

This study provides an in-depth analysis focusing on the violation of speed-of-light invariance in the presence of a redshifi. The
concept of speed-of-light invariance was introduced because of the changes in space and time between stationary and moving
frames of reference. According to this principle, one would not expect to observe any redshifts. However, a redshift exists empirically,
thereby presenting a logical inconsistency between the two. The findings of this study can provide new directions for theoretical and

experimental physical research

1. Introduction

Newtonian mechanics and electromagnetism are two major
components of classical physics. Although Newtonian mechanics
are symmetrical with respect to Galilean transformations [1],
electromagnetism does not exhibit this symmetry under Galilean
transformations [2, 3]. When applying Galilean transformations
to Maxwell’s equations, the assumption that the physical laws are
identical in all inertial frames is violated, failing to account for
various electromagnetic phenomena. In 1895, Hendrik Lorentz
published a theory describing electromagnetic phenomena in
moving frames [4]. He introduced a new concept of “local time”
to calculate the transformation of frames, which was later named
as the “Lorentz transformation” by Poincar’e in 1905 [5]. In the
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same year, Einstein proposed a relativistic electromagnetism
that employed Lorentz transformations while formulating
electromagnetism for moving objects. He proposed the principle
of the constancy of the speed of light [6].

Even after the advent of the theory of relativity, papers have been
consistently published suggesting that the speed of light may
vary, including articles authored by Einstein [7]. The varying
speed of light (VSL) theory can address various cosmological,
quantum gravitational, experimental, and observational issues.
According to VSL theories, the speed of light may vary
depending on factors such as time, space, and frequency [8].

7’

< >,

Figure 1: (a) Stationary light clock. Photon propagates with velocity ¢ between two mirrors with distance € and (b) light clock

moves with velocity v. Light path is elongated from £ to £'.

The fine-structure constant a is a dimensionless constant that characterizes the strength of the electromagnetic force and is defined

as follows:
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where e is the elementary charge, €, is the vacuum permittivity,
h is the reduced Planck constant, and c is the speed of light in
vacuum. However, the fine structure constant has been observed
to vary depending on the location in the universe [9-13].
Therefore, what we have considered as constants may actually be
variables subject to changes in space and time. Research has also
suggested that Planck’s constant has different values in the early
universe [14, 15]. The permittivity of space varies depending
on the model of the universe [16, 17]. Consequently, the VSL
theories, which postulate that the speed of light may change
depending on variables such as space, time, and frequency [18],
require rigorous reconsideration.
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where ¢, represents the time interval for light to travel to a
segment within the clock.

Consider a situation in which the light clock is moving at a
constant velocity v [Figure 1(b)]. In this case, the observer is
not within the same inertial frame as the original light clock but
an external stationary observer (O'). From the viewpoint of this
stationary observer (O'), the situation becomes more complex.
The light path, which originally moves vertically from bottom
to top, now appears to have a zigzag shape when considering the
forward motion of the light clock . This zigzag path is a result of

0" = \/(vto)? + (cto)?

First, in the scenario in which the light clock is in motion, the
length of the light path as observed by a stationary observer,
denoted €', is longer compared to the original light path length
ct, ((vt,))> > 0). This elongation signifies that the distance that
light must travel increases owing to its zigzag transformation.

(1)

2. Speed of Light in the Light Clock

Figure 1(a) shows a light—clock structure in which light
oscillates vertically between two mirrors situated at either end.
This specific design entails precise alignment of the two mirrors,
allowing light to traverse between them in a strictly vertical path.
Assuming that an observer is situated within the same inertial
frame as this light clock, the following scenario can be observed:
light is seen to move internally within the clock, making a
perfectly vertical round trip from the bottom to top mirror. The
trajectory followed by the light has optical characteristics and is
referred to as the ’light path.” If the length of this light clock is
denoted by ¢, then

(2)

the combined effects of the motion of the light clock and speed
of light. When focusing specifically on one linear segment of
this transformed light path, this segment represents the interval
during which the light moves between the mirrors. This interval
has significant implications when considering both the overall
motion of the light clock and the optical characteristics of the
light. From the perspective of the stationary observer (O"), this
linear path is related to the forward direction of the moving light
clock; thus, its shape differed from the original vertical light
path. In this context, the path length €' is defined as follows:

(3)
From the standpoint of the stationary observer (O'), because
the light path has lengthened, the time interval ¢ (where 7, < ')
required for the light to traverse one segment must also increase
to maintain a constant speed.

(4)

The principle of the constancy of the speed of light posits that the speed of light remains invariant across all inertial frames of
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According to this principle, if ¢ = ¢’, then

4
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In this scenario, an observer (O’), which is stationary with
respect to a moving light source, observes a transformed path
length £’ instead of the original path length € of the light. Based
on the theory of special relativity, time #, experienced by the
moving light source and time ¢’ experienced by the stationary
observer are different. Both observers

(5)

(6)
perceive the speed of light to be identical: ¢ = ¢".

Here, if the entire path € of the light from the source is perceived
by the observer as £’ with a constant speed ¢ due to the principle
of the constancy of the speed of light, then the observer cannot
discern any change in the wavelength determined by €'
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Therefore, if the speed of light is invariant, any alterations in
time and space should also render the wavelengths—and, by
extension, the frequencies—of light constant when observed.

3. Violation with redshift

Based on the principle of the constancy of the speed of light,
the optical path length of light should appear identical in both
moving and stationary light clocks, which entail no changes in
the wavelength or frequency of light. This principle serves as a
foundational assumption in physics and provides fundamental
insight into the properties and interactions of light. According to
this assumption, phenomena, such as a redshift or an increase in
wavelength, should not be observable by an external observer.

However, in reality, redshift, which indicates the elongation
of the wavelength, is empirically observed. This is explicitly
contradictory to the initial assumption, and signifies that the
wavelength of light elongates, which is a unique physical
phenomenon that occurs in moving objects.

Thus, it can be concluded that the principle of the constancy of
the speed of light is insufficient for describing the actual universe.
This significant discovery raises fundamental questions about
one of the core principles in physics.

4. Conclusion

The principle of the constancy of the speed of light is a
cornerstone of the theory of special relativity, which posits that
the speed of light is invariant in any inertial frame of reference.
When describing the optical path of a light clock based on this
principle, the wavelength of light should be preserved, which
is consistent with the principle. In other words, if the speed of
light is constant, then it logically follows that the corresponding
wavelength should also be constant. However, phenomena such
as redshifts exist, indicating that the wavelength of light is not
necessarily constant and can vary.

This discrepancy can be interpreted as evidence that the Lorentz
invariance and theory of special relativity do not perfectly
describe the actual spatiotemporal structure of the universe.
Thus, based on this perspective, the principle of the constancy
of the speed of light may have limitations depending on the
physical circumstances. Therefore, it may be necessary to treat
the speed of light, which was previously considered a constant,
as a variable that can change depending on the physical situation.
This suggests that the principle of the constancy of the speed of
light may not fully explain the diverse physical scenarios in the
actual universe, thus supporting the claim that the speed of light
should be treated as a variable contingent on physical conditions.
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