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Abstract

The Einstein’ s theory of special relativity is based on his two postulates. The
first is that the laws of physics are the same in all inertial reference frames. The
second is that the velocity of light in the vacuum is the same in all inertial
frames. The theory of special relativity is considered to be supported by a large
number of experiments. This paper revisits the two postulates according to the
new interpretations to the exact solutions of moving sources in the laboratory
frame. The exact solutions are obtained using the classic Maxwell’ s theory,
which clearly show that the propagation velocity of the electromagnetic waves
of moving sources in the vacuum is not isotropic; the propagation velocity of the
electromagnetic waves and the moving velocity of the sources cannot be added
like vectors; the transverse Doppler effect is intrinsically included in the fields of
the moving sources. The electromagnetic sources are subject to the Newtonian
mechanics, while the electromagnetic fields are subject to the Maxwell’ s theory.
We argue that since their behaviors are quite different, it is not a best choice
to try to bind them together and force them to undergo the same coordinate
transformations as a whole, like that in the Lorentz transformations. Further-
more, the Maxwell’ s theory does not impose any limitations on the velocity of
the electromagnetic waves. To assume that all objects cannot move faster than
the light in the vacuum need more examinations. We have carefully checked
the main experiment results that were considered as supporting the special rel-
ativity. Unfortunately, we found that the experimental results may have been
misinterpreted. We here propose a Galilean-Newtonian-Maxwellian relativity,
which can give the same or even better explanations to those experimental re-
sults.
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Preamble

Perhaps We Have Misunderstood Maxwell’ s Theory and the Galilean Transfor-
mations

Gaobiao Xiao, Shanghai Jiao Tong University, China. gaobiaoxiao@sjtu.edu.cn

Abstract Einstein’ s theory of special relativity rests on two postulates: first,
that the laws of physics are identical in all inertial reference frames; and second,
that the velocity of light in vacuum is constant across all inertial frames. While
special relativity is widely considered experimentally validated, this paper re-
examines these postulates through new interpretations of exact solutions for
moving sources in the laboratory frame. These solutions, derived from classical
Maxwell” s theory, reveal that: (1) the propagation velocity of electromagnetic
waves from moving sources in vacuum is not isotropic; (2) the propagation veloc-
ity of electromagnetic waves and the velocity of their sources cannot be added
vectorially; and (3) the transverse Doppler effect is intrinsically contained within
the fields of moving sources. Electromagnetic sources obey Newtonian mechan-
ics, while electromagnetic fields obey Maxwell’ s theory. Since their behaviors
differ fundamentally, we argue that binding them together and forcing them to
undergo identical coordinate transformations—as the Lorentz transformations
do—is not optimal.

Furthermore, Maxwell’ s theory imposes no limitation on the velocity of elec-
tromagnetic waves. The assumption that no object can exceed the speed of
light in vacuum requires further scrutiny. We have carefully reexamined ma-
jor experimental results previously interpreted as supporting special relativity
and found that these results may have been misinterpreted. We propose a
Galilean-Newtonian-Maxwellian relativity that can provide equivalent or supe-
rior explanations for these experimental findings.

Introduction

In the coordinate system O(t,r), Maxwell’ s equations in vacuum can be ex-
pressed as [?, 7, ?] where E is the electric field intensity, H is the magnetic field
intensity, p(t,r) is the charge density, and J(¢,r) is the corresponding current
density. The fields are generated by the sources. In vacuum, the current density
is caused by the motion of charges, i.e., J = pv, where v is the velocity of p(¢,r).
The permittivity €, and permeability p, are constants.

The scalar potential ¢(¢,r) satisfies the wave equation where S is the excitation
source and ¢, is also a constant. Conventionally, ¢, is considered the wave
velocity since this equation has the same form as the wave equation in classical
mechanics.

However, it is crucial to note that Maxwell’ s theory does not state that the
velocity of electromagnetic waves in vacuum is always ¢,. For a single pulse
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charge existing at point r; and time instant t,, its fields at point r and time ¢
are determined by the Green’ s function [?, ?, ?]. This can be considered an
electromagnetic field pulse whose propagation velocity is isotropic and remains
¢o in all directions in vacuum. For time-harmonic, motionless sources within
a bounded region, the far electric field may be expressed as where w is the
angular frequency of the fields and r is the radial distance. In this case, it is a
spherical wave propagating with constant velocity ¢, in all directions.

However, in general situations with moving sources, electromagnetic fields rep-
resent superpositions of contributions from all sources at different positions and
different time instants. The composed far fields become quite complicated. Con-
sider a point source with time-varying charge oscillating at angular frequency
wgy, moving uniformly in vacuum with velocity v as shown in Fig.1. Its elec-
tromagnetic fields are rigorously solved from Maxwell’ s equations [?, ?]. The
main component of the far fields can be generally expressed in the form where
at time ¢; the source moves to position r;, R = r —r;, and n = R/R. The
fields generated by the charge at time ¢; propagate to observation point r with
a time delay of R/c,.

[Figure 1: see original paper] Trajectory of a moving point source with time-
varying charge.

The far field behavior is characterized by two key terms: wy(t—R-n/c¢;) describes
the propagation property of the electromagnetic wave, while 1/R(1 — n - f3)
describes the variation of field amplitude, where 5 = v/c¢,. For the far field
we have The electric far field expressed above can be rewritten as where the
velocity ¢ and angular frequency w of the composed far field are, respectively
[?]: The far field also represents a spherical wave, but both frequency and wave
velocity vary with propagation direction.

According to these equations, propagation velocity depends on propagation di-
rection. It can be seen that when the observer is on the source’s path, regardless
of source speed. The velocity reaches its maximum at 8 = 0 or w. Especially
when 6 = +7/2, we have These equations clearly show that the propagation
velocity of electromagnetic waves and the velocity of their sources do not satisfy
vector addition. The claim that these velocities can be added vectorially accord-
ing to classical physics rules represents a severe misunderstanding of classical
physics. For convenience, we call this Misunderstanding-1.

The angular frequency w of the far fields also depends on propagation direction,
describing the Doppler effect. The normalized angular frequency is The relative
Doppler shift can be expressed by Aw/w, = w/w, — 1. It is zero at angle 6,
satisfying Particularly, when § = +7/2, the transverse Doppler effect exists The
Doppler effect is explicitly included in Maxwell’ s equation solutions far from
moving sources. Conventionally, it is stated that no transverse Doppler shift
exists in classical physics. This is another misunderstanding of classical physics,
which we call Misunderstanding-2.

As an example, using results from [?], we plot the main component of the
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electric fields of a moving Hertzian dipole at § = 0.6 and 8 = 0.8 in Fig.2,
clearly demonstrating the Doppler effect.

[Figure 2: see original paper| The field patterns of a moving Hertzian dipole.
The red arrows show the moving directions. (a) = 0.6. (b) 5 =0.8.

The wave velocity of the moving Hertzian dipole for 5 = 0.8 is shown in Fig.3(a),
with maximum value about 1.67¢,. The normalized frequency is shown in
Fig.3(b), clearly depicting the transverse Doppler shift. The normalized ra-
diation pattern appears in Fig.3(c), showing the forward beam is much larger
than the backward beam. Recall that these beams are symmetrical for a mo-
tionless Hertzian dipole. In the figures, red arrows indicate moving directions
and the blue arrow indicates the polarization direction.

[Figure 3: see original paper| A uniformly moving Hertzian dipole at 5 = 0.8.
(a) Wave velocity. (b) Normalized frequency. (c¢) Normalized radiation pattern.

As a summary, we emphasize that: (1) €, and 4, are constants. The propagation
velocities of electromagnetic waves are determined by solutions to Maxwell’ s
equations for given sources and are not necessarily ¢, for moving sources. (2)
The transverse Doppler effect is intrinsically included in the far fields of moving
sources. (3) The constant ¢ is fundamentally valid for electromagnetic systems
obeying Maxwell’ s theory, not for objects obeying Newtonian mechanics.

Maxwell’ s theory provides no theoretical support for setting ¢, as the univer-
sal velocity upper limit. Conventionally, this velocity limitation is considered
experimentally justified. We will show later that this is unconvincing because
experimental results may have been misinterpreted.

II. Maxwell’s Equations under Coordinate Transformations

Vacuum is a three-dimensional Fuclidean space described by coordinate system
O(t,r), where r denotes spatial position and ¢ denotes time. Consider another
inertial coordinate system ¢’(¢',r’) moving with velocity V, with coinciding
origing at ¢t = ¢ = 0 as shown in Fig.4. The Galilean transformations describe
position changes between these frames: Obviously, we have dt = dt’, meaning
time intervals between given events remain unchanged in all inertial frames. The
Galilean transformations are valid for objects subject to Newtonian mechanics,
such as stars, planes, tennis balls, and particles. The mass density p,,(t,r) of
all objects should remain unchanged under Galilean transformations.

[Figure 4: see original paper] Two inertial coordinate systems. (" moves against
O with velocity V.

Velocity and acceleration are physical quantities directly related to position r
and time t. They obey vector addition rules and change under Galilean transfor-
mations according to Galileo’s seventeenth-century principle that laws of motion
are identical in all inertial reference frames. All classical mechanical equations
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maintain their forms under Galilean transformations—sometimes called the New-
tonian principle of relativity [?].

Electromagnetic fields obey Maxwell’s theory rather than Newtonian mechanics.
Maxwell’s equations in vacuum can be generally expressed as in (1). Importantly,
Maxwell’ s equations describe electromagnetic fields generated by given sources
p(t,r), while the sources are determined by other mechanisms and unaffected by
the fields they generate. Charge density is an intrinsic property of objects, like
mass density. The mechanical behavior of charges obeys Newtonian mechanics
and should remain unchanged under Galilean transformations. However, current
density should include coordinate system motion effects: J* = p(v — V). The
current density changes in different inertial frames.

Maxwell’ s equations form the fundamental basis for electromagnetic systems
and should not change form in any inertial coordinate system. However, early
twentieth-century researchers found Maxwell’s equations are not covariant under
Galilean transformations. Taking the first equation in (1) as an example, under
Galilean transformations the fields transform to E'(r’,t") = E(r’ + V', t’) and
B'(r',t') = B(r' + Vt',t"). Using necessary vector identities, we obtain a form
obviously different from the first equation in (1).

In 1904, Lorentz proved Maxwell’ s equations are covariant under Lorentz trans-
formations (LT). Denoting rand r, as components parallel and perpendicular

to V, the Lorentz transformations can be written as where v = 1/4/1 — 2.
Since v must be real, Lorentz transformations are only valid for |8| < 1. Any so-
lutions of the original Maxwell’ s equations for || > 1 are prohibited by Lorentz
transformations.

With Lorentz transformations, electromagnetic fields transform as [?, ?]. In
1905, Einstein reinterpreted these transformations, deriving them from his two
postulates of special relativity: (1) physical laws are identical in all inertial
reference frames, and (2) the velocity of light in vacuum is constant in all inertial
frames.

The first postulate reasonably extends the Newtonian principle of relativity.
The second appears strongly experimentally justified, as no contradictory ob-
servations have been formally confirmed. However, as shown in the previous
section, this postulate may be unconvincing based on exact solutions for fields
of moving objects. We re-examined these experiments and strongly believe that
results supporting light velocity constancy may have been misinterpreted. It
is also possible that we have misunderstood the Galilean transformations and
Maxwell’ s theory.

III. The Natural Form of Maxwell’ s Equations under
Galilean Transformations

In the Newtonian principle of relativity, laws of motion are identical in all iner-
tial reference frames. The underlying principle is that the universe is homoge-
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neous at macroscopic scales—observers in different locations or frames perceive
the universe through identical physical laws. The most appropriate description
appears to be that the distance dr between two given points and the time in-
terval dt between two given events are unchanged in all inertial frames. We
consider this the central rule of Galilean transformations. Choosing a refer-
ence point for position and time allows creation of a coordinate system for the
universe. Position r and time ¢ are zeroth-level quantities for the universe.

Einstein’ s first postulate reasonably extends the Newtonian principle of rela-
tivity. However, we believe the central rule mentioned above should not be
abandoned. Basically, an observer can only perceive the universe in his own
coordinate system with himself as origin. He cannot see the universe exactly as
other observers do. When observers are close, their perceptions are naturally
similar, like people on Earth seeing similar star patterns. Therefore, we may
reiterate the second postulate as: all physical laws are identical for all observers.
An assumption is hidden behind this statement: the observer has no impact on
the physical systems being observed.

An essential concept requiring clarification is that physical laws describe how
physical systems evolve under certain conditions. We must clearly distinguish
between intrinsic quantities of physical systems’main bodies and physical quanti-
ties describing their behaviors. We treat mass density as an intrinsic property of
mechanical systems and charge density as intrinsic to electromagnetic systems
—these are first-level physical quantities. Position, velocity, and momentum
are second-level quantities linearly dependent on coordinates; they are covari-
ant under Galilean transformations. Acceleration, forces, potentials, fields, and
energies are third-level supplemental variables describing main body behaviors
within the frame, determined from lower-level quantities according to mechan-
ical laws or Maxwell’ s theory. They need not be invariant under Galilean
transformations.

In electromagnetic systems, charge dynamic behaviors obey Newton’ s laws.
Charge densities remain unchanged under Galilean transformations, while cur-
rent densities change according to (17). They are covariant under these trans-
formations. However, electromagnetic field behaviors are subject to Maxwell’ s
theory rather than Newtonian mechanics. Electromagnetic fields are determined
from lower-level quantities in the frame according to Maxwell’ s equations in
that frame. They are superpositions of fields from all sources generated at times
t; <t, not just those at present time ¢, as are electromagnetic potentials, mo-
menta, and energies. Moreover, electromagnetic wave propagation velocity and
frame velocity cannot be added vectorially. Therefore, electromagnetic fields
cannot be properly addressed with Galilean transformations. A natural ap-
proach is to find possible transformations in the whole space-time (r,¢) domain.
It would be ideal to find a coordinate transformation under which all physical
laws are covariant while simultaneously observing the central rule of Galilean
transformations. However, this is extremely difficult. The Lorentz transforma-
tions achieve this only approximately, under the additional restriction that all
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object velocities must not exceed c;, which obviously violates the central rule
of Galilean transformations.

The Lorentz transformations were developed when researchers discovered
Maxwell’ s equations were not covariant under Galilean transformations.
They may have been influenced by the contemporary consensus—supported
by experimental results—that light velocity in vacuum is constant. Initially
mathematical considerations, they gained physical interpretation through
Einstein. Scientists perceptively recognized the enormous merit of Maxwell’
s equations being covariant under Lorentz transformations, especially after
Einstein’ s interpretation. Lorentz transformations rapidly replaced Galilean
transformations as the foundation for unifying Newtonian mechanics and
Maxwell’ s theory. The limitation imposed by Lorentz transformations was
accepted and gradually evolved into consensus across physics.

Einstein’ s first postulate is widely accepted and physically sound. However, as
discussed previously, requiring physical laws to be identical in all inertial frames
does not require electromagnetic charges and fields to be covariant under the
same coordinate transformations. Nor is it necessary for dynamic patterns of
electromagnetic systems seen by observers in one frame to be directly mapped
from patterns in other frames through transformations.

Based on these considerations, we propose applying Galilean transformations to
mechanical and electromagnetic systems in the following modified way:

(1) The mass of all objects remains unchanged under Galilean transformations.
Positions, velocities, and accelerations are covariant, so momentum also
changes covariantly.

(2) Charge density p(t,r) is treated like mass and remains unchanged under
Galilean transformations. Current density changes covariantly according
to (17). We can verify that the current continuity law is covariant: V' -
J +9p/ot’ =0.

(3) Maxwell’ s equations in 0’ (¢',r") have exactly the same forms as in O(t, r).

It is important to note that mass, momentum, charge density, and current den-
sity are transformed from those in O(t,r). All electromagnetic fields do not
undergo coordinate transformations like (20) in Lorentz transformations. Elec-
tromagnetic fields in @’(¢’,r’) are subject to Maxwell’ s equations (22) in O’
determined by sources p(t’,r’) in that same inertial frame, i.e., p’(t',r’") = p(t,r).
They are not explicitly related to fields in O(t,r).

We use a point charge ¢ at rest in O(¢,r) to demonstrate the relationship between
fields in two inertial frames. For the observer at rest in (9, the charge is at the
origin, the magnetic field is zero, and the electric field is simply expressed by
Coulomb’s law. For the observer in (0’, the charge moves uniformly with velocity
V, so the sources are p’(t',r') = ¢6(r' = V') and J'(t',r") = ¢Vi(r' —Vt'). We
use Liénard-Wiechert potentials in the same frame for these sources. The electric
and magnetic fields derived in 0" are found to be [?, 7, ?]. The electric fields
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expressed in the two frames are quite different and not easily mapped through
coordinate transformations. Note that both are exact solutions to Maxwell’ s
equations in their corresponding frames. Modifying solutions to include special
relativity effects would require modifying Maxwell’ s equations themselves.

We hereafter call this modified theory the Galilean-Newtonian-Maxwellian
principle of relativity. Its main points are:

(1) The distance between two given points and the time interval between two
given events are unchanged in all inertial frames. There is no time dila-
tion or length contraction. Positions, velocities, and accelerations change
between frames and obey vector addition rules.

(2) For electromagnetic systems, charge density remains unchanged in all iner-
tial frames, while current density changes due to charge velocity changes.

(3) Maxwell’ s equation forms remain unchanged in all inertial frames. Fields
are determined by sources in that frame and obey Maxwell’ s equations
in that frame.

(4) For mechanical systems, mass density p,,(t,r) remains unchanged in all
inertial frames. An object’ s mass is always the same as its rest mass m,.
Kinetic energy is 0.5mv? and momentum is mv. Newton’ s law forms are
covariant, and mechanical behaviors obey Newton’ s laws in that frame.

(5) Unlike mass and charge densities, system momenta and energies are con-
served within a single frame.

Additionally: (6) The causality principle must be observed in all inertial frames:
fields at time ¢ cannot be generated by sources at time ¢, later than ¢. Explicitly,
t, <t is required.

In the Galilean-Newtonian-Maxwellian principle of relativity, we apply Einstein’
s first postulate differently than in special relativity.

IV. Rechecking the Experimental Results
A. Light Velocity Constancy

Before reexamining historical experiments measuring light velocity constancy,
we note the following facts:

(1) The light velocity in Einstein’ s second postulate refers to ¢,. This is
verified by noting that in almost all such experiments, except those us-
ing high-energy particles [?, ?], interferometers detect interference fringe
displacement caused by phase difference changes in light beams.

(2) Most early conclusions supporting light velocity constancy were based on
Misunderstanding-1, which incorrectly assumes that in classical physics,
light velocity and source or observer velocity add vectorially. We must
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re-evaluate experimental results using the correct relationship (9) as our
reference.

(3) In most early experiments, light waves were converted to light beams using
lenses and collimators. Unfortunately, the side effects of using light beams
have been largely ignored. Theoretically, a very thin light beam can be
accurately described by Gaussian beam solutions under the paraxial limit
[?]. Near the beam axis, the wavefront approximates plane waves, and
light velocity nearly equals ¢,. Converting light waves to light beams
may have destroyed the original wave structures. Experiments may have
measured ¢, rather than ¢(6). Therefore, the experimental system could
not detect interference fringe displacements even with high accuracy.

We present several examples showing potential misinterpretation of experimen-
tal results [?, ?].

Twin star experiments: Comstock [?] and de Sitter [?] studied binary star
orbits to prove light velocity independence from source motion. They expressed
measured light velocity as ¢ = ¢5 + vcosf, where v is the twin star velocity.
Finding Ac ~ 0, they concluded light velocity is independent of source speed.
However, their conclusions were based on Misunderstanding-1. Using the cor-
rect formula (9) to predict light velocity, we get Ac/c, < 107* when the twin
star rotates at velocities less than 1200 km/s—much faster than Earth’ s orbital
speed (29.75 km/s). Even ignoring possible light beam effects, it is unconvine-
ing to conclude that light velocity is constant and independent of sources in
vacuum. Moreover, according to (9), the largest velocity change is caused by
the transverse component of the twin star’ s velocity at § = 90°, not the radial
component at § = 0° as claimed.

High-energy particle experiments: Sadeh [?] measured gamma-ray veloc-
ities from positron annihilation in flight. The center-of-mass system moved
at about 0.5c. Two detectors were set at angles of 20° and 135° relative to
the positron path. The experiment showed gamma-ray velocity independent of
source velocity within +£10% error. According to (9), light velocity increases by
1.5% at 20° and 6.9% at 135°, both below experimental error. Therefore, rather
than concluding light velocity is source-independent, it is more reasonable to
conclude the experimental accuracy (10%) was insufficient to detect velocity
changes (<6.9%) correctly predicted by (9).

Fillippas and Fox [?] measured relative velocities of two gamma rays emitted
forward and backward along a decaying 7° meson’ s direction. The neutral
pion velocity was known to be about 0.2c. The experiment gave an upper limit
k < 0.4 with 90% confidence. For comparison, the result predicted by (9) is
about k ~ 0.02, within the upper limit. Again, the experiment supports (9) but
does not prove gamma-ray velocity independence from the 7° meson’ s motion
as claimed.

Michelson-Morley type experiments: These need not be re-checked be-
cause when observer and light source are at rest together (8 = 0), there should
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be no light velocity changes in vacuum, as correctly predicted by (9). The his-
torical role of Michelson-Morley experiments may have been to prove no ether
exists in vacuum—a goal they achieved convincingly.

Aberrations of nebulae experiments [?, 7, ?]: When light sources approach
or recede from observers along a straight line (§ = 0 or =), the velocity is
exactly ¢, as predicted by (9). This explains nebulae aberration experiments.
Annual aberrations are nearly constant even though nebulae may have large
radial velocities up to 30,000 km/s, simply because radial velocity has no impact
on light velocity as (9) indicates. For comparison, even assuming a nebula moves
transversely at 30,000 km/s, the largest light velocity is only 1.005¢,, producing
aberration of about 20.37”, not the 23” claimed based on Misunderstanding-1.

Effect of Earth’ s orbital velocity: Earth’ s orbital velocity is about 29.75
km /s, producing a maximum light velocity change of about 10~#, much smaller
than most experimental apparatus errors. In some experiments, converting light
waves to beams may cause additional errors.

In summary, correctly interpreted, these experimental results cannot be consid-
ered true support for light velocity constancy. Conversely, they may support
our proposed theory since all results can be reasonably predicted using (9).

Einstein’s Gedanken experiment: With our theory, we can explain Einstein’
s thought experiment [?] differently from special relativity. As shown in Fig.5(a),
mirror B moves uniformly with velocity V. Observer A in the frame comoving
with mirror B sends a light beam to the mirror, which reflects back to A along
the same path. For the comoving observer, light travels at velocity ¢, with
proper time 2¢. For the laboratory frame observer, the light beam travels path
ABA’ in time interval 2t’. According to special relativity, time dilates in the
laboratory frame: ¢’ = ~t, as shown in Fig.5(b). We can verify that c{, = vcg,,
which is Einstein’ s explanation.

With our theory, the time interval between given events is identical in all inertial
frames: ' = t. However, in the laboratory frame, light velocity along the path
changes to ¢(0), where cos @ = V' /c(0), as shown in Fig.5(c). It is straightforward
to verify that ¢, = ¢(0)t’.

[Figure 5: see original paper| Einstein’ s Gedanken experiment. (a) Light path
in the rest frame. (b) In the laboratory frame, explained with time dilation. (c)
In the laboratory frame, explained with anisotropic velocity.

B. Doppler Effect

The Doppler effect formula (11) is directly derived from Maxwell’ s equations,
with clear physical meaning: field frequencies may change due to superposition
of fields from the same sources at different time instants.

In special relativity, the Doppler effect is derived from the covariant principle
that plane wave phase remains unchanged between laboratory and source rest
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frames: k-r —wt =k’ -’ — w't’. This lacks the intuitive physical meaning of
classical electromagnetic theory. The special relativity Doppler effect is [?, ?]:
The second-order Doppler shift coefficient differs from that in (11).

Conventionally, the transverse Doppler effect is considered a pure relativistic ef-
fect directly related to time dilation, used as strong support for special relativity.
However, with exact solution (11), this support is less convincing.

The transverse Doppler effect was experimentally detected in 1938 by Herbert
E. Ives and G.R. Stilwell using longitudinal observation [?, ?]. Hasselkamp,
Mondry, and Scharmann [?] measured the second-order Doppler shift of the
Ha line emitted by fast-moving hydrogen atoms, observing light emitted per-
pendicular to the source motion. These results show the second-order Doppler
shift coefficient is about 0.5, close to special relativity predictions. However, in
these experiments, source velocities were small (8 <« 1), making second-order
shifts much smaller than first-order ones. Experimental errors are difficult to
control and evaluate, including angular errors and Doppler broadening effects.
Most importantly, source velocities were evaluated using relativistic equations
me?y = constant. It is unconvincing to use special relativity-based experiments
to support special relativity [?]. Therefore, further experiments are needed to
check this issue, especially when light source velocities are comparable to c;.

C. Superluminal Sources

We emphasize that Maxwell’ s theory imposes no velocity limitation on elec-
tromagnetic waves, let alone on objects not obeying Maxwell’ s theory. In
our proposed Galilean-Newtonian-Maxwellian principle of relativity, we lift this
velocity limitation for objects, including charges. We have shown in [?] that
superluminal sources behave like electromagnetic black holes, generating elec-
tromagnetic shock waves. Amplitudes, frequencies, and velocities become un-
usually large at shock wave edges. That is, superluminal sources irradiate large
amounts of high-energy rays with velocities much greater than ¢, at shock wave
edges. Field distributions of shock waves generated by a Hertzian dipole moving
at 2.0c, are shown in Fig.6(a) and (b). Velocity and normalized frequency for
B = 1.5 appear in Fig.6(c).

[Figure 6: see original paper| Electromagnetic shock waves of a moving Hertzian
dipole. (a) Field pattern at S = 1.5. (b) Field pattern at 8 = 2.0. (c) Wave
velocity and normalized frequency at § = 1.5.

Although superluminal sources have not been officially confirmed, some cosmo-
logical events may need revisiting [?, 7, ?].

Muon lifetime experiments: Muons were first discovered in cosmic rays.
Their proper lifetime was measured as 7 = 2.21us. Cosmic ray muons are
generally produced in the atmosphere at high altitude, yet many travel over 10
km to sea level. Since c,7 = 660m, the travel distance is much longer than
possible at light speed. Conventionally, there are only two possibilities: muons
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travel faster than light in vacuum, or flying muon lifetimes increase due to special
relativity time dilation. The first possibility is abandoned, and all experimental
results are explained by special relativity.

Frisch and Smith [?] used muons produced atop Mt. Washington, descending
about 6265 ft ($ $1900m) toward sea level at speeds greater than 0.99¢,. About
408/563 muons reached sea level, yielding an observed time dilation factor of
8.8 & 0.8, agreeing with the theoretical time dilation factor mc?y = constant.
This experiment is used to prove time dilation.

In our theory, there is no time dilation, but also no muon velocity limit. Mass
remains unchanged during flight. The only explanation is that muons can travel
at superluminal speeds greater than c,. We evaluate muon velocity using Newto-
nian mechanics, where kinetic energy is 0.5mv?. Adopting the same parameters,
muons can travel 5800m and reach sea level within their lifetime. By equating
0.5mwv? = mc?, we estimate muon velocity at about 4.15¢,. Most muons could
also reach sea level if not absorbed by other particles. Hence, muon lifetime
experiment results cannot be interpreted as supporting only special relativity—
they can also be explained by our Galilean-Newtonian-Maxwellian principle of
relativity.

V. Cosmology Hypotheses

Stellar-size black holes [?, ?|: Superluminal sources traveling faster than ¢,
are not detectable if observers stay outside the shock wave zone. These sources
are electromagnetic black holes to observers. Applying this hypothesis to the
universe, we may imagine that stellar-size black holes are stars traveling faster
than cy—superluminal stars. All stars traveling slower than ¢, are ordinary
visible stars, as shown in Fig.7. Note that velocity is measured in the observer’
s rest frame. A black hole to Earth observers may be an ordinary star to
inhabitants of other planets if its velocity in their rest frames is smaller than c.

[Figure 7: see original paper] Hypothesis: stellar-size black holes are superlumi-
nal stars.

Birth of stars [?]: Superluminal stars may lose energy and slow down. To
observers outside the shock wave zone, they are black holes. When they slow
down enough to cross the electromagnetic barrier, they may become suddenly
detectable: stars begin emitting light that can travel to and be detected by
observers in the future. When crossing the electromagnetic barrier, they emit
large amounts of high-energy rays, as shown in Fig.8. To observers, this may
appear as a star being born from a black hole, emitting large amounts of high-
energy rays like y-rays. This is a possible mechanism for new star births: they
are not practically born from black holes but have simply slowed down and
crossed electromagnetic barriers.

[Figure 8: see original paper] Hypothesis: one possible way stars are born from
stellar-size black holes. Superluminal stars slow down to cross the light barrier.
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High-energy ray booms: When Earth is swept by the edge of an unknown
superluminal star, we may receive a strong electromagnetic boom of high-energy
rays. This may be one source of many unknown v-ray bursts detected from the
universe [?, ?].

Universe expansion: Since many superluminal stars and asteroids approach-
ing Earth at velocities greater than ¢, are invisible to us, this may create an
illusion that most stars are receding and that the universe is expanding [?], even
though the universe may be practically homogeneous at macroscopic scales. Su-
perluminal stars and asteroids may be part of the sources of dark matter and
dark energy [?] in the universe.

V1. Discussions

By correctly interpreting exact solutions of electromagnetic fields from moving
sources, three misunderstandings concerning classical physics can be clarified.
It is clear that according to classical physics rules, wave velocity and source
velocity cannot be added vectorially; light velocity in vacuum depends on prop-
agation direction and relative velocity between source and observer through
relationship (9); and the transverse Doppler shift is not a pure relativistic ef-
fect. Therefore, revisiting basic rules in classical mechanics and electromagnetic
theory is necessary, as is revisiting Galilean transformations, Lorentz transfor-
mations, Einstein’ s two postulates, and thus Einstein’ s special relativity theory.

We have shown that light velocity constancy lacks solid theoretical support. By
checking experimental results supporting light velocity constancy, we found al-
most all were interpreted using misunderstandings as comparison bases. There-
fore, light velocity constancy also lacks solid experimental support. Einstein’ s
second postulate is not an unquestionable natural law, and Lorentz transforma-
tions are not the optimal solution. In particular, since electromagnetic fields
and sources obey different physical laws with quite different behaviors, it is un-
necessary to bind them together and force them to undergo identical coordinate
transformations, as Lorentz transformations do in special relativity, at the cost
of imposing a velocity limit on all objects in the universe. Intuitively, under
Lorentz transformations, the universe is bound by the slope of the velocity limit
and packaged into a four-dimensional sphere. Spacetime itself is not bent; it is
just distorted under Lorentz transformations.

Undoubtedly, understanding how main bodies are created in the universe is
important. However, this paper discusses only mechanical and electromagnetic
systems in vacuum, starting from given mass and charge densities independent
of observers.

Although superluminal sources have not been officially confirmed, this does
not discourage mathematical analysis of causal solutions for fields of sources
moving faster than light in vacuum. Electromagnetic shock waves are naturally
introduced by these solutions, enabling reasonable cosmological hypotheses such
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as superluminal stars possibly existing in the universe and being sources of
stellar-size black holes.

In our view, special relativity theory is an extremely powerful searchlight for sci-
entific research, allowing scientists to see through the haze hanging over modern
physics in its early stages. Without it, modern physics could not have achieved
such great success. However, special relativity may have difficulty explaining
some new findings in cosmology and particle physics. The light velocity limit
has become a forbidden line. Many findings that may violate special relativity
must be wrapped to fit its rules. We believe it may be time to abandon setting
light velocity in vacuum as the universal velocity limit. It is unnecessary to use
a searchlight when we can see the universe directly—a view perhaps closer to
actual observations of our universe and time. If spacetime is indeed found to
be bent in the future, we believe it will be bent under physics laws we have not
yet discovered, not according to Lorentz transformations.

References

4. M. Chaichian, I. Merches, D. Radu, A. Tureanu. FElectrodynamics: An
Intensive Course. Springer-Verlag Berlin Heidelberg, 2016. 10.1007/978-
3-642-17381-3.

5. G. B. Xiao. Electromagnetic Sources and Electromagnetic Fields. Springer
Singapore, 2024. 10.1007/978-981-99-9449-6.

6. G. Xiao. “Electromagnetic fields of moving point sources in the vacuum.”
ChinaXiv:2024-03.00391. doi:10.12074/202403.00391.

7. T. A. Filippas and J. G. Fox. “Velocity of Gamma rays from a moving
Source.” Phys. Rev. 135, 24 Aug. 1964.

8. D. H. Frisch; J. H. Smith. “Measurement of the relativistic time dilation
using -mesons.” Am. J. Phys. 31, 342-355. 1963. 10.1119/1.1969508.

9. T. Roberts. “What is the experimental basis of Special Relativity?” Ex-
perimental Basis of Special Relativity (edu-observatory.org), 2007.

10. Y. Z. Zhang. Special relativity and its experimental foundation. World
Scientific: Singapore, Nov. 1997. https://doi.org/10.1142/3180.

11. W. de Sitter, “On the constancy of the velocity of light” Proc. Acad. Sci.
Amst. 15, 1297, 1913.

12. D. Sadeh. “Experimental evidence for the constancy of the velocity of
Gamma rays, using annihilation in flight.” Phys. Rev. Lett. 10, 271,
Apr. 1963.

13. T. A. Filippas and J. G. Fox. “Velocity of Gamma rays from a moving
source.” Phys. Rev. 135, B1071, Aug. 1964.

chinarxiv.org/items/chinaxiv-202404.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202404.00034

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ChinaRxiv [$X]

A.A. Michelson, “The relative motion of the Earth and the Luminiferous
ether.” Am. J. Sci. 22, 120-129, 1881.

T. S. Jaseja, A. Javan, J. Murray, and C.H. Townes, “Test of Special
Relativity or of the Isotropy of Space by Use of Infrared Masers,” Phys.
Rev. A 133:1221, 1964.

R. J. Kennedy and E. M. Thorndike, “Experimental Establishment of the
Relativity of Time.” Phys. Rev. 42: 400, 1932.

H. Dingle, “A proposed astronomical test of the ‘ballistic’ theory of light
emission.” Month. Not. Roy. Astro. Soc. 119, 1959.

O. Heckmann, “The aberration of extragalactic nebulae.” Ann. D’ Astro-
phys. 23: 410, 1960.

H. E. Ives, G. R. Stilwell. “An experimental study of the rate
of a moving atomic clock.” J. Opt. Soc. Am. 28(7): 215, 1938.
10.1364/JOSA.28.000215.

H. E. Ives, G. R. Stilwell. “An experimental study of the rate
of a moving atomic clock.IL.” J. Opt. Soc. Am. 31(5):369, 1941.
10.1364/JOSA.31.000369.

D. Hasselkamp, E. Mondry, and A. Scharmann. “Direct observation of
the transversal Doppler-shift.” Z. Physik A 289, 151-155, 1979.

V. P. Utrobin, N. N. Chugai. “Luminous type IIP SN 2013ej with high-
velocity 56Ni ejecta.” Mon. Not. R. Astron. Soc. 472, 5004-5010, 2017.

D. H. Frisch, J. H. Smith. “Measurement of the relativistic time dilation
using -mesons.” Am. J. Phys. 31, 342-355, 1963. 10.1119/1.1969508.

T. D. Oswalt, M. A. Barstow. “Planets, stars and stellar systems: volume
4: stellar structure and evolution.” Dordrecht: Springer Netherlands, 2013.
10.1007/978-94-007-5615-1.

Gerosa, D., Fishbach, M. “Hierarchical mergers of stellar-mass black holes
and their gravitational-wave signatures.” Nat Astron 5, 749-760 (2021).
https://doi.org/10.1038/s41550-021-01398-w.

M. Petropoulou. “Anatomy of a gamma-ray burst.” Nat Astron, 567-568,
2017. 10.1038/s41550-017-0231-0.

A.G. Riess. “The expansion of the Universe is faster than expected.” Nat
Rev Phys 2, 10-12, 2020. 10.1038/s42254-019-0137-0.

S. Battersby. “Dark energy: Staring into darkness.” Nature 537, S201-
5204, 2016. 10.1038/537S201a.

C. Roger. “Dismissing renewed attempts to deny Einstein the discov-
ery of special relativity.” Am. J. Phys. 74 (9): 818-824, Sept. 2006.
10.1119/1.2221341.

chinarxiv.org/items/chinaxiv-202404.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202404.00034

ChinaRxiv [$X]

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202404.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202404.00034

	Perhaps We Have Misunderstood the Maxwell’s Theory and the Galilean Transformations
	Abstract
	Full Text
	Preamble
	Introduction
	II. Maxwell’s Equations under Coordinate Transformations
	III. The Natural Form of Maxwell’s Equations under Galilean Transformations
	IV. Rechecking the Experimental Results
	A. Light Velocity Constancy
	B. Doppler Effect
	C. Superluminal Sources

	V. Cosmology Hypotheses
	VI. Discussions
	References


