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1 Purpose of the document

This document examines the physical coherence of the ether model proposed by Chantal
Roth. It is not intended either to reject it a priori or to validate it prematurely, but to
make it open to rigorous discussion. Through her explanations, the aim is to accurately
reconstruct her hypotheses, to distinguish her intuitions from her open points, and then
to identify constraints that the model must satisfy.

This document probably covers only part of the topics addressed by Chantal Roth.
Other points may be identified, analyzed, and addressed later, especially if their physical
importance becomes apparent during the discussion.

The purpose of this document is therefore to assess how far this framework can go:
what it actually explains, what it leaves undetermined, and what it still needs to formalize
in order to become testable. The decisive criterion is not mechanical intuition, but the
model’s ability to reproduce known results and to produce verifiable predictions.

The main sources used to reconstruct Chantal Roth’s proposal are her personal website
Elastic Universe, https://elastic-universe.org/, as well as her video appearances,
notably on the Inductica and FractalWomen channels and on her personal Red Pill
channel. Her approach is presented there progressively, through verbal explanations, some
mathematical developments, and numerous demonstrative simulations.

One could nevertheless criticize the absence of a more synthetic, more unified, and
more academic document that would present the whole model in a form directly usable by
the scientific community. The elements are available, but they are dispersed across texts,
videos, simulations, and explanatory comments. This dispersion makes entry into the
model more demanding and may complicate its critical assessment, even when the ideas
presented are based on well-defined physical situations and on an explicit mathematical
basis.

This method of presentation nevertheless has its own strength. Its original, visual, and
progressive character makes it possible to capture attention and to make accessible ideas
that are difficult to approach in a purely formal form. This may be indispensable for such
an atypical model, especially when it claims the term ether, a word often perceived as
disqualifying in the context of contemporary physics. The simulations therefore do not
play only a pedagogical role: they also constitute a means of opening discussion on a
theoretical framework that might otherwise be dismissed before even being examined.

The simulations thus play an important role in the presentation of the model. They
make it possible to visualize the deformations of the elastic substrate, compression and
torsion modes, the emergence of the Lorentz factor, analogies with electromagnetic fields,
spin 1/2, charge, and certain wave structures associated with matter. Since the source code
of these simulations is available, it is possible to examine their assumptions, parameters,
and modeling choices. This facilitates understanding of the model and critical study of its
internal coherence.
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2 Chantal Roth’s proposal

2.1 General motivation

Chantal Roth’s primary motivation is interpretive. She does not primarily challenge the
mathematical effectiveness of contemporary physics, but considers insufficient a physics
capable of calculating with precision without always offering a clear mechanical image of
the phenomena it describes. What motivates her approach is precisely this gap between
the formal power of established theories and the need for a deeper physical understanding.

Among the examples that feed this questioning are the apparent constancy of the
speed of light, relativistic effects, the nature of magnetism, wave-particle duality, spin 1/2,
matter-antimatter annihilation, and certain difficulties in interpreting quantum mechanics.
Her aim is to seek a unifying mechanical framework in which these phenomena would no
longer be treated only as separate facts, but as the various manifestations of the same
underlying physical support.

2.2 Claimed minimal postulate

The claimed minimal postulate is that physical space is not an absolute void, but that
there exists a medium endowed with particular properties. In Chantal Roth’s formulation,
this substrate is likened to an ideal elastic solid.

This elastic solid must be understood as a model of properties, not as an ordinary solid
made of matter. It is not a material crystal in the usual sense, nor a physical gel immersed
in space. It is rather an underlying support whose properties would be analogous to
those of a perfect elastic solid: homogeneity, isotropy, rigidity, the capacity to transmit
deformations, absence of rupture, and apparent absence of internal friction.

This analogy with an elastic solid also implies an important difference from a fluid.
In a fluid, the elements of the medium can be transported by a permanent convective
motion. They can drift relative to one another and successively occupy different regions of
space. In an ideal elastic solid, by contrast, the elements of the substrate remain bound to
equilibrium positions.

Thus, the motion of the substrate would not be a permanent transport of matter or
substance, as in a fluid flow. It would rather be a motion relative to the equilibrium
positions of the medium: elastic displacement, vibration, compression, shear, or local
torsion. This distinction is important, because it excludes the idea of a permanent
convective current of the substrate itself, while allowing dynamic disturbances capable of
propagating.

Remark 1.

The choice to liken the substrate to an elastic solid imposes a strong constraint: the
elements of the medium cannot drift freely, as in a fluid, but must remain bound to
equilibrium positions. If these positions result solely from the internal interactions of
the substrate, then a container must exist to limit the degrees of freedom of the medium.
If, on the contrary, they are imposed by a deeper structure to which the elements of
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the substrate are attached, then an interaction with this underlying fabric must be
described. More generally, excluding any permanent convective motion amounts to
imposing a more restrictive constraint than in a fluid, where the free motion of the
medium remains allowed.

Within this framework, the substrate can support several types of disturbances. Com-
pression deformations correspond to longitudinal modes. Torsions or shears correspond to
rotational or transverse modes.

The microscopic status of the substrate remains open. It could be continuous or possess
a granularity at a very small scale. Chantal Roth does not decide this point, because
she considers that no experiment yet makes it possible to decide clearly between these
two possibilities. But even under the granular hypothesis, this granularity should not be
understood as a gas of free particles. It should rather be understood as an elastic structure
whose elements remain bound to their equilibrium positions.

This hypothesis is intended to be economical. The idea is not to add a new entity for
each phenomenon to be explained. If the model is correct, relativistic, electromagnetic, and
quantum phenomena must emerge from the same elastic substrate, through the dynamics
of its waves and deformations.

This requirement provides a criterion of internal coherence. An additional hypothesis is
acceptable only if it follows from the properties of the substrate or from its dynamical
laws. It must not be added solely to save the model locally. The value of the model
therefore depends on its ability to transform its mechanical images into precise equations, to
connect these equations to known phenomena, and then to produce verifiable quantitative
predictions.

2.3 Gravitation by refraction

2.3.1 General idea

The first axis of the model is gravitation by refraction.
The idea is that matter, conceived as a configuration of wave energy in the substrate,

locally modifies the mechanical properties of the surrounding medium. This modification
changes the local propagation speed of waves. Light, conceived as a wave of the substrate,
therefore no longer propagates in an optically homogeneous medium, but in a medium
with a variable index.

The immediate analogy is that of a vessel filled with sugar water. If the sugar concen-
tration varies with height, the optical index varies as well. A laser beam crossing this
medium no longer follows a Euclidean straight line: its path gradually bends toward the
regions of higher index, located at the bottom of the vessel, where the solution remains
more concentrated in sugar.

The gravitational intuition is analogous: around a mass, the substrate would have a
modified state that increases the effective index and bends the trajectories of waves. If we
now imagine matter itself as a standing wave, formed by back-and-forth paths transverse
to the index gradient, each elementary path finds itself in a situation analogous to that of
the laser beam in sugar water. On each outward and return path, the wave components
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are slightly deflected toward the region of higher index, that is, toward the massive body.
Since an electromagnetic wave carries momentum, this deflection implies a transfer of
momentum to the material configuration. In the absence of resistance or of a compensating
mechanism, this transfer would then appear as an acceleration of matter toward the mass.

Remark 2.

This analogy must be used with an important distinction. It works directly when the
back-and-forth paths constituting the standing wave are transverse to the index gradient.
In that case, each elementary path undergoes lateral refraction, like a laser beam in
a vessel of sugar water, and the repetition of these deflections can be interpreted as a
transfer of momentum toward the region of higher index.

It would have to be shown that all material configurations, whatever their internal
orientation, structure, and energy, acquire the same gravitational acceleration. This is
the core of the equivalence principle.

Indeed, for a strictly radial mode, the wave propagates along the index gradient.
There is then no longer any transverse geometric deflection: the ray does not bend
laterally, it is only slowed down or accelerated depending on the direction of propagation.
This case therefore requires a different mechanism, which remains to be clarified.

One possible route is to reason in terms of the local variation of the wavenumber. If
the medium is stationary, the frequency remains conserved, while the phase velocity
depends on the effective index:

vφ(r) = c

n(r) (1)

hence:

k(r) = ω

vφ(r) = n(r)ω
c

(2)

The canonical momentum associated with the wave is then:

pcan(r) = ℏk(r) = n(r)E
c

(3)

A wave propagating toward a region where the index increases thus sees its wavenum-
ber, and therefore its canonical momentum, increase:

∆pcan = E

c
∆n (4)

It is tempting to interpret this variation as an exchange of momentum between the
standing wave and the inhomogeneous substrate, capable of explaining gravitational
attraction in the radial case. However, at this stage this interpretation is only a heuristic
hypothesis. It requires a deeper mechanical justification and will have to be confronted
with the different definitions of the momentum of a wave in a medium, notably the
distinction between canonical momentum and kinetic momentum. The radial case must
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therefore be regarded as an open question of the model rather than as an established
result.

2.3.2 Local speed and mechanical properties of the substrate

Chantal specifies that the propagation speed of a wave in an elastic medium depends on a
ratio between a stiffness and an effective inertia. In schematic form, one can write:

cloc(x⃗) =

√√√√ R(x⃗)
ρeff(x⃗) (5)

Here, R(x⃗) represents an effective stiffness of the substrate and ρeff(x⃗) an effective
inertial density.

This expression must be understood as a first optical reduction of the problem. It does
not yet mean that the substrate is completely described by a single scalar density. In a real
elastic medium, the local state may include compressions, shears, torsions, and directional
stresses.

Remark 3.

In an ordinary elastic solid, longitudinal and transverse waves generally have different
speeds. For example, in classical notation, one would rather have:

cL =

√√√√K + 4
3Gs

ρ
(6)

cT =
√

Gs

ρ
(7)

where K is the bulk modulus and Gs the shear modulus. But in order to build a
minimal optical model of gravitation, the relevant properties can be grouped into an
effective stiffness R. This simplification is acceptable as long as one keeps in mind that
it is not yet a complete constitutive theory.

It nevertheless remains to explain why the structure of the medium produces no
detectable anisotropy between longitudinal and transverse modes.

2.3.3 Effective refractive index

The effective refractive index of the substrate is defined with respect to the asymptotic
speed c, far from any mass:

n(x⃗) = c

cloc(x⃗) (8)

Substituting cloc, one obtains:
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n(x⃗) =

√√√√ρeff(x⃗)
ρ0

R0

R(x⃗) (9)

This relation is decisive. It shows that refraction does not directly measure density. It
measures the ratio between effective density and effective stiffness. A larger index may
come from a greater density, a lower stiffness, or a combination of both.

Remark 4.

Thus, if matter modifies the substrate around it, it can produce a variation in
propagation speed without it being immediately possible to say whether the deep
mechanism is densification, a loss of stiffness, a directional elastic stress, or a combination
of these effects.

2.3.4 Weak-field isotropic profile

In a weak gravitational field, general relativity imposes a light deflection, for a point mass
M and a ray passing at a minimum distance b, given by:

αGR = 4GM

c2b
(10)

Let us therefore seek which isotropic index profile n(r) reproduces this deflection. For
an almost straight ray passing at distance b, we set:

r(x) =
√

x2 + b2 (11)

In the small-angle approximation, the transverse deflection of a ray in a weakly varying
index medium is written:

α ≃
∫ +∞

−∞

∂n

∂b
dx (12)

Assume an index profile of the form:

n(r) = 1 + A

r
(13)

Then:

∂n

∂b
= −Ab

r3 (14)

The magnitude of the deflection is:

|α| = Ab
∫ +∞

−∞

dx

(x2 + b2)3/2 (15)

Now:
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∫ +∞

−∞

dx

(x2 + b2)3/2 = 2
b2 (16)

Therefore:

|α| = 2A

b
(17)

To recover the relativistic value:

2A

b
= 4GM

c2b
(18)

one must therefore have:

A = 2GM

c2 (19)

The minimal effective index profile capable of reproducing the relativistic deflection in
the weak field is therefore:

n(r) ≃ 1 + 2GM

c2r
(20)

Using the Schwarzschild radius rs = 2GM/c2, this is written simply as:

n(r) ≃ 1 + rs

r
(21)

The corresponding coordinate propagation speed is:

cloc(r) = c

n(r) (22)

In the weak field:

cloc(r) ≃ c
(

1 − 2GM

c2r

)
(23)

This expression does not necessarily mean that a local observer would measure a different
value of c. Rather, it means that for a distant observer comparing processes by means
of an asymptotic time, waves appear to propagate more slowly in the region where the
substrate is modified.

Asymptotic time is the time provided by a reference clock located very far from massive
bodies. At that distance, the substrate returns to its unperturbed state. This clock then
serves as a common reference for comparing phenomena occurring at different positions in
the gravitational field.

8



In this reading, local clocks are themselves made of waves of the same substrate. They
therefore slow down with local processes, which makes it possible to understand why the
locally measured speed can remain c.

2.3.5 Extension toward the horizon

Remark 5.

The weak-field formula can be extended by starting from the Schwarzschild metric:

ds2 = −
(

1 − rs

r

)
c2dt2 +

(
1 − rs

r

)−1
dr2 + r2dΩ2 (24)

with:

rs = 2GM

c2 (25)

For a radial light ray, one imposes ds2 = 0 and dΩ = 0, which gives:

crad(r) = dr

dt
= c

(
1 − rs

r

)
(26)

The effective radial index is therefore:

nrad(r) = 1
1 − rs

r

(27)

At the horizon:

crad(rs) = 0 (28)

and:

nrad(rs) → +∞ (29)

In a refractive reading, the Schwarzschild radius therefore appears as the place where
the outgoing coordinate speed becomes zero for the external observer. This does not
mean that light stops locally. A local observer always measures c. The quantity crad is
a speed reconstructed using the time t of the asymptotic observer.

Thus, the horizon corresponds to a divergence of the effective optical ratio ρeff/R,
not necessarily to a real divergence of density.

Chantal Roth interprets the horizon as a simple optical horizon: the outgoing group
velocity becomes zero there in an extreme index gradient.

But in this reading, this imposes:
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neff → +∞ (30)

and therefore:

ccoord → 0 (31)

This means that, for the distant observer, processes near the horizon are slowed
without bound. Falling matter seems to freeze near the horizon, even if the crossing
may remain finite in local proper time. But in a refraction model where the effective
index diverges and where the coordinate speed tends to zero, the horizon acquires a
singular status. It must therefore be specified whether this is only a causal limit, as in
general relativity, or a genuine physical discontinuity of the substrate.

2.3.6 Physical status of the variation in wave speed

This point imposes an important distinction. When one writes that the propagation speed
becomes:

cloc(r) = c

n(r) (32)

one must specify what this quantity means physically. Two readings are possible.
In a first reading, cloc denotes a speed reconstructed by a distant observer from his

own reference time. In that case, light may appear to propagate more slowly near a mass
without the speed locally measured by an observer comoving with the phenomenon being
different from c. This reading remains close to general relativity: local processes are slowed
from the point of view of the distant observer, but local measurements retain the same
operational structure.

In a second, stronger reading, cloc denotes a real modification of the fundamental speed
of waves in the substrate. If matter, clocks, and rods are themselves made of waves of the
substrate, then a real variation of c should modify their internal frequencies, wavelengths,
rest energy, and effective inertia. It is precisely because measuring instruments are affected
in the same way as the observed phenomena that a local observer would continue to
reconstruct a propagation speed equal to c. In this reading, c would therefore not be the
fundamental physical speed of the medium at that point, but a value locally normalized
by clocks and standards that are themselves modified. The quantity cloc, by contrast,
would characterize the real state of the substrate and the effective speed of waves in that
medium, as it could be reconstructed from a distant frame of reference.

Remark 6.

In a framework where the inertia of a material structure depends on the wave
dynamics of the substrate, one cannot locally modify the fundamental propagation
speed without asking what becomes of the energy associated with that structure. A
variation of c could modify the relation between energy, frequency, mass, and inertia. It
would then be necessary to explain how total energy is conserved when a body moves
into a region where the properties of the substrate change.
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The problem can be formulated simply. If a material structure possesses a rest energy
E0, an inertia m, and if these quantities are linked to a dynamics whose characteristic
speed is c, then a local variation of c cannot be treated as a simple optical effect with
no consequence for matter. The model must therefore say whether a relation of the
following type is preserved:

E0 = mc2 (33)

or whether this relation becomes locally dependent on the state of the substrate:

Eloc = mlocc
2
loc (34)

In the second case, it is necessary to explain what really varies: the effective mass or
the internal energy.

If one considers that the effective mass varies, and that in the present case it would
increase when a body approaches a massive object, then this variation could provide a
more direct image of the slowing of internal processes. Indeed, many material oscillators
involve mass in their natural frequency. An increase in effective inertia would therefore
naturally tend to slow these oscillations, and hence the rate of clocks made of such
systems. This explanation appears more immediate than the idea that the sole variation
of the propagation speed of light would modify the rate of clocks, because the link
between mass, inertia, and natural frequency is more direct.

In the formal continuation of this idea, however, a troubling conclusion appears: the
effective mass could tend to infinity at the horizon of a black hole. This suggests that
the model transforms the horizon into a singular material limit, whereas in general
relativity the horizon is not a local singularity for a freely falling observer. Caution is
nevertheless required: there is no guarantee that this hypothesis can be extended to
such an extreme regime.

Finally, a material body falling toward a celestial body crosses an increasing index
gradient. Even if this gradient is static for the external observer, it becomes dynamic
for the falling body:

dn

dτ
= v⃗ · ∇n (35)

If matter is a wave structure of the substrate, then a variation of index should
modify its internal modes. It could thus appear as an inertial resistance opposing
the fall, without necessarily amounting to ordinary dissipative friction, since it would
ultimately depend on the body’s acceleration. Such a resistance could therefore exist
while remaining hidden in the observables, locally compensated by the slowing of clocks.

A useful analogy to illuminate this last point is to consider an object moving in
a perfect fluid. Even in the absence of viscosity, an accelerating object must set in
motion part of the fluid surrounding it. This portion of fluid behaves like an additional
inertia, called added mass. In a homogeneous fluid, this added mass remains constant
and therefore produces no resistance force when the object moves at constant speed.
It appears only when the object accelerates in the fluid, by increasing the effective

11



inertia of the system. By contrast, if the fluid density progressively increases along
the trajectory, the added mass also increases. As the object advances, it must carry
along an increasingly large amount of fluid, which amounts to continuously increasing
its effective inertia. This variation of inertia requires an additional energy input and
may translate into a force opposing the motion, even in the absence of any viscosity.
It is therefore not dissipative friction in the usual sense, but an apparent resistance
resulting from the progressive increase in the inertia of the system formed by the object
and the fluid it entrains.

2.3.7 Limit of the isotropic hypothesis

The previous optical calculation rests on a strong hypothesis. Gravitation is described
there by a radial index profile n(r), or by a radial profile of effective substrate density. In
other words, the field is assumed to be spherical around the mass.

This hypothesis corresponds to the case Chantal implicitly considers when she presents
the refraction analogy. The massive source is assumed to be immobile in the frame of the
medium, or at least sufficiently close to a stationary state for the state of the substrate
to be described by a simple function of distance from the mass. In this calculation, she
therefore does not treat the case of a mass moving through the substrate, nor the way in
which the index profile should reorganize around a moving source.

Remark 7.

In the ideal static case, one assumes that the effective field is spherical around the
mass:

ρeff(x⃗) = ρeff(r) (36)

with:

r =
∣∣∣x⃗ − X⃗

∣∣∣ (37)

where X⃗ denotes the position of the source. This expression assumes that the field
depends only on the distance to the mass. It therefore corresponds to a stationary
approximation.

If the source moves through the substrate with a velocity u⃗, this spherical symmetry
can no longer be assumed without justification. The essential point is that interactions
do not propagate instantaneously. The state of the field around the source must therefore
depend on the history of its motion, and not only on its instantaneous position.

An analogous difficulty is found in electromagnetism. A stationary charge produces
a spherical Coulomb field in its proper frame. When it is observed in motion, this field
no longer appears spherical: its spatial distribution is deformed by retardation effects
linked to the finite propagation of potentials. The magnetic field must then not be
understood as an independent phenomenon added to the electric field, but as this same
deformation of the electrostatic field seen from a frame in which the charge moves.

Similarly, a moving mass should not produce only a radial profile carried along with
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it. If the modification of the substrate propagates at finite speed, one should expect
dynamic corrections linked to velocity, rotation, and the history of the source’s motion.

Thus, the hypothesis of a spherical profile n(r) must be understood as a static
approximation. For a moving mass, the model must specify how the index field
reorganizes itself. More generally, it must explain why mass produces this index field
and how its dynamic corrections might be connected to gravitomagnetism.

Remark 8.

Chantal does not seem to address the question of inertia explicitly. However, if a mass
generates a refractive-index gradient responsible for gravitation, the same mechanism
could also play a role in the origin of inertia.

In this framework, gravitation would be the external effect of the refractive-index
gradient: light or matter waves are deflected by the medium surrounding a mass. Inertia
would be its internal back-reaction effect: a material structure, being itself wave-like in
nature, would resist acceleration because its own internal waves would be subject to its
own refractive-index gradient. Accelerating such a structure would therefore require a
reorganization of this gradient.

The analogy with the electromagnetic field is illuminating. An accelerated charge
experiences electromagnetic inertia, sometimes interpreted in terms of electromagnetic
mass, because its acceleration requires a reorganization of its own field.

This could offer a mechanical interpretation of the equivalence principle. Gravitational
mass and inertial mass would then be equal because both effects would arise from the
same back-reactive coupling between matter and the substrate.

2.3.8 Lense-Thirring effect and frame dragging

Remark 9.

A remarkable consequence of the rotation of a massive body in general relativity is the
Lense-Thirring effect, also called frame dragging. Unlike the static case described by
the Schwarzschild metric, the rotation of the source modifies the geometry of spacetime
and locally drags inertial frames in the direction of rotation.

In the Kerr metric, this effect appears through the non-diagonal terms of the metric
tensor, in particular the coefficient gtϕ. Thus, an observer located near a rotating
compact object can no longer remain stationary with respect to infinity: his trajectory
is influenced by the rotation of the gravitational source.

The effect becomes particularly important in the region of the ergosphere, where all
observers are forced to co-rotate with the black hole. More generally, the Lense-Thirring
phenomenon induces a precession of orbits and gyroscopes placed in the gravitational
field of a rotating body.

An experimental verification of this effect was carried out by the Gravity Probe B
space mission. Launched in 2004, this experiment measured the precession of ultra-
precise gyroscopes in orbit around Earth. The published results confirmed, within
experimental limits, the predictions of general relativity concerning the frame dragging
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induced by Earth’s rotation.
However, this point raises a difficulty for Chantal’s elastic model. Indeed, the

Lense-Thirring effect rests on the dragging of reference frames by the rotation of the
gravitational source, which implies a dynamic structure of spacetime. The elastic
model must therefore explain how a description in terms of elastic deformation can
reproduce not only gravitational curvature, but also rotational terms. This point remains
problematic and requires clarification.

2.4 Special relativity as a wave effect

2.4.1 General idea

The second axis of Chantal Roth’s model is the interpretation of special relativity as
a wave effect internal to the substrate. The idea is not to deny the validity of Lorentz
transformations in ordinary measurements, but to give them a mechanical origin. If light,
clocks, rods, and matter are all constituted by wave structures of the same medium, then
the instruments used to measure space and time are never external to what they measure.

In this reading, the measured constancy of the speed of light would not be a primary
postulate. It would be a consequence of the fact that all internal observers use signals and
standards that depend on the same propagation speed. The medium can therefore define
an underlying rest frame without that frame being directly accessible by any ordinary
local experiment. Internal measurements then reconstruct a relativistic kinematics because
signals, clocks, and rods transform together.

The model does not claim that ordinary observers directly see the substrate from the
outside. The animations sometimes use an external point of view, which sees everything
simultaneously. This point of view serves to visualize the mechanics of the medium, but it
must not be confused with a physical observer subject to the internal constraints of the
model.

2.4.2 Frame of the medium and status of the external point of view

Chantal’s pedagogical presentation often introduces a frame in which the medium is at
rest. In that frame, the wave speed is simply c, just as the speed of waves is defined
relative to water in the boat analogy. Relativistic effects can then be understood as effects
of propagation in the medium.

However, this frame does not automatically provide an observable absolute time. Chantal
herself recognizes that the external point of view is mostly a descriptive device. It makes
it possible to speak more simply about the paths of waves, but physical beings are always
internal configurations of the substrate. They therefore do not possess an independent
external clock.

It is preferable to distinguish three levels. The first is the calculation time used in a
simulation. The second is the local rest frame of the substrate. The third is the time
measured by material clocks, which are themselves wave processes. Relativistic effects
mainly concern the third level: the rate of material processes changes when their structure
moves through the medium.
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2.4.3 Transverse wave clock

Chantal uses an elementary wave clock. A wave leaves a point, reaches a mirror or a bell,
and then returns. The round-trip time defines a clock period. If the clock is at rest in the
frame of the substrate, the half-cycle is:

T0 = L0

c
(38)

If the clock moves through the medium at speed v, perpendicular to the direction of
the wave’s round trip, the wave no longer follows a strictly transverse trajectory in the
frame of the substrate. During its propagation, the device advances. For a half-cycle, the
geometry gives:

(cT )2 = L2
0 + (vT )2 (39)

therefore:

T = L0

c

1√
1 − v2

c2

(40)

Setting:

γ = 1√
1 − v2

c2

(41)

one obtains:

T = γT0 (42)

This result is relativistic time dilation, but the interpretation changes. It is not an
abstract time that slows down. It is the physical cycles of the clock that last longer,
because the internal wave travels a longer path in the frame of the substrate.

This description is consistent with Chantal’s idea that an atomic clock is also a wave
process. The fact that the example takes the form of a light clock therefore does not mean
that only light clocks would be affected. It is a simple model representing a broader class
of periodic processes built from waves.

This generalization connects with the question raised in remark 6. If the effective
mass or local inertia of material structures varies with the state of the substrate, then the
slowing of clocks does not concern only light clocks. It could more generally affect any
material oscillator, since inertia enters the natural frequency of many periodic systems.

2.4.4 Length contraction as a reorganization of a standing wave

The strength of Chantal’s reading is to link length contraction to the same principle as
the slowing of clocks. In matter made of waves, a material rod is a bound configuration,
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comparable to a standing wave or to a stable superposition of opposite modes. A standing
wave can be viewed as the sum of two traveling waves:

u(x, t) = u+(x, t) + u−(x, t) (43)

When the structure moves through the substrate, the two components are no longer
symmetric in the frame of the medium. The forward-oriented component and the backward-
oriented component undergo opposite Doppler shifts. Their superposition then produces
a modification of the spacing between nodes. If the equilibrium distances of a material
object are fixed by these nodes, the object contracts in the direction of motion.

This formulation is more satisfying than a contraction simply postulated in order to
recover the expected result. It gives contraction an internal physical status: the rod
contracts because its wave structure reorganizes when it moves through the substrate.
Contraction is therefore not attributed to an abstract modification of space around the
object, but to a real transformation of the equilibrium conditions of matter itself.

Remark 10.

Chantal often illustrates special relativity using a transverse clock, because this case
directly brings out the Lorentz factor through a simple Pythagorean triangle. This
presentation is clear and useful, but it leaves aside the more constraining difficulty of
the longitudinal path.

If the longitudinal arm has a length L0 in the frame of the substrate, the outbound
time is written:

ct+ = L0 + vt+ (44)
hence:

t+ = L0

c − v
(45)

The return time is:
t− = L0

c + v
(46)

The longitudinal round-trip time is therefore:

T∥ = t+ + t− = 2L0c

c2 − v2 (47)

that is:
T∥ = 2L0

c
γ2 (48)

For the transverse arm, one obtains only:

T⊥ = 2L0

c
γ (49)

There is therefore an asymmetry between the two directions. Without a compensating
mechanism, the longitudinal path contains a factor γ2, whereas the transverse path
contains only a factor γ. The slowing of clocks obtained from the transverse case is
therefore not sufficient, by itself, to account for the null result of the Michelson-Morley
experiment.
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To obtain an exact compensation, the effective length of the parallel arm must be
reduced according to:

L∥ = L0

γ
(50)

In this case, the longitudinal time becomes:

T∥ = 2L∥

c
γ2 = 2L0

c
γ (51)

and it coincides with the transverse time.
Chantal’s description indeed moves in this direction. It combines two effects: the

slowing of periodic processes, on the one hand, and the longitudinal contraction of
material standards, on the other. In her framework, material rods contract because they
are themselves bound wave structures. A rod moving through the substrate is not an
absolutely rigid stick. Its stability depends on cohesion waves that propagate through
the medium. The forward-going and backward-going wave components are therefore
affected differently by the motion, which modifies the spacing between the nodes of the
standing structure.

Without developing my own framework here, another explanatory route can be
mentioned that might also be relevant to the model presented by Chantal. Length
contraction can be linked to the finite propagation of electromagnetic interactions.
When a material body moves relative to the medium, the interactions that ensure its
cohesion are not transmitted instantaneously. They are described by retarded potentials,
which modifies the effective shape of the electric field around moving charges.

It is then shown that the electric field becomes anisotropic: its distribution is no
longer the same in the direction of motion and in the transverse directions. Yet the
electric field plays a fundamental role in atomic stability, cohesion forces, and equilibrium
distances in matter. If this field is deformed anisotropically, the internal distances of
matter must also reorganize. In this reading, longitudinal length contraction appears as
a dynamic consequence of the anisotropy of the electric potential induced by the finite
propagation of interactions.

The interest of this approach is that it makes it possible to recover the factor γ
associated with length contraction without directly assuming that matter is a wave. Con-
traction follows rather from the retarded character of interactions, from the anisotropy
of the electric field of a moving charge, and from the role of this field in the structure of
matter. It therefore joins Chantal’s objective, giving a physical origin to contraction,
but through a different route: not first through the reorganization of material standing
waves, but through the dynamics of the cohesion fields responsible for material distances.

2.4.5 Matter as a wave structure

Special relativity as a wave effect presupposes that matter is genuinely constituted by
modes of the substrate. Chantal presents particles as localized wave structures. This idea
makes it possible to understand why a material particle is not external to the substrate.
It is a particular organization of the substrate, whose properties must account for the
observed quantum properties.
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Remark 11.

The identification of matter with localized wave structures of the substrate is a
central idea, but it is not yet a complete theory of matter. The mechanism of stability,
the origin of inertia, confinement, coupling to fields, and the reason why a massive
structure can never reach the speed c must be specified.

It would also be dangerous to generalize the properties of a free wave to matter too
quickly. An ordinary wave propagates, superposes, disperses, and can pass through other
waves without necessarily preserving a stable individuality. Matter, by contrast, behaves
as a localized, durable structure endowed with inertia, capable of definite interactions,
and subject to precise conservation laws. If matter is indeed a wave structure of the
substrate, then it must therefore not be likened to just any wave, but to a particular
configuration, probably confined, resonant, nonlinear, or topological.

This distinction nevertheless opens an important possibility. If light tends, through
the very structure of reciprocal optical measurements, to mask a possible dynamics
of the substrate, matter could by contrast constitute a more direct access route to
the substrate. As a massive, localized structure endowed with inertia, it could carry
effects that free electromagnetic waves compensate or make invisible in classical optical
protocols. It is therefore not excluded that certain material, mechanical, or inertially
asymmetric configurations could reveal a non-comobility with the substrate and test,
under very specific conditions, the operational universality of the principle of relativity.

I formulate this reservation because I have studied, in another document, a particular
configuration that I still cannot resolve satisfactorily. In this configuration, I cannot
rigorously show that all expected compensations do eliminate every signature of the
substrate. This does not constitute proof that the substrate would be detectable, but it
indicates that there are at least conceptual situations in which the complete cancellation
of effects linked to the frame of the medium is not obvious.

This point should therefore remain open. It is not a matter of asserting now that
matter makes it possible to detect the substrate, nor that the principle of relativity
has already been refuted. Rather, it is a matter of identifying an experimental and
theoretical possibility: if matter is a stable organization of the substrate, then it might
not erase first-order effects in the same way as light in classical optical protocols. The
question then becomes whether the internal dynamics of matter also produces an exact
compensation, or whether it leaves a measurable signature of the underlying substrate.
At this stage, however, I understand that one may consider it very likely that no direct
detection route to the substrate is accessible to internal observers.

2.4.6 Principle of relativity as internal reconstruction

In this reading, the principle of relativity does not necessarily require the absence of any
substrate. It requires that internal observers cannot detect their uniform motion by ordinary
local experiments. Chantal explains this by the fact that instruments transform together
with the signals they measure. Clocks slow down, rods contract, and synchronization
procedures are affected together.
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Remark 12.

This point is important, because the combination of clock slowing and length con-
traction does not only serve to cancel the Michelson-Morley result. As I have shown in
another document, these two effects also make it possible to reconstruct exactly the
relativistic composition of velocities. This composition of velocities is a fundamental in-
gredient for agreement with the principle of relativity. It makes it possible to understand
how internal observers, whose clocks and rods are affected by their motion through the
substrate, can reconstruct a Lorentzian kinematics without directly accessing the frame
of the medium.

2.5 Electromagnetism as transverse dynamics of the substrate

2.5.1 Vector potential, vorticity, and dynamic order of the substrate

In the mechanical reading proposed by Chantal Roth, electromagnetism is interpreted as
a real dynamics of an underlying elastic medium. The starting point is the displacement
field of the substrate:

u⃗(r⃗, t) (52)

One can then define a local oscillation velocity:

v⃗(r⃗, t) = ∂u⃗

∂t
(53)

In a first formulation, the electromagnetic vector potential A⃗ is naturally brought close
to this local velocity of the substrate:

A⃗ ∼ v⃗ (54)

This identification gives a simple mechanical image to the vector potential. The
electromagnetic field is no longer only a formal entity. It would correspond to a dynamic
state of the medium, that is, to a certain way in which the substrate vibrates and transports
phase, momentum, or organized energy.

The most developed formulation is nevertheless more cautious. In a fluid, the identifica-
tion of A⃗ with a velocity or with convection is almost natural, because a fluid can carry
a genuine flow. In an elastic solid, by contrast, the elements of the medium do not drift
freely. They oscillate around equilibrium positions. Their mean displacement may be zero,
even if a persistent wave structure transports information, energy, or momentum.

In this reading, A⃗ would not necessarily be the raw velocity of a point in the medium,
but rather a pseudomomentum, a phase-transport field, or a dynamic order field associated
with the collective structure of the wave:

A⃗ ∝ P⃗pseudo (55)

It can also be written schematically as an effective structure velocity:
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A⃗ ∝ v⃗eff (56)

where v⃗eff does not necessarily designate the material flow of the substrate, but the
direction and intensity of a coherent motion carried by local oscillations.

One possible notation is:

v⃗eff ∼
〈

∂u⃗

∂t

〉
coh

(57)

where the average does not represent an ordinary average of the velocity, which could
be zero, but the coherent, synchronized, or oriented part of the vibratory motion. In other
words, the vector potential would not describe the total agitation of the substrate, but the
organized component of that agitation.

Within this framework, the magnetic field naturally becomes the rotational part of this
coherent transport:

B⃗ = ∇ × A⃗ (58)

If A⃗ is interpreted as an effective velocity, a pseudomomentum, or a structural convection,
then B⃗ corresponds to the vorticity of this quantity:

B⃗ ∼ ∇ × v⃗eff (59)

In the image proposed by Chantal, the points of the substrate can perform a local “hula
hoop” type motion, that is, small circular trajectories around their equilibrium position.
The magnetic field would then express the rotational structure of this motion. It would
not be an ordinary fluid vortex, but an oscillation vorticity linked to a local organization
of elastic motion.

This reading makes it possible to mechanically link magnetism, angular momentum,
and spin. The magnetic field would not be the rotation of a material solid object in the
classical sense, but the macroscopic signature of a microscopic rotational order of the
substrate. In the case of spin 1/2, this organization could take the form of a topological
structure in which the medium twists, untwists, and reorganizes without rupture, with an
effective periodicity of 720◦.

Remark 13.

The difficulty then appears clearly. In a fluid, a field A⃗ understood as convective
motion is intuitive, because the medium can actually flow. In an elastic solid, the same
role must be played by local oscillations around equilibrium positions. To simulate
a convective motion, the model must therefore introduce a persistent organization of
microscopic vibratory motions. Yet at the quantum scale, such oscillations should
normally be dissipative if they corresponded to ordinary mechanical agitation.

The only way to make this idea plausible is to suppose that these oscillations are not
maintained like a classical motion that progressively consumes energy, but that they
arise from the vacuum energy itself. In that case, the role of the electromagnetic source
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would not be to supply all the energy of the motion, but to impose a cadence, a phase,
or an orientation on an agitation already present in the substrate. The field A⃗ would
then correspond to a local synchronization of vacuum energy rather than to a motion
created ex nihilo in the medium.

This idea can be formulated as follows: the vacuum would possess a disordered
fundamental agitation, but a charge, a current, or a spin structure would locally impose
coherence on this agitation. The field A⃗ would therefore not be only a momentum,
but a local decrease of disorder in the motion of the substrate. It would represent an
organized, oriented, and correlated component of the fluctuations of the medium.

This interpretation has the advantage of preserving the idea of an elastic solid
without naively transforming it into a fluid. The substrate does not necessarily flow like
transported matter. It remains globally attached to its equilibrium positions, but it
can carry coherent structures of phase, vorticity, and pseudomomentum. The vector
potential would then be the marker of this dynamic coherence.

2.5.2 Electric field, charge, and gradient of vibratory state

The electric field is classically written from the scalar potential and the vector potential:

E⃗ = −∇V − ∂A⃗

∂t
(60)

The term −∂A⃗/∂t can be interpreted as a local acceleration of the substrate or as a
temporal variation of the local vibratory motion. The term −∇V , for its part, is associated
with a gradient of vibratory state. Chantal presents it as linked to a spatial variation of
vibratory energy, compression, or internal stress. A region where the substrate is more
strongly excited than another creates an imbalance, and the electric field then describes
the tendency of this imbalance to act on a charged structure.

Gauss’s law provides the formal link between electric field and charge density:

∇ · E⃗ = ρq

ε0
(61)

In this reading, the charge density ρq corresponds to a local imbalance of the substrate.
It can be understood as a source or sink of the electric field, that is, as a local condition
imposing around it a gradient of vibratory state.

This idea can also be brought close to a classical mechanical notion: volumetric
eigenstrain. An eigenstrain designates an intrinsic deformation imposed locally on the
medium, independently of any immediate external stress. Applied to charge, this amounts
to saying that a charge would not be only a local vibratory excitation, but a region of the
substrate that imposes its own volumetric tendency. For one sign of charge, the region
would tend to expand. For the opposite sign, it would tend to contract. Positive and
negative charge could thus correspond to two opposite volumetric defects of the substrate,
or to two opposite topological orientations of the same local structure.

This image makes it possible to clarify the mechanical meaning of Gauss’s law. The
divergence of the electric field would not represent only an abstract source of the field, but
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the effective trace of a local volumetric defect. A charge would then be a region where the
substrate does not have the same volumetric equilibrium state as its environment. The
electric field would describe the way in which the surrounding medium adjusts to this
volumetric incompatibility.

Chantal mentions several possible models for giving charge a mechanical content. A
first possibility consists in representing charge as a radial standing wave. This hypothesis
avoids a continuous loss of energy by emission of an outgoing wave, since the disturbance
remains confined in stationary form. It nevertheless raises a difficulty if the two signs of
charge must be explained by a simple phase shift, because such synchronization could be
disturbed by motion, the Doppler effect, or interactions with other fields.

A second possibility consists in representing charge by a radial or helical transverse
oscillation. In this reading, each local element of the substrate performs a small circular or
elliptical motion, and the sign of the charge depends on the direction of this organization.
This route is more topological, because the sign of the charge no longer depends only on a
temporal phase, but on an intrinsic orientation of the local motion. Chantal nevertheless
indicates that this route still needs to be stabilized, notably because it must still be shown
that this structure can remain stable without continuously emitting energy.

Chantal also explains attraction and repulsion through the mechanical compatibility of
local motions. Two structures whose motions combine without creating too much stress
can reduce the elastic energy of the medium between them. They then tend to move closer.
Two structures whose motions impose incompatible torsion, opposite shear, or excessive
stress instead increase the local energy of the substrate and tend to repel each other.

This image is particularly clear in the case of magnetism. If the magnetic field corre-
sponds to a vorticity of the velocity field, then two compatible rotational structures can
share a region of coherent motion. Conversely, two incompatible rotational structures
impose opposite motions on the same substrate, which increases the shear stress and
produces a tendency toward repulsion.

For charge, the explanation remains more delicate. Chantal indicates that the model
must still explain how a charge structure couples precisely to the gradient of vibratory
energy, pressure, or stress. The qualitative image is therefore present, but the detailed
mechanism of electrostatic attraction and repulsion is not yet fixed.

Remark 14.

The route of volumetric eigenstrain is interesting because it gives a clear mechanical
image of charge: a positive charge and a negative charge would correspond to two
opposite volumetric defects of the substrate. But this idea raises an important difficulty.
If charge really modifies the intrinsic volume, density, or local elastic properties of the
medium, then it should also modify the propagation conditions of disturbances in that
medium. One could therefore expect effects on the local speed of interactions, on the
effective index of the vacuum, and even on the gravitational field if the latter also
depends on the mechanical properties of the substrate.

In other words, a volumetric eigenstrain cannot remain a simple isolated electrostatic
image. It must explain why the intrinsic deformation associated with charge does not
produce measurable parasitic effects on the propagation of light, on clocks, on inertia,
or on gravitation. If the volumetric defect is real in the strong mechanical sense, then
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its consequences must be compatible with the extreme apparent stability of the vacuum
around charges.

Models based on a vibratory state may perhaps offer a more flexible route within this
elastic model. In this reading, a charge would not necessarily supply new mechanical
energy to the substrate. Rather, it would impose a local organization on an agitation
already present in the vacuum energy. The electric field would then not be only the
gradient of an added energy, but the gradient of a coherence-imposing process: the
charge would transform part of the disordered agitation of the vacuum into locally
oriented, correlated, or synchronized motion.

This interpretation joins the idea of a local decrease in dynamic entropy. Charge
would not primarily be an energy source, but a structure that locally orders vacuum
energy. The problem then becomes different: it is no longer only a matter of explaining
where the energy of the field comes from, but of understanding how a charge durably
imposes a phase, an orientation, or a coherence on the substrate without continuous
dissipation and without permanent emission of energy.

The status of charge therefore remains one of the most open points of the model:
the two signs, the quantization of elementary charge, the stability of the electron, the
absence of continuous energy emission, and the coupling between charge, electric field,
and magnetic field still need to be explained.

2.6 Spin 1/2, magnetism, and topological structure

Spin 1/2 occupies a central place in Chantal’s model, because it constitutes one of the
strongest constraints for any mechanical interpretation of quantum physics. In the standard
formalism, spin is an intrinsic angular momentum described by spinors. It enters into the
magnetic moment of particles, into the Stern-Gerlach experiment, into the Dirac equation,
and has the remarkable property of recovering its initial state only after a rotation of 720◦.
This property is difficult to understand if one imagines the particle as a small rotating
ball, because an ordinary rotation of 360◦ should suffice to bring the object back to its
initial configuration.

In Chantal’s reading, this 720◦ property is not only a mathematical artifact. It suggests
that spin is not an isolated property of the particle, but a property of the relation between
a local structure and the rest of the substrate. The analogy of the “belt trick”, or of
the arm holding a cup, illustrates this idea. After a rotation of 360◦, the central object
may seem to have returned to the same orientation, but the connection with the medium
remains twisted. After a rotation of 720◦, the global configuration can be untwisted and
become identical again to the initial state. Spin 1/2 would therefore be less the rotation
of an object than the global torsion of a continuous configuration.

In this framework, the particle is not a material ball rotating on itself at an impossible
speed. It is rather a region of the substrate where the local motion possesses a particular
rotational organization. The points of the medium follow small circular, helical, or
precession-type trajectories, while the global structure preserves a topological constraint.
This constraint imposes that the complete configuration has truly returned to itself
only after two turns. Spin then becomes a structured shear wave, that is, a collective
organization of the local motion of the substrate.
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This interpretation also gives a mechanical image of the link between spin and magnetism.
From this perspective, a spin structure must carry a magnetic moment because it precisely
contains a rotational organization of local motion. The magnetic field is then not an
abstract entity added to the substrate, but an effective quantity describing rotation,
vorticity, or dynamic shear of the medium. Chantal’s simulations thus show patterns close
to a magnetic dipole when the quantities derived from the local motion are calculated.

The Stern-Gerlach question nevertheless remains more delicate. The inhomogeneous
magnetic field would impose a dynamics of alignment, or reorganization, of the spin
configuration. The two possible results would then not simply be two abstract values
revealed by the measurement, but two stable attractors of the system when the spin
structure interacts with the field imposed by the apparatus.

This route is interesting because it proposes a mechanical content for the discretization
of results. The Stern-Gerlach apparatus would act on the spin structure, orienting it,
constraining it, or forcing it to reorganize toward one of the states compatible with the
geometry of the magnetic field. Measurement would therefore be a dynamic interaction,
not a simple passive reading of a pre-existing property.

2.7 Wave-particle duality, photons, and quantization

2.7.1 Continuous field and discrete events

Chantal proposes to distinguish the propagating wave from the detection event. In this
reading, the electromagnetic field remains a continuous wave of the substrate during its
propagation. What we call a photon would be the discrete event by which this wave
exchanges energy with a material structure, for example a bound electron in an atom.

Quantization would then come from the detector and the emitter. An atom can absorb
or emit only certain energy differences, because its internal modes are themselves quantized
by resonance conditions. The incident wave can therefore be continuous, but the interaction
with matter produces discrete events.

This idea makes it possible to reread the photoelectric effect: it is not necessarily the
wave in flight that would be a small projectile, but the exchange between the wave and
the electron that would be quantized. Similarly, atomic emission is discrete because the
internal states of the atom are standing modes at allowed frequencies.

2.7.2 Case of radio waves

In the discussion, Chantal indicates that radio waves might not be quantized in the same
sense as atomic transitions. When a charge is continuously accelerated in an antenna,
one can produce an electromagnetic wave whose frequency and amplitude depend on the
motion imposed on the charges. The discrete character appears mainly when this wave is
absorbed by material systems possessing quantized resonances.

This idea must be formulated cautiously, because quantum field theory describes every
electromagnetic mode in terms of energy quanta. But Chantal’s remark concerns ontology:
what is discrete in observation could come from the conditions of emission and absorption,
rather than from a small localized corpuscle traveling between the two.
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Remark 15.

This reading seems very natural to me. The photon need not necessarily be imagined
as a small luminous ball traveling through space. It can be understood as a wave packet,
or a wave train, produced when a material system relaxes by releasing a determined
amount of energy. The quantized aspect would then come first from the source: an
atom, a molecule, or a bound system cannot relax in an arbitrary way, but only between
certain allowed states.

This can be illustrated by a vibrating string or a bell. The string can transmit a wave
in the medium continuously, but it can be excited or released efficiently only according
to certain normal modes. Similarly, the atom does not release arbitrary energy: it passes
from one stationary state to another, and this relaxation generates an electromagnetic
wave train whose frequency corresponds to the energy gap between the two states.

Detection reproduces the same type of constraint. An electromagnetic wave can
propagate as a continuous disturbance of the substrate, but it produces an observable
event only when it encounters a structure capable of absorbing this energy according to
its own internal modes. In the photoelectric effect, for example, it is not necessarily
because a small luminous projectile strikes the electron. It is rather because the bound
electron can absorb the field energy only by thresholds, and an ejection event appears
only when the exchange reaches the necessary value.

Thus, the discrete character of observation does not by itself prove that the wave is
composed of localized corpuscles throughout its propagation. It may mean that emission
and absorption are quantized because the material systems that emit and detect possess
discrete resonances. The photon would then be the name given to the complete event
of energy exchange, or to the wave train associated with this exchange, rather than to a
classical particle traveling between the source and the detector. This distinction seems
important to me, because it makes it possible to preserve a wave ontology of the field
while accounting for the experimental granularity of impacts, atomic transitions, and
detection thresholds.

2.8 Matter, antimatter, and annihilation

Chantal also presents matter-antimatter annihilation as a phenomenon naturally under-
standable within a wave framework. If a particle and its antiparticle correspond to two
opposite configurations of the substrate, their superposition may lead to a cancellation of
the localized structure and to a redistribution of the energy in the form of free waves.

The analogy is that of destructive interference or phase compensation. Two opposite
waves can locally cancel their deformation while releasing the energy contained in the
configuration. This image is more intuitive than that of two small material balls that
would mysteriously disappear upon contact.

But this idea remains to be developed. In particle physics, annihilation conserves
energy, momentum, charge, angular momentum, and other relevant quantum numbers.
The wave model must therefore say which topological or mechanical quantities replace
these quantum numbers, and how they are redistributed into the final products.
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2.9 Cosmology, redshift, and propagation over large distances

Chantal mentions a cosmological possibility: if electromagnetic waves interact very weakly
with the substrate over immense distances, they could lose a minute amount of energy,
which would produce a redshift without expansion of the universe. In this hypothesis, the
Hubble constant could reveal a property of the medium rather than a rate of geometric
expansion.

This route is in the same spirit as the rest of the model. It is a matter of replacing a
geometric or abstract interpretation with a mechanism of propagation in a medium. If the
substrate possesses an elastic response, a microstructure, or a very slight non-ideality, a
cumulative energy loss could be envisaged.

However, this point is particularly constrained. Models of the “tired light” type must
explain not only redshift, but also the observed time dilation of distant supernovae, the
spectrum of the cosmic microwave background, cosmological abundances, the luminosity-
distance relation, the sharpness of distant images, and large-scale structure.

To pursue the study seriously in this direction, it would therefore be necessary to
identify precise observational anomalies that the standard model explains with difficulty,
or measurable deviations that the hypothesis of energy loss in the medium could predict
specifically.

26



3 Conclusion

The preceding remarks are not definitive objections. Rather, they serve to identify the
points of the model that require mechanical, formal, or experimental clarification. They
can be summarized as follows:

1. The choice of an elastic solid substrate presupposes the existence of equilibrium
positions. The model must therefore specify what dynamically maintains them:
the internal interactions of the substrate alone, an external container, or a deeper
structure.

2. Gravitation by refraction works well in the transverse case, but the radial case
remains less obvious. It must be shown that gravitational acceleration remains
independent of the internal orientation of the object’s wave structure. This is the
core of the equivalence principle.

3. An ordinary elastic solid has longitudinal and transverse waves whose speeds are
generally different. The model must explain why these modes do not produce
observable anisotropies or parasitic effects.

4. A variation of the effective index can result from densification, a loss of stiffness,
a directional stress, or a combination of these effects. The model must therefore
specify which mechanical quantity really varies.

5. In a refractive reading, the horizon of a black hole corresponds to a divergence of
the effective index for the external observer. It is necessary to specify whether this
divergence represents only a causal limit or a physical singularity of the substrate.

6. If the local wave speed really varies, it is necessary to clarify what becomes of the
relation between energy, mass, and inertia within material structures. The fall of
a body in an index gradient also raises the question of a possible apparent inertial
resistance.

7. The spherical index profile around a mass is a static approximation. For a moving
mass, it is necessary to explain how the index field reorganizes itself and how the
dynamic corrections might be connected to gravitomagnetism.

8. Inertia remains only weakly explicated. If gravitation is the external effect of the
refractive-index gradient on waves, inertia could correspond to a back-reaction
effect of this same gradient on wave-like matter. The equality between inertial mass
and gravitational mass would then express a common coupling to the substrate.

9. The Lense-Thirring effect imposes a rotational component of gravitation. The
elastic model must explain how a deformation of the substrate can reproduce the
frame dragging produced by a rotating source.

10. The transverse calculation of the wave clock brings out the Lorentz factor. But the
longitudinal path introduces an additional difficulty, since it brings out a factor γ2.
To recover coherence between the two directions, one must therefore introduce an
exact longitudinal contraction in 1/γ, subsequently justified.
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11. Likening matter to localized wave structures is not sufficient. Their stability,
inertia, confinement, coupling to fields, and the reason why a massive structure
cannot reach c must be explained.

12. The combination of clock slowing and length contraction does indeed make it pos-
sible to reconstruct the relativistic composition of velocities. This is an important
condition for making the model compatible with the principle of relativity.

13. The main difficulty consists in determining how an elastic solid could generate the
equivalent of a durable convective motion without dissipation, and whether this
phenomenon could be linked to a local ordering of pre-existing vacuum fluctuations.

14. Charge remains one of the open points of the model. The routes based on
eigenstrain, the standing wave, or helical oscillation still have to explain the two
signs, quantization, stability, and the absence of continuous emission.

15. The photon can be understood as a quantized exchange event, associated with
a wave train, rather than as a localized corpuscle in flight. Quantization would
then come primarily from the conditions of emission and absorption by material
systems possessing discrete resonances.

The present document should be read as a working document. It constitutes neither a
validation of Chantal Roth’s model nor a definitive refutation. Its role is more limited: to
reconstruct the spirit of her proposal, to identify the mechanisms she puts forward, and
then to formulate the points where the discussion must become more precise.

The elastic route has real interest, because it seeks to link within a single mechanical
image phenomena usually treated separately: relativity, gravitation, electromagnetism,
spin, charge, quantization, and matter. But the preceding remarks also show that this
model has several delicate points.

This analysis also opens another possibility. Chantal Roth has studied fluid models,
notably through the river model, and has listed several critical points against the idea of a
fluid ether. These points must be taken seriously. However, they do not necessarily close
every fluid route. In another document, it would be possible to examine each of these
points in detail and to show that a model based on a fluid-like energetic medium could
also constitute a relevant route, provided that it is not too quickly likened to an ordinary
material fluid.

In particular, a quasi-incompressible, non-dissipative fluid model, capable of carrying
flows, pressures, vorticities, and coherent structures, could respond to several difficulties
in a mechanical and formal way. It could notably give a more direct meaning to the river
model, to gravitational dynamics, to the vector potential, to electromagnetism, to inertia,
and to the relativistic reconstruction of observables.

The provisional conclusion is therefore open. Chantal Roth’s elastic model deserves
to be discussed, but its delicate points must be clarified. In parallel, the route of a fluid
energetic medium should not be dismissed without detailed examination. My own model,
based on a fluid-like energetic medium, could answer many problems in a mechanical and
formal way. It would then remain to compare the two approaches not only through their
intuitive images, but through their mechanisms, predictions, ability to reproduce known
results, and divergences.
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