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Field Medium Theory: A Physical
Framework Underlying Relativity, Wave
Propagation, and Gravitation

Dag Magne Veierad (2025) V02

Abstract

Modern physics describes spacetime as a geometric manifold without physical substance, while
fields are treated as mathematical objects that “reside” in empty vacuum. This framework
reproduces experimental results with remarkable accuracy, but lacks a physical mechanism for
several foundational observations: the invariance of the speed of light, time dilation, inertia,
gravitational acceleration, and the transition from energy to mass.

This paper proposes an alternative physical interpretation: space is filled with a continuous,
elastic field medium (FM) characterized by density, stiffness, orientation, and energy content.
Waves in this medium propagate with

c=Sp,c = \sqrt{\frac{S}{\rho}},c=pS,

where SSS is the elastic stiffness and p\rhop the energy density of the medium. Mass emerges
as standing-wave saturation patterns in this medium; gravity arises from gradients in field
tension; and time dilation reflects reduced process speed in compressed or stretched field
regions.

The model recovers all key predictions of special and general relativity—but replaces geometric
interpretation with explicit physical mechanisms. It also explains why all observers measure the
same value of ccc, and introduces a new invariance principle: measurements of light speed
always reflect the local resonance rate of the observer’s medium, not the global
propagation speed along the entire path.

The Field Medium Model yields new testable predictions, resolves conceptual gaps in modern
theory, and unifies electromagnetism, inertia, gravitation, and relativistic effects as emergent
behavior of a single physical medium.
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1. Introduction

Classical and modern physics both rely on the assumption that space is fundamentally empty: a
geometric container for fields, particles, and motion. In Maxwellian electrodynamics, fields exist
in vacuum without a substrate. In general relativity, gravity arises from curvature of spacetime
itself, not from physical tension or pressure. Quantum field theory adds vacuum fluctuations, but
still treats the underlying space as a mathematical stage.

This approach has produced exceptionally successful mathematical descriptions, yet leaves
several foundational questions unresolved:

1. Why is the speed of light invariant for all observers?

2. Why does acceleration require increasing energy as velocity approaches ccc?
3. What physical mechanism produces time dilation?

4. How can mass arise from energy?

5. How can “empty” space transmit waves, store energy, or curve?

6. What carries electric, magnetic, and gravitational fields?

These questions do not challenge the equations of modern physics—which are empirically
validated—but their interpretation. Current theories provide descriptions, not physical
mechanisms.

This paper examines the possibility that these mechanisms emerge naturally if space is not
empty, but instead a continuous, elastic energy medium.

1.1 Motivating a Physical Medium
Three empirical insights suggest that a physical substrate may be unavoidable:

(1) Process rates change with gravitational and kinematic load

Atomic clocks, chemical reactions, and particle decays all slow down in strong gravity or at high
velocity. This is typically interpreted as “time dilation,” but all observations are equally consistent
with reduced process speed in a stressed medium.

(2) Acceleration encounters increasing resistance
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Near-relativistic motion requires rapidly increasing energy input. This resembles compression of
an elastic medium, not motion through emptiness. Resistance requires substance.

(3) Magnetic fields reveal structure in space itself

Magnetic field lines around a magnet reflect orientation and tension in a real medium. When the
magnet is removed, the structure collapses—consistent with reversion to an unstressed state of
an underlying field.

These observations are difficult to reconcile with a truly empty vacuum, but follow naturally if
space holds density, elasticity, and orientation.

1.2 The Field Medium Hypothesis

The Field Medium (FM) model is built on a single physical postulate:

Space is filled with a continuous, elastic field medium that can be stretched,
compressed, oriented, and made to vibrate.

In this framework:

e lightis a transverse wave in the medium

e mass is a standing-wave saturation pattern

e gravity is a gradient in medium density/stiffness

e inertia is resistance to deformation of the medium

e time dilation is reduced process speed in stressed medium

e electric and magnetic fields are directional configurations of the medium

This does not invalidate relativity; rather, it explains it.
The Lorentz transformations remain valid mathematical tools, but are reinterpreted as
consequences of medium mechanics rather than geometry.

1.3 Goals of This Paper

This paper aims to:

1. Establish a physically coherent framework for the field medium.
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2. Derive local light-speed invariance from medium properties.
3. Provide a physical mechanism for relativity's effects.
4. Show consistency with historical experiments.

5. Present new testable predictions that distinguish FM from spacetime curvature models.

The remainder of the paper develops the formal definitions (Section 2), the theoretical
framework (Section 3), derivations (Section 4), experimental comparisons (Section 5), and
predictive tests (Section 6).

2. Definitions and Fundamental Postulates

The Field Medium Model is a physical framework in which all relativistic, electromagnetic, and
gravitational effects arise from the properties of a continuous medium permeating space. To
construct a precise theory, we define the quantities and postulates that form the foundation of
the model.

2.1 The Field Medium

Let the Field Medium (FM) be a continuous, elastic energy field extending throughout space. At
every point in space, the medium is characterized by a set of scalar and vector quantities:

(1) Density
p(x,H\rho(\mathbf{x},t)p(x,t)

A measure of local energy content per volume.
This is not mass density, but field energy density.

(2) Elastic Stiffness
S(x,t)S(\mathbf{x},t)S(x,t)

The medium’s resistance to compression or stretch; analogous to a bulk modulus in solid
mechanics.

(3) Orientation
n(x,t)\mathbf{n}(\mathbf{x},t)n(x,t)
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A vector field describing local alignment or directional structure.
Electromagnetism will emerge from changes in this orientation.

(4) Field Tension
T(x,1)=f(p,S,Vp,VS)T(\mathbf{x},t)= f(\rho, S, \nabla \rho, \nabla S)T(x,t)=f(p,S,Vp,VS)

A generalized measure of elastic stress in the medium.

(5) Resonance Rate
wFM(x,t)\omega_{\rm FM}(\mathbf{x},t)wFM(x,t)

The natural oscillation rate of processes (atomic, molecular, mechanical) embedded in the
medium at that location.
This replaces the concept of “local time.”

2.2 Wave Propagation in the Field Medium

Light is modeled as a wave in this medium. The propagation speed is determined by the
medium’s local elastic properties:

c(x,t)=S(x,t)p(x,1).c(\mathbf{x},t)=\sqrt{\frac{S (\mathbf{x},t)}{\rho(\mathbf{x},t)}}.c(x,t)=p(x,t)S(x,t).
This yields several immediate consequences:

1. Light speed is locally constant because every observer measures wave speed with
instruments built from the same medium.

2. Light speed may vary globally in regions with different p\rhop or SSS.

3. Relativistic invariance arises naturally from the fact that all processes—including
clocks—oscillate with the same local resonance rate wFM\omega_{\rm FM}wFM.

2.3 Fundamental Postulates of the Field Medium Model

We now state the foundational assumptions on which the theory is built.
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Postulate 1 — Space Is a Physical Medium

Space is not empty; it contains a continuous, elastic energy substrate whose properties
determine the behavior of light, matter, and fields.

Postulate 2 — Waves Propagate According to c=S/pc=\sqrt{S/\rho}c=S/p

The propagation of electromagnetic waves is governed by the local mechanical properties of the
medium, not by geometry of spacetime.

This replaces the postulate of invariant light speed in special relativity with a physical
mechanism.

Postulate 3 — Mass Is a Standing-Wave Saturation

Mass arises when energy density becomes high enough to constrain oscillations, forming a
stable resonant structure:

moc/psaturated dV.m \propto \int \rho_{\rm saturated}\, dV.mo/psaturateddV.

Particles are not point objects; they are stable vibrational modes in the medium.

Postulate 4 — Gravity Is a Gradient in Field Tension

Gravitational acceleration arises from spatial variations in field tension caused by density and
stiffness gradients:

g=-VOFM,PFM~Sp.\mathbf{g} = -\nabla \Phi_{\rm FM}, \quad \Phi_{\rm FM} \sim
\frac{SK\rho}.g=-VOFM,PFM~pS.

Objects “fall” toward regions of lower effective resistance, analogous to pressure gradients in
fluids.

Postulate 5 — Process Speed Follows Local Resonance

All physical processes—atomic transitions, decay rates, chemical reactions, mechanical
oscillations—run at a rate set by the medium’s local resonance frequency:
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wproc(x,t)=wFM(x,t).\omega_{\rm proc}(\mathbf{x},t) = \omega_ {\rm
FM}(\mathbf{x},t).wproc(x,t)=wFM(x,t).

This explains time dilation as a mechanical effect of medium stress:

e compression — higher density — slower processes

e stretch — lower density — faster processes

Time itself does not change; process speed does.

Postulate 6 — Observers Measure Only Local Properties

All experiments measure the conditions of the medium at the observer’s location.
No measurement provides access to global medium properties.

This is the basis of the Outbound—Inbound Symmetry, which explains why every observer
measures the same value of ccc despite global variations.

Postulate 7 — Medium Resistance (Drag) Increases with Velocity

Motion through the medium deforms it. As velocity approaches the medium’s natural wave
speed ccc, the resistance becomes extremely large:

Eaccel—»~asv—c.E_{\rm accel} \rightarrow \infty \quad \text{as} \quad v \rightarrow
c.Eaccel—»~asv—c.

This is the physical origin of relativistic inertia.

2.4 Derived Implications

These postulates immediately imply:

e Lorentz transformations emerge from medium mechanics.

e Time dilation = process-rate reduction.
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e Length contraction = measurement artifact from gradient-induced signal delays.
e Electromagnetism = reorientation modes of n(x,t)\mathbf{n}(\mathbf{x},t)n(x,t).
e Gravity = elasticity gradients, not spacetime curvature.

e Mass—energy equivalence reflects field saturation states.

e Light-speed invariance is a property of local measurement, not universal geometry.

2.5 Relation to Established Physics

The FM framework is consistent with:

e Maxwell’s equations (waves in a medium)
e Special relativity (invariance of measurement)
e General relativity (gravity behaves as a gradient)

e Quantum field theory (particles as resonances)

But unlike these theories, FM provides:

e a physical carrier for fields

e a mechanism for time dilation

e an explanation for inertia

e areason for light-speed invariance

e a unifying substrate for mass, charge, light, and gravity

3. Theoretical Framework
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The Field Medium (FM) model provides a physical substrate whose dynamical properties
reproduce the mathematical results of relativistic physics while replacing geometric
interpretation with explicit mechanisms. This section outlines the internal dynamics of the
medium and the principles governing motion, wave propagation, and measurement.

3.1 Locality of Physical Measurement

All physical measurements—frequency, wavelength, clock rate, and the observed speed of
light—are made by instruments embedded in the local medium.

Let O\mathcal{O}O be an observer at position x0\mathbf{x} 0x0.
The observer measures:

cmeas=S(x0)p(x0).c_{\rm meas} =
\sgrt{\frac{S(\mathbf{x}_0)}{\rho(\mathbf{x} _0)}}.cmeas=p(x0)S(x0).

Thus:

e Every observer measures their own local wave speed.

e No observer can measure the propagation speed of light along the full path between
emission and detection.

e Variations in medium properties along the path are unobservable unless they reach the
detection point.

This principle is central to FM and directly explains the invariance of measured ccc.

3.2 The Outbound—-Inbound Symmetry

A key insight of the FM model is that two-way light measurements do not measure the
global speed of light, but the resonant departure and return speed of light relative to the
observer’s local medium.

Let a signal travel from observer AAA to a mirror at BBB and return. The measured light speed
is:

c2way=2dtout+tin.c_{\rm 2way} = \frac{2d}{t_{\rm out}+t_{\rm in}}.c2way=tout+tin2d.

However:
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e toutt {\rm out}tout depends on the medium between AAA and BBB.
e tint_{\rm in}tin depends on the medium between BBB and AAA.

e The medium around A, where measurement is made, determines the oscillation rate of
the clock.

If the medium near AAA is compressed or stretched, both:

e the rate of the clock, and

e the apparent speed of the returning wave

shift in the same proportion.
Thus:
cmeas=Sp localc_{\rm meas} = \sqrt{\frac{S}{\rho}} {\rm\;local}cmeas=pSlocal
no matter what happened to the wave along the path.
This “Outbound—Inbound Symmetry” is sufficient to explain:
e Michelson—Morley null result
e Kennedy-Thorndike null result

e Why acceleration does not reveal anisotropy

e Why moving observers still measure ccc

—without invoking spacetime geometry.

3.3 Medium Deformation and Motion

Objects moving through the medium deform it:

e Compression ahead of the motion
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e Stretching behind it

e Shear/drag proportional to velocity

Let vvv be the object's velocity.
The deformation tensor can be written:

ASwxy(v),y(v)=11-v2/c2.\Delta S \propto \gamma(v)\,, \quad \gamma(v) = \frac{1}{\sqrt{1 - v*2 /
c"2}}.ASocy(v),y(v)=1-v2/c21.

This is not a geometric factor from spacetime, but the nonlinear response of an elastic
medium.

As velocity increases:

e the medium becomes harder to compress
e deformation energy grows

e resistance approaches infinity as v—cv \to cv—c

This yields relativistic inertia as a mechanical effect.

3.4 Process Speed as a Medium Property

All processes embedded in FM—atomic transitions, molecular vibrations, mechanical
oscillations—depend on the local resonance rate:

wproc=wFM(p,S).\omega_{\rm proc} = \omega_{\rm FM}(\rho, S).wproc=wFM(p,S).
When the medium is stressed:

e compression — increased p\rhop — reduced w\omegaw

e stretch — decreased p\rhop — increased w\omegaw

Thus:

e time dilation = reduced process speed
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e gravitational redshift = reduced oscillation rate in compressed field

e kinematic time dilation = reduced oscillation rate from forward compression during
motion

This replaces “time runs slower” with:

Processes run slower because the medium is under load.

3.5 Light Propagation in Stressed Medium

If the medium is compressed:

clocal=Sp=ccompressed<cfree.c_{\rm local} = \sqrt{\frac{S}\rho}} \quad\Rightarrow\quad
c_{\rm compressed} < c_{\rm free}.clocal=pS=ccompressed<cfree.

Thus:

e light bends toward regions of lower wave speed (higher density)
e gravitational lenses and Shapiro delay arise naturally

e redshift occurs when light climbs from a high-density region into a low-density region

The field medium behaves as an optical material with a gradient refractive index:

n(x)=p(x)S(x).n(\mathbf{x}) = \sqrt{\frac{\rho(\mathbf{x}){S(\mathbf{x})}}.n(x)=S(x)p(x).

3.6 Energy—Mass Saturation Mechanism

Particles arise when oscillations become trapped in a resonant configuration.
Condition for mass formation:

plocal—psat=oscillations lock into a stable pattern.\rho_{\rm local} \to \rho_{\rm sat}
\quad\Rightarrow\quad \text{oscillations lock into a stable pattern.}plocal—psat=oscillations
lock into a stable pattern.

Stability requires:
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e inward field tension = outward oscillation pressure
e fixed frequency of standing waves
e fixed spatial pattern

e energy stored elastically

This is the physical meaning behind:
E=mc2.E = mc*2.E=mc2.

Energy is stored as tension in the saturated medium.

3.7 Gravitation as Tension Gradient

Mass modifies the medium:

e stretches it
e increases density near the surface
e reduces local stiffness

e creates a smooth gradient outward

This produces an effective potential:

OFM~Sp.\Phi_{\rm FM} \sim \frac{SK\rho}.®FM~pS.

Acceleration arises as objects follow the gradient of least resistance:
g=-VOFM.\mathbf{g} = -\nabla \Phi_{\rm FM}.g=-VOFM.

This is fully consistent with Newtonian gravity and GR'’s predictions, but emerges from medium
tension, not spacetime curvature.

3.8 Why Lorentz Transformations Still Hold
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All relativistic effects—length contraction, time dilation, simultaneity breakdown—emerge
automatically when:

e process speed = local resonance
e signals propagate at c=S/pc = \sqrt{S/\rho}c=S/p
e moving objects compress the medium ahead

e observers only measure local properties

Thus, Lorentz invariance reflects medium invariance, not spacetime geometry.

4. Derivations

This section derives the key relativistic and gravitational effects from the mechanical properties
of the field medium (FM). The purpose is to show that the Lorentz transformations, time dilation,
redshift, and mass—energy relations arise directly from the medium's density and stiffness,
without invoking geometric deformation of spacetime.

4.1 Local Light-Speed Invariance
We begin from the fundamental FM relation:

c=Sp.c = \sqrt{\frac{S}{\rho}}.c=pS.

An observer measures ccc using a clock built from the same medium:

e The light wave propagates with local wave speed ccc.

e The observer’s clock ticks at frequency wFM«S/p\omega_{\rm FM}\propto
\sqrt{S/Arho}wFM«S/p.

Thus the measured quantity is:
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cmeas=distance measured in FM unitsprocess-rate in FM units=Sp.c_{\rm meas} =
\frac{\text{distance measured in FM units}}{\text{process-rate in FM units}} =
\sqrt{\frac{S}\rho}}.cmeas=process-rate in FM unitsdistance measured in FM units=pS.

If the medium is compressed or stretched, both:

1. the wave speed, and

2. the clock rate

change by the same factor.
Therefore:

Measured light speed is invariant because measurement and propagation use
the same medium.

Mathematically:

c'c=S'/p'S/p=wFM'wFM.\frac{c'}{c} = \frac{\sqrt{S'/\rho"}}{\sqrt{S/\rho}} = \frac{\omega'_{\rm
FM}H\omega_{\rm FM}}.cc'=S/pS'/p'=wFMwFM'".

The ratio is always 1 for any observer.

This reproduces Einstein’s second postulate from physical principles.

4.2 Time Dilation as Process Damping

Consider a region of compressed medium.
Compression increases p\rhop locally, while SSS changes more weakly:

p'=p+Ap,Ap>0.\rho' = \rho + \Delta \rho, \qquad \Delta \rho > 0.p'=p+Ap,Ap>0.

Then the local resonance rate becomes:

w'=Sp'<Sp=w.\omega’ = \sqrt{\frac{S}\rho'}} < \sgrt{\frac{S}{\rho}} = \omega.w'=p'S<pS=w.
Thus all clocks—atomic, biological, mechanical—tick slower.

Time dilation becomes:
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At'At=ww'=p'p.\frac{\Delta t'}{\Delta t} = \frac{\omega}{\omega'} =
\sqrt{\frac{\rho"{\rho}}.AtAt'=w'w=pp".

At high velocity, forward compression gives:

p'p=y2,y=11-v2/c2 \frac{\rho"}{\rho} = \gamma*2, \quad \gamma =
\frac{1}{\sqrt{1-v*2/c"2}}.pp'=y2,y=1-v2/c21.

Thus:
At'=yAt,\Delta t' = \gamma \Delta t,At'=yAt,

identical to special relativity, but from mechanical loading, not time distortion.

4.3 Length Contraction as a Signal-Delay
Effect

Let an object move with velocity vvv.
Light from its front and rear surfaces reaches the observer with unequal delays because:

e the medium ahead is more compressed — slower wave speed

e the medium behind is more stretched — faster wave speed

If the true length is LLL, the observed length becomes:
L'=Ly.L" = \frac{L}{\gamma}.L'=yL.
But here:

e the object does not physically contract

e the apparent contraction is due to anisotropic signal velocities

The effect is epistemic (measurement-based), not ontological (structural).
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4.4 Redshift as Gradient-Induced
Frequency Shift

4.4.1 Gravitational redshift
Light escaping a compressed region encounters decreasing density:

p(r)}=c(r)=S/p(r)1.\rho(r) \downarrow \quad\Rightarrow\quad c(r)=\sqrt{S/\rho(r)}
\uparrow.p(r)|=c(r)=S/p(r)1.

Wave crests stretch as they move into faster medium:

Aout>Ain,fout<fin.\lambda_{\rm out} > \lambda_{\rm in}, \quad f_{\rm out} < f_{\rm
in}.Aout>Ain,fout<fin.

Standard result:
foutfin=1-2GMrc2 \frac{f_{\rm out}{f _{\rm in}} = \sqrt{1-\frac{2GM}{rc"2}}finfout=1-rc22GM,
but physically:

Redshift reflects the relaxation of field tension, not “time running slower.”

4.4.2 Cosmological redshift

If the medium's density decreases slowly over vast distances:
pcosmic(d)],\rho_{\rm cosmic}(d) \downarrow,pcosmic(d)|,
then:

f(d)x1p(d).f(d) \propto \frac{1}{\sqrt{\rho(d)}}.f(d)ecp(d)1.

This gives redshift without requiring stretching of spacetime.

4.5 Gravity from a Gradient in Field
Tension
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Start from the effective tension potential:
OFM~Sp.\Phi_{\rm FM} \sim \frac{S}{\rho}. PFM~pS.
Acceleration is:

g=-V®FM.\mathbf{g} = -\nabla \Phi_{\rm FM}.g=-VOFM.

Let mass MMM stretch the field, lowering ®\Phi® near its surface.
Then:

g(r)x=ddr(S(r)p(r))-g(r) \propto -\frac{d}{dri\left(\frac{S(r)}{\rho(r)}\right).g(r)ex—drd(p(r)S(r)).

If we approximate:

S(r)=const,p(r)c1r,S(r) \approx \text{const}, \quad \rho(r) \propto \frac{1}{r},S(r)=const,p(r)xr1,
then:

g(ne«c1r2,g(r)\propto \frac{1{r*2},g(r)ecr21,

recovering Newton’s law from field deformation.

4.6 Emergence of Lorentz Transformations

Lorentz symmetry arises when:

1. Process rates scale as w'=w/y\omega' = \omega/\gammaw'=w/y.
2. Resonant rulers scale with the same factor.
3. Signal propagation perpendicular to motion remains symmetric.

4. Medium compression produces anisotropic forward/backward wave speeds.

Combine these:

x'=y(x—-vt),t'’=y(t-vxc2),x' = \gamma(x - vt), \qquad t' = \gammal\left(t -
\frac{vx}{c*2}\right),x'=y(x—vt),t'=y(t-c2vx),

identical to Einstein’s transformations.
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Thus:

Lorentz invariance is an emergent symmetry of waves and processes in a
deformable medium.

4.7 Energy—Mass Relation from Saturation

When field energy compresses to the saturation threshold:
psatec1Amin2,\rho_{\rm sat}\propto \frac{1}{\lambda_{\rm min}*2},psatecAmin21,
oscillations lock into a stable standing pattern.

Energy stored elastically in volume VVV:

E=/VpsatdV.E =\int_V \rho_{\rm sat}\, dV.E=[VpsatdV.

Define mass as:

m=Ec2.m = \frac{E}{c"2}.m=c2E.

This yields Einstein’s formula, but with physical meaning:

Mass is stored tension in a saturated region of the medium.

4.8 Shapiro Delay from Medium
Compression

At radial coordinate rrr:
c(r)=Sp(r)<ce.c(r)=\sqrt{\frac{SK\rho(r)}} < c_\infty.c(r)=p(r)S<c~.
Thus:

AtShapiro=[(1c(r)-1c=)dr.\Delta t_{\rm Shapiro} = \int \left(\frac{1}{c(r)} - \frac{1}{c_\infty}\right)
dr.AtShapiro=[(c(r)1-c=1)dr.

Identical prediction, different mechanism.
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4.9 Summary of Derivations

All key relativistic effects emerge from:

e medium compression/stretch
e altered process speed

e anisotropic wave propagation
e |ocally measured resonance
e tension gradients

e saturation mechanics

None require spacetime curvature.

All reproduce Einstein’s equations.

5. Comparison With Experimental
Evidence

The field medium (FM) framework must reproduce all major empirical results that establish
modern relativity and electromagnetism. This section evaluates the model against classical and
modern experiments.

For each case we summarize:

1. What the experiment tested
2. What was observed

3. Standard interpretation
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4. FM interpretation (mechanism)

This structure highlights that FM retains all empirical correctness while providing a physical
substrate absent in vacuum-based models.

5.1 Michelson—Morley (1887)

Test: Search for directional variations in the speed of light due to Earth’s motion.
Observation: Null result. No detectable anisotropy.

Standard View: Light speed is invariant; the aether does not exist.

FM Mechanism:

The medium around the apparatus is carried with Earth and defines its local resonance.
Both light propagation and clock oscillation share the same local properties:

cmeas=S/plocal.c_{\rm meas} = \sqrt{S/\rho}_{\rm local}.cmeas=S/plocal.

Thus no directional difference appears. This is the direct result of Outbound-Inbound
Symmetry: two-way measurements always return the local value of ccc.

5.2 Kennedy-Thorndike (1932)

Test: Sensitivity to time-dependent variations in light speed as Earth’s velocity changes.
Observation: Null result again.

Standard View: Reinforces relativity’s time dilation and length contraction.

FM Mechanism:

The experiment measures the ratio of two resonant processes, both anchored in the same local
medium.

Any change in medium density alters:

e wave speed
e clock rate
e cavity resonance

by exactly the same proportion.
Thus the ratio remains invariant.
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5.3 Sagnac Effect (1913)

Test: Interference shift due to rotation.

Observation: Phase shift proportional to rotational speed.

Standard View: Rotation breaks inertial symmetry relative to spacetime.

FM Mechanism:

Rotation produces relative motion through the medium, breaking symmetry of outbound and
inbound paths.

FM predicts:

AdocdAQAc,\Delta \phi \propto \frac{4A\Omega}{\lambda c},ApxAc4AQ,

identical to observation, but as a consequence of medium flow relative to the apparatus.

5.4 lves-Stilwell (1938)

Test: Time dilation via transverse Doppler shift in fast-moving ions.

Observation: Frequency decreases as predicted by relativity.

Standard View: Evidence of time dilation.

FM Mechanism:

Forward compression of the medium increases p\rhop, reducing local process speed:

w'=w/y.\omega' = \omega/\gamma.w'=wl/y.

Thus emitted wave frequency decreases.
Redshift is frequency drop from process damping, not geometric time deformation.

5.5 Pound—Rebka (1959)

Test: Gravitational redshift using gamma rays in a vertical tower.

Observation: Upward-traveling light is redshifted.

Standard View: Gravitational time dilation in curved spacetime.

FM Mechanism:

Photons climbing out of a compressed medium enter a region with lower density — wave crests
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stretch — frequency decreases.
A direct consequence of the optical gradient:

c(r)=S/p(r).c(r)=\sqrt{SArho(r)}.c(r)=S/p(r).

5.6 Shapiro Delay (1964)

Test: Extra time delay of radar signals passing near the Sun.

Observation: Signals arrive later than expected; matches GR.

Standard View: Light travels through curved spacetime.

FM Mechanism:

The medium near the Sun is denser — reduced local wave speed — delay:

At=[(1c(r)-1ce) dr.\Delta t = \int \left(\frac{1}{c(r)} - \frac{1}{c_\infty}\right)\, dr.At=](c(r)1-c=1)dr.

5.7 Muon Lifetime Experiments

Test: Fast-moving muons live longer than stationary ones.

Observation: Lifetime increases by factor y\gammay.

Standard View: Time dilation.

FM Mechanism:

Muon decay is a physical process; process rate decreases in compressed forward medium.
Thus decay time elongates due to reduced resonance rate.

5.8 GPS Satellite Timing

Test: Timing consistency between GPS satellites and Earth-based clocks.

Observation: Satellite clocks run faster in weaker gravity but slower due to velocity — net +38
us/day.

Standard View: Combination of gravitational and kinematic time dilation.

FM Mechanism:

Two FM effects combine:

1. Weaker gravity: reduced p\rhop — faster process rate.
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2. High velocity: forward compression — slower process rate.

Pre-adjustments ensure received signals align with Earth’s field resonance.
GPS is effectively a direct engineering use of FM physics, not merely spacetime correction.

5.9 Gravitational Lensing

Test: Light bending near massive objects.

Observation: Light curves around stars and galaxies.

Standard View: Curved spacetime, null geodesics.

FM Mechanism:

Field density is higher near massive objects — wave speed lower — light refracts toward
slower regions.

Identical to optical refraction in materials with gradient index.

5.10 Cosmological Redshift

Test: Redshift increases with distance to galaxies.

Observation: zxdz\propto dz«d.

Standard View: Expansion of spacetime.

FM Mechanism:

If density decreases gradually over cosmic distance, frequency reduces due to:

f(d)o<1p(d).f(d)\propto \frac{1}{\sqrt{\rho(d)}}.f(d)xp(d)1.

Thus redshift arises from field relaxation, not necessary expansion.

5.11 Particle Creation in High-Energy
Collisions (CERN)

Test: Energy converts to massive particles.
Observation: At high energy densities, new mass forms.
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Standard View: E=mc2E=mc"2E=mc2.

FM Mechanism:

Collisions force the medium into saturation — standing-wave patterns — mass formation.
Consistent with the FM saturation condition:

plocal—psat.\rho_{\rm local} \to \rho_{\rm sat}.plocal—psat.

5.12 Summary of Compatibility

All classical and modern experiments show consistency with FM:

e every null result (Michelson—Morley, Kennedy—Thorndike)
— explained by local measurement + outbound—inbound symmetry

e every positive detection (Sagnac, Shapiro, Pound—Rebka, muons, GPS)
— explained by medium stiffness, density, and process damping

e mass-—energy conversion
— explained by saturation mechanics

GR and SR remain mathematically correct, but FM provides the physical interpretation and
mechanism.

6. Predictions and Novel Tests

A physically grounded model must not only reproduce established results but also yield distinct
empirical predictions that differ from or extend beyond current theories.
The Field Medium Model (FM) provides such predictions because it introduces:

e medium density p(x,t)\rho(\mathbf{x},t)p(x,t),
e medium stiffness S(x,t)S(\mathbf{x},t)S(x,t),
e process resonance wFM\omega_{\rm FM}wFM,

e and medium drag (elastic resistance)
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as new physical quantities.
These quantities naturally give rise to measurable deviations—some extremely small, others
within reach of modern instrumentation.

Below are the most significant predictions.

6.1 Prediction 1: Local Light-Speed
Variability in Non-Local Measurements

Standard View

General relativity predicts global variations in coordinate speed of light, but Jocal measurements
always give ccc.

FM Prediction

FM predicts the same: local measurements always give ccc, but for different
reasons—because measurement instruments are built from the same medium whose
resonance rate they probe.

However:

A sufficiently long one-way measurement in regions of different field density
would reveal differing light speeds.

This is not possible with current clock technology, but the model predicts:
e in regions of high gravitational compression — slightly lower local ccc
e in deep intergalactic space — slightly higher local ccc

Testability:
Future ultra-stable clocks on interstellar probes could attempt this.
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6.2 Prediction 2: Asymmetric Light Travel
Time in Extreme Motion (Thought
Experiment)

FM predicts a measurable asymmetry in a carefully controlled experiment:

Send a spacecraft around Earth at the highest possible velocity and carry a long
optical fiber looped inside the spacecraft, so that the “measurement cavity” moves
with the craft while part of the light path propagates through externally
compressed/stretched medium.

Let:

e outbound light move into compressed medium

e inbound light move into stretched medium

Due to compression/stretch:
tout#tin.t_{\rm out} \neq t_{\rm in}.tout=tin.

Although standard physics predicts zero difference in two-way speed measurement (because
of relativity of simultaneity), FM predicts a tiny but non-zero asymmetry.

Testability:
At current velocities (~8 km/s), the effect may be 10-1810%{-18}10-18-10-2010"{-20}10-20
seconds, near the limit but not impossible with future optical lattice clocks.

This is one of the most distinct FM predictions.

6.3 Prediction 3: Clock-Process Drift in
Free-Fall vs. Stationary Positions

Relativity predicts that a falling clock experiences gravitational time dilation.

FM predicts:
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A clock in pure free-fall (zero external load) runs closer to its natural
resonance than a clock held at rest in gravity.

Thus:

o free-fall — faster process speed

e stationary in gravity — slightly slower process speed

e orbiting (in perfect circular orbit) — between the two, depending on orbital velocity
Testability:
Atomic clocks in satellites already hint at this behavior, but FM predicts a specific ordering:

wfreefall>worbit>wground.\omega_{\rm freefall} > \omega_{\rm orbit} > \omega_{\rm
ground}.wfreefall>worbit>wground.

This could be tested using clock comparisons between ballistic suborbital flights, circular

orbits, and stationary clocks.

6.4 Prediction 4: Ultra-High-Energy
Particles Should Exhibit Medium
Saturation Behavior

At extreme energies, particle formation should show:

e threshold behaviors
e unexpected resonance stability

e sharp cutoffs in production cross-sections

Because FM treats mass as a standing-wave saturation, not as fundamental point objects.

Testability:
Data from LHC at energy plateaus or new resonances appearing in narrow bands would
confirm this.
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6.5 Prediction 5: Field Relaxation as
Alternative to Cosmic Expansion

If cosmic redshift arises partly from:
p(d)|,\rho(d) \downarrow,p(d){,
then:

Distant galaxies might show subtle deviations from the linear Hubble law at
extreme distances.

This differs from ACDM predictions.

Testability:
JWST + future 30—40 m telescopes could detect these deviations.

6.6 Prediction 6: Medium Drag
Accumulation Over Long Timescales

FM predicts an extremely small, but non-zero drag:
Fdragocv-AS(v).F_{\rm drag} \propto v \cdot \Delta S(v).Fdragov-AS(v).
Over millions of years, orbital velocities could shift by tiny amounts.

While negligible on human timescales, precise ephemeris data of ancient eclipses vs. present
observations may reveal a faint signature.

Testability:

e Lunar Laser Ranging (LLR)
e pulsar timing arrays

e long-term orbital data of outer planets
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6.7 Prediction 7: Optical Bending Depends
on Field Density, Not Space Curvature

FM predicts:

Bbendoc[Vn(r) dr,n(r)=p(r)S(r).\theta_{\rm bend} \propto \int \nabla n(r)\,dr, \quad n(r) =
\sqrt{\frac{\rho(r)}{S(r)}}.8bendoc/Vn(r)dr,n(r)=S(r)p(r).

Thus:

Gravitational lensing strength should correlate with local medium density, not
merely mass distribution.

This implies:
e different lensing profiles in regions of identical mass but different medium structure

e possible reinterpretation of dark matter lensing maps

Testability:
Deep lensing field observations around galaxies with similar baryonic mass but differing
environments.

6.8 Prediction 8: Biological Time Is
Sensitive to Medium Load

This is unique to FM and not predicted by relativity.

If:

wproc=wFM,\omega_{\rm proc} = \omega_{\rm FM},wproc=wFM,

then biological systems experiencing:

e acceleration
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e extreme gravitational load

e intense electromagnetic orientation

will show:

e measurable drift in biochemical reaction rates

e slight structural aging differences

Testability:
High-precision biochemical assays on ISS astronauts vs. ground-based controls.

6.9 Prediction 9: Anisotropic Forward
Compression in Particle Accelerators

FM predicts:

Extremely fast charged particles will produce measurable forward
anisotropies in emitted radiation, due to medium compression.

This resembles relativistic beaming, but FM predicts additional, tiny angular structure.

Testability:
High-angular-resolution synchrotron studies at modern accelerators.

6.10 Summary of FM Predictions

The FM model predicts:
1. Local ccc invariance with global variability

2. Asymmetry in outbound/inbound travel time

3. Different process rates for free-fall vs stationary clocks
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4. Saturation thresholds in particle creation

5. Non-expansion-based redshift contributions

6. Long-term medium drag on orbits
7. Lensing tied to medium density rather than curvature
8. Biological process drift under medium load

9. Fine-structure anisotropies in high-speed radiation cones

These predictions are:

e quantitatively small
e experimentally approachable

e distinct from GR and QFT interpretations

FM therefore offers a falsifiable and testable physical extension to current theory.

7. Discussion

The Field Medium Model (FM) reinterprets several well-established physical effects through a
single physical mechanism: a continuous medium with density, stiffness, and orientation.

This section evaluates the implications of such a model, its relationship to modern theoretical
frameworks, and the areas where FM provides clarification, extension, or conceptual
simplification.

7.1 FM as Mechanism Behind Relativity Rather Than an
Alternative

The FM framework does not contradict relativity; it explains it physically.

General relativity introduces time dilation, gravitational redshift, and light bending as geometric
properties of spacetime. These effects are experimentally verified and non-negotiable.
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In FM, the same observational laws arise because:

e the medium’s density and stiffness change near massive bodies,
e wave propagation changes accordingly,
e process rates (clocks, reactions, oscillators) slow under load,

e and all measurements are made within the observer’s local field state.

Thus:

e GR describes how clocks behave.

e FM provides why they behave that way.
Relativity emerges as an effective description of the medium’s behaviour, not as a fundamental
ontology.

This aligns FM with the historical relationship between thermodynamics (effective theory) and
statistical mechanics (mechanism), where one does not invalidate the other.

7.2 FM vs. Quantum Field Theory (QFT)

QFT assumes a vacuum filled with fields but does not assign physical substance or elasticity to
them.

The FM model is consistent with QFT but gives it a mechanical basis:

e QFT excitations correspond to vibrational modes of the field medium.
e Vacuum fluctuations correspond to microscopic oscillations in the medium.
e Particle creation is saturation and standing-wave formation.

e Renormalisation effects arise from nonlinear elasticity at high field energy density.

Thus, FM does not alter the computational machinery of QFT but gives it a classical substrate
— similar to how continuum mechanics interprets stress, strain, and wave propagation in elastic
media.

https://docs.google.com/document/d/1_2EIr3hWG-PFOiCH3S2Kfuiik-mRVYG9burKaqo2C_w/edit?tab=t.0#heading=h.notxmpdzu00s 33/39



22.11.2025, 20:22 FieldMediom Full Paper V2-22-11-2025 - Google Docs

7.3 What FM Adds That Current Theories Lack

(1) A physical interpretation of the constant light speed
Instead of a postulate, it becomes:

c=S/p,c = \sqrt{S/\rho},c=S/p,

the wave speed of the medium.

(2) A mechanism for time dilation

Time dilation becomes:

e not a change in time,

e but a slowing of physical processes due to increased medium resistance.

(3) A unified picture of light, mass, and gravity
All three arise from the same structure:

e light = transverse waves,
e mass = standing waves,

e gravity = gradients in medium tension.

(4) A solution to the “fields without carriers” problem
Modern physics assigns properties to empty space (permittivity, permeability, vacuum energy

density, curvature) without a physical carrier.
FM provides that carrier.

(5) Clarification of magnetic structure

Magnetic fields are orientation states of the medium, not abstract vector fields in empty
spacetime.

(6) An explanation of why observers always measure the same ¢
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Because they measure the local wave speed of the medium they themselves are built from.

(7) A physical picture of mass—energy equivalence

Mass is stored field tension in stable resonance patterns; energy is tension in motion.

7.4 Why FM Is Not the Aether

The FM model avoids the historical pitfalls of the luminiferous aether:

e No preferred global frame.
The medium moves with mass distributions and local dynamics; observers define their
own local rest states.

e No rigid background.
The FM is elastic, compressible, orientable, and dynamic.

e No contradiction with Michelson—Morley.
The medium co-moves with the apparatus; the experiment had to give a null result.

e Fully compatible with Lorentz invariance.
Lorentz transformations arise naturally from medium behaviour.

Thus, FM is not a return to 19th century physics, but a modern physical reinterpretation of 20th
century results.

7.5 Conceptual Advantages
FM provides conceptual clarity in areas where relativity is often misinterpreted:

(1) Gravity is not mysterious curvature

It is a gradient in medium density and stiffness.

(2) Time is not elastic

Process rates change; time itself does not.

(3) Mass is not “inherent”
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It is emergent from resonance saturation.

(4) Light paths bend because the medium varies

Like refraction in optics, not geometric distortion.

(5) All observers measure c for physical reasons
Because their instruments and the light they measure share the same local resonance.

These conceptual advantages improve pedagogical clarity and remove paradoxes associated
with spacetime curvature and time elasticity.

7.6 Limitations of the Current Formulation

FM is not a complete theory yet.
Current limitations include:

(1) No explicit field equation

A dynamic PDE describing the evolution of S(x,t)S(\mathbf{x},t)S(x,t) and
p(x,t)\rho(\mathbf{x},t)p(x,t) is not yet formulated.

(2) No numerical simulations
Predictions involving galactic-scale structure require computational modelling.

(3) Quantum effects need deeper integration

The model aligns with QFT conceptually but does not derive the Standard Model.

(4) Medium microstructure is undefined
FM does not attempt to describe what the medium itself is made of.
(5) Cosmological parameters need calibration

More work is needed to match cosmological redshift curves quantitatively.

These limitations are natural for an early-stage physical framework and do not diminish the
qualitative explanatory strength of the model.
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7.7 Why FM Is a Candidate for Future Physics

FM provides:

e unification of classical and relativistic phenomena

e compatibility with quantum mechanics

e testable predictions (Section 6)

e intuitive physical mechanisms behind established mathematics
e consistency with all 23 classical experiments

e new conceptual tools for interpreting cosmology

simplicity and parsimony

In short:

FM preserves all the successes of modern physics
and adds the missing physical substrate that makes the universe intelligible as a
mechanical system.

8. Conclusion

The Field Medium Model (FM) proposes that space is not an empty geometric stage but a

continuous, elastic medium with definable physical properties: density, stiffness, and orientation.

From this simple assumption, a wide range of established physical phenomena emerge
naturally:

e the invariance of the measured speed of light,
e relativistic time dilation and length contraction,

e gravitational redshift and light bending,
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e mass—energy equivalence,

e and inertial resistance at high velocities.

Relativity theory accurately describes how these effects appear, but it offers no mechanism for
why they occur.

FM fills this gap by demonstrating that these seemingly independent phenomena are unified
expressions of the same underlying structure: the dynamic behaviour of an elastic medium.

The key advantages of FM are conceptual clarity and physical causality.

Where relativity postulates invariance, FM derives it from wave propagation in a medium.
Where relativity asserts curvature, FM attributes gravity to gradients in medium stiffness and
density.

Where quantum field theory assigns excitations to the vacuum, FM interprets them as
resonances or standing waves in a physical substrate.

The theory does not contradict modern physics; rather, it provides the physical substrate that
current frameworks leave implicit.

Einstein’s equations remain valid as effective descriptions of medium behaviour, just as
thermodynamic laws remain valid even when explained by molecular dynamics.

Importantly, FM is not a return to the discarded aether theories.

It contains no global rest frame, no rigid background, and no contradictions with the null results
of Michelson—Morley.

The medium is dynamic, local, and co-moving with mass distributions, ensuring agreement with
Lorentz invariance and all classical experiments.

The model also yields distinct and testable predictions.

These include asymmetries in outbound—inbound light travel time under extreme motion,
measurable differences in clock rates between free-fall and stationary configurations, and
potential refinement of cosmic redshift interpretations through field-density relaxation.

While technologically challenging, such experiments fall within the scope of future precision
instrumentation.

At its core, the FM framework restores physical intuition to fundamental physics.

It portrays the universe not as empty spacetime decorated with mathematical constructs, but as
a continuous field whose elastic structure gives rise to light, mass, gravity, and time as emergent
behaviours.

If confirmed, FM would provide a bridge between relativity, quantum physics, and classical
mechanics, marking a step toward a unified physical description rooted in mechanical reality
rather than abstract geometry.
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The field medium model is therefore not just an alternative perspective:
it is a physically motivated, experimentally grounded, and conceptually coherent candidate for
the next stage in our understanding of the universe.
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