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1 Introduction: The Criteria for Mechanical Causality

The Equivalence Principle (EP) is the cornerstone of modern gravitational theory. It demands a
perfect symmetry between gravitational force and mechanical acceleration. However, for a theory
to be “Complete,” it must not only provide a mathematical equivalence but also a Mechanical
Causality. If F = ma, and acceleration (a) is present, a complete physical model must identify
the kinetic interaction that produces the force.

This standard of completeness extends beyond gravity to all fundamental phenomena. Main-
stream physics treats inertia as an intrinsic property of mass resisting acceleration changes
(F = ma), momentum as the conserved quantity muv arising from translational symmetry
(Noether’s theorem), time as the spacetime coordinate measured by clocks, and gravitational
time dilation as a metric effect where clocks slow in stronger fields per:
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These descriptions predict outcomes precisely—GPS satellites correct for both velocity and
gravitational time dilation daily. Yet none identify causal mechanisms: what physically resists
inertial acceleration? What transfers momentum in free fall? What slows atomic oscillations in
a gravitational potential?

This paper identifies the specific operational constraints required to resolve the “Expansion
Paradox” without resorting to non-mechanical geometric pivots, while demonstrating how these
same causal gaps permeate mainstream explanations of inertia, momentum, time, and dilation,
all demanding a unified mechanical substrate.

2 The Operational Constraint: Acceleration without Expansion

A fundamental conflict exists in the stationary observation of weight on a planetary body:

e The Requirement: Per the EP, the sensation of weight requires a constant upward
acceleration vector (9.8m/s?).

e The Constraint: The planetary radius is static.
e The Logical Divergence:

— Standard Model: Asserts the acceleration is “geometric” (non-kinetic).

— Mechanical Model: Asserts that if the surface (Matter) is not moving outward, then
the Reference Frame (Space) must be moving inward.



Operational Conclusion: To satisfy the EP without physical expansion, the “vacuum”
must be treated as a dynamic participant. If the floor is not moving up to meet the observer,
the “medium of space” must be carrying the observer into the floor.

This constraint exposes mainstream inertia’s causal deficiency. Inertia resists acceleration
uniformly across all directions and reference frames, yet physics offers no mechanism—what
physically opposes changes in velocity? Newtonian mechanics treats it axiomatically; relativity
embeds it in geodesic structure. Both describe the effect but name no interacting substrate
providing drag-like resistance through continuous collisions or momentum exchange.

3 The Kinetic Interaction: Weight as Ram Pressure

If we accept the operational necessity of an inward-flowing medium, the sensation of “Weight”
and “Normal Force” must be redefined as kinetic interactions:

Static Equilibrium: An object on the surface is “stationary” relative to the Earth, but the
medium streaming through it is not steady: it moves faster at each lower level as it approaches
the sink. Relative to that stream, the object is accelerating.

The Mechanism: The sensation of weight is the Ram Pressure of this accelerating
stream: the momentum the medium delivers to the object’s atoms as it streams through them
from above. The object resists being swept along (the same resistance we call inertia), and the
floor supplies the balancing push. The force is the rate at which momentum must be exchanged
to keep the object from accelerating with the stream:

F=m Omedium = Mg (2)

Section [7] shows that the operational constraint fixes the stream’s acceleration at exactly g.

The Scaling Symmetry: This model explains why “going up” scales identically to “standing
still.” Weight depends on how the object accelerates relative to the stream, not on how fast it
moves through it. An elevator accelerating upward adds its acceleration to the stream’s, and
weight increases; one accelerating downward subtracts it, and weight decreases; one moving
at constant speed leaves weight unchanged, exactly as observed. Steady motion through the
medium is a balanced state; only a change of motion against it is resisted.

This ram pressure unifies momentum mechanics. Mainstream physics defines momentum as
p = mu, conserved through field interactions or collisions, yet gravitational trajectory changes
invoke no mediator—objects “follow curvature” without specified momentum transfer. The flow
model supplies one: the medium’s directional exchange with matter carries the momentum that
changes the object’s path.

4 The Vacuum as a Material Medium: Quantum Field Reconcil-
iation

The primary barrier to this operational model is the “Semantic Double-Talk” regarding the
vacuum. To be logically consistent, a theory must reconcile the following lines of evidence:

1. The Casimir Evidence: The vacuum between closely spaced metal plates exerts a
measurable pressure on them. On the standard reading, the vacuum carries an energy
density, and something with an energy density that can push on matter is a physical
participant, not an absence.

2. The Refraction Evidence: Light passing a mass bends (1.75 arcseconds at the Sun’s
edge) and is delayed (the Shapiro delay). Both are exactly what a region with refractive
index n > 1 produces, so the space near a mass behaves optically as a denser medium

(Section [12)).



3. The Momentum Requirement: For a “curve” to change the path of a photon or a
planet, a momentum transfer must occur, and a momentum transfer requires something
to transfer it.

Operational Requirement: A vacuum that exerts pressure, slows and bends light, and
exchanges momentum with matter is behaving as a Pressurized Medium: something with
fluid-like properties capable of flow, collision, and force generation. Any model that uses the
“Geometric Pivot” while ignoring the vacuum’s documented pressure leaves that behaviour un-
explained.

This extends to time and time dilation. Special relativity describes velocity dilation via
dr = dt\/1—v?/c?; general relativity adds gravitational effects through the metric. The
mechanism—what physically slows cesium hyperfine transitions?—remains hidden in “space-
time structure.” The flow model provides it: Section [L1] shows that gravitational time dilation
is the velocity time dilation of a clock moving through the inflowing medium.

5 Constraints on Future Models

For any gravitational theory to move beyond “Effective Math” into “Physical Reality,” it must
address these expanded operational constraints:

e Constraint A (The Mechanical Source): It must identify what physically strikes an
atom to create the compression we measure as weight, inertial resistance, and momentum
transfer.

e Constraint B (The Flow Rate): It must account for why g = a without requiring the
expansion of matter, while producing uniform inertial response.

e Constraint C (The Medium Density): It must bridge the gap between the “High
Pressure” of Quantum Vacuum energy (Casimir evidence) and the “Curvature” of General
Relativity.

e Constraint D (Unified Temporality): It must mechanistically slow clocks via interac-
tion, not abstract interval stretching.

6 Final Summary

The Equivalence Principle is not a suggestion; it is a mechanical blueprint. The fact that an
accelerating elevator feels exactly like standing on Earth points to the “Vacuum” as a pressurized
medium in motion. Mainstream descriptions predict inertia, momentum, and time dilation
flawlessly yet substitute rules for mechanisms. When we focus on the Operational Model, the
simplest way to satisfy the laws of motion (F = ma), static planetary geometry, and unified
causality is to admit that Space is a pressurized medium flowing into mass.

The formalism that follows shows how far this picture already reaches: from the single
requirement that the medium carry a stationary observer into the floor at g, it recovers the
universality of free fall, Kepler’s laws, gravitational time dilation, the clock rates of orbiting
satellites, and the bending and delay of light. It also states plainly what remains to be derived.



Mathematical Formalism

This part works out what the operational constraint requires of the flow, and what follows from
it. Where a result rests on an assumption not yet derived from the medium’s own properties, it
is marked as open. Throughout, M is the central mass, r the distance from its centre, and the
mass is taken as spherical and non-rotating.

7 The Inward Flow Velocity Field

Requirement: A stationary observer at radius r must find the medium accelerating past them,
inward, at the measured surface gravity

o) = S5 Q

Flow: For steady radial inflow at speed v(r), an element of the medium accelerates because
it moves to where the flow is faster. Its acceleration is the convective term
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Setting @ = —GM/r? (inward) and requiring the flow to vanish far from the mass gives

v? GM 2GM
5= v(r) =1/ - (5)

Result: The inflow speed at every radius equals the escape speed there. At Earth’s surface,

VR = 1/26;%];?@%11.2 km/s. (6)

This is not a coincidence: an object released from rest far away and carried by the stream arrives
at each radius moving at exactly the stream’s speed.

Relation to General Relativity: This flow field is mathematically identical to the Gullstrand—
Painlevé form of the Schwarzschild solution, known as the “river model” of gravity [I]. Every
prediction of General Relativity for a non-rotating mass can be written in terms of this flow.
GR treats the flow as a choice of coordinates; Graviton Pressure Theory treats it as the physical
motion of a real medium. The two agree on every number; they differ on what exists.

8 Continuity: What the Flow Requires of the Medium

If the medium is absorbed only inside matter, the same amount must cross every sphere around
the mass each second: .
4712 p(r) v(r) = M,ps = constant, (7)

where M, is the rate at which the mass absorbs the medium. With v o r~1/2_ this requires

Mabs _3/2
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A medium of uniform density cannot carry this flow: either the flowing component grows denser
toward the mass, or the medium is replenished or compressed along the way. Open problem 1:
an equation of state for the medium that fixes which, and that reconciles the flowing component
with the field’s baseline pressure far from any mass.



9 Weight, Inertia and the Universality of Free Fall

A body held at rest at radius » must be pushed against the stream’s acceleration, so its weight
is
F=mg(r), (9)

where m measures how strongly the body couples to the medium: its impedance. The same
impedance sets how strongly the body resists any change in its motion through the medium,
which is its inertia. Released, every body therefore accelerates with the stream at g(r), whatever
its composition. The equality of gravitational and inertial mass, and the universality of free fall,
follow from one coupling counted twice. Open problem 2: derive the coupling, the momentum
exchanged per second per unit of impedance, from the intake, sorting and ejection cycle at the
atom. This is the step at which the mechanism names its physical interface.

10 Orbits

In the acceleration field g(r) = GM/r?, a circular orbit requires

2 GM GM
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and the period follows Kepler’s third law,

423
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At every radius the inflow speed is v/2 times the circular orbital speed.

11 Clock Rates: Gravitational Time Dilation as Motion Through
the Medium

A clock at rest on the planet is moving through the medium at v(r). Apply the ordinary velocity

time dilation to that motion:
dr \/ v? \/ 2GM
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This is exactly General Relativity’s gravitational time dilation, Equation (1). Gravitational and
velocity time dilation become one effect: a clock runs slow in proportion to its speed through
the medium. This meets Constraint D.

For a satellite in circular orbit, its orbital motion is perpendicular to the inflow, so its total
speed through the medium is v? = v2,, +v3 = GM/r + 2GM/r = 3GM/r, and

dr 3GM
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dt re? (13)
which is exactly GR’s rate for a clock in circular orbit. For a GPS satellite (r ~ 26,560 km)
compared with a clock on the ground, this gives a net gain of about 38 microseconds per day,
the correction the GPS system applies daily.



12 Light: Refraction in the Inflowing Medium

By Fermat’s principle, light crossing a region of refractive index n(r) bends toward the higher
index, by
 On
o= —dz (14)
oo Ob
for a ray passing the mass at closest distance b (weak deflection). If the index rises with the
square of the inflow speed,

v? 2GM
—1+ 0 =14 22 1
n(r) + 2 + R (15)
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which is 1.75” at the Sun’s edge, as measured. The same index also gives the measured Shapiro
delay of radar signals passing the Sun. Because n depends only on the flow and not on the light’s
frequency, the bending is the same for radio and visible light, as observed. Open problem 3:
derive n = 1 + v%/c? from the medium’s properties, rather than adopt it because it matches
observation.

13 Results and Open Problems

Follows from the inflow v = Status

V2GM/r

Stream acceleration equals g Derived (Section

Universality of free fall Follows, given one coupling for weight and in-
ertia

Kepler’s laws Derived

Gravitational time dilation Derived, as motion through the medium

Satellite clock rates (GPS) Derived; matches the daily correction

Light deflection and Shapiro delay Follow, given n = 1 + v?/c? (open problem 3)

Density profile of the medium Open problem 1

Coupling at the atom Open problem 2

Field equations for the medium: ro- Open problem 4
tation, frame dragging, gravitational
waves

The four open problems are where the work goes next. Everything else in this section is
checked against measurement.
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