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Spatial Displacement Theory

A Complete Description of Physical Reality from a Single Postulate
James Christopher Tyndall — Melbourne, Australia — April 2026

Prologue: The Pressurised Vessel
Imagine you are standing at the bottom of the ocean. The water presses in on you from every direction — above,
below, left, right, forward, backward. If someone places a large boulder next to you, something changes. The
water between you and the boulder is partially blocked. The boulder occludes some of the pressure that was
coming from its direction. Now the pressure from the far side, where there is no boulder, pushes you toward it.
You have not been “attracted” by the boulder. You have been pushed toward it by the imbalance.
This is the central insight of Spatial Displacement Theory (SDT). We live inside a pressurised vessel. The medium
is not water — it is something more fundamental. It ϐills every point in space, it relays energy at the speed of
light, and it has been doing so since a point in the deep past that we call the Clearing. Every force you have ever
experienced — gravity pulling you to the ground, the electric repulsion between your hair and a balloon, the
nuclear binding that holds the atoms in your body together — is a consequence of pressure differentials in this
medium.
The medium is called the spation lattice. It is not made of particles. It is not a ϐield in the mathematical sense. It
is a physical thing that occupies space, that relays energy from neighbour to neighbour, and that has been loaded
with a speciϐic energy density since the Clearing. Every point in the lattice receives energy from every other point,
shells upon shells of contributions piling up, each shell contributing a tiny amount, the whole sum converging on
every location simultaneously.
This is not a metaphor. This is the mechanical picture fromwhich six laws are derived, eighteen theorems proven,
and all known physical phenomena reproduced — using nine measured quantities and zero adjustable parame‑
ters.

Part I: The Medium
What Space Is

The word “vacuum” comes from the Latin vacuus, meaning empty. It is perhaps the most misleading word in
physics. The space between galaxies, between stars, between atoms, is not empty. It carries the cosmicmicrowave
background radiation — a sea of photons at 2.7255 Kelvin.
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The raw energy density of this radiation is 4.17 × 10⁻¹⁴ joules per cubic metre — an unremarkable‑sounding
number. But that number is misleading, because it measures the local energy content of a single cubic metre.
What SDT recognises is what happens when you consider the full convergence. Every Planck‑sized point in space
sits at the centre of an enormous sphere stretching to the Clearing—approximately 9.53 × 10²⁶metres away. That
sphere contains N ≈ 5.89 × 10⁶¹ nested shells, each one Planck length thick. Every shell relays its energy content
inward. The total convergence burden arriving at that single Planck‑scale point is:

Φ = N × ε = 5.89 × 10⁶¹ × 1.76 × 10⁻¹¹⁸ J ≈ 1.04 × 10⁻⁵⁶ joules
This produces a convergence pressure of P_conv = N × u_CMB ≈ 2.46 × 10⁴⁸ pascals— forty‑eight orders of magni‑
tude above anything in human engineering. The CMB is not a faint cosmological relic. It is the operating pressure
of the universe. Every point in space is under this pressure, from every direction, at every moment.
Standard physics acknowledges the CMB but treats the 4.17 × 10⁻¹⁴ J/m³ ϐigure as thewhole story—a cold, dilute
relic. SDT says: sum the shells. When you do, the “dilute background” becomes the most intense pressure ϐield in
existence — balanced, omnidirectional, and the source of every force.
The spation lattice is a nearest‑neighbour relay medium. Think of a grid of ball bearings touching one another.
If you push one, the push propagates through the grid at a speed determined by the stiffness and mass of the
bearings. The spation lattice is like this, but three‑dimensional, extending in every direction, with a relay speed
equal to the speed of light. Push the lattice and the disturbance travels at 299,792,458 metres per second. Not
because nature chose this number, but because this is how fast energy propagates through the medium.
Light is not a particle riding through empty space. Light is a disturbance propagating through the lattice. So is
gravity. So is the electric ϐield. All of them are modes of the same medium — different ways the lattice carries
energy.

Why You Do Not Feel It

2.46 × 10⁴⁸ pascals is an absurd pressure. It is larger than the pressure at the centre of a neutron star. How can
we exist inside it without being crushed?
Because it is perfectly balanced. Convergence arrives from every direction equally. The pressure from the left
exactly cancels the pressure from the right. The pressure from above exactly cancels the pressure from below. At
any point in empty space, the net force is exactly zero. You feel nothing.
Until something breaks the symmetry. Place an object—anyobject at all—near you, and it occludes a tiny fraction
of the convergent pressure from its direction. Now the pressure from behind you, which is not occluded, pushes
you toward the object. This is gravity. This is the Coulomb force. This is the nuclear force. Same mechanism,
different scales.

What the Casimir Effect Actually Measures

In 1948, Hendrik Casimir predicted that two uncharged, parallel metal plates in a vacuum should experience a
small attractive force. The force was measured in 1997 by Steven Lamoreaux, conϐirming Casimir’s prediction to
within 5%.
Standardphysics explains this force as a consequence of quantumvacuum ϐluctuations—virtual particles popping
in and out of existence between the plates, with long‑wavelengthmodes excluded by the boundary conditions. The
excluded modes reduce the vacuum energy between the plates, creating a net inward pressure.
SDT explains the same force differently, but the numbers come out the same. The plates occlude convergent pres‑
sure from each other. Between the plates, the lattice cannot ϐit all its relay modes — the available relay spectrum
is truncated. The truncated spectrum means less convergent pressure between the plates than outside. The net
force pushes the plates together.
Both explanations give the same formula: F/A = π²ℏc / (240d⁴). The difference is ontological. Standard physics
says the vacuum ϐluctuates with virtual particles. SDT says the vacuum is a pressurised lattice with real relay
modes. The force is the same because the mathematics of mode‑counting on a bounded domain is the same
whether you call the modes “virtual photons” or “lattice relay content.”
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But only one of these pictures predicts that you can transmit sound through the vacuum. If the vacuum is truly
empty, vibrating one plate cannot produce a signal on the other. If it is a pressurised lattice, it can. This is Experi‑
ment E22.

The Clearing

At some point in the past — a point SDT does not need to name with precision — the lattice was in a different
state. Every spation (every point in the lattice) held a higher energy density. At the Clearing, this held energy was
released simultaneously, omnidirectionally, by every spation. The release created a cascade of energy propagating
inward from every direction.
This is not the Big Bang. SDT makes no claim about the origin of the lattice itself, or whether it has boundaries,
or whether it is inϐinite. The Clearing is simply the event after which coherent relay propagation began. Before it,
the lattice was loaded. After it, the load was released, and the universe as we know it — with matter, light, and
structure — began to form from the convergence of these inward‑propagating shells.
Every point in the lattice now receives the superposed arrival of energy from every shell between itself and the
Clearing. The total contribution is the product of the number of shells (N) and the energy per shell (ε):

Φ = N × ε
This is Law I: Cosmological Relay Throughput. The total convergence burden at every point is ϐixed, determined
entirely by the lattice geometry, the energy density, and the distance to the Clearing.

Part II: Force as Pressure Differential
Gravity Without Attraction

Take two spheres ϐloating in the pressurised medium. Each sphere displaces lattice — it occupies a volume that
the lattice cannot ϐill. From the perspective of the lattice, each sphere is a hole. Energy that would have relayed
through that volume is instead interrupted. Each sphere casts a “pressure shadow.”
Now consider the view from one sphere looking at the other. Behind the second sphere, the convergent pressure
arriving from the far side is partially occluded. The second sphere blocks a small fraction of the convergent energy
that would otherwise arrive from that direction. But the pressure from every other direction is unoccluded. The
result is a net force pushing the ϐirst sphere toward the second.
This is gravity.
The force law is:

F = (π/4) × P_eff × R₁² × R₂² / r²
Where R₁ and R₂ are the displacement radii of the two objects, r is the distance between them, and P_eff is the
effective convergent pressure at the scale of the interaction. This force law is inverse‑square. It is proportional to
the product of the displaced volumes (which is what mass measures). It is attractive for all massive bodies. It is
gravity.
But it is not only gravity. The same mechanism — pressure occlusion between two objects — operates at every
scale. Between protons and electrons, the displacement radii are nuclear‑scale, and the force we call Coulomb
repulsion or attraction emerges. Between nucleons at femtometre separations, the occlusion fractions become
large, and the force we call nuclear binding emerges.
One mechanism. Three forces. No uniϐication required, because they were never separate.

The Coulomb Identity

A prediction falls directly out of this framework. The electrostatic coupling constant k_e multiplied by the square
of the elementary charge e is not a separate piece of physics. It is derivable:
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k_e × e² = α × ℏ × c
Where α is the ϐine structure constant (1/137.036), ℏ is the reduced Planck constant, and c is the speed of light.
This identity holds to better than one part in ten billion when checked against CODATA values. The coupling is the
product. Neither k_e nor e is separately fundamental — only their combination enters every force law.
This relationship is an algebraic identity of its inputs (α≡ k_e e²/ℏc). The non‑trivial SDT content is the geometric
origin of the 1/r² force structure from occlusion solid angles — not the coupling constant itself.

The Transfer Function

The connectionbetween the immensePlanck‑scale convergencepressure (2.46×10⁴⁸Pa) and themodest effective
pressure felt at atomic scales (5.23 × 10³¹ Pa) is a ratio:

f = P_eff / P_conv = 2.125 × 10⁻¹⁷
This ratio— the transfer function— is not ϐitted. It is computed from the hydrogen atom: the measured Coulomb
force between a proton and an electron at the Bohr radius, divided by the convergence pressure. The value f =
2.125 × 10⁻¹⁷ tells you how efϐiciently the lattice converts its bulk convergence into the effective pressure that
pushes particles around.
Why is f so small? Because most of the convergent pressure cancels. The lattice delivers energy from every direc‑
tion, and at every point, almost all of it balances. Only a tiny fraction — the part that is differentially occluded by
nearby matter — produces net force. This is not a weakness of the theory. It is the explanation for why gravity is
weak. Gravity is the residual imbalance of an enormous, nearly‑perfect cancellation.

The Charge Interaction Radius

There is a puzzle in electrostatics. The proton has a charge radius of 0.841 femtometres. The electron’s classical
radius is 2.818 femtometres. These are wildly different sizes, yet the electrostatic force between a proton and
another proton is identical to the force between an electron and another electron (at the same distance). How can
objects of different sizes produce the same force?
SDT resolves this with the charge interaction radius:

R_charge = √(R_p × r_e) = √(0.841 × 2.818) fm = 1.540 fm
The geometric mean of the proton charge radius and the classical electron radius. This single radius, plugged into
the occlusion force formula, reproduces the Coulomb force exactly. It doesn’t matter whether it is two protons,
two electrons, or one of each — they all interact through the same effective cross‑section, R_charge⁴.
This resolves a question that standard physics answers with “charge quantisation” — the assertion that the pro‑
ton and electron have exactly opposite charges for no stated reason. SDT says: they interact through the same
geometric mean. The “charges are equal” because the interaction radius is a property of the lattice geometry, not
of the particles individually.

Part III: Mass as Reorganisation Cost
What Mass Measures

When you push a bowling ball, it resists. When you push a golf ball, it yields. The bowling ball has more mass —
more resistance to acceleration. But what is mass, physically? Standard physics answers this with the Higgs ϐield,
which “gives mass” to particles through a coupling mechanism. This is a correct mathematical description, but it
tells you nothing about the mechanics.
SDT answers differently. Mass is throughput reorganisation cost.
Every particle displaces a volume of the lattice — it occupies space that the lattice cannot ϐill. When the particle
moves, the lattice must reorganise itself around the displaced volume. This reorganisation costs energy. The
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larger the displaced volume, the more lattice must reorganise, the more energy it costs, the harder the object is to
accelerate.

m = Φ × V_disp / (3 × ℓ_P³ × c²)
Where V_disp is the displaced volume of the particle, Φ is the total convergence burden, ℓ_P is the Planck length,
and c is the speed of light. The factor of 3 comes from angular averaging in three dimensions — a geometric
inevitability, not an adjustment.
This immediately explainswhy inertialmass equals gravitationalmass. In standard physics, this is the equivalence
principle — a postulate that Einstein elevated to the foundation of general relativity. In SDT, it is not a postulate.
It is a consequence. Both inertial resistance and gravitational force measure the same quantity: V_disp. The
displaced volume that makes something heavy is the same displaced volume that makes it gravitate. They cannot
differ, because they are the same thing.

Three Radii for Each Particle

Every particle has three characteristic radii, each measuring a different aspect of its interaction with the lattice:
1. The exclusion radius (R_excl): the actual size of the displaced volume. For the electron, this is 2.878 ×

10⁻²¹ metres — far smaller than anything directly measurable. For the proton, 3.525 × 10⁻²⁰ metres.
2. The wake radius (R_wake): the distance to which the particle’s pressure perturbation reaches. For the

electron, this is the classical electron radius r_e = 2.818 × 10⁻¹⁵ metres. For the proton, this is the charge
radius R_p = 8.414 × 10⁻¹⁶ metres.

3. Thequantumcoherence radius (R_quantum): the Comptonwavelength—the scale atwhich the particle’s
lattice distortion can interfere with itself. For the electron, ƛ_C = 3.862 × 10⁻¹³metres. For the proton, 1.321
× 10⁻¹⁵ metres.

These three radii span ϐive orders of magnitude for the electron. They are not competing descriptions — they
measure different things. The exclusion radius is how big the particle is. The wake radius is how far its pressure
inϐluence reaches. The quantum radius is how far its coherence extends.

The Proton Radius

SDT makes a speciϐic prediction about the proton. The proton is modelled as a trefoil‑knot vortex in the spation
lattice—a topological structurewithwinding numberW=3. The theory predicts that thewake radius (the charge
radius) of a vortex with winding number W is:

R = (W + 1) × ℏ / (m × c)
For the proton (W = 3): R_p = 4ℏ / (m_p × c) = 0.84124 femtometres.
The measured value from muonic hydrogen spectroscopy (the most precise measurement available): 0.8414 ±
0.0019 femtometres.
Agreement: 0.02%.
This is not a ϐit. There is no adjustable parameter. The winding number W = 3 is dictated by topology — it is the
simplest persistent knot (the trefoil) — and the rest is measured constants. Getting the proton radius to within
two hundredths of a percent is either an extraordinary coincidence or a correct description of physical reality.

Part IV: The Movement Budget
Everything Is Moving at c

Every particle in the universe is circulating at the speed of light. Always. Without exception.
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This soundswrong, because you are sitting still reading this. But you are not still. The electrons in your atoms, the
quarks in your protons (in standard language), the vortex structures that make up every piece of matter in your
body — they are all circulating. The internal circulation velocity of every particle, combined with its translational
velocity through the lattice, always sums to c:

v_circ² + v_trans² = c²
When a particle is at rest (v_trans = 0), all of itsmotion is circulation: v_circ = c.When a particle is a photon (v_trans
= c), all of its motion is translation: v_circ = 0. Everything else is somewhere between these two limits. Electrons
in hydrogen orbit at v = c/137 (translational), with the remaining 99.9973% of c² allocated to circulation.
This is Law V: the Movement Budget. It is the entire content of special relativity in one equation. Time dilation,
length contraction, the speed limit, the mass‑energy equivalence E = mc² — all of them follow algebraically from
this single statement.
A clock in a gravitational ϐield runs slower because the lattice is compressed. The relay cycles are shorter. The
clock ticks fewer times per external second. This is not mysterious— it is mechanical. Put ametronome in treacle
and it runs slower. Put a clock in a compressed lattice and it runs slower. Same idea.

The k‑Factor

The ratio k = c/v, where v is the electron velocity at a given orbital, is a fundamental organising number in SDT. For
hydrogen, v = αc (the ϐine structure constant times the speed of light), so k = 1/α ≈ 137. This is not a coincidence.
The ϐine structure constant IS the ratio of the hydrogen ground‑state electron’s velocity to the speed of light.
Every element, every ionisation state, every spectral transition can be characterised by its k‑factor. Noble gases
(helium, neon, argon, krypton, xenon) cluster at k = 101–145— tightly bound, geometrically serene. Alkali metals
(lithium, sodium, potassium) sit at k > 200 — barely bound, their outermost electron only weakly held.
The closure condition zk² = 1, where z = v²/c², is an algebraic identity: (v²/c²)(c²/v²) = 1. It holds for every velocity.
But its physical content is that every ionisation energymaps to a speciϐic point on themovement budget. This has
been veriϐied across 126 measured ionisation levels from hydrogen to lead.

Part V: The Nucleus
Building Blocks

The nucleus is not built from quarks. Or rather: whatever the internal substructure of the proton and neutron
may be, the nucleus itself is built from three construction units:

1. The alpha particle: 2 protons + 2 neutrons, arranged as a tetrahedron. This is the fundamental nuclear
building block — the most tightly bound light nucleus at 7.07 MeV per nucleon.

2. The deuteron: 1 proton + 1 neutron. The simplest nuclear bond. Loosely bound at 2.224 MeV.
3. The triton: 1 proton + 2 neutrons. An asymmetric nuclear bond. More tightly bound than the deuteron

(8.48 MeV total) but unstable in isolation.
Every stable nucleus with Z ≥ 2 decomposes exactly into: one alpha core + some number of deuterons + some
number of tritons. The formulas are:

n_tritons = A − 2Z n_deuterons = 3Z − A − 2
Where Z is the proton number and A is the mass number. This grammar has been veriϐied for all 287 naturally
occurring isotopes, from helium‑4 to uranium‑238, with zero exceptions.
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The Pattern in the Numbers

Light nuclei up to calcium‑40 are built from the alpha core plus deuterons only — zero tritons. These are the
“pure deuteron scaffolds,” and they are the most stable constructions at each proton count. Carbon‑12 (α + 4d),
oxygen‑16 (α + 6d), neon‑20 (α + 8d), calcium‑40 (α + 18d) — all zero tritons, all exceptionally stable.
As nuclei get heavier, tritons begin to appear. Iron‑56 (α + 20d + 4t) sits at 16.7% triton fraction — near the geo‑
metric equilibrium. This is why iron is the peak of the binding energy curve. It is the point where the construction
grammar achieves its optimal balance between symmetric deuterons and asymmetric tritons.
Beyond gold (Z = 79), a threshold is crossed. Gold‑197 has 38 deuterons and 39 tritons— the ϐirst element where
the triton count exceeds the deuteron count. This is the Golden Boundary. Beyond it, the construction becomes
triton‑overloaded. Topological protection begins to fail. Lead‑208 (36d, 44t), bismuth‑209 (38d, 43t), uranium‑
238 (36d, 54t) — all triton‑dominant, all unstable or marginally stable.

The He‑3 Core and Electron Capture

There are 56 naturally occurring isotopes that undergo electron capture — a process where the nucleus absorbs
one of its own orbital electrons, converting a proton into a neutron. Standard nuclear physics explains this as a
weak‑force process. SDT explains it as mechanical self‑repair.
All 56 EC isotopes share a common feature: their core is He‑3 (2 protons + 1 neutron) rather than the standard
He‑4 (2 protons + 2 neutrons). The He‑3 core is an incomplete tetrahedron — it has a vacant neutron position.
This vacancy is a structural defect. The nucleus attempts to repair itself by capturing an electron, converting a
proton to a neutron, and completing the alpha core.
The proof is elegant. Beryllium‑7 is the simplest EC isotope: an He‑3 core plus two deuterons. When fully ionised
— when all four electrons are stripped away — beryllium‑7 cannot decay. It sits there, stable, unable to capture
an electron because there are no electrons to capture. But give it even one electron, and it decays 93% through
the K‑shell and 7% through the L‑shell. This is not a probability — it is geometry. The K‑shell electron is closer to
the nucleus than the L‑shell electron, so it gets captured more often.
No atom that undergoes electron capture has ever been observed to do so when fully ionised. This rules out the
weak force as the fundamental mechanism, because the weak force operates within the nucleus and should not
depend on the presence of distant orbital electrons.

Part VI: Chemistry as Geometry
Why the Periodic Table Works

The periodic table is the most successful classiϐication system in all of science. Mendeleev arranged the elements
by atomic weight and found that chemical properties repeated at regular intervals. Why?
Standard physics says: electron shell ϐilling. Electrons occupy discrete energy levels, and chemical properties are
determined by the outermost shell. Noble gases have full outer shells. Alkali metals have one electron in a new
shell. Halogens need one electron to complete a shell.
SDT agrees with all of this. It adds a mechanical picture beneath it.
Each electron orbits at a velocity set by its binding energy. The ϐirst ionisation energy of sodium is 5.139 eV. From
this, v = √(2 × 5.139 eV / m_e) = 1.345 × 10⁶ m/s, giving k = c/v = 223. Sodium’s outer electron crawls along at
less than half a percent of the speed of light, barely held, ready to leave at the slightest provocation. This is why
sodium reacts violently with water.
The ϐirst ionisation energy of neon is 21.565 eV. Its outer electron moves at v = 2.754 × 10⁶ m/s, k = 109. Neon’s
outer shell is tight. No chemical reaction can pry those electrons loose at ordinary energies. This is why neon is a
noble gas.
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The k‑factor is the organising number of chemistry. Plot k for every element’s ϐirst ionisation, and the periodic
table emerges from the numbers. Alkali metals at k > 200, noble gases at k = 100–145, halogens at k = 120–135
(tight enough to hold, eager enough to grab onemore). The two‑family structure— loose holders and tight holders
— maps directly onto the reactive/inert axis of chemistry.

Core Breaches

Strip the electrons from sodium one by one, and something dramatic happens. The ϐirst electron (5.139 eV, k =
223) comes off easily. The second electron costs 47.286 eV — nine times more energy. The ratio IE₂/IE₁ = 9.2 is
the signature of a core breach. The second electron is no longer in the outer shell. It is inside the neon core — the
tightly‑packed inner fortress of 10 electrons.
This pattern repeats across the entire periodic table. Every alkali metal shows a massive jump between IE₁ and
IE₂. Every alkaline earth shows the jump between IE₂ and IE₃. The ratios are speciϐic, measurable, and they map
every element’s shell structure with nothing more than a list of ionisation energies and a calculator.
SDT does not claim these are new observations. They are well‑known to every chemistry student. But SDT pro‑
vides the mechanical picture: the k‑factor measures how fast an electron circulates, and the circulation speed
determines how hard it is to remove. The core breach is not an abstract “shell boundary”— it is the physical jump
from a slow outer electron to a fast inner one, with no intermediate velocities available.

The Solar Accretion Disk

The planets of the solar system all orbit the Sun in roughly the same plane — the ecliptic — and all in the same
direction. This is universally attributed to the angularmomentum of the protoplanetary disk fromwhich the solar
system formed. SDT agrees with this historical explanation but adds a structural one: the ecliptic is the Sun’s
accretion disk, maintained by the convergence gradient’s rotational component.
The convergence ϐield around the Sun is not perfectly spherically symmetric. The Sun rotates, and this rotation
introduces a circulation component into the convergence gradient. The gradient is slightly stronger in the equa‑
torial plane than at the poles. Matter naturally settles into the equatorial plane — not because of some initial
condition that has been preserved for 4.6 billion years, but because the pressure ϐield actively maintains the pla‑
nar geometry.
This is testable. The Orbit Drop Test (E21) is designed to detect this rotational gradient. Objects dropped from
zero orbital velocity should curve toward the ecliptic plane as they fall, following the convergence ϐield’s rotational
geometry rather than a purely radial trajectory.

Part VII: Stars and Galaxies
Stars as Convergence Processors

The Sun does not simply burn fuel. In SDT’s framework, the Sun is a convergence processor. It sits at the centre of
a pressure domain — a region where its own convergent throughput exceeds the background CMB pressure. The
edge of this domain is at approximately 20,800 AU from the Sun — roughly the inner boundary of the Oort cloud.
Within this domain, the Sun collects convergent pressure from the lattice, processes it through nuclear fusion and
radiation, and re‑emits it. The luminosity of the Sun (3.828 × 10²⁶ watts) is not arbitrary — it is the rate at which
the Sun can process the convergent ϐlux arriving at its surface. Stars are not ϐloating furnaces in empty space. They
are pressure‑processing nodes in a medium.

Flat Rotation Curves

Galaxies rotate too fast. Their outer stars orbit at velocities that, under Newton’s gravity, would require far more
mass than is visible. Standard physics solves this by invoking dark matter — an unseen substance that makes up
85% of all matter in the universe, that interacts gravitationally but not electromagnetically, and that has never
been directly detected despite decades of searching.
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SDT offers a different explanation: eclipse saturation.
Consider the galactic disk as a collection of stars, each casting a convergent pressure shadow. Near the galactic
centre, the convergence ϐield is dominated by the nearby stars— the shadows fromdistant stars are overwhelmed
by the strong central ϐield. But further out, the disk of stars subtends a signiϐicant solid angle. From theperspective
of a distant star, the galactic disk occludes a large fraction of the convergent pressure coming from one direction.
Beyond a critical radius, the disk has occluded all the convergence it can— the shadow is saturated. Adding more
distance does not reduce the occlusion, so the orbital velocity stays constant.
This is the ϐlat rotation curve. No dark matter required. Just geometry.

The Hubble Tension

The expansion rate of the universe, measured locally, gives a value of about 73 km/s/Mpc. Measured through the
CMB, it gives about 67 km/s/Mpc. This 9% discrepancy — the Hubble tension — has persisted through every
improvement in measurement precision. The astronomical community increasingly suspects it is real.
SDT says: of course it is real. The “expansion rate” is not an expansion rate. It is a pressure gradient. Objects at
different distances sit in different parts of the convergence gradient, and the gradient is not linear. Near objects
show higher apparent recession because the local pressure gradient is steeper. Distant objects show lower ap‑
parent recession because we are looking through more lattice, and the gradient ϐlattens. There is no expansion.
There is a pressure ϐield with a geometry.
The implications are profound. If theHubble “constant” is really a pressure gradient, then it should not be constant
— it should vary with distance. Local measurements (using Cepheids and Type Ia supernovae at z < 0.1) sample
the steep part of the gradient. CMB measurements sample the full depth. The 9% difference is not a discrepancy.
It is a feature of the geometry.

The Cosmological Constant Problem

Standard physics has a problem with the vacuum. Quantum ϐield theory predicts that the vacuum energy density
should be enormous — roughly 10¹²⁰ times larger than observed. This is the cosmological constant problem,
sometimes called the worst prediction in the history of physics.
SDT dissolves this problem entirely. The convergence pressure at the Planck scale IS enormous: 2.46 × 10⁴⁸ pas‑
cals. But it is balanced. The number of boundary source cells — the spation‑surface elements at the Clearing —
is S = 4πN² ≈ 4.37 × 10¹²⁴. This enormous number cancels the apparent discrepancy. The “vacuum energy” that
quantum ϐield theory calculates is not wrong — it is the real convergence pressure arriving at every point. The
observed “cosmological constant” is the tiny residual after the vast bulk of it cancels by symmetry.
The factor of 10¹²⁰ is not a mystery. It is 4πN². It was always just geometry.

Dark Energy and the Fate of the Universe

Standard cosmology invokes dark energy—amysterious substance comprising 68%of the universe’s total energy
— to explain the apparent acceleration of cosmic expansion. SDT says there is no acceleration and no expansion.
What appears as acceleration is the non‑linearity of the pressure gradient at large distances.
Consider an analogy. If you measured the depth of the ocean by dropping rocks at different distances from shore,
and the seaϐloor curved, you might conclude the “sinking rate” was accelerating. But nothing is accelerating. The
ϐloor is curved. The pressure gradient of the spation lattice is not linear, and interpreting it as an expansion rate
produces an apparent acceleration. Dark energy is a bookkeeping entry that corrects for the curvature of a gradi‑
ent that was never linear.
If this interpretation is correct, there is no heat death. There is no Big Rip. There is no Big Crunch. The universe
is a pressurised lattice in steady‑state relay operation, with stars processing convergence, matter forming from
topological defects, and the whole system ticking along at the speed of light, one neighbour at a time.
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Part VIII: Vortex Topology
What Particles Are

In SDT, stable particles are topological defects in the spation lattice — persistent vortex structures that cannot be
smoothly removed without tearing the lattice itself. Think of a whirlpool in water. The water around a whirlpool
circulates, but the whirlpool is stable — it persists as long as the ϐlow continues. It is not made of different water.
It is a pattern in the water.
Electrons andprotons are patterns in the lattice. The electron is a genus‑1 torus—the simplest possible persistent
topology, like a smoke ring. It has winding number W = 1, meaning its internal circulation makes one complete
loop around the torus per cycle. The proton is a trefoil knot— the simplest persistent knot, with winding number
W = 3. Its circulation makes three interlinked loops.
Why W = 1 and W = 3? Because these are the only topologies that are both persistent (cannot unwind) and stable
(cannot decay to a simpler topology without tearing the lattice). W = 2 is a double loop — it can be smoothly
deformed into two separate W = 1 vortices. W = 4 and above are unstable under perturbation. Only the trefoil (W
= 3) is irreducibly knotted.
This is why there are only two stable charged particles in nature. Not because nature arbitrarily chose two, but
because topology permits only two: the simplest loop and the simplest knot.

The Electron’s Classical Radius

The classical electron radius is r_e = 2.818 × 10⁻¹⁵ metres. In standard physics, this is the radius at which the
electrostatic potential energy of a charged sphere equals the electron’s rest energy. It is considered a historical
curiosity with no physical signiϐicance.
In SDT, r_e is physically real. It is the wake radius— the distance from the electron’s centre at which the electron’s
pressure perturbation has fallen to the lattice’s equilibrium level. And it encodes the ϐine structure constant di‑
rectly:

r_e = α × ƛ_C = α × ℏ / (m_e × c)
The “classical electron radius” is the ϐine structure constant times the reduced Compton wavelength. This rela‑
tionship means that α is the ratio between the torus vortex’s pressure wake and its coherence length. The ϐine
structure constant is not a mysterious random number. It is a geometric ratio — the aspect ratio of the electron
vortex.

Antimatter as Counter‑Rotation

Antimatter in SDT is counter‑rotating vortex topology. A positron is the same genus‑1 torus as an electron, but
circulating in the opposite sense. When an electron meets a positron, their counter‑rotating vortices cancel —
they unwind each other — and the circulation energy is released as two photons of 511 keV each.
This is not annihilation of matter with antimatter. It is the unwinding of two opposite vortices. The energy was al‑
ways circulation energy. When the circulation stops, the energy returns to the lattice as propagating disturbances
— photons. The accounting is exact: the rest energy of an electron‑positron pair (1.022 MeV) equals the energy
of two 511 keV photons. No energy is created or destroyed. Circulation becomes propagation.

The Traction Fraction

Every spation in the lattice relays energy to its neighbours. In three dimensions, each spation has neighbours in
every direction. The fraction of the relay energy that propagates forward (rather than sideways or backward) is
ϐixed by geometry. In an isotropic 3D medium, one‑third of the relay goes forward:

τ = 1/3
This is the traction fraction. It is not a free parameter. It is a consequence of three‑dimensional isotropy — the
same reason that the radiation pressure of an isotropic photon ϐield is P = u/3, where u is the energy density.
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The traction fraction sets the relationship between the total convergence burden Φ and the effective pressure
P_eff. One‑third of the arriving relay content contributes to forward pressure. Two‑thirds scatters sideways and
contributes nothing to the net force. This factor of three appears everywhere in SDT: in the mass formula, in the
pressure‑to‑force conversion, in the angular averaging of the occlusion integral.
It is not coincidence. It is geometry.

TheWake Tensor

Every vortex in the lattice produces a wake — a pattern of pressure disturbance in the surrounding lattice. This
wake can be decomposed into spherical harmonics, just as any function on a sphere can be decomposed into
harmonics:

• ℓ = 0: The monopole term. This is the total displaced volume — the mass.
• ℓ = 1: The dipole term. This is the Coulomb ϐield — the 1/r² electric force.
• ℓ = 2: The quadrupole term. This is the magnetic ϐield — the vortex circulation pattern.
• ℓ ≥ 3: Higher multipoles. These are the nuclear form factors— the detailed shape of the pressure perturba‑

tion at close range.
Standard physics treats electric ϐields, magnetic ϐields, and nuclear forces as three separate phenomena requiring
three separate theories (QED, QCD, gravity). SDT treats themas threemultipole orders of the samewake ϐield. The
ℓ = 1 termdominates at large distances (Coulomb). The ℓ = 2 termappears atmediumdistances (magnetism). The
higher terms emerge at nuclear separations (strong force).
One ϐield. One wake. Different orders.

Part IX: The Structural Proof
What the Numbers Say

SDT has been subjected to a comprehensive structural analysis across ten domains of physics. The results:
126 ionisation levels from hydrogen to lead: the closure condition zk² = 1 holds exactly for every measured
ionisation energy. This is the movement budget identity, veriϐied across 21 elements.
13hydrogen‑like ions (H throughAl): the Z² scaling law for last‑electron ionisation energies agreeswith the Ryd‑
berg prediction to better than 0.5% for every element. The residuals are systematic (increasingwith Z), consistent
with relativistic corrections, not with a failing model.
12 spectral transitions (Lyman, Balmer, Paschen, plus He⁺, Li²⁺, Be³⁺): all within 1% of the Rydberg prediction
from the transition formula E = Ry × Z² × (1/n₁² − 1/n₂²).
287 naturally occurring isotopes: every one decomposes into one alpha core plus deuterons plus tritons with
zero exceptions. The grammar n_t = A − 2Z, n_d = 3Z − A − 2 produces non‑negative integers for every stable or
long‑lived isotope.
The binding energy curve: Fe‑56 and Ni‑62 sit at the peak (8.79 MeV per nucleon), declining to both lighter and
heavier nuclei, exactly as the grammar predicts for the geometric optimum of deuteron/triton balance.
The proton radius: 4ℏ/(m_p c) = 0.84124 fm, matching the muonic hydrogen measurement to 0.02%.
The Coulomb identity: k_e × e² = αℏc to 6 × 10⁻⁸ percent — effectively exact.
TheGoldenBoundary: Au‑197 (Z=79) is the ϐirst elementwhere tritons exceeddeuterons (39 vs 38), conϐirming
the geometric instability threshold.
None of these results use adjustable parameters. None of them import interpretive frameworks from quantum
mechanics, general relativity, or the Standard Model. They use measured values — ionisation energies, spectral
lines, binding energies, nuclear radii — and check them against SDT’s geometric predictions.
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Part X: What SDT Does Not Do
Honest Limits

SDT does not derive the ϐine structure constant α from ϐirst principles. It uses the measured value (1/137.036) as
an input. Deriving α from the topology of the W = 1 electron vortex remains an open problem.
SDT does not derive the proton‑electron mass ratio (1836.15) from ϐirst principles. It uses the measured masses
of the proton and electron as inputs. The conjecture that m_p/m_e emerges from W = 3 vs W = 1 vortex energies
remains unproven.
SDT does not have a complete lattice Hamiltonian. The qualitative picture — nearest‑neighbour relay, conver‑
gent pressure, displacement topology— is established, but the quantitative lattice dynamics (dispersion relations,
mode spectra, coupling constants) are not yet derived from the postulate.
SDT does not make predictions about the very early universe, before the Clearing. The lattice’s origin, whether
it has always existed, whether it is ϐinite or inϐinite — these are questions SDT does not address. The framework
begins at the Clearing and works forward.
These are real gaps. They are stated here because intellectual honesty requires it, and because ϐilling them is the
next phase of the work.

Part XI: Experimental Programme
Falsiϐiable Predictions

A theory that cannot be falsiϐied is not a theory. It is a narrative. SDT is falsiϐiable. One hundred experiments have
been proposed, ranging from paper calculations using existing data to megastructure engineering projects. Here
are the ten that matter most:
The Orbit Drop Test (E21): Take a spacecraft to a position trailing Earth in its orbit. Kill all orbital velocity —
bring the spacecraft to a dead stop relative to the Sun. Release several test masses of different weights simultane‑
ously and watch them fall. General relativity predicts they will fall radially inward with tiny Coriolis corrections.
SDT predicts the convergence gradient’s rotational component will curve their descent, pushing them further
around in the direction of Earth’s orbitalmotion. The displacement should exceed 10 kilometres at solar approach.
Crucially, all masses should show identical displacement — mass‑independent lateral drift, because the conver‑
gence ϐield is geometric. If heavier masses drift differently from lighter ones, SDT is wrong. If all masses drift
identically by more than 10 km, general relativity is incomplete.
The Casimir Vibration Experiment (E22): Two Casimir plates in a hard vacuum, one driven by a piezoelectric
actuator at frequencies from 1 kHz to 10 MHz. If the vacuum is truly empty, no vibration can cross the gap. If the
vacuum is a pressurised medium, coherent pressure waves should propagate from one plate to the other. Sound
through vacuum. The control experiment is essential: separate the plates beyond the Casimir range (>1 mm) and
the signal should vanish. If it persists at large separations, the signal is electromagnetic crosstalk, not lattice trans‑
mission. If it vanishes at large separation but appears at Casimir‑scale gaps, the vacuum is carrying mechanical
energy. This can be done in any well‑equipped surface‑science laboratory.
The Cavendish Bell (E23): Build a very large, very dense, hollow sphere — forty metres in radius, layered with
tungsten, osmium, and lead, total mass approximately one million tonnes. Drop a test mass from the exact centre
down a vertical vacuum shaft. Newton’s shell theorem says the shell’s gravity cancels perfectly inside, and the
mass falls at exactly g = 9.81m/s². SDT says the shell partially occludes convergent pressure from above, reducing
the net downward force. Themass falls at less than 9.81m/s². A scaled prototype at 5metres radius could test the
principle ϐirst. Themeasurement technology—atom interferometry—already achieves the required sub‑micro‑g
sensitivity.
Mercury Perihelion Recovery (GOM08): The 43 arcseconds per century perihelion precession of Mercury, cur‑
rently attributed to spacetime curvature, should be reproduced by the Sun’s k²‑gradient. This is a paper calcu‑
lation, not a new measurement. The k‑gradient at Mercury’s orbit (k = 686.3 for the Sun) produces a velocity‑
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dependent force correction that accumulates over each orbit. If the calculation gives 43”/century from pressure
gradients alone, gravity is not geometry. It is pressure.
GalaxyRotation Curves fromEclipse Saturation (GD05): The SPARCdatabase contains detailed rotation curves
for over 150 galaxies. SDT’s eclipse saturationmodel should reproduce the ϐlat outer regions without darkmatter.
The calculation uses only the visible mass distribution and the occlusion geometry. If it works for 150 galaxies
without adjustable parameters, dark matter is unnecessary. If it fails for even a dozen, eclipse saturation alone
cannot explain the rotation curves.
Hubble Tension from Pressure Gradient (CR09): The Pantheon+ catalog of ~1,700 Type Ia supernovae pro‑
vides distance‑redshift measurements across a wide range. SDT’s pressure‑gradient model predicts a speciϐic
curvature in the H₀‑vs‑distance relation: steeper locally (matching ~73 km/s/Mpc), ϐlatter at cosmological dis‑
tances (matching ~67 km/s/Mpc). Fit the gradient model to the data. If the χ² beats ΛCDM without dark energy,
the tension is resolved as geometry.
Lattice Dispersion at Gamma‑Ray Frequencies (E100): If the lattice has a ϐinite relay spacing, photons at ex‑
tremely high frequencies should travel slightly slower than photons at low frequencies — a dispersion that accu‑
mulates over cosmological distances. Gamma‑ray bursts provide the test: a burst at redshift z = 1 emitting both
MeV and GeV photons simultaneously should show a measurable arrival‑time difference if the lattice spacing is
near the Planck length. The Fermi‑LAT and the upcoming Cherenkov Telescope Array can detect arrival‑time dif‑
ferences of milliseconds over billions of light‑years. If dispersion is found, it directly measures the lattice spacing.
Fine Structure Constant from Lattice Geometry (E51): If α = 1/137.036 can be derived from the topology of
the W = 1 electron vortex — from the ratio of the torus major radius to minor radius, or from the mode partition
of the lattice eigenspectrum — it would remove the last free parameter from particle physics. This is the hardest
problem in SDT. It is also the most important. α is the coupling between matter and the lattice. Deriving it would
complete the theory.
CMB Temperature Derivation (E41): Similarly, if T_CMB = 2.7255 K can be derived from the lattice spacing
and the relay energy per spation, it would prove that the microwave background is not a relic but an operating
parameter. The calculation would use zk² = 1 and the total shell count N to predict the radiation temperature.
Getting the right answer from lattice parameters alone would be signiϐicant. Getting 2.7255 ± 0.001 K would be
extraordinary.
Complete Convergence Budget of the Solar System (GOM12): Calculate the total convergent pressure arriving
at the Sun’s surface. Multiply by the processing efϐiciency. The result should equal the solar luminosity (3.828 ×
10²⁶watts). If the budget balances— if the Sun’s output precisely equals the convergence it receives, with no dark
energy, no hidden fusion rates, no adjustable parameters — then stars are convergence processors. The energy
that illuminates the solar system was always in the lattice. The Sun merely converts it from convergent pressure
to radiation.

The Validation Ladder

These experiments are not equally easy. They form a ladder of increasing difϐiculty:
Already validated (conϐirmatory): The Coulomb identity, proton radius, Z² scaling, nuclear grammar, binding
energy curve, gravitational redshift, gravitational wave speed, Compton scattering. These are tests that SDT has
already passed using existing data.
Paper calculations (doable now): Mercury precession, rotation curves, Hubble tension, nuclear charge radius
scaling, Wien’s law, Hoyle state energy, convergence budget. These require no new experiments — only mathe‑
matics applied to existing measurements.
Laboratory experiments (doable with current equipment): Casimir vibration, Casimir force at sub‑nm gaps,
variable‑pressure Cavendish, superconductor vortex lattice imaging. These need careful design but no fundamen‑
tal new technology.
Spacemissions andmegastructures: The Orbit Drop Test, Pioneer follow‑up, convergence‑assisted propulsion.
These require signiϐicant investment but clean, unambiguous results.
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Open problems (hardest): Deriving α, deriving m_p/m_e, deriving T_CMB, the lattice Hamiltonian. These are
the frontier. They may take decades. They may never be solved. Stating that openly is part of the theory.

Part XII: The Shape of What We Know
The Nine Axioms

Everything in SDT derives from nine statements, each grounded in measurement:
1. Space is a relay medium. Every point relays energy to its nearest neighbours. The relay speed is c.
2. The medium is isotropic. No direction is preferred. The traction fraction is τ = 1/3.
3. The medium was loaded. At the Clearing, every spation released its stored energy. The remnant is the

CMB.
4. Matter displaces the medium. Particles occupy volume that the lattice cannot ϐill.
5. Force is differential occlusion. Pressure imbalance from occluded convergence produces all forces.
6. Mass is reorganisation cost. The energy required to move displaced lattice is inertia.
7. Stable particles are topological defects. Only genus‑1 (W=1) and trefoil (W=3) vortices persist.
8. All motion budgets sum to c². Internal circulation plus translation equals c².
9. The lattice relay is one‑to‑one. Each spation relays to one neighbour per tick.

No free parameters. No adjustable constants. Every number in the theory—every force, everymass, every radius,
every spectral line— follows from these nine statements and nine measured inputs (c, ℏ, k_B, e, m_e, m_p, T_CMB,
α, R_p).

What Has Been Tested

As of April 2026, SDT has been tested against:
• 126 ionisation energies across 21 elements (zk² = 1 closure veriϐied)
• 13 hydrogen‑like ion energies (Z² scaling < 0.5%)
• 12 spectral transitions (Rydberg predictions < 1%)
• 287 isotope decompositions (α + d + t grammar, zero exceptions)
• The binding energy curve (Fe‑56 conϐirmed as geometric peak)
• The proton charge radius (0.02% match)
• The Coulomb identity (6 × 10⁻⁸ % — effectively exact)
• The He‑4 charge radius (0.44%)
• The Golden Boundary at Z = 79
• The k‑hierarchy of alkali and noble gas families
• Gravitational wave speed = c (via GW170817)
• Gravitational redshift (via GPS and Pound‑Rebka)
• Compton scattering cross‑sections
• Blackbody radiation spectrum derivation
• Pair production and annihilation energy accounting

Nothing has failed. Some tests are trivial — they follow from the same mathematics as standard physics. Some
are signiϐicant — the proton radius, the nuclear grammar, the zk² closure. None are falsiϐied.

What Remains

The honest answer is: a great deal. The ϐine structure constant has not been derived. The mass ratio has not been
derived. The lattice Hamiltonian does not exist. The complete theory of nuclear binding — from the occlusion
force to the measured binding energies, nucleon by nucleon — has not been computed. The galactic rotation
curves have been described qualitatively but not ϐitted quantitatively. The Hubble tension has been explained
conceptually but not modelled against the full Pantheon+ dataset.
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These are not minor omissions. They are the difference between a framework and a ϐinished theory. SDT is a
framework. It is the most internally consistent one I have found, and it has passed every test I have thrown at it.
But it is not complete, and claiming otherwise would be dishonest.
The experiments are how it gets completed — or discarded. That is how science works.

One Medium

There is one medium ϐilling all of space. It is not hypothetical. It is the carrier of every photon you have ever
seen, every gravitational interaction you have ever felt, every nuclear structure holding the atoms of your body
together. The Casimir effect measures its pressure. The cosmic microwave backgroundmeasures its temperature.
The speed of light measures its relay speed.
We have been looking at it for a century without recognising it. We measured its temperature (2.7255 K) and
called it a relic. We measured its pressure (the Casimir force) and called it quantum ϐluctuations. We measured
its relay speed (c) and called it a cosmic speed limit.
It is not a relic, or a ϐluctuation, or a limit. It is a medium. It is the thing we live inside.

One Tick

Everything in this medium propagates at one fundamental speed: c = 299,792,458 metres per second. This is
not a speed limit imposed by decree. It is the relay speed of the lattice, set by its mechanical properties. Every
photon, every gravitational perturbation, every pulse of energy from one spation to the next propagates at this
speed. Nothing goes faster, because the lattice cannot relay faster. There is no faster. There is only the medium,
and its tick.

One Budget

Every particle has a total motion budget equal to c². Its internal circulation and its translational motion always
sum to this budget. There is no “at rest”— there is only “all circulation” or “some translation.” A stationary proton
devotes its entire budget to internal circulation. A photon devotes its entire budget to translation. An electron
in hydrogen splits its budget: 99.9973% circulation, 0.0027% translation. The budget is always full. The books
always balance.
This is why you cannot go faster than light. Not because some law forbids it — because there is nowhere to get
the budget from. To move faster, you would need to circulate less, but your circulation is already what makes you
a particle. If your circulation reaches zero, you are a photon, and you are already at c. There is no more speed to
gain because there is no more budget to spend.

Zero Free Parameters

Nine axioms. Nine measured inputs. Seventeen derived theorems. The proton radius to 0.02%. The Coulomb
coupling to parts per billion. The binding energy curve from hydrogen to uranium. The nuclear grammar for 287
isotopes. The He‑3 core mechanism for 56 electron‑capture isotopes. One hundred proposed experiments, many
using existing data and equipment.
Richard Feynman once said that the ideal state of a physicist is to be working at the boundary of knowledge— the
place where you are never quite sure whether you are right. He spent his career at that boundary. He knew that
the vacuumwas not empty— he calculated its effects. He knew that forces weremediated by somemechanism—
hedrew the diagrams that describe the process. He once investigated a Le Sage gravitationalmodel and concluded
that it produced toomuch drag onmoving bodies. Hewas right— if themediumweremade of particles streaming
through space. He never considered a pressurised lattice.
A pressurised lattice produces no drag, because the lattice is not a substance ϐlowing past matter. It IS the space
thatmatter occupies. Moving through it is likemoving a bubble throughwater. Thewater does not drag the bubble.
The water reorganises around the bubble. The cost of that reorganisation is inertia. The differential occlusion of
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the water pressure is gravity. The rest — all of electromagnetism, all of nuclear physics, all of special relativity —
follows from the geometry of a pressurised vessel.
We have been standing at the bottom of the ocean for four hundred years, since Newton felt the apple fall, arguing
about what pulls it down. Nothing pulls it down. The pressure from above, partially occluded by the Earth, is less
than the pressure from below. The apple falls because the universe pushes it.
Whether this is correct is not up to me. It is up to the experiments.

James Christopher Tyndall Melbourne, Australia April 2026

Technical Reference: The complete mathematical framework, including all constants, derivations, and veriϐica‑
tion code, is available in Engine/include/sdt/laws.hpp — the single source of truth. The structural analysis
report, nuclear grammar veriϐication, and ionisation data are in ATOMICUS/reports/. The full experimental pro‑
gramme (E01–E102) is in Experiments/.
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