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Abstract Mechanics presents a unified framework that reconciles General Relativity and Quantum Mechanics by directly address-
ing core requirements for a complete theory of physics while avoiding speculative additions. It defines quantum gravity as the
distortion of spacetime induced by mass-energy at the Planck scale, without requiring a graviton, while explaining why gravity
slows time and operates coherently across light-years. All particles—electrons, quarks, photons, and neutrinos are shown to be
vibrations of a single underlying field oscillating at different frequencies. The electromagnetic, strong, and weak nuclear forces
are unified under the single organizing principle. The theory addresses quantum fluctuation predictions. The theory bridges
microscopic quantum fluctuations to macroscopic order (temperature, pressure, thermodynamics) via the same Conatus gradient
flow. Black holes possess finite-density cores at Planck density rather than singularities; the Big Bang is recast as a pre-geometric
overflow when energy density exceeds, driving superluminal expansion to restore equilibrium. Dark matter and cosmic acceler-
ation emerge naturally from collective gravito-torsional locking in rotating galactic systems. And the charged lepton mass ratios
(electron, muon, tau) are derived from first principles as the equilibrium of the lepton field’s free-energy functional, recovering
the Koide relation with high precision and naturally excluding the 4th generation.

Terminology and Conceptual Mapping

This work develops a unified framework called Abstract Me-
chanics. To maintain conceptual clarity and highlight the un-
derlying unity across different physical domains, several new
terms are introduced. These terms are not intended to re-
place standard formalism but to emphasize the common math-
ematical and physical principles at work. Each is rigorously
grounded in established physics and defined precisely below.

Conatus refers to the universal drive of any physical system
toward equilibrium, mathematically expressed as the gradient
flow that minimizes the system’s total free-energy functional:

d
dt

=−γ
δF [ψ]

δψ

Where γ > 0 is a relaxation coefficient1. This structure
unifies dissipative dynamics in thermodynamics (heat equa-
tion)2–4, imaginary-time evolution in quantum mechanics5,6,
and geometric flows in general relativity7–10. Conatus is not
a new force; it recognizes that the four fundamental forces
and the geometric behavior of spacetime share the same math-
ematical structure as gradient flows of different free-energy
functionals11–15.

This structure unifies dissipative dynamics in thermody-
namics (heat equation)2–4, imaginary-time evolution in quan-
tum mechanics5,6, and geometric flows in general relativ-
ity7–10.

1 Arkansas Connections Academy (ARCA), Arkansas, USA

Frequential gravity describes gravitational phenomena as
arising from local distortions in the vibration frequency of the
quantized spacetime substrate. Mass-energy “loads” nearby
spacetime units, reducing their effective oscillation frequency.
This frequency gradient corresponds directly to the temporal
component of the metric g00 and naturally reproduces gravita-
tional time dilation, geodesic motion, and frame-dragging in
the appropriate limits7–10,16,17.

Pre-geometric overflow denotes the trans-Planckian regime
in which the energy density exceeds the maximum value that
the spacetime fabric can sustain (ρ > ρmax). In this supercrit-
ical state, the Friedmann equations at Planck density yield an
extremely large Hubble parameter Hmax ≈ c

ℓp
, driving rapid

expansion to restore equilibrium without requiring a separate
inflaton field18–21.

Wave-locking characterizes the measurement process as the
resonant synchronization of a delocalized quantum wave exci-
tation with the wave pattern of the surrounding environment.
This provides a concrete wave-mechanical mechanism for the
apparent collapse of the wavefunction, emphasizing phase co-
herence and energy exchange rather than an instantaneous,
non-unitary process. It is closely tied to the Conatus gradi-
ent flow on the quantized spacetime5,6,22,23.

Superposition in Abstract Mechanics emerges directly from
the wave nature on a discrete substrate. Because a wave cannot
fit into a single Planck-scale node, it spreads coherently across
multiple nodes at once. This delocalized spreading is the phys-
ical reality of superposition, enabling self-interference and the
carrying of multiple states or modes simultaneously5,6,22,24.
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Galaxy Gravity “Dark Matter and Energy” arises from the
collective gravito-torsional locking in rotating galactic sys-
tems. Galaxies act as large-scale vortices in the resistant
quantized spacetime fabric, inducing persistent shear strain
and torsional momentum. This residual strain produces ad-
ditional gravitational effects that mimic dark matter (flat ro-
tation curves, enhanced central black hole growth)25–29 while
the cumulative torsional pressure across trillions of galaxies
contributes to the effective cosmological constant, driving ac-
celerated expansion (dark energy)30–32.

Finally, matter, energy, and waves are unified at the foun-
dational level: all particles (electrons, quarks, photons, neu-
trinos) are vibrations of a single underlying field oscillating at
different frequencies24,33. Matter and radiation are localized
intense excitations in overlapping quantum fields, with energy
quantized as E = h f at every point in spacetime34. The Cona-
tus gradient flow governs the dynamics of these waves across
all scales1–4.

Equilibrium

In physics, to move toward equilibrium is the natural base-
line behavior of any system. If a system is not propelled to-
ward equilibrium, it is with full certainty that another system
is actively interfering with it. If you define this behavior as
consisting of a physical force or a statistical pressure push-
ing a system towards equilibrium, then every single system
in the universe is attempting to reach equilibrium regardless
of the system’s origin or configuration. The systems’ base-
line behavior is often formalized as the Principle of Least Ac-
tion10,17. A system does not have any intent to reach equilib-
rium; it reaches equilibrium using the path that requires the
least amount of action (a product of energy and time). In
Abstract Mechanics refers to the drive a system has to natu-
rally reach equilibrium, because this applies to an abundance
of systems Conatus1 is a label for various observations and
an explanation for why certain phenomena must occur. Cona-
tus is simply the drive towards equilibrium governed by the
Principle of Least Action a system will baseline towards equi-
librium.

Let S be any physical system described by a state variable ψ

evolving in time. Define the equilibrium state ψeq as the con-
figuration that minimizes the system’s total free energy F [ψ].
Conatus is defined as the tendency of any system to evolve
along the gradient of decreasing free energy:

d
dt

=−γ
δF [ψ]

δψ

where γ > 0 is a system-specific relaxation coefficient. This
is a gradient flow equation2. It states that the rate of change of
any physical state is proportional to the local gradient of the
free energy landscape, always pointing toward equilibrium.

What Abstract Mechanics asserts is that this single mathe-
matical structure is shared by unrelated systems — it is the
same underlying principle expressed at different scales and
in different physical languages. Conatus is not a new force.
It does not add a fifth interaction to the known forces as the
forces naturally exhibit this behavior.

Conatus is defined as the recognition that those four
forces11–15, and the geometric behavior of spacetime, share
the same mathematical structure: they are all gradient flows of
different free energy functionals. The Conatus gradient flow
works, but a full variational principle (action or Lagrangian)
that reproduces both the Einstein-Hilbert term7,8,35 and the
QFT path integral in the appropriate limits would make cona-
tus falsifiable and calculable although a full variational prin-
ciple would diminish the fundamentals of conatus as explana-
tory it is critical to mention a Lagrangian.

Conatus is the name given to this universal drive. For any
physical system described by a state variable ψ , it is expressed
as the gradient flow toward minimizing the total free energy
F [ψ]. A quantum field or particle is a vibration in the energy
landscape. The system wants to minimize its free energy F .
Because energy exists even in the vacuum (zero-point energy)
and comes in discrete packets, and because perfect stillness or
localization is impossible (Heisenberg uncertainty principle5),
the natural relaxation paths are wave-like oscillations.

Electromagnetic (and strong/weak) fields are local energy
and charge patterns that also minimize free energy under the
Conatus flow. When charges or currents disturb the equilib-
rium, the system relaxes by setting up oscillating fields (light)
or stable bound states (atoms) that efficiently balance the gra-
dients. In the appropriate limits, the same gradient flow re-
produces Maxwell’s equations as the natural relaxation dy-
namics of the electromagnetic free-energy functional. All
four forces11–15 are simply different views of the identical
equilibrium-seeking behavior at different scales or in differ-
ent field configurations.

At extreme energy densities, the relaxation process stabi-
lizes at a finite Planck-density core rather than forming a sin-
gularity. The flow simply cannot spread the energy further
without violating equilibrium limits. When energy density ex-
ceeds a critical threshold, the gradient flow drives rapid ex-
pansion (superluminal in the early phase) to redistribute en-
ergy and restore global equilibrium — without needing a sep-
arate inflation field. In rotating galactic systems, the flow cre-
ates collective gravito-torsional locking — stable, low-energy
vortex-like patterns that act as additional gravitational effects
without introducing new particles.

If there are no interferences, the system takes the most effi-
cient path to equilibrium. If there is an interference, the system
will remain moving towards equilibrium; a system naturally
finds the most efficient path around interferences. The princi-
ple applies to all systems without exception, from the quantum
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to macroscopic.

S =
∫ t2

t1
L(q, q̇, t)dt

Where: L = T −V , q is the position and q̇ is the veloc-
ity10,17. If an interference obstacle or constraint is introduced,
the potential energy ‘V ’ changes or new constraints are intro-
duced to the coordinates.

Fields and the Heisenberg Uncertainty Principle

The universe consists of overlapping fields that persist at ev-
ery coordinate in spacetime. Light requires a field to travel
through, specifically the electromagnetic field. The electro-
magnetic field has energy even when an excitation such as
a photon is not present known as zero-point energy or vac-
uum energy. In Quantum Field Theory (QFT) and General
Relativity, this is formalized through the Energy-Momentum
Tensor (also called the Stress-Energy Tensor) (T µv)7,9,10, The
Einstein Field Equations equate the geometry of spacetime di-
rectly to this tensor:

Gµv =
8πG
c4 T µv

Energy density (u) derived from Maxwell:

u =
1
2

(
ε0E2 +

B
µ0

)
In QFT6, the field at every point is treated as a quantum

harmonic oscillator. The energy of a field in a specific form or
such as a particle is given by:

En =

(
n+

1
2

)
ℏω

Where n is the number of particles (excitations), ℏω is the
energy of a single quantum of that field, and 1

2ℏω is Zero-
Point Energy34. Therefore energy in the fields persists at ev-
ery point in spacetime. The conclusion of these equations
forces the conclusion: the universe is overlapping fields at ev-
ery point, with matter and radiation as localized intense vibra-
tions in those fields. The math of Fourier Transforms shows
us that any particle can be broken down into a sum of simple
wave vibrations36:

φ(x, t) =
∫ d3 p

(2π)3
√

2Ep

(
ape−ip·x +a†

peip·x)
That specific integral is the math connects to h f = mc2 24,34

declaring that identity is a requirement of how particles are
configured. Frequency is furthermore tied to mass in the Rel-
ativistic Dispersion Relation35,37:

E2 = (pc)2 +(mc2)2

In the Integral if a particle is not moving, the momentum p
is zero. The vibration simplifies to a pure oscillation in time:
e
−iFt
ℏ this is because The energy of a field is tied to how fast it

changes over time6:

iℏ
∂

∂ t
φ = Eφ

The only function that stays the same when you take its
derivative (which represents change over time) is the exponen-
tial function solving that equation forces the time component
to be: f (t) = e(

−iFt
ℏ ). This turns the growth into a rotation

the speed of that spin is E
ℏ . Therefore mass (m) is the base

frequency of this spinning at a specific coordinate.
Again consider the Fourier Transforms for a stationary par-

ticle in QFT, the energy Ep reduces to its rest energy In
wave mechanics, the energy of an oscillation is E = h f (or
E = ℏω)34. When p = 0 in the dispersion relation, you get
E = mc2 37. Therefore: h f = mc2 = E.

Because of the Mass-Frequency Equivalence (h f = mc2) E
must satisfy wave nature (h f ), therefore absolute stillness is
impossible under the Heisenberg uncertainty principle5:

∆x∆p ≥ ℏ
2

Take a particle with mass (m) and assuming it is at rest,
the math shows that to satisfy the wave equation, that parti-
cle must have an internal frequency. The Internal Frequency(

f = mc2

h

)
. If v= 0 and were confined to a finite region where

∆x is finite, then ∆p would have to be exactly zero, violating
∆x∆p ≥ ℏ

2
5. A perfectly still, perfectly localized particle is

impossible.
Every field point functions as a Quantum Harmonic Oscil-

lator6,34. Energy can only be added or removed in discrete
packets called Quanta due to Boundary Conditions and the
Commutation Relations of quantum operators. All energy E
must be quantized and because there is a field at every point
there is energy and Mass-Frequency Equivalence holds true at
all points along with zero-point energy or vacuum energy all
points in space are quantized.

Spacetime Quantized

Spacetime as fundamentally discrete20,21,38 (Spacetime quan-
tized at the fundamental level) looks indistinguishable from
spacetime being smooth but quantized at every point (Space-
time smooth but quantized at every point) there is not a mea-
surable difference the two are equivalent in all practical situa-
tions. Furthermore observable physics looks indistinguishable
from a perfectly smooth, continuous spacetime.
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It is not known whether the geometry of spacetime is fun-
damentally discrete (granular at the Planck scale or similar) or
fundamentally continuous. However, we do know that energy
is quantized at every point due to the zero-point energy in a
vacuum (E = h f from Planck’s resolution of blackbody radi-
ation34, extended through QFT to all fields and excitations6).
Because there is a field (or the vacuum state of fields) at every
point in spacetime, and because any excitation or measure-
ment is quantized with wave nature and Heisenberg uncer-
tainty5 preventing perfect localization or stillness, every point
in spacetime that carries energy (all points) effectively carry
this quantization rule.

With this approach there is no reason to commit to either
“geometry is fundamentally discrete or smooth.” The result
is that a spacetime geometry could be ”smooth but quan-
tized at every point” (continuous manifold with quantized en-
ergy/momentum modes and vibrations everywhere) looks and
behaves identically — to all measurable precision and for all
practical purposes — to a geometry that might be fundamen-
tally quantized in its structure itself. There is no measurable
difference between these two descriptions at any scale we can
access.

Any measurement of spacetime geometry (distances, inter-
vals, propagation of ripples) ultimately relies on the above
equations: sending or detecting quanta with E = h f , localizing
via the uncertainty principle, and using the energy-momentum
relation.

The core of the argument relies on the Central Limit Theo-
rem applied to measurement .When measuring a distance L
composed of N discrete steps of size ∆x, each step carries
an inherent quantum uncertainty δx ≈ ∆x5. If these fluctua-
tions are uncorrelated, they add in quadrature (the mathemati-
cal method of combining independent uncertainties.) The total
uncertainty ∆L is:

∆L =

√
N

∑
i=1

(δxi)2 =
√

N · (∆x)2 =
√

N = ∆x

The relative error
(

∆L
L

)
determines if we can detect the dif-

ference of quantized spacetime. Substituting N = L
∆x :

∆L
L

=

√
L ·∆x
L

=

√
∆x
L

Because ∆x (the Planck scale, ≈ 10−35m)20 miniscule in

relation to L (any measurable distance), the ratio
√

∆x
L is ef-

fectively zero. This is why the quantized spacetime is indis-
tinguishable; the statistical smoothing is too perfect to probe
with current energy levels.

This is mathematically analogous to Einstein’s equiva-
lence principle8 (established 1907–1915, confirmed in all tests
of general relativity). Gravity ≡ Acceleration (Locally) as

Smooth Geometry ≡ Quantized Geometry (At measurable
scales).

For clarification when you have N independent measure-
ments (or independent small segments), each contributing its
own random uncertainty δ (here, the typical single-segment
fluctuation scale from the uncertainty principle), the combined
uncertainty on the total is not N×δ (that would be for system-
atic errors that all add in the same direction). Instead, random
fluctuations tend to partially cancel, and the total uncertainty
grows only as the square root of the number of contributions:

∆total =
√

N ×δ

This quadrature sum (root-sum-square) for uncorrelated un-
certainties comes directly from the definition of variance:

Var(total) = N ×Var(single)

when independent, so standard deviation (uncertainty)
scales as

√
N. This is confirmed in the Propagation of un-

certainty, and error analysis in measurements. The single-
segment fluctuation scale comes from the Heisenberg uncer-
tainty principle ∆xsingle ∆p ≥ ℏ

2 . For a small segment of size
∆x. The minimal position uncertainty per segment is on the or-
der of ∆x itself, which forces a minimal momentum (and thus
energy) fluctuation. In the relativistic case relevant to light rip-
ples or spacetime measurements, this translates to a position
uncertainty contribution per segment of order ∆x. Combining
via the

√
N rule above gives:

∆L ≈
√

N ×∆x =

√
L

∆x×∆x
=
√

L ·∆x

This
√

L ·∆x scaling for accumulated uncertainty over a
long baseline built from many small segments is a standard
way error analysis is applied in quantum mechanics and pre-
cision measurements. This follows directly from the math
above:

∆L
L

=

√
L ·∆x
L

=

√
∆x
L

For any fixed, measurable L (any laboratory length, collider
scale, or astronomical distance we can actually probe), if the
small-scale ∆x is taken to be extremely small, then ∆x

L becomes
vanishingly small, and the square root makes the relative un-
certainty even smaller — approaching zero.

Because spacetime is quantized or every point is because
the particle is a wave — it does not fit into a single quantized
spot, it overlaps onto many spots at once. Superposition is the
physical reality of that wave spreading across multiple points
in the quantized fabric before it is forced to settle into one.
Therefore a wave or particle can interfere with itself.
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Superposition

As for superposition in Abstract Mechanics: spacetime is
quantized because the particle is a wave — it does not fit
into a single quantized spot. It overlaps onto many spots at
once. Superposition is the physical reality of that wave spread-
ing across multiple points in the quantized fabric before it is
forced to settle into one. Therefore a wave or particle can
interfere with itself. A quantum state is written as a superpo-
sition6,22:

|ψ⟩= ∑cn |n⟩

where |n⟩ denotes the basis state localized at one discrete
point labeled by integer n, with position xn = n∆x, and the
complex coefficients cn satisfy ∑ |cn|2 = 1. Before any mea-
surement23, the amplitudes cn are non-zero for many values
of n. The wave function is therefore physically spread across
multiple discrete points at once. This delocalized superposi-
tion is the physical reality. At a later detection point m, the
amplitude is the coherent sum over all ways the state could
have reached m:

Cm = ∑
paths

apaths eiΦpath

Where apath is the amplitude along each path through the
discrete points, Φpath and is the phase. The probability is

P(m) = |Cm|2 = ∑
paths

|apaths|2

+2 ∑
path1 ̸=path2

Re
(

a∗path1
a∗path2

ei(Φ1−Φ2)
)

The cross terms produce interference22,23. The particle in-
terferes with itself because its amplitude has occupied multiple
discrete points coherently before detection. Upon measure-
ment, the state settles into one single point |m⟩ with probabil-
ity P(m) Superposition is thus the physical spreading of the
wave function across multiple discrete points, which directly
enables self-interference via amplitude addition. The math is
the standard linear structure of quantum mechanics6 applied
to a discrete underlying set of points.

The equations show that superposition is the wave spread-
ing across many discrete points before it is forced to settle into
one. Because it spreads across multiple points, different paths
interfere, producing the self-interference pattern we observe.

The amplitude sum
(
Cm = ∑paths apath eiΦpath

)
and the result-

ing probability P(m) = |cm|2 with cross (interference) terms.
This is known quantum mechanics; it comes from the linear-
ity of the Schrödinger equation and is precisely why a sin-
gle particle interferes with itself. Richard Feynman’s path-
integral formulation10 expresses exactly this idea (summing
amplitudes over paths).

The reason why the wave function must spread its ampli-
tudes across multiple discrete points before any measurement
forces it to settle into one is because Quantum mechanics is
built on linear algebra in a Hilbert space. The possible states
of a particle form a vector space, and the rules are linear: if |A⟩
and |B⟩ are allowed states, then any combination α|A⟩+β |B⟩
is also allowed (superposition)6.

When positions are discrete, the natural basis states are the
ones localized at each individual point: call them |n⟩ for point
number n. Any general state must therefore be written as a
sum:

|ψ⟩= ∑
n

cn|n⟩

with complex numbers or the complex amplitude at discrete
point cn. If only one cn is nonzero, the particle is localized at
exactly one point. But localizing it sharply to a single point
creates a huge momentum uncertainty (from the Heisenberg
principle5). That huge uncertainty makes the state unstable
— it immediately spreads out because of the dynamics (the
Schrödinger equation6 or its discrete version).

To have a stable, coherent state that can travel a macro-
scopic distance and produce interference (as we observe in
every double-slit experiment with photons, electrons, atoms,
etc.22,23), the amplitudes cn must be nonzero at many points
simultaneously. The wave is physically delocalized across
multiple discrete points, carrying definite phase relationships
between them. Before measurement, many of these cn are
non-zero at the same time — that is exactly what “the wave
spreading across multiple points” means.

When the wave later reaches a screen or detector, the proba-
bility at any final point m is |cm|2, where cm itself is the sum of
amplitudes arriving via all possible routes through the discrete
points. Different routes add as complex numbers, producing
constructive and destructive interference. That is why a sin-
gle particle can interfere with itself — its amplitude explores
multiple points coherently.

If the state were forced to stay at one single point the whole
time, there would be only one route, no cross terms, and there-
fore no interference pattern. But experiments clearly show in-
terference, so the delocalized superposition is required.

In relativity, to influence something at point B from point A,
you must send a signal limited by the speed of light c. This
enforces locality and contributes to the arrow of time we expe-
rience (reinforced by the second law of thermodynamics and
increasing entropy).

A perfectly localized state (δ -function in position) has infi-
nite momentum uncertainty (Heisenberg principle). Dynam-
ics (the Schrödinger equation or its discrete version) cause
any initially narrow wave packet to spread. For interference
patterns to persist over macroscopic distances, the state must
maintain coherence across a sufficient spatial extent — i.e.,

© The National High School Journal of Science 2026 | 5



the amplitudes must be nonzero and phase-related over many
points (discrete or continuous).

Assume that superposition is not a core axiom and space
is quantized. Because the wave cannot fit into one spot, it is
in more than one at all moments, and because the space is
quantized it can interfere with itself and not have any definite
position. Because the points are discrete, a physical system si-
multaneously exists in multiple states, configurations, or loca-
tions — in spin, energy levels, polarization — rather than just
one, because the points exist in different parts of the quantized
space. What makes up one particle is a collection of energy
separated by the quantization of points in spacetime, within
one energy state the particle consists of separate energy. Po-
larization is a wave orientation property, so if the underlying
entity is a wave on discrete space, its orientation states span
multiple nodes.

The energy exchange that forces a particle to stabilize is
harmonizing the wave or particle that is decoherent. The
wave, interacting with another system (detector, environment),
is forced into a resonant/harmonic configuration with it. The
decoherent multi-node spread synchronizes. The result seems
like “choosing a state” but is actually wave-locking. Superpo-
sition is the unavoidable spatial extent of any wave on a dis-
crete substrate. A quantum system “exists in multiple states”
because its wave nature on quantized space prevents point-
localization. Internal degrees of freedom (spin, polarization,
energy) are distinct topological/harmonic modes of that same
wave across nodes. Measurement is the process by which an
external wave interaction forces the system wave into a res-
onant eigenmode — what standard QM calls collapse is just
wave harmonization.

Assuming space is quantized at Planck length20, a wave —
no one particle or wave — can fit into one Planck-length. To
“squeeze” a particle into a space as small as a Planck length,
you would need probes with incredibly high energy. Accord-
ing to Heisenberg’s Uncertainty Principle5, localizing a parti-
cle tightly would give it so much momentum and energy that
it would likely collapse into a tiny black hole. Therefore there
is no particle that would fit into one, making all decoherence
and superposition possible.

For clarification, a spin-½ particle in superposition of ↑ and
↓ is not only about spatial spread across nodes — it is an in-
ternal degree of freedom. But because one particle is split, an
internal degree does not and will not be consistent unless it is
harmonized –one particle is what you call an organized system
of energy but they are split.

The wave overlap is the cause of superposition. The dis-
crete nodes force the wave to spread coherently across many
sites at once, producing the delocalized state that enables self-
interference and multi-state existence. The Conatus gradi-
ent flow on the quantized spacetime then drives the resonant
locking that appears as measurement. Superposition therefore

emerges directly from the wave nature on a discrete substrate
and requires no separate axiom.

The wave function (or probability amplitude) spreads co-
herently over multiple sites or positions, enabling it to inter-
fere with itself. The coherent spreading of the wave function
amplitudes across multiple positions or basis states.

The discrete position basis and path-sum formulation above
already show how a delocalized wave function produces self-
interference. In Abstract Mechanics this behavior receives a
deeper, non-axiomatic foundation once spacetime is treated
as quantized into discrete nodes separated by the fundamental
length ℓ (Planck length). A particle is not a point but a wave-
like excitation described by a complex amplitude ψn at each
node n, with position xn = nℓ.

Any physical excitation must carry finite energy and mo-
mentum, it cannot remain localized at a single node. A per-
fectly single-node state ψn = δn,0, 0 corresponds to the short-
est possible wavelength. This requires infinite momentum un-
certainty in the discrete Fourier transform. Moreover, squeez-
ing a particle into one Planck-scale node would require probes
of extraordinarily high energy; by the Heisenberg uncertainty
principle the associated momentum uncertainty would col-
lapse the region into a microscopic black hole. Consequently,
no stable particle can occupy one node. The wave nature on
a discrete substrate therefore forces the excitation to spread
coherently across many nodes at all times

iℏ
dψn

dt
=−J (ψn+1 +ψn−1)

where J > 0 is the coupling strength between adjacent
nodes. Plane-wave solutions Ψn ∝ ei(kn−ωt) yield the disper-
sion relation

ω(k) =
2J
ℏ

cosk

Different wave-vector components propagate at different
group velocities, so any initially narrow excitation disperses
immediately. At any later time the amplitude ψn(t) is there-
fore nonzero at multiple nodes simultaneously, carrying def-
inite relative phases. This coherent overlap across discrete
points is the physical content of superposition in the position
basis: the wave cannot fit into one Planck-scale node, so it
overlaps many nodes coherently at all moments. At a later de-
tection node m m m, the amplitude is the coherent sum over
all possible paths:

Ψm = ∑
paths

apatheiφpath ,

Where apaths is the amplitude along each path through the
discrete points, φpath and is the phase. The probability is
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P(m) = |Ψm|2 = ∑
paths

∣∣apath
∣∣2

+2 ∑
path 1 ̸= path 2

Re
(

a∗path 1
apath 2ei(Φ1−Φ2)

)
The cross terms produce the observed self-interference pat-

tern. Because the wave has already overlapped multiple nodes
coherently before detection, a single excitation interferes with
itself. There is no definite position until the interaction with
the measuring apparatus occurs.

Internal degrees of freedom (spin ↑ / ↓, polarization, energy
levels) are distinct harmonic or topological modes of the same
spread wave excitation across the shared lattice nodes. The
total amplitude at node n therefore carries a superposition of
these modes Because the underlying entity is one organized
wave (not a collection of separate point particles), the internal
modes remain phase-coherent across the discrete substrate. A
spin-½ superposition is simply the wave simultaneously car-
rying both modal patterns across multiple nodes.

Measurement or decoherence is the process by which an
external system (detector or environment) interacts with the
delocalized wave. Energy exchange forces resonant locking:
the multi-node phases of the quantum excitation synchronize
into a single dominant eigenmode of the combined system.
Off-diagonal coherences decay rapidly, and the excitation ap-
pears to “choose” one state. What standard quantum me-
chanics calls collapse is, in this picture, simply wave harmo-
nization—the unavoidable synchronization of the delocalized
wave with the external wave system, fully consistent with the
drive toward equilibrium. Superposition arises because de-
localized resonant states allow the system to explore lower-
energy paths before locking into a definite configuration. En-
tanglement reflects shared equilibrium constraints across con-
nected parts of the field. Measurement shifts the free-energy
landscape, causing collapse.

In summary: Superposition as physical wave-spreading on
a discrete grid — a wave can not fit into one Planck-scale spot,
so it must spread coherently across many nodes. That spread-
ing is superposition, self-interference, and carrying multiple
states/modes at once. Measurement is just wave-locking via
the same flow.

Entanglement and Time and Pre-Geometric
Overflow

‘Pre-Geometric Overflow’ accounts for the observed FTL in-
flationary period18,19, as the universe sought to reach the ρmax
equilibrium required for a stable, causal spacetime structure.
While ρmax serves as the physical floor for modern gravita-
tional gradients, the Big Bang began in a super-critical state
where ρ > ρmax. Because the energy density exceeded the

spacetime compression threshold, the resulting expansion was
not a gradual growth but a violent expansion of ΛR. This ‘Pre-
Geometric Overflow’ accounts for the observed FTL inflation-
ary period19. As the universe sought to reach the ρmax equi-
librium required for a stable, causal spacetime structure.

In quantum entanglement39–43, two distant parts (Q1 and
Q2) are described by one single wavefunction. They are not
two separate things exchanging a signal. A measurement on
one instantly updates the joint description of the whole system.
To the entangled quantum system itself, there is no travel time
or distance that needs to be crossed by any signal.

This is genuine non-locality (standard, experimentally con-
firmed quantum mechanics41–43), but it does not violate rela-
tivity because no usable information travels faster than light.
Therefore, the ordinary (x,y,z, t) description — while per-
fectly valid and real for signals, measurements, and macro-
scopic physics — is not the most fundamental layer for all
quantum phenomena. Non-locality40 reveals that some as-
pects of reality are coordinated in a way that treats spatial sep-
aration and time intervals as secondary for the global quantum
state.

Quantum entanglement’s perfect instantaneous correla-
tions—observed to occur without any signal or time delay
across arbitrary distances—cannot be explained within the
ordinary (x,y,z, t) fabric alone; this phenomenon is already
known in physics as non-locality. The instantaneous corre-
lations—observed to occur without any signal or time delay
across arbitrary distances41–43—cannot be explained within
the ordinary (x,y,z, t) fabric alone; this phenomenon is already
known in physics as non-locality40.

The direct logical consequence of non-locality/A-temporal
coordination is real and contains all events as fixed coordi-
nates, then no event can be genuinely random. What quantum
mechanics calls ‘probability’ is the mathematical description
of an observer’s incomplete access to a description of the uni-
verse’s actual state. This does not imply that anything is pre-
dictable. The a-temporal substrate is not a place, it is a de-
scription of what non-locality means for our universe. The
universe remains perfectly unpredictable to us, even if it is
perfectly determined in its own a-temporal geometry.

Time as a contextual, not always absolute, component.
In most everyday and relativistic processes (signal propaga-
tion, particle collisions, thermodynamic evolution2–4, mea-
surements with light or matter), time plays a primary role. For
non-local quantum processes like entanglement39,40, however,
time (and spatial distance) is secondary for the joint system.
The a-temporal aspect is not a separate realm or hidden loca-
tion. It is a way of describing what non-locality implies — that
some quantum correlations treat spatial separation and time in-
tervals as secondary for the full state, while local physics still
respects (x,y,z, t) and the light-speed limit.
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Frequential Gravity and Time Dilation

In this quantized view spacetime consists of discrete funda-
mental units at an extremely fine scale20,21,38. Mass or energy
(via E = mc2 37) distorts the local vibration rates, or “clock
speeds,” of neighboring quantized spacetime units. The dis-
tortion appears as a gradient: units closer to the mass vibrate
more slowly, while those farther away vibrate faster. This
“loading” reduces the effective vibration rate, or the local vi-
bration speed, of the units closest to the mass. This “loading”
happens because mass is a large concentration of energy in
spacetime that lowers the effective vibration rate (frequency
f ) of the nearby quantized spacetime units — their internal lo-
cal vibration rates slows down more tensioned and oscillates
slower.

Mass is a high concentration of energy37. This energy cre-
ates a gradient of vibration speed around the nearby spacetime,
lowering the local vibration rate of the quantized units around
it by changing the local vibration rate around them. Because
of this lowered vibration rate, matter naturally curves toward
the mass. Objects follow the path that maximizes their proper
time7–10,17, which means sliding toward the region where time
accumulates more slowly due to the reduced vibration.

In close proximity to the mass, in the region of lowered
vibration rate, everything feels completely normal to a local
observer. Light still crosses space at exactly speed c, and all
local vibration rates and processes run on the same reduced
vibration rate, so one second feels like a normal second. Any
trip or process takes the usual amount of local time.

Further away from the mass, where the vibration rate re-
mains at its baseline, the same signal or journey appears to
take longer than expected. This is not primarily because the
spatial path has lengthened significantly. Instead, the rate at
which time accumulates in the changed region is slower due
to the reduced local vibration rate. Fewer ticks occur during
the journey when measured against the faster distant vibration
rates.

In regions of higher f (far from the big mass), the local
modes oscillate faster. The excitation can propagate more
readily because the energy levels and phase evolution are
quicker. In regions of lower f (near the big mass), the lo-
cal modes oscillate more slowly. The excitation experiences a
lower effective energy scale or slower phase accumulation.

When the concentrated mass-energy creates a large concen-
tration of energy in the local region, it alters the energy state
of those quantized spacetime units (conserving total energy).
The nearby units have less available capacity for their own vi-
brations, so their effective vibration rate drops flocal < f0.

Consider a test particle or small mass as a localized exci-
tation (a wave packet or collection of quanta with E = h f ).
In the discrete picture, its quantum state evolves according to
the local Hamiltonian, which depends on the vibration rate f

at each quantized spacetime it overlaps with.
Because the test mass itself carries energy (mc2), it also

“loads” the local quantized spacetime units slightly wherever
it sits. However, the background gradient created by the big
mass dominates. The test excitation will have a lower total
energy cost (or more favorable amplitude evolution) when it
moves into the already-low- f region near the big mass.

Result: the test mass naturally shifts toward the quantized
spacetime units with the lowest f (closest to the big mass). It is
not being ”pulled” by a force. Instead, the background loading
from the concentration of mass creates an asymmetric envi-
ronment: the excitation finds a more stable or lower-effective-
energy configuration by moving into the slower-vibrating re-
gion. The gradient in f acts like a refractive index gradient
for the wave packet — the excitation refracts or drifts toward
the slower side without dependency on maximal aging or tra-
ditional theories of gravity.

• Local observer near the mass: Everything (including
their own atoms and clocks) runs on the same lowered
f . Processes, light propagation (still at local c), and time
feel normal — one second is still one second locally be-
cause their reference is scaled to the slower vibration.

• Distant observer: Their clocks run at baseline f0. They
see fewer “ticks” accumulating in the low- f region per
unit of their own time, so signals, light, and clocks near
the mass appear slowed. Light still crosses each local
segment at c, but the overall journey takes more coordi-
nate time from afar because time itself accumulates more
slowly there.

In quantum mechanics, the time evolution of the state
|ψ(t)⟩= e−iHt/ℏ|ψ(0)⟩ favors lower-energy configurations.

• If the wave packet starts mostly on the higher- f site, the
amplitude flows toward the lower-energy (lower- f ) site
because the phase evolution and probability current are
biased in that direction.

• The energy offset ∆E acts like an effective potential gra-
dient. The excitation experiences a net drift toward the
minimum of this effective potential — i.e., toward the re-
gion where f is lowest (closest to the large mass).

Over many small hops across the discrete quantized space-
time units, this produces a systematic net motion of the test
mass toward the lowered vibration rate region. No external
classical force is applied; the drift emerges directly from the
position-dependent local frequencies in the quantum dynam-
ics on the quantized fabric.

In the case of a black hole44–47, extreme mass-energy so
heavily “loads” the central units that their vibration rates be-
come extremely low, preventing light from escaping. The
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quantization replaces the classical point singularity with a fi-
nite, highly distorted core while producing the same external
geometry at larger distances. The event horizon is where the
gradient becomes steep enough that outgoing paths no longer
reach distant observers.

It is possible to derive a consistent mathematical framework
showing why, quantized spacetime at a tiny scale ∆x combined
with the quantum relation E = h f (for excitations/quanta) and
relativity (special + general, via the equivalence principle and
proper time), gravity must manifest as a gradient in local vi-
bration speeds ( f ) rather than a traditional force. The object
then follows the path of extremal (typically maximal) proper
time by moving toward regions of slower local f .

Einstein proved gravity is not a force, but the physical man-
ifestation of spacetime distortion7,8, spacetime has a discrete
structure which we will refer to as quantized spacetime mean-
ing one quantized unit of space at scale ∆x points or units Qn,
with n labeling them where Q is a quantized spacetime unit.
Each local region supports quantum excitations with energy
quanta E = h f 34, where f is the local vibration frequency of
the underlying field or mode at that point.

Additionally, frequential gravity naturally accounts for
frame-dragging (the Lense–Thirring effect). When a massive
body rotates, it not only loads the nearby quantized spacetime
units and slows their vibration rate, but it also gives the local
frequency pattern a rotational twist. The zero-point energy —
the baseline vibrations present everywhere, even in vacuum —
gets carried along with this rotating frequency gradient.

As a result, the entire local fabric of spacetime is dragged
around with the rotation. Nearby objects and reference frames
feel this as a twisting of inertial directions: gyroscopes pre-
cess, orbits pick up extra precession, and the “compass of in-
ertia” gets pulled along. No extra mechanism is needed. The
same loading process that creates the ordinary gravity gradi-
ent simply acquires a rotational component when the source is
spinning. The zero-point energy, being tied directly to the lo-
cal vibration rates, participates in the dragging. This recovers
the standard frame-dragging predictions of general relativity
as a natural consequence of the frequency dynamics on the
quantized substrate.

In this view time dilation arrives naturally. Locally, the rate
at which vibrations add up to time has slowed because the
frequency f is lower. Light still travels at c through the geom-
etry. But because the local processes run slow, the entire trip
appears to take more time when seen from the normal region
where local vibrations run at the usual rate.

This is why gravitational time dilation48 shows up mostly
as a time effect rather than a big extra-distance effect in weak
gravity. The change caused by the mass lowers the local vibra-
tion rate, which makes proper time build up more slowly near
the mass. Light does not slow down locally — it still moves
at c — but the lowered vibration rate makes the accumulation

of time slower in that region.
The same principle explains the Shapiro time delay10,17:

a radar signal passing near the Sun requires extra coordinate
time for the round trip, largely because part of its path travels
through a region where local vibration rates are reduced.

Light still always travels at exactly speed c locally. How-
ever, because the vibration rate is lower near the mass, the ac-
cumulation of time slows down in that region. From a distant
observer’s perspective, light (and everything else) appears to
move more slowly through the affected area, and signals take
longer to complete their journey (as seen in gravitational red-
shift and the Shapiro time delay).

Right next to the mass, a local observer experiences every-
thing as completely normal. Light crosses space at c, and their
local vibration rate and all processes run on the lowered vi-
bration rate. One second still feels like a normal second to
them — it is simply scaled to the slower local vibration. Only
when compared to distant regions (where the vibration rate re-
mains higher) does the time dilation become apparent: local
vibration frequencies near the mass tick more slowly relative
to distant local vibration frequencies.

Therefore lower vibration rate leads to slower proper time
accumulation and geodesics naturally curve toward that region
(no pulling force needed).

Because spacetime is built from discrete fundamental units
at scale ∆x, each supporting quantized excitations with energy
E = h f , where f is the local vibration frequency of the unit.

A mass m contributes rest energy E = mc2 this energy must
couple to the local quantized structure. Because total energy is
conserved and the field already has a baseline energy density
(vacuum or zero-point contribution at every point), the added
mass-energy by the large concentration of energy in the nearby
units. It reduces their available capacity to vibrate, lowering
the effective local frequency from a baseline f0 to a smaller
value flocal < f0.

In the weak-field limit of general relativity (which must be
recovered for consistency with experiments), the proper time
interval for a clock is related to coordinate time dt by the grav-
itational time-dilation factor. Identifying proper time accumu-
lation with the local vibration rate gives:

flocal

f0
≈ 1+

φ

c2

where φ is the Newtonian gravitational potential (φ < 0 and
more negative near the mass)17.

Thus, mass-energy directly causes flocal < f0 near the mass.
The reduction is a gradient: neighboring units closer to the
mass have progressively lower f , while distant units remain
near f0.

But we can show this directly from the quantized picture
and basic quantum dynamics, without invoking the Princi-
ple of Extremal Aging or geodesics as a starting assump-
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tion. The reasoning stays fully within the framework of quan-
tized spacetime units at scale ∆x, E = h f for excitations, and
E = mc2 for mass-energy “loading.” A large mass is a high
concentration of energy (E = mc2). In the discrete fabric, this
energy must couple to the nearby quantized spacetime units.
Each quantized spacetime unit has a baseline capacity to sup-
port vibrations (quantized excitations with frequency f ).

From relativity, rest energy is E =mc2. For a massive object
or field excitation localized near a certain quantized spacetime
unit, this concentration of energy couples to the local struc-
ture, altering the effective frequency. In the weak-field limit
of general relativity (standard approximation, fully consistent
with experiments), the proper time dτ for a local vibration rate
in gravitational potential Φ (Φ < 0 and |Φ| larger near mass)
is:

dτ ≈ dt

√
1+

2Φ

c2 ≈ dt
(

1+
Φ

c2

)
,

where dt is coordinate time further away. This is gravita-
tional time dilation: clocks run slower where |Φ| is larger.
Since energy is quantized as E = h f (Planck relation, con-
firmed for photons and matter waves), a local “clock” or field
mode at a quantized spacetime unit has vibration rate f . The
proper time accumulation is directly tied to the number of os-
cillations or cycles: dτ ∝

1
f locally (slower f means slower

aging/proper time buildup). If mass/energy (via mc2) couples
to the local structure and conserves total energy, it must reduce
the effective local f near the mass (the “loading” or distortion
of the local field). Far away, f → f0 (baseline). Near mass,
flocal < f0. Mathematically, identify the gravitational time-
dilation factor with the frequency shift:

flocal

f0
≈ 1+

φ

c2

Exact relativistic form in Schwarzschild metric:√(
1+ φ

c2

)
. This follows because E = h f must red-

shift/blueshift consistently with the metric: a photon climbing
out of the well loses energy, so observed f decreases exactly
as the clock rate slows. Thus, mass/energy distorts by creating
a gradient ∇ f between neighboring quantized spacetime units:
f decreases toward the mass. Thus, mass/energy distorts
by creating a gradient ∇ f between neighboring quantized
spacetime units: f decreases toward the mass. In relativity,
free particles follow geodesics, defined variationally by the
Principle of Extremal Aging:

δ

∫
dτ = 0

In the quantized picture, dτ accumulates locally according
to the vibration rate at each quantized spacetime the object

traverses:
dτ ≈ 1

f (x)
dslocal

where dslocal is the local segment (still crossed at speed
≤ c). Because f is lower near mass, spending more “path”
in low- f regions allows greater total

∫
dτ (more cycles/aging

accumulate for the same coordinate path).
The object therefore naturally refracts or slides toward the

gradient of lower f — exactly as in optics (light bends toward
slower medium to extremize optical path, Fermat’s principle).
Here, it is the spacetime path that extremizes proper time. No
external “pulling force” acts at a single point. The motion is
guided by the collective gradient in vibration rate speeds be-
tween quantized spacetime units, enforced by the variational
principle δ

∫
dτ = 0 and the relativistic metric.

For light (null geodesics, dτ = 0 but still follows the same
geometry), the wave (E = h f ripple) refracts toward slower- f
regions, producing gravitational deflection and Shapiro delay,
while locally always propagating at c. If spacetime is quan-
tized (discrete quantized spacetime units at ∆x) and excita-
tions obey E = h f and relativity holds (proper time is phys-
ical, geodesics extremize τ , local c is invariant, equivalence
principle), then:

• Mass/energy (mc2) must couple locally, altering f to sat-
isfy energy conservation and the metric.

• The only way to recover observed time dilation, redshift,
and inertial motion is via a gradient in f between units.

• Motion then automatically follows the extremal proper-
time path through that gradient — no extra force is
needed or possible without violating the assumptions.

While the preceding analysis focused on gravitational time
dilation arising from external mass-energy loading the quan-
tized substrate, the same frequential framework naturally ex-
tends to purely kinematic (velocity) effects, because it follows
the same principles of special relativity37.

Virtual pairs constantly fluctuate near the event horizon due
to quantum vacuum effects44,45. Normally, they annihilate
quickly. Near the horizon, tidal forces (the steep gradient in
spacetime curvature/vibration rates) can separate them before
annihilation. The standard outcome that produces Hawking
radiation44 is:

• One member of the pair (with positive energy as seen
from afar) escapes as a real particle (thermal radiation).

• The other member (appearing with negative energy rela-
tive to a distant observer) falls across the horizon.

The black hole absorbs this negative-energy contribution,
which reduces its total mass-energy. This is what causes the
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black hole to lose mass and slowly evaporate44,45. The escap-
ing positive-energy particle carries away real heat/radiation.
The process is not symmetric (it is not equally likely for pos-
itive or negative to fall in); the mathematics of quantum fields
in curved spacetime produces a net outward flux of positive
energy44,45,47.

Negative energy states are allowed temporarily near the
horizon due to the intense gravitational gradient (the steep
change in local vibration rates f ). Once inside, they be-
come stable relative to the black hole’s interior geometry. This
“debt” is paid by reducing the black hole’s mass, allowing the
positive partner to become a real, observable particle outside.
In the start the black hole mass M (energy Mc2) + vacuum
fluctuations (net zero average energy). During the process a
virtual pair forms near the horizon (net zero energy). The
negative-energy partner crosses the horizon and is absorbed.
The black hole’s total energy decreases by E (it “gains” neg-
ative energy, equivalent to losing positive mass-energy). The
positive-energy partner escapes as real radiation carrying +E
to infinity. The result is the black hole mass becomes M−E (it
shrinks). The universe outside gains +E in the form of Hawk-
ing radiation (heat/photons/particles). And the total energy
becomes (M−E)+E = M — conserved overall.

The black hole does lose mass and evaporates over time.
The “old matter” that formed the black hole is not preserved
in its original form; it is converted into the outgoing radiation
(plus whatever remains in the shrinking core until the final
stages). This is analogous to how virtual pairs briefly “bor-
row” energy but must repay it — here, the horizon allows a
permanent separation that extracts energy from the black hole.

The total energy of the universe (black hole + radiation)
remains conserved. The black hole simply radiates away its
mass-energy gradually as thermal Hawking radiation, with
temperature inversely proportional to its mass (smaller black
holes radiate faster). Frequential gravity uses GR’s predictions
as a constraint it must satisfy, derives the core behavior from
deeper axioms, and in doing so produces a physically distinct
ontology that extends beyond where GR can extend.

Einstein’s general relativity states that gravity curves space-
time: the more mass an object has, the more it curves the
surrounding spacetime. Yet this geometric description, while
mathematically exact, leaves the deeper mechanistic unan-
swered. It would stand to reason — and is in fact required by
the axioms—to view the same phenomenon as arising from
frequency differences in the underlying quantized substrate.
Photons, which carry pure energy and possess zero rest mass,
are already known to curve spacetime; this effect aligns far
more naturally with energy density and the resulting local fre-
quency gradients than with an abstract geometric distortion
alone.

In this quantized view, spacetime consists of discrete funda-
mental units at an extremely fine scale20,21,38. Mass or energy

(via E = mc2 37) distorts the local vibration rates, or “clock
speeds,” of neighboring quantized spacetime units. The dis-
tortion appears as a gradient: units closer to the mass vibrate
more slowly, while those farther away vibrate faster. This
“loading” reduces the effective vibration rate, or the local vi-
bration speed, of the units closest to the mass. This “loading”
happens because mass is a large concentration of energy in
spacetime that lowers the effective vibration rate (frequency
f ) of the nearby quantized spacetime units—their internal lo-
cal vibration rates slow down, become more tensioned, and
oscillate more slowly.

Quantum gravity in Abstract Mechanics requires no gravi-
ton. Mass-energy directly distorts the quantized spacetime
substrate by loading and reducing the local vibration fre-
quency f of the fundamental units, creating a gradient ∇ f to-
ward regions of slower oscillation. Test particles and fields,
themselves vibrations of the single underlying field, naturally
follow paths of extremal proper time by drifting down this fre-
quency gradient. Gravity is therefore not a force mediated
by particle exchange but the equilibrium-seeking geometric
response of the spacetime fabric itself, governed by the uni-
versal Conatus gradient flow. This mechanism recovers all
observed gravitational phenomena—including time dilation,
frame-dragging, and long-range coherence—directly from the
four axioms without introducing additional speculative parti-
cles or fields.

Resistance-Scale Quantum Fluctuations

The constant c4

G (Planck force scale, often called the Einstein
tension or resistance scale) measures how resistant spacetime
is to curvature7,10. It quantifies the effort required to deform
the fabric: enormous energy density is needed to produce even
a bit of curvature. From Einstein’s field equation7:

Gµν =

(
8πG
c4

)
Tµν

The coupling constant 8πG
c4 (or approximately G

c4 sits in the
denominator on the right-hand side. This means curvature (left
side) is inversely proportional to this large factor times the
energy-momentum density Tµν . In other words, spacetime is
extraordinarily resistant — it takes a huge concentration of
real energy to produce noticeable warping.

Virtual quantum fluctuations are temporary excitations with
energy h f 34. Because spacetime is so rigid (restoring “ten-
sion” set by the c4

G scale), these tiny waves cannot overcome
the resistance to produce lasting curvature or a “dent” in the
geometry. They behave like small ripples on an extremely re-
sistant surface: the tension snaps them back almost instantly.
Virtual fluctuations are off-shell (temporary energy borrowing
allowed by the uncertainty principle) and too weak to source
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real, on-shell geometry changes. The fabric simply pushes
back harder than the fluctuation can push in.

Only a massive concentration of real energy (mc2, many
quantized excitations piled together) can overcome this rigid-
ity enough to create strong curvature, such as an event horizon.
A black hole forms when enough real mass-energy concentra-
tion affects the quantized spacetime units, driving their local
vibration rates ( f ) to extremely low (but finite) values.

Even then, the quantization enforced by h (minimum energy
h f and the uncertainty principle preventing perfect localiza-
tion) ensures the core cannot collapse to a true mathematical
point of infinite density. The “hole” remains a finite, highly
distorted collection of quantized spacetime units. The event
horizon acts as a separator where the gradient in vibration rates
becomes so steep that outgoing paths no longer reach distant
observers.

The combination of spacetime rigidity ( c4

G scale) and quan-
tization (h cutoff) acts as a natural regulator and virtual fluctu-
ations are suppressed or snapped back before they can produce
catastrophic curvature. Only real, on-shell energy densities
curve spacetime appreciably.

Treating spacetime as responding elastically to weak per-
turbations (gravitational waves49 of frequency f ), an effective
Young’s modulus (measure of stiffness/resistance) emerges
from the wave equation in GR. Dimensional analysis and di-
rect derivation give

Yspace ≈ c2 f 2

G
.

For LIGO-detected frequencies49 around f ≈ 100 Hz,

Yspace ≈ 1031 Pa,

which is roughly 1020 times stiffer than steel (Ysteel ≈ 2×
10−11Pa). This is a standard order-of-magnitude result. A
virtual quantum fluctuation has energy on the order of E = h f
(or higher momentarily via the uncertainty principle ∆E∆t ≥
ℏ
2 ). In the discrete quantized spacetime unit picture, this is a
tiny local excitation.

The induced curvature from such a fluctuation would be
suppressed by the resistance factor:

Curvature ∼ c4

g
× ( energy density from h f ).

Galaxy Gravity “Dark Matter and Energy”

Astronomers have recently confirmed that many supermas-
sive black holes are growing significantly faster than standard
models of gravity and accretion allow — up to 13 times faster
than the theoretical limit (Super-Eddington accretion)50. In a

galaxy is like a vortex called in the spacetime fabric. If the
galaxy is the vortex, the black hole is the physical point where
space and matter collects.

A full galaxy rotating as fast as it is would create a vor-
tex which create a natural escape velocity and that would
spin space with it the “Dark Matter”25–29 seems to pass right
through, while the gas clouds stick together because the swirl
can move without mass there a vortex is there after the matter
moves but the discrete quanta of space-time are still spinning
as they still carry their momentum.

Space is quantized at all points and a resistant medium, a
vortex is natural. Over time, as the universe got older, more
galaxies formed and their central black holes grew fast using
that 13 × super-Eddington siphon. Each new spinning galaxy
adds its own swirl and strains the resistant quanta of space-
time even more. Every high-speed vortex stores extra tension
in the global fabric. Eventually all these restoring push-backs
add up.

Just as the void edges create an outward evacuation flow
due to the density contrast, galaxy edges create an inward ac-
cretion/retaining flow. In both cases, the sharper the contrast,
the stronger the effective gravitational effect at the boundary
— and in galaxies, the rotating vortex amplifies this into the
observed “dark matter” phenomenology (flat curves, gravita-
tional lensing-like effects from the strain, faster central black
hole growth via super-Eddington-like siphoning along the vor-
tex).

On even larger scales, the cumulative torsional pressure
from ∼ 2 trillion such galactic vortices51 contributes to the
effective cosmological constant32, driving accelerated expan-
sion (what we call dark energy30,31) — all emerging natu-
rally from the same axioms without new particles or fields.
The mechanism described for voids (weaker inside, stronger
at edges due to contrast) directly scales up inside galaxies to
produce the apparent extra gravity we attribute to dark matter.
It is the same gradient operating on the overdense side of the
density spectrum, reinforced by the persistent vortex strain.

Because galaxies function as large-scale vortices within a
quantized, resistive spacetime fabric. The central supermas-
sive black hole serves as the focal drain point where space and
matter converge. As the galaxy rotates rapidly, it induces a
persistent swirl in the discrete quanta of spacetime. Visible
baryonic matter (such as gas clouds and stars) interacts di-
rectly with this swirl and thus “sticks” to the vortex flow. In
contrast, the effective contribution we attribute to dark mat-
ter arises from the residual strain left behind: after the visible
matter has moved onward, the spacetime quanta continue to
carry momentum in a manner analogous to how gravitational
waves propagate energy and momentum through spacetime
curvature in general relativity.

This residual torsional momentum manifests as a persis-
tent tension or “strain” in the fabric, even in regions where
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baryonic density has decreased. Because the quanta of space-
time are treated as a resistant medium with intrinsic discrete-
ness, the vortex does not dissipate immediately; instead, it
stores extra tension that reinforces gravitational-like effects at
galactic scales. This mechanism naturally produces the ob-
served “dark matter” phenomenology25–27, including flat ro-
tation curves at large radii and enhanced gravitational lensing
due to the strained fabric, without requiring new collisionless
particles. The momentum is carried similarly to gravitational
waves49,52.

Over cosmic time, as the universe ages and more galax-
ies form, each new spinning vortex adds its own contribu-
tion to the global strain. The central black holes grow rapidly
by tapping into this vortex-induced siphon, enabling super-
Eddington accretion rates50—observed in some high-redshift
quasars to reach up to approximately 13 times the classical
Eddington limit through channeled inflows along the swirl.
Eventually, all these individual restoring push-backs accumu-
late across the vast population of galaxies (estimated at around
2 trillion51). Each vortex stores torsional pressure in the fab-
ric, and the collective effect of these persistent strains con-
tributes to a net global tension. This cumulative torsional pres-
sure acts like an effective positive contribution to the cosmo-
logical constant32, driving the accelerated expansion of the
universe that we conventionally label as dark energy30,31. The
process emerges directly from the same underlying axioms of
quantized, resistant spacetime—no additional fields or parti-
cles are introduced.

Importantly, this global accumulation respects energy con-
siderations in an expanding universe. In general relativity, en-
ergy is not strictly conserved in the usual global sense due to
the dynamical nature of spacetime itself (as seen, for exam-
ple, in the propagation of gravitational waves or in cosmolog-
ical expansion). Here, the torsional strain and its restoring ef-
fects are encoded in the geometry and dynamics of the fabric,
allowing the model to remain consistent with local gravita-
tional tests while permitting the large-scale backreaction that
influences cosmic acceleration. The framework thus avoids
conflicts with well-verified predictions of general relativity in
solar-system and strong-field regimes.

This picture draws a direct symmetry between underdense
and overdense regions. Just as the edges of cosmic voids gen-
erate an outward evacuation flow due to the sharp density con-
trast (weaker gravity or higher effective vacuum energy inside
the void compared to the surroundings), the edges of galaxies
produce an inward accretion and retaining flow. In both cases,
the sharper the density contrast at the boundary, the stronger
the effective gravitational influence. Within galaxies, how-
ever, the rotating vortex significantly amplifies this boundary
effect. The persistent swirl converts the gradient into the fa-
miliar dark matter signatures: flatter rotation curves far from
the center, strain-induced lensing effects, and enhanced central

feeding of the black hole via super-Eddington-like siphoning
along the vortex lines.

In standard general relativity plus cold dark matter
(ΛCDM)19,33, the observed gravitational effects in galaxies
require significantly more mass than what is visible in stars
and gas alone—yet no such excess is directly detected29. The
vortex-strain mechanism offers a geometric alternative: the
“missing” gravity emerges naturally from the amplified den-
sity gradients and residual spacetime momentum at galactic
boundaries, operating on the overdense side of the spectrum
in the same way the void mechanism operates on the under-
dense side. Both are reinforced by the same contrast-driven
flows, now scaled and modulated by rotation.

This unified treatment—linking rapid black hole growth,
galactic dynamics, and cosmic acceleration through persistent
vortices in a resistant quantized medium—provides a parsi-
monious explanation rooted in minimal extensions to space-
time structure. It is possible to derive an effective metric
from the discrete quanta, performing numerical simulations of
vortex evolution, and testing specific predictions against ro-
tation curve data25–27, early-universe black hole masses from
JWST50,51, and large-scale void-galaxy flows.

Each rotating galaxy permanently strains the resistant
spacetime fabric around it, storing real mechanical energy in
that strain. This is not metaphorical — it follows from the
same coupling constant in Einstein’s field equations that gov-
erns gravitational waves. Across roughly 2 trillion galaxies,
these individual contributions accumulate into a net global
pressure. That pressure enters the stress-energy tensor and
produces a positive term in the Friedmann equation, which
drives accelerated expansion — the phenomenon we label
dark energy.

For an analogy: just as a spinning top gyroscopically resists
being pushed down, each galactic vortex gyroscopically re-
sists the surrounding spacetime fabric collapsing inward. Mul-
tiply that resistance across 2 trillion galaxies and the cumula-
tive outward push becomes the dominant large-scale force in
the universe.

When a galaxy rotates, it drags and twists the spacetime
around it. That twist does not disappear — it stays stored in
the fabric as tension. The rotation genuinely deposits energy
into spacetime itself, the same way a spinning mass produces
gravitational waves that carry real energy. This naturally keeps
expansion at the edge of galaxies and explains why it it that
expansion does not happen from every point in space The cos-
mological constant is therefore a consequence, not an input.
The mechanism produces dark energy from a completely dif-
ferent source — mechanical torsional strain from actual ro-
tating matter — and therefore sidesteps the vacuum energy
catastrophe entirely.
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Axiom Derivation

The entire framework of Abstract Mechanics rests on four
experimentally verified axioms that have been confirmed to
high precision:

A1 E = h f Planck 190034 – energy
is discrete.

A2 ∆x ·∆p ≥ ℏ/2 Heisenberg 19275 –
position and momentum
cannot both be exact.

A3 E2 = (mc2)2 +(pc)2 Einstein 190537 – full
energy of anything in
motion or massive.

A4 Gµν +Λgµν = 8πG
c4 Tµν Einstein 19157,8,35 –

energy density curves
spacetime.

From these four axioms the following seven propositions are
derived directly:

P1: Quantized energy at every point in space

Light requires a field to propagate, and fields exist every-
where6,34. By A1, every field mode at every coordinate x
carries quantized energy E = h f . The vacuum is simply the
lowest-energy state of these overlapping fields.

E = hf at every point x ∈ space

A void is just the lowest energy state of those fields - not an
absence of them.

P2: No physical system can be perfectly still

Confining any object to a finite region forces, by A2, a min-
imum momentum spread ∆p ≥ ℏ/(2x) combining with A3 at
rest (p = 0) gives the internal Compton frequency:

h f = mc2 ⇒ f0 =
mc2

h

Even an electron must vibrate internally at 1.2×1020Hz.

P3: A discrete spacetime is observationally identical to
smooth spacetime

Any measurable length L consists of N = L
∆x segments,

each carrying uncorrelated Heisenberg uncertainty5. By the
central-limit theorem the total uncertainty is:

∆L =
√

N ·∆x =
√

L∆x,
∆L
L

=

√
∆x
L

At Planck scale ∆x ≈ 1.6× 10−35m20 the relative error is
unmeasurably small for any laboratory or astronomical dis-
tance.

P4: Gravity is a change in local frequency (clock-speed)
gradient, not a force

In the weak-field limit of A47,10,17, a clock at Newtonian po-
tential φ =−GM/r runs slower:

dτ

dt
=

√(
1+2Φ

c2

)
≈ 1

φ

c2 < 1

δ

∫
dτ = 0 ⇒ a =−∇Φ

Identifying proper time accumulation with local vibration
rate f (from A1) produces a gradient ∇ f that points toward
mass. Free particles follow the path of extremal proper time
by sliding toward slower clocks—exactly as observed.

flocal ≈ f0

(
1+

Φ

c2

)
, Φ =−GM

r

In the action above this emerges automatically: the energy
density of Ψ (from the kinetic + potential terms) sources Tµν ,
which curves gµν exactly as in GR. The proper-time interval
along a worldline is:

dτ =
√
−gµν dxµ dxv ∝

1
flocal

so clocks run slower where ψ-energy density is higher —
precisely the “loading” of the quantized spacetime units de-
scribed. No extra term is needed; the standard Einstein-Hilbert
variation already implements clock-speed gradient.

We can define the motion directly from the local frequency
field f (x) without starting from a metric gµv or an action prin-
ciple that assumes geodesics. Let the state of a test excitation
be described by its wave function ψ(x, t) (or amplitude on the
discrete Q-units). The local time-evolution operator at each
point depends on the local f (x):

The phase accumulation rate is tied to f , so the effective
local “Hamiltonian” contribution includes a term proportional
to f (x). In the discrete picture, the amplitude at site n evolves
with a site-dependent frequency, leading to a net drift.

In the continuum limit, the probability current or group ve-
locity of the wave packet acquires a term proportional to −∆ f

f .
The wave packet refracts/drifts toward decreasing local f . The
effective acceleration (in the weak, slow-motion limit) comes
out as a ≈ −c2∇(ln f ) or, since in the weak-field limit iden-
tified flocal

f0
≈ 1+ Φ

c2 with Φ = GM
r , this immediately recovers

a = −∇Φ (Newtonian gravity) as a derived consequence, not
an input.
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Because absolute stillness is impossible (A2), every ex-
citation is always a spreading wave. The frequency gradi-
ent biases the spreading/propagation direction. Superposition
across multiple quantized spacetime units allows the ampli-
tudes to explore the gradient coherently, producing the net
drift without any classical force law. The system is always
“trying” to reach the configuration that minimizes the effective
free energy, and lower f corresponds to a lower local energy
scale for the excitation.

P5: Inflation was mandatory

At t = 0,ρp = c5

( hG2)
. Fredmann equation18 (cosmological

form of A4) gives a maximum Hubble rate

Hmax =
c
lp

≈ 1.85×1043 − s−1.

The resulting exponential expansion a(t) ∝ e(Hmax·t) is
forced by the enormous restoring pressure of the stiff space-
time medium19. And flatness and uniformity follow from P3.

P6: Galactic rotation stores real energy that reproduces
flat rotation curves

Just as accelerating masses produce gravitational waves49 that
carry energy independently of the source long after the event
(a direct consequence of A4, confirmed by LIGO49), a steadily
rotating galaxy imprints a persistent shear strain in the metric.
In the weak-field limit, the quadratic terms in the Einstein-
Hilbert action yield a gravitational self-energy density).

A rotating galaxy imprints persistent shear strain γ = v
c in

the spacetime fabric. The stored energy density in a medium
of stiffness γ ≈ c2 f 2

G is:

u =
1
2

Y γ
2.

v2

R
− GMvis

R2 +
∂u
∂R

⇒ flat rotation curve

This additional gradient term in the effective Newtonian
equation yields flat rotation curves25–27 without dark-matter
particles. The strain persists after the matter has moved. This
is analogous to gravitational wave memory52 connection (con-
sistent with P3 and P4).

P7: Cumulative galactic torsion drives accelerated expan-
sion.

With ≈ 2× 1012 galaxies51 each contributing torsional pres-
sure, the total effective cosmological constant arises naturally
from A4:

Ptorsion = Ngal ×
Y 2

γ

6
=⇒ Λeff =

(
8πG
c4

)
Ptorsion

No new energy – it was stored in P6. The universe must
expand due to torsional strain30–32.

Contrapositives (¬B ⇒¬P)

Contrapositives outlines the logical consequences if any of
the derived conclusions were false. This structure follows
the principle that P ⇒ quantized spacetime is equivalent to
¬quantized spacetime ⇒¬P. According to this logic, if a con-
clusion is wrong, at least one of the four fundamental axioms
must be incorrect.

Logical Breakdowns by Conclusion

Conclusion (P) If False (¬P), the Resulting Failure is: Impact on Axioms
P1: Quantized
Space

Energy is not quantized at every point (E ̸= h f ). A1 (Planck 1900) is false; Planck’s constant h loses universal
meaning, collapsing quantum mechanics.

P2: No Stillness A particle exists with zero momentum (∆p = 0)
within a finite region.

A2 (Heisenberg 1927) is violated; it would require waves to
no longer behave as waves.

P3: Grainy
Spacetime

Grainy spacetime is distinguishable from smooth
(∆L/L does not vanish).

A2 (Heisenberg 1927) fails via statistics; the quadrature rule
of independent random variables would be broken.

P4: Gravity as
Gradient

Gravity requires a force and objects do not follow
geodesics.

A4 (Einstein 1915) is wrong; the field equation would require
a correction term, contradicting GPS data confirmed to 1 part
in 1014.

P5: Mandatory
Inflation

The Friedmann equation at Planck density does not
produce extreme expansion H ̸= c/Lp.

A4 (Einstein 1915) is incomplete or breaks down at high
density.

P6: Galactic
Torsion

Galactic rotation stores no torsional energy (u = 0)
despite shear strain.

A4 (Einstein 1915) has no coupling constant; this implies
c = 0 or G = ∞.

P7: Accelerated
Expansion

Torsional pressure does not enter the Friedmann
equation.

A4 (Einstein 1915) fails to couple all energy to curvature,
violating the mathematical identity of energy-momentum
conservation.
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The Core Axioms and Their Proofs

• P1: Quantized Space and A1 Every point in space car-
ries quantized energy because light requires a field to
travel through, and fields exist everywhere. This relies on
Axiom 1 (Planck 1900), which states energy is discrete
(E = h f ). If this were false at any point, the universal
meaning of Planck’s constant would collapse.

• P2: Perpetual Motion and A2 Nothing can be per-
fectly still because confining anything to a specific re-
gion forces a minimum energy via Axiom 2 (Heisenberg
1927). When this is combined with energy-mass equiv-
alence, it proves that even electrons must vibrate at an
internal “Compton” frequency. Denying this would re-
quire waves to cease behaving as waves.

• P3: The Grainy Spacetime Illusion and A2 A grainy
spacetime at the Planck scale is observationally identi-
cal to a smooth one because the ”noise” from individual
segments sums in quadrature. This statistical vanishing
of granularity relies on the uncertainty spreads defined in
Axiom 2.

• P4: Gravity as a Clock Gradient and A4 Gravity is not a
force but a gradient in the speed of clocks. Following the
principle of extremal aging, objects simply slide toward
slower clocks. This is a direct consequence of the metric
defined by Axiom 4 and is confirmed by GPS satellite
corrections48.

• P5: Mandatory Inflation and A4 Cosmological inflation
was required because at the earliest moment (t = 0), the
extreme energy density applied to the Friedmann equa-
tion (a derivation of Axiom 4) forced an exponential ex-
pansion.

• P6: Dark Matter as Stored Energy and A4 Galactic rota-
tion curves are flat because the rotation stores real energy
through shear strain in the stiff medium of spacetime. If
this energy did not exist, it would imply Axiom 4 has
no coupling constant, which would mean light does not
move or gravity is infinitely strong.

• P7: Dark Energy as Torsion and A4 Accelerated expan-
sion is driven by the cumulative torsional pressure from
billions of galactic vortices. This energy must enter the
stress-energy tensor of Axiom 4; excluding it would vi-
olate the mathematical conservation of energy and mo-
mentum.

The validity of these eight conclusions is tied directly to the
four axioms, which are currently confirmed by experiment to
high degrees of precision and for summary:

Axioms (Planck + Heisenberg + relativity + Einstein) lead
to quantized energy at every point which makes way for the
discrete-smooth equivalence. Therefore you can treat space as
quantized (quantized spacetime units with E = h f ). Conatus
leads to clock-speed frequency gradients (gravity). Einstein’s
stiffness regulator leads to torsional vortices (dark matter +
super-Eddington) which leads to cumulative push-back (dark
energy). Max-strain Big Bang electroweak asymmetry leads
to the matter dominance, and conatus lepton masses. And the
helmholtz equation leads to possible states of matter.

Matter, Energy, and Waves

In Abstract Mechanics, just as in General Relativity7,8 all
mass and energy are intertwined through the identity E =mc2.
Abstract Mechanics introduces the additional identity:

h f = mc2

Where m is relativistic effective mass (energy-equivalence),
not rest mass. For photons: E = h f = pc so m = h f

c2
24,34.

And because the Heisenberg Uncertainty Principle5 forbids
any mass or energy from being still, all energy systems are
the same as different orientations of vibration because hf =
E = mc2. Therefore quarks and leptons — if you could zoom
in far enough, trillions of times smaller than a quark — you
would find a section of the same field E vibrating to create a
type of particle. A wave vibrating one way manifests as an
electron; vibrating another way manifests as an up quark33.

All particles — electrons, quarks, photons — are the same
type of wave vibrating at different frequencies, and that dif-
ferent vibrational modes of the same underlying field pro-
duce different particles24,33,34. This claim requires a mechan-
ical explanation: why does vibration produce stable, distinct,
repeatable structures at all? Abstract Mechanics establishes
that any constrained wave energy — acoustic, electromag-
netic, or quantum — is mathematically compelled by the time-
independent Helmholtz Equation36 to produce stable, pre-
dictable geometric patterns. These patterns are the only so-
lutions the equation permits under given boundary conditions:

∇
2A+ k2A = 0

This equation has been used in classical acoustics to pre-
dict the Chladni figures53,54 — the geometric sand patterns
that form on vibrating plates. The Geometric Equivalence
Principle is the central claim: cymatics55 is not a byproduct
of acoustic wave behavior only — it is the expression of the
wave’s energy configuration. The stable pattern or cymatic (A)
produced by any resonant system is a deterministic function of
the system’s angular frequency (ω) and boundary conditions
(E):
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A = FE(ω)

where F is the Helmholtz operator36 acting as the rule set that
translates vibration into shape. The mapping equation formal-
izes this:

A = ψ

(
fx

vx
·L
)

where ψ is the Helmholtz Mapping Function, fx is the fre-
quency of the wave in medium x, vx is its propagation veloc-
ity in that medium, and L is the spatial boundary. The key
result: if the ratio fx

vx
· L is the same for two different waves

in two different media, their geometry (A) is identical36,53–55.
A sound wave and a quantum wavefunction with the same
normalized spatial input produce the same nodal architecture.
The medium changes the scale; it does not change the shape.
Because of the GEP all possible energy forms can be linked
using A and can also be mapped on to one another. And A can
represent all possible energy forms.

Every quantum field is governed by a Persistence Threshold
defined by its specific conditions. Energy within these fields
can only manifest as stable “modes” (particles) when it falls
between two critical bounds. There is a Stability Limit Above
this frequency, the mode is too energetic to maintain structural
integrity, leading to immediate decay or collapse. Below this
energy level, there is insufficient tension to form a discrete,
coherent wave-function.

The Helmholtz equation is coherent with what physical
medium or wave from it is operating in36,53,54. The solutions
are determined by the ratio of frequency to propagation veloc-
ity times the boundary. Therefore the same ratio, with differ-
ent geometry which can mathematically map onto each other.
The cymatics connection declares we can physically observe
quantum nodal structures in macroscopic wave systems be-
cause the governing equation is identical. The overarching
connection is that a wave in one field is corresponding to a
wave in another field through A. The medium changes scale,
not structure. So A is effectively a field-independent descrip-
tion of wave configurations.

The geometric cymatic analogous pattern can be used to
model possible but non-existing states of matter or waves. If
the Helmholtz equation’s solution space under given bound-
ary conditions maps the space of possible stable wave con-
figurations, and cymatic patterns are physical realizations of
those solutions, then unexplored regions of the cymatic so-
lution space correspond to possible but unrealized states of
matter or energy.

In a quantized framework, energy cannot exist as a continu-
ous, amorphous sheet. It is forced into specific forms for three
primary reasons:

1. Geometric Quantization: Because the fabric of spacetime
is composed of discrete units, energy must “fit” into the
available grid. Like a vibrating guitar string that can only
produce specific notes (harmonics), the field only allows
energy to manifest in configurations that satisfy its un-
derlying geometry.

2. The Equilibrium Mandate: All systems naturally seek
their lowest energy state. Higher-mass particles like the
Muon or Tau are valid mathematical solutions to the
field’s wave equation, but they represent states of high
disequilibrium. They exist only as temporary overflow,
shedding frequency until they reach the most stable ge-
ometry — the electron33.

3. Systemic Integration: Particles do not exist in isolation;
they are functional components of larger systems. The
specific mass and frequency of an electron, for instance,
are not arbitrary—they are the exact “tuning” required to
balance against a proton’s repulsion. Energy takes these
forms because they are the most efficient path toward sys-
temic equilibrium.

After energy has a role as a particle it must aid the system
it is in by becoming a part of the larger system that is reach-
ing towards equilibrium. Energy takes the form of the exact
“tuning” required for whatever system it is a part of. When
an antimatter and a matter particle collide it releases a pho-
ton matter and the electromagnetic field are not two separate
things. Matter particles are sources and sinks for the elec-
tromagnetic field, and under the right conditions, one can be
transformed into the other.

The observation that matter particles and the electromag-
netic field are not fundamentally separate—charged matter
acting as sources and sinks for the electromagnetic field, with
annihilation (electron + positron → photons) and pair produc-
tion demonstrating direct convertibility between matter excita-
tions and pure field excitations under appropriate high-energy
conditions—serves as a natural starting point in quantum field
theory. In this view, particles are localized excitations of un-
derlying quantum fields, and interactions permit transforma-
tions while conserving relevant quantum numbers.

This perspective generalizes directly to the unification
of forces. Treating the weak interaction with the same
gauge-field consistency as quantum electrodynamics requires
enlarging the symmetry to the electroweak gauge group
SU(2)LU(1)Y 14,15.

At sufficiently high energies (above ∼100 GeV, as in the
early electroweak epoch of the universe), the symmetry is un-
broken: matter fields couple to four massless gauge excita-
tions as sources and sinks, allowing processes that freely mix
what later appear as electromagnetic and weak contributions.

The interaction is encoded in the covariant derivative:
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Dµ = ∂µ + ig
(

τa

2

)
W a

µ + ig′
(

Y
2

)
Bµ

where τa are the Pauli matrices, g and g′ are the SU(2)L and
U(1)Y couplings, W a

µ are the three weak gauge fields, and Bµ

is the hypercharge field.
Spontaneous symmetry breaking via the Higgs mechanism

then hides the full symmetry. The Higgs doublet acquires a

vacuum expectation value (ϕ)=
(

0, v√
2

)T
with v≈ 246 GeV.

This generates masses for three of the gauge bosons while
leaving one combination massless. The physical fields after
breaking are the mixtures:

W+
µ =

W 1
µ − iW 2

µ√
2

(charged, massive)

Zµ = cosθW W 3
µ − sinθW Bµ (neutral, massive)

Aµ = sinθW W 3
µ + cosθW Bµ (the photon, massless)

where θW is the Weinberg mixing angle (experimentally
sin2

θW ≈ 0.23). The resulting masses are:

MW =
gv
2

≈ 80 GeV

MZ =
MW

cosθW
≈ 91 GeV

Mγ = 0

Electric charge emerges as the combination Q = T 3 + Y
3 ,

where T 3 is the third component of weak isospin. Only the
unbroken U(1)EM generated by Q leaves the vacuum invariant,
keeping the photon massless33.

The same logic extends to even larger unifications. The
strong force, governed by an SU(3)c gauge symmetry with
quarks serving as sources and sinks for gluon excitations,
has coupling constants that nearly converge with the elec-
troweak couplings when extrapolated to extremely high en-
ergies (∼ 1016 GeV). This motivates Grand Unified Theories,
in which the full Standard Model gauge group embeds into
a single larger simple group. In the ultra-early universe, be-
fore successive symmetry-breaking phase transitions, a uni-
fied “electronuclear” interaction would have governed mat-
ter ↔ unified-gauge-field conversions, including novel pro-
cesses that violate baryon and lepton number. Operating out
of thermal equilibrium together with CP violation, such pro-
cesses satisfy the Sakharov conditions and could account for
the observed matter–antimatter asymmetry after most parti-
cle–antiparticle pairs annihilated into radiation56.

Each successive spontaneous symmetry breaking during the
cooling of the early universe “freezes out” distinctions that
were absent at higher energies. What appear today as the
separate electromagnetic, weak, and strong interactions were
once different aspects of a single unified interaction. The un-
derlying field-theoretic interconvertibility of matter and gauge
excitations remains encoded in the unbroken gauge symme-
tries and the structure of the covariant derivatives. This pro-
gression—from pure QED annihilation processes, through
the electroweak unification above, to possible grand unifica-
tion—illustrates how the apparent diversity of forces at low
energies emerges as a low-temperature consequence of sym-
metry breaking in the hot early universe.

Lepton Derivation

Since energy in a wave system scales as the square of ampli-
tude, the natural representation of the lepton mass configura-
tion uses amplitude variables:

v =
(√

me,
√

mµ ,
√

mτ

)
∈ R3

To analyze the relationship between these masses, we define
the sum of masses (S) and the sum of amplitudes (T ):

Sum of Masses: S = |v|2 = me +mµ +mτ

Sum of Amplitudes: T = ∑vi =
√

me +
√mµ +

√
mτ

This derivation also utilizes h f = mc2 but this derivation
is not dependent on Abstract Mechanics in this derivation the
democratic direction û = (1,1,1)√

3
represents the configuration

in which all three lepton masses are equal — the pure equi-
librium. The angle θ between the amplitude vector and this
democratic direction satisfies

cos2
θ =

T 2

3S

The relationship S
T 2 = 2

3 is mathematically equivalent to the
amplitude vector making exactly a 45◦ angle with the demo-
cratic direction:

S
T 2 =

2
3
⇒ T 2

S
=

3
2
⇒ cos2

θ =
T 2

3S
=

1
2
⇒ θ = 45◦

The physically allowed range within the positive orthant (all
masses real and positive) is cos2 θ ∈ [1/3, 1], where cos2 θ = 1
is all masses equal (maximum symmetry) and cos2 θ = 1/3 is
one mass dominating (maximum asymmetry).

The lepton field’s free energy F [θ ] in Abstract Mechanics
has two competing contributions:

The Symmetry Term. Equilibrium drives any field toward
its lowest free energy state — the democratic configuration
where all modes are equal. Deviation from this incurs a cost:
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Fs = α
(
cos2

θ −1
)2

[minimized at θ = 0◦, all masses equal]

v =
(√

me,
√

mµ ,
√

mτ

)
∈ R3

To analyze the relationship between these masses, we define
the sum of masses (S) and the sum of amplitudes (T ):

Sum of Masses: S = |v|2 = me +mµ +mτ

Sum of Amplitudes: T = ∑vi =
√

me +
√mµ +

√
mτ

The Distinguishability Term. This principle is often ap-
plied in the study of multiphoton interference22,23 and quan-
tum statistical mechanics, where the “physical distinctness”
of a many-body state depends on the pairwise overlaps (or
trace distances) between the individual particle states. For
three particles to remain physically distinct, the C(3,2) = 3
pairs (e, µ), (e, τ), (µ, τ) must each satisfy a separate distin-
guishability condition. Each pair contributes equally:

Fd = 3α
(
cos2

θ −1/3
)2

[3 =C(3,2) pair conditions]

Total free energy:

F [θ ] = α
(
cos2

θ −1
)2

+3α
(
cos2

θ −1/3
)2

Setting c = cos2 θ and minimizing:

dF
dc

= 2α(c−1)+6α

(
c− 1

3

)
= 0

Then

8αc = 4α ⇒ c =
1
2
⇒ θ = 45◦

By the theorem above, cos2 θ = 1
2 is exactly S

T 2 = 1
3 — the

Koide formula57. It emerges as the Equilibrium of the lepton
field: the point where the drive toward equal masses (1 term)
is exactly balanced by the three pairwise distinguishability
requirements (3 terms).

Lepton Mass mi (MeV) Amplitude vi =
√

mi

Electron (e) 0.51099895 0.714843

Muon (µ) 105.6583755 10.279026

Tau (τ) 1776.86 42.152817

Q =
S

T 2 =
1883.029
2824.570

≈ 0.66666051

Theoretical Prediction
( 2

3

)
57:

Deviation: 6.2× 10−6 (within tau mass measurement uncer-
tainty33) θ = 44.9997◦ ≈ 45.000◦

The derivation is specific to n = 3 because C(3,2) = 3 appears
in the free energy. For general n, the equilibrium gives:

Qn =
S

T 2 =
n2 −n+2
n(n+1)

Two Generations (n = 2): The ratio Qn is 2
3 , with a cos2 θ

value of 3
4 , which remains theoretically consistent within the

model.

Three Generations (n = 3): This is the confirmed Koide state,
where Qn is 2

3 and cos2 θ is exactly 1
2 , matching observed

physical data.

Four Generations (n = 4): The calculated Qn is 7
10 and cos2 θ

is 5
14 ; however, this state is excluded because it predicts a

fourth lepton mass that contradicts existing experimental evi-
dence.

Five Generations (n = 5): At this level, Qn reaches 11
15 and

cos2 θ is 6
22 , a configuration that is also excluded by the frame-

work.

The Fourth Generation Exclusion58: If a fourth charged
lepton exists and satisfies the n = 4 formula, solving numer-
ically gives m4 ≈ 62.1 GeV. This is already experimentally
excluded: LEP258 sets a lower bound of ∼100 GeV. The Ab-
stract Mechanics prediction for n = 4 does not exist in nature.

Lepton Masses from Free-Energy Minimum (Explicit Po-
tential)

Promote the three-generation amplitude vector to a flavor-
triplet field φ = (φe, φµ , φτ) (a sub-sector of ψ); the full ψ

has additional components/modes for quarks, gauge bosons,
etc.). Define the amplitudes

vi = |Φi|, S ≡ ∑
i

v2
i , T = ∑

i
vi, cos2

Θ =
T 2

3S

The potential in V (|ψ|) for the lepton sector is exactly the
free-energy functional derived:

Vlep(Φ) = α
(
cos2

Θ−1
)2

+3α

(
cos2

θ − 1
3

)2

Minimizing ∂Vlep
∂c = 0 (c = cos2 Θ) gives c = 1

2 , i.e. S
T 2 = 2

3
— the Koide relation — with deviation 6.2 × 10−6 match-
ing the numerical check. The physical masses are read off
from the curvature of Vlep at the minimum (standard Higgs-
like mechanism, but here the minimum itself fixes the ratios
via Conatus). Higher generations (n = 4, 5) are excluded by
the same minimization, exactly as shown before.
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Electroweak Force and the Matter-Antimatter
Asymmetry

The Big Bang is expected to have produced equal quantities
of matter and antimatter. When they meet, they annihilate into
pure energy. A universe of perfect symmetry would there-
fore consist of nothing but photons. In the weak interaction,
CP violation occurs because the W boson couples to quarks
via the CKM matrix59, which contains a complex phase that
treats matter and antimatter differently. This slight mathemat-
ical asymmetry means that certain weak decays do not re-
main identical when you simultaneously swap particles for
antiparticles and flip their spatial orientation. In 1967, An-
drei Sakharov56 identified the three necessary conditions for
a matter-dominated universe to arise from a symmetric initial
state:

• Baryon number violation — processes must exist that
generate more baryons than antibaryons.

• C and CP symmetry violation — the laws of physics
must treat matter and antimatter differently; otherwise
any matter-generating process is exactly balanced by its
antimatter counterpart.

• Departure from thermal equilibrium — the universe must
have passed through a non-equilibrium phase, prevent-
ing matter-generating reactions from being perfectly re-
versed.

The Standard Model satisfies all three conditions, but only
marginally. The CP violation measurable in kaon and B-
meson decays33,59 fall short by a factor of approximately 1010.
The Standard Model’s CP violation is far too weak—by about
ten orders of magnitude—to explain why we live in a universe
of matter rather than a void of pure radiation. To bridge this
gap, theoretical extensions propose that CP violation was dy-
namically enhanced during the Electroweak Phase.

In the Standard Model, hot electroweak baryogenesis gives:
Y SM

B ≲ 10−20 because the only source of CP violation — the
Jarlskog invariant J ≈ 3×10−5 59 — is suppressed by quark-
mass hierarchy factors.

Observed value: YB = 6.1 × 10−10 19. Required boost in
effective CP-violating strength during the electroweak epoch:
6.1×10−10

10−20 ≈ 6×1010 19 required.
Thus CP violation must be ∼1010 times stronger (or new

high-T CP-violating sources must dominate) at the elec-
troweak scale to produce the observed baryon asymmetry.
This is the standard mismatch that forces extensions beyond
the SM. The stronger CP violation required during the elec-
troweak epoch (∼1010 times larger effective strength than to-
day) generates the observed baryon asymmetry.

Electroweak baryogenesis60–63 can produce the exact ob-
served asymmetry when the SM is extended with new physics

that satisfies strong first-order transition and supplies addi-
tional CP-violating sources of order unity. The math of the
effective potential and transport equations shows this is both
necessary and sufficient in concrete BSM models.

Comparison to String Theory

Abstract Mechanics offers a deliberately minimal framework
that recovers the successful predictions of General Relativ-
ity7,8,16,17,35 and Quantum Field Theory6,33,34 while address-
ing several longstanding puzzles—quantum gravity without
a graviton, the origin of gravitational time dilation as a lo-
cal frequency gradient, emergent dark-matter-like effects from
galactic torsional strain25–27, accelerated expansion from cu-
mulative vortex pressure30,31, and the charged-lepton mass ra-
tios via a free-energy minimum that naturally yields the Koide
relation57 Q≈ 2

3 with a deviation of only ∼6.2×10−6, consis-
tent with current tau-mass uncertainties33. Higher generations
(n = 4 and beyond) are excluded by the same minimization58.

In contrast, String Theory64 remains one of the most
developed unification programs. Recent bootstrapping re-
sults (2025–2026) have shown that certain string amplitudes
(e.g., the Veneziano and Virasoro-Shapiro amplitudes) emerge
uniquely from assumptions such as “ultrasoftness” or maximal
supersymmetry, reinforcing its internal mathematical consis-
tency.

However, it still requires extra spatial dimensions, super-
symmetry, and a vast landscape of compactifications, none of
which have been experimentally confirmed. Low-energy pre-
dictions remain non-unique, and no string resonances, extra
dimensions, or superpartners have been observed.

Abstract Mechanics avoids these additions by working
strictly within four long-established axioms5–8. It makes con-
crete, falsifiable claims (Contrapositives) that are already con-
sistent with precision tests (GPS time dilation48, LIGO gravi-
tational waves49, flat galactic rotation curves via stored shear
energy25–27, and JWST indications of rapid early black-hole
growth50,51 compatible with super-Eddington-like vortex si-
phoning). The theory is currently conceptual in its full varia-
tional formulation; deriving a single underlying functional that
reproduces both the Einstein-Hilbert action and the QFT path
integral in the appropriate limits remains an important next
step for direct computation of scattering amplitudes and loop
corrections.

Abstract Mechanics still requires no new ontological enti-
ties beyond the four experimentally verified axioms plus the
single observed universal tendency (systems evolve toward
equilibrium along a free-energy gradient). The frequency-
gradient gravity, single-field particle vibrations, torsional dark
sectors, finite-density black-hole cores, and exact Koide equi-
librium all fall out directly. String theory still requires strings
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Aspect Abstract Mechanics (AM) String Theory (as of 2026)

Core Objects Single underlying field at every spacetime point;
all particles = vibrational modes (h f = mc2).
Spacetime is quantized but smooth via
central-limit smoothing.

One-dimensional vibrating strings in
higher-dimensional spacetime. Particles =
vibration modes. Gravity = closed-string
graviton mode.

Foundational Axioms Strictly 4 axioms: Planck (E = h f ), Heisenberg
(∆x∆p ≥ h

2 ), Einstein energy-momentum, and
Einstein field equations. Uses Conatus (gradient
flow to equilibrium).

New fundamental objects (strings) + extra
dimensions (10D/11D) + supersymmetry +
dualities. Consistency forces these additions.

Quantum Gravity Gravity = local frequency gradient ∇ f . Proper
time slows in low- f regions; objects drift
toward lower f . No graviton; finite
Planck-density cores.

Gravity emerges as the massless spin-2
graviton. UV-complete via string scattering;
resolves singularities via string spreading or
AdS/CFT holography.

Unification All forces and particles = expressions of the
same Conatus gradient flow at different scales.
Unifies without adding new particles.

All forces arise from string vibrations and
compactification geometry. Requires
supersymmetry (SUSY) for fermion-boson
pairing.

Extra Structures None. Stays in 4D; no extra dimensions, no
SUSY, no new particles or fields.

Requires 6–7 compactified extra dimensions
(Calabi-Yau manifolds). Includes branes,
fluxes, and orientifolds.

Dark Matter/Energy Emergent: Torsional/shear strain in stiff
spacetime flattens rotation curves. Cumulative
torsional pressure from galaxies supplies
effective Λ. No new particles.

Typically requires new particles (neutralinos,
axions). The “Landscape” allows many
possibilities; no single unique prediction for
dark energy.

Lepton Masses Derived exactly via free-energy minimum of
field amplitudes. Predicts Koide relation
(Q = 2

3 ) and excludes a 4th generation of
leptons.

No direct derivation; masses depend on
Yukawa couplings and complex
compactification geometry.

Predictiveness Matches GPS, LIGO, and flat rotation curves.
Falsifiable if specific principles (P1–P7) fail.
Lacks full variational principle for scattering.

Highly predictive at high energies, but the
“Landscape” makes low-energy predictions
non-unique. No confirmed experimental
observations yet.

Black Holes No singularities; finite-density Planck-scale
cores. Hawking radiation results from
f -gradient separating virtual pairs.

Singularities resolved by fuzzball microstates.
Entropy matches the Bekenstein-Hawking
formula via D-brane microstates.
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+ 6–7 extra dimensions + supersymmetry + a 10500-vacuum
landscape. Abstract Mechanics is more consistent with Oc-
cam’s razor minimalizing assumptions while string theory is
more mathematically developed with additional conditions
and dimensions.

Singularities, dark sectors, and the Koide numerical coinci-
dence are still natural baseline outcomes under Conatus when
interference is absent. String theory still accommodates them
only inside a huge underdetermined landscape. By prioritiz-
ing parsimony and direct ties to existing axioms, Abstract Me-
chanics provides a complementary pathway that may prove
more economical if nature favors minimal structure at the fun-
damental level.
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