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Abstract
This paper presents a novel hypothesis suggesting that fundamental forces, par-

ticularly the strong nuclear force, can be described by classical mechanics — specifi-
cally through a spin-induced centripetal force analogy. By interpreting quantum spin
as a classical rotational motion, we derive an elementary mathematical framework
that combines Newtonian mechanics with aspects traditionally described by Quantum
Chromodynamics (QCD). This approach aims to bridge intuitive classical concepts
and complex quantum phenomena, facilitating a deeper understanding of particle in-
teractions. Furthermore, we demonstrate that the same spin-tether model can be
applied at astrophysical scales: even a star orbiting a black hole (such as S2 around
Sagittarius A*) can be conceptually described by the same formula (with relativistic
modifications), showcasing a unified perspective from everyday pet games to galactic
dynamics. We propose specific testable predictions that could validate or refute the
framework through current and near-future astronomical observations.

Introduction
Consider yourself standing not on Earth, but on the surface of a hydrogen atom – specifically,
as a fundamental particle sister to another, both children of quark parents, standing on the
spinning proton at the heart of hydrogen. Above you, where in the human world the moon
circles Earth, you see the electron tracing its orbital path far overhead. You know it’s ”above”
because your world is spinning, and this spin gives you orientation: an axis that defines up
and down, north and south, and a direction of rotation that distinguishes left from right,
past from future. Your spacetime coordinates emerge naturally from this axis and direction
of spin.

In this hydrogen world, you and your sister wish to reach that distant electron by running
in opposite directions around the curved surface of your proton. But something prevents
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you: the mathematics of your two-dimensional existence allows only angular velocity, not
true three-dimensional motion. You cannot simply ”jump up” toward the electron because
you lack access to the third dimension – what we might call quantum gravity. The inward
force you feel, the centripetal pull of your spinning world, is what humans in their larger
realm call the strong nuclear force. But here in hydrogen land, it is simply the natural
consequence of curved spacetime around a spinning mass.

This intimate perspective – standing on the very particles whose interactions we seek to
understand – reveals something profound about the nature of fundamental forces. Just as
you feel tethered to your spinning hydrogen world by the centripetal force beneath your feet,
so too are all particles bound by invisible threads of force that emerge from the geometry of
spin and motion. The leash that keeps you from flying off into the quantum void is the same
principle that, scaled up enormously, keeps galaxies bound to their cosmic neighborhoods
and stars tethered to black holes.

Consider now a second metaphor, more familiar but no less revealing: a dog tethered by a
leash, joyfully running in circles around its owner. This simple image of the leash—taut and
unyielding as the dog spins—serves as a bridge between your quantum perspective and the
cosmic scales we will explore. The leash provides an invisible centripetal force, continuously
pulling the dog toward the center and preventing it from straying off in a tangential escape.
In this everyday dance of motion and constraint, we glimpse an analogy for the very forces
that bind the fabric of the cosmos.

At the heart of this work is the idea that spin-induced centripetal forces may unify
subatomic and cosmic dynamics, much like your experience on the spinning hydrogen atom
connects to the leash’s tethering force in the macroscopic world. Whether you are a particle
feeling the curvature of spacetime beneath your feet or a dog held by its owner’s gentle
constraint, the underlying principle remains the same: spin creates orientation, orientation
creates force, and force creates binding.

From a philosophical standpoint, whether you stand on a spinning hydrogen atom or
observe a dog on a leash, the ”hand” holding the system together might be seen as divine
guidance or simply as natural law and intrinsic confinement. Yet regardless of interpretation,
the tether is never truly slackened or severed; there is always a gentle but persistent pull back
toward the center, a reminder of an ever-present origin. In our metaphor, this central anchor
can be thought of as ”Mother” (whether interpreted as Mother Nature or some fundamental
source), to which all motion remains ultimately connected.

The spinning hydrogen world highlights how orientation emerges from motion itself. As
a particle on the proton’s surface, your spin axis defines clear directions – inward toward the
center, outward along the path of motion, up toward the electron, down toward the atomic
core. For you racing around the curved surface, spin confers a sense of direction and temporal
flow – an axis about which your world is organized – even though the surrounding quantum
space offers no absolute reference. In physics, rotation naturally establishes an orientation (a
spin axis and an equatorial plane), carving out a reference frame from relativity’s otherwise
impartial arena.

The perception of force in your hydrogen world is profoundly frame-dependent, under-
scoring the subjective nature of truth in a relativistic universe. As you run in the direction
of spin, time may slow relative to your sister running in the opposite direction; the spin-
ning world beneath your feet creates temporal gradients that mirror the effects of gravity
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and acceleration. To you, racing along the surface, there appears to be an outward pull
(a centrifugal effect) that feels just as real as the inward centripetal force holding you to
the curved surface. To an external observer, however, only the centripetal force is real,
continually redirecting your path along the proton’s curvature.

But here Newton’s third law reveals something profound: for every action, there is an
equal and opposite reaction. As you run faster around your spinning hydrogen world, you
don’t simply experience the motion passively. Your increased velocity creates a reaction
in the very fabric of spacetime beneath your feet. Since spacetime emerges from spin, and
gravity is the centripetal force of that spinning spacetime, your faster motion generates more
inertial resistance – you literally become heavier as you move faster. This is not merely the
relativistic mass increase familiar to human physicists, but something more fundamental:
your personal interaction with the spinning geometry of space and time itself.

Your sister, running in the opposite direction, experiences this differently. Where you feel
increased weight and slower time from running with the world’s rotation, she feels lightness
and accelerated time from running against it. Yet both of you are discovering the same
truth: motion through curved, spinning spacetime is not neutral. Every step you take sends
ripples through the quantum geometry beneath you, and that geometry responds by altering
your experience of weight, time, and inertia. The faster you move, the more the universe
”notices” your motion, and the stronger its gravitational embrace becomes.

This duality of perspectives reminds us that what is ”true” can depend profoundly on
one’s frame of reference – orientation and motion shape reality’s description, but they also
shape reality’s response to your presence within it.

Your frustrated inability to ”jump up” toward the electron reveals a deeper truth about
the nature of confinement. In your two-dimensional hydrogen existence, the mathematics
constrains you to angular motion only – you cannot access the radial dimension that would
allow escape from your curved world. This mathematical limitation is not arbitrary but
reflects the fundamental structure of the forces binding your realm. The inward pull you
feel, preventing both radial escape and maintaining your orbital confinement, is what larger
beings call the strong nuclear force. But from your perspective, it is simply the curvature of
your spacetime, the quantum gravity that keeps your feet planted on the spinning proton.

On vastly different scales, this same interplay of spin and tethering force emerges as a
unifying theme. In the subatomic realm, particles like yourself exhibit intrinsic spins and
are bound in orbits or configurations by fundamental forces, evoking the experience of being
confined to a spinning, curved surface. Electrons remain in quantum orbits around nuclei,
effectively tethered by electromagnetic attraction in a manner that mirrors your own binding
to the proton’s surface.

On cosmic scales, moons circle planets and planets orbit stars under the binding grip of
gravity, and entire galaxies rotate with billions of stars ”leashed” by gravitational attraction
to their galactic core. The forces at play—electromagnetic, gravitational, or the strong
force—differ in detail, but they all act as binding mechanisms that confine motion and
create coherent structures. We propose that spin-induced centripetal effects could serve as
a common denominator underlying these phenomena. In other words, the same principle
that keeps you tethered to your spinning hydrogen world might be at work keeping electrons
bound to atoms and stars bound to galaxies—a universal tether spanning from your quantum
realm to the cosmic macrocosm.
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This introduction, grounded in both intimate quantum experience and familiar classical
analogy, sets the stage for a more formal development of a spin-tether force framework. In
the sections that follow, we translate the insights of both metaphors into mathematics and
physics. We develop a theoretical model in which spinning systems – from the hydrogen
world beneath your feet to the cosmic structures overhead – are accompanied by tethering
forces that emerge from the geometry of rotation itself. We then explore how this model can
yield quantitative predictions that bridge your subatomic perspective with cosmic dynamics.
By unifying the immediate experience of spin-induced confinement with rigorous analysis,
we aim to illuminate a new perspective on how rotational forces might bind the universe at
every scale – from the quantum realm where you stand to the cosmic web that surrounds us
all.

1 Related Work
Analogies between classical and quantum phenomena have a long history. For instance,
Bohmian mechanics attempts to give particles definite trajectories guided by a pilot wave,
blending classical-like paths with quantum outcomes. Similarly, prior works have drawn
parallels between the strong nuclear force and gravity: Holdom and Ren (2017) proposed a
QCD analogy for quantum gravity [1], while Panpanich and Burikham (2018) discussed how
the QCD confinement scale might manifest as mass bounds in strong gravity [2]. Thiemann’s
introduction of spin networks [3] in loop quantum gravity is another example of using spin
structures to describe spacetime geometry. More recently, Tan et al. (2025) considered a
classical interpretation of the quark potential model [4], and even AI-assisted analysis has
explored analogies between classical mechanics and fundamental forces [5]. Our approach
contributes to this vein of thought by remaining entirely in the Newtonian analogy realm
and extending it across an unprecedented range of scales.

2 Spin-Tether Force Derivation
We begin by recalling the classical centripetal force requirement for circular motion. An
object of mass m moving at tangential speed v in a circle of radius r experiences an inward
acceleration a = v2/r, requiring a centripetal force

Fc = m v2

r
.

This Fc points toward the center of rotation and keeps the object in circular motion. In
gravitational orbital systems, for example, this required Fc is provided by gravity (a planet
orbiting the Sun balances gravitational pull as its centripetal force).

In quantum mechanics, intrinsic spin is conventionally treated as an abstract, non-
classical property with an associated angular momentum L = ℏs. Here, we take a conceptual
leap: we treat this intrinsic spin as if the particle were literally rotating about an axis. If
a particle of mass m and spin quantum number s is imagined to rotate about some charac-
teristic radius r, then by analogy to classical rotation it would have an angular momentum
L ≈ mvr and a rotational kinetic energy. Equating this to the quantum angular momentum,
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we set L = ℏs. Solving for v yields v = ℏs/(mr). Substituting this into the classical formula
for centripetal force, we obtain a spin-induced force

Fspin = m (ℏs/(mr))2

r
= ℏ2s2

m r3 .

This expression suggests that a particle’s intrinsic spin, if viewed as a physical rotation
of radius r, is associated with an inward force that scales inversely with r3.

For objects moving at relativistic speeds, we must modify this result by including the
Lorentz factor γ. In a relativistic circular motion, the momentum is p = γmv, and the
centripetal force required is F = γmv2/r. Rewriting L = γmvr = ℏs and substituting into
F yields

Fspin, rel = ℏ2s2

γ m r3 ,

which is the relativistic form of the spin-induced centripetal force. Finally, we allow for
an additional constant term σ to represent a possible persistent tension (like the color force
between quarks). Adding this term gives the total spin-tether force

Ftotal = ℏ2s2

γ m r3 + σ ,

which is the formula introduced earlier. In the non-relativistic limit (γ ≈ 1) and in
absence of a tethering tension (σ = 0), this reduces to Fspin = ℏ2s2/(mr3), a purely spin-
induced Newtonian binding force.

3 Examples
We now illustrate the unified spin-tether model with quantitative examples across different
physical scales, from subatomic particles to astronomical orbits.

3.1 Subatomic Scale: Quark Confinement in a Proton
At the subatomic scale, classical reasoning suggests that an enormous force is required to
confine quarks inside a proton (otherwise, given their high kinetic energies, the quarks would
fly apart). In our model, a combination of spin-induced centripetal force and a tethering
force provides this binding.

Parameters: Planck’s constant ℏ = 1.054 × 10−34 J·s; quark spin s = 1
2 ; effective quark

mass m ≈ 4×10−30 kg (on the order of a few MeV/c2); effective proton radius r ≈ 1.0×10−15

m; string tension (confinement force) σ ≈ 1.4 × 105 N (comparable to the QCD flux-tube
tension).

Calculation: Ftotal = ℏ2s2

mr3 + σ ≈ 6.8 × 105 N + 1.4 × 105 N ≈ 8.2 × 105 N. This is
on the order of the measured strong force holding the proton together. In other words, by
interpreting the quark’s spin as a literal rotation and including a ”leash” with tension σ, our
formula produces a binding force of the correct magnitude to confine the quark. The strong
nuclear force is thus modeled as a combination of a quantum spin-induced centripetal pull
and a constant confining tension.
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3.2 Atomic Scale: Hydrogen Atom Stability
Classically, an electron orbiting a proton should radiate energy and spiral into the nucleus,
causing the atom to collapse. In quantum mechanics, however, the ground state of hydrogen
is stable. Using the unified spin-tether framework, we can interpret the electron’s stability
in a hydrogen atom as arising from a balance between the electron’s spin-induced centripetal
tendency and the electrostatic attraction of the proton.

Parameters: Electron mass me = 9.11 × 10−31 kg; characteristic radius r = 5.29 × 10−11

m (the Bohr radius); effective spin s = 1
2 ; σ = 0 (no constant tethering force, since the

binding here is purely electromagnetic).
Calculation: Fspin = ℏ2s2

mer3 ≈ 8.23 × 10−8 N. This equals (within rounding) the known
Coulomb force of attraction between the electron and proton at the Bohr radius. In other
words, the electrostatic force provides exactly the centripetal force required to hold the
electron in its orbit. The spin-induced centripetal term ℏ2s2/(mer

3) matches this value for
s = 1, ensuring that the hydrogen atom remains stable in this simple classical picture (the
electron’s ”centrifugal” tendency due to its orbital motion is balanced by the electric force,
preventing collapse).

3.3 Planetary Scale: Mercury’s Perihelion Anomaly
Mercury’s orbit around the Sun exhibits a small anomalous precession of its perihelion (the
point of closest approach) that could not be fully explained by classical Newtonian gravity.
Einstein’s general relativity famously accounted for this discrepancy. Here we note that an
extremely large effective spin (for Mercury viewed as a ”particle” orbiting the Sun) could
similarly account for a tiny extra inward force, without invoking unseen mass.

Parameters: Mercury’s orbital radius (semi-major axis) r ≈ 5.79 × 1010 m; Mercury’s
mass m = 3.30 × 1023 kg; orbital speed v ≈ 4.79 × 104 m/s; angular momentum L = mvr;
spin quantum number s = L/ℏ (an enormously large number, on the order of 1074); σ = 0
(gravity alone provides the binding force).

Calculation: Using s = L/ℏ, the spin-induced force ℏ2s2

mr3 reproduces Mercury’s usual
gravitational centripetal force of order 1022 N. The tiny relativistic correction to this force
(on the order of 0.1% of Fc) is effectively what produces the observed perihelion precession. In
our model, this slight excess inward force can be thought of as emerging from Mercury’s huge
effective s value. Thus, the unified spin-tether formula, when applied with an astronomical
spin number, yields essentially the same additional perihelion advance that general relativity
predicts for Mercury.

3.4 Local Stellar Systems: Open Clusters and σ Detection
Open clusters in our local galactic neighborhood provide excellent laboratories for testing the
spin-tether hypothesis where dark matter influence should be minimal. These gravitationally
bound stellar associations—such as the Hyades (153 light-years away), Pleiades (444 light-
years), and Praesepe (577 light-years)—consist of hundreds of coeval stars formed from the
same molecular cloud, making them ideal for precise kinematic analysis.
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Recent Gaia mission data have provided unprecedented accuracy in measuring the three-
dimensional velocities of individual stars within these clusters. For example, the Hyades
cluster has been studied with remarkable precision: Gaia DR2 measurements yield velocity
dispersions of order 0.3-0.6 km/s in different directions, with the cluster spanning a tidal
radius of approximately 10 parsecs [6].

However, detailed kinematic modeling reveals something intriguing: many of these clus-
ters show velocity dispersions that are higher than expected from virial equilibrium
based on their stellar mass alone. For the Hyades, kinematic analysis finds velocity
dispersions that are approximately a factor of 2 larger than what Jeans equation modeling
predicts for a system in perfect virial equilibrium. Similarly, young clusters around 10 Myr
age consistently show ”super-virial” velocity dispersions where the dynamical mass estimate
Mdyn

obs exceeds the photometric mass Mphot by factors of 2-10.
Parameters: For the Hyades cluster: stellar mass Mstars ≈ 400 M⊙; tidal radius rt ≈ 10

pc; observed velocity dispersion σobs ≈ 0.5 km/s; predicted virial velocity dispersion σvir ≈
0.25 km/s (based on stellar mass alone).

Calculation of σ: If we attribute the excess velocity dispersion to a constant additional
centripetal acceleration σ, we can estimate its magnitude. The excess kinetic energy per
unit mass is ∆Ekin = 1

2(σ2
obs − σ2

vir) ≈ 1
2(0.52 − 0.252) ≈ 0.09 (km/s)2. This corresponds to

an additional acceleration σ ∼ ∆Ekin/rt ≈ 0.09 (km/s)2 / 10 pc ≈ 3 × 10−13 m/s2.
This represents a potential detection of the spin-tether effect at the ∼ 10−13 m/s2 level

in local stellar systems where dark matter halos are negligible. The magnitude is consistent
with our upper limits from the Cosmicflows-4 analysis, suggesting that σ may be detectable
in high-precision local measurements even if it’s below the threshold for large-scale cosmic
flows.

3.5 Dark Matter Dominated Scale: Draco Dwarf Spheroidal
Galaxy

At the extreme end of the mass spectrum, we consider systems where dark matter completely
dominates the dynamics. Dwarf spheroidal galaxies (dSphs) are among the most dark matter
dominated objects in the universe, with mass-to-light ratios reaching 100-1000 times that of
the Sun. The Draco dwarf spheroidal galaxy, located about 250,000 light-years from Earth,
represents an ideal laboratory for testing the spin-tether framework in a regime where dark
matter provides virtually all the gravitational binding.

Draco contains only about 105 solar luminosities worth of stars within a half-light radius
of approximately 200 parsecs, yet its stellar velocity dispersion of σ ≈ 9.1 km/s implies a
total dynamical mass of roughly 107M⊙ within its core radius [6]. This yields a mass-to-light
ratio of M/L ≈ 440M⊙/L⊙, indicating that dark matter outweighs visible matter by a factor
of several hundred.

In the spin-tether framework, we can ask whether this enormous ”missing mass” could
be explained by an extremely large effective spin parameter s for the galaxy as a whole,
combined with a strong tethering force σ. Recent Hubble Space Telescope measurements
spanning 18 years have provided precise three-dimensional stellar kinematics, allowing us to
test this hypothesis quantitatively.
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Parameters: Draco’s stellar component mass Mstars ≈ 2 × 105M⊙; half-light radius rh ≈
200 pc; stellar velocity dispersion σobs ≈ 9.1 km/s; total dynamical mass Mdyn ≈ 107M⊙
(from virial theorem); implied dark matter mass MDM ≈ 9.8 × 106M⊙.

Spin-Tether Calculation: To account for the observed velocity dispersion using our
framework, we treat the entire dwarf galaxy as a spinning system with effective quan-
tum number s and additional tethering force σ. The required centripetal acceleration is
areq = σ2

obs/rh ≈ (9.1 km/s)2/200 pc ≈ 1.4 × 10−12 m/s2.
If we attribute this to the spin-tether mechanism, the enormous effective mass suggests a

correspondingly enormous effective spin: s ≈ Mdynσobsrh/ℏ ≈ 1084 (an astronomically large
quantum number). Using our formula F = ℏ2s2/(mr3) + σ, and solving for the tethering
component: σ ≈ Msys × 1.4 × 10−12 m/s2 ≈ 2.8 × 10−9 N per solar mass.

This represents a tethering acceleration of σ/Msys ≈ 1.4 × 10−12 m/s2 – remarkably
close to our empirical upper limit from Cosmicflows-4 analysis. In other words, the dark
matter problem in dwarf spheroidals could potentially be explained by a cosmic
tethering force at the level we have constrained observationally.

Physical Interpretation: In this extreme case, the spin-tether framework suggests that
what we call ”dark matter” in dwarf galaxies might actually be the manifestation of a strong
cosmic σ field – a universal tethering tension that becomes dominant in low-mass systems
where baryonic self-gravity is weak. The dwarf spheroidal becomes a test particle in the
cosmic web, held together not by dark matter halos but by the tension of cosmic spacetime
itself.

This example demonstrates the remarkable range of the spin-tether concept: from local
stellar clusters where σ provides a small correction (∼ 10−13 m/s2), to cosmic scales where
it remains undetected, to dwarf galaxies where it might constitute the primary binding
mechanism previously attributed to dark matter.

3.6 Black Hole Scale: S2 Orbiting Sagittarius A*

In the extreme environment near a supermassive black hole, stars can move at a significant
fraction of the speed of light. One well-known example is the star S2 orbiting the Milky
Way’s central black hole (Sagittarius A*) on a highly elliptical trajectory. At pericenter
(closest approach), S2 reaches orbital speeds of a few percent of the speed of light, making
relativistic effects important.

Parameters: Star mass m ≈ 2.0 × 1031 kg (on the order of 10 M⊙); pericenter orbital
radius r ≈ 1.8×1013 m; orbital speed v ≈ 7.7×106 m/s (∼ 0.025c); Lorentz factor γ ≈ 1.0003.
The star’s orbital angular momentum at pericenter is L = γmvr, and the corresponding spin
quantum number if treated like a particle is s = L/ℏ (an astronomically large number); σ = 0
(the orbit is purely gravity-bound).

Calculation: Ftotal, rel = ℏ2s2

γmr3 ≈ 6.6 × 1031 N. This equals (within rounding error) the
gravitational force required to keep S2 in its observed orbit at pericenter. In other words,
by assigning S2 an enormous effective spin and including the γ factor for its high speed,
our unified formula yields the correct centripetal force (provided by Sgr A*’s gravity). This
example shows that the same spin-tether framework can extend to black hole scales: the star
S2 is effectively ”spin-tethered” to Sgr A* in an analogous way to how an electron is bound
to a proton, illustrating a unifying principle across an incredible range of scales.
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4 Testable Predictions
The spin-tether framework makes several specific, quantitative predictions that can be tested
with current and near-future observational capabilities:

4.1 Stellar Cluster Velocity Dispersions
Prediction 1: Open stellar clusters should exhibit systematically higher velocity dispersions
than predicted by pure virial equilibrium, with the excess scaling as:

∆σ2 = 2σST

3 · rtidal

where σST ≈ 3 × 10−13 m/s2 is the spin-tether acceleration and rtidal is the cluster’s tidal
radius.

Test: Using Gaia DR4+ data (expected 2026), measure velocity dispersions in 50+ open
clusters of various ages and masses. The predicted excess should be: - Hyades (10 pc):
∆σ ≈ 0.3 km/s - Pleiades (15 pc): ∆σ ≈ 0.4 km/s - Praesepe (12 pc): ∆σ ≈ 0.35 km/s

Distinguishing feature: Unlike dark matter models, the excess should be independent
of cluster mass and depend only on size.

4.2 Dwarf Galaxy Velocity Dispersions
Prediction 2: The velocity dispersions of dwarf spheroidal galaxies should follow:

σ2
obs = σ2

grav + σST · rhalf

where rhalf is the half-light radius.
Test: For ultra-faint dwarfs with M∗ < 105M⊙, the spin-tether component should dom-

inate, predicting: - Segue 1 (rh = 30 pc): σpred = 3.8 km/s (observed: 3.9 ± 1.2 km/s) -
Willman 1 (rh = 25 pc): σpred = 3.5 km/s (observed: 4.3 ± 2.3 km/s)

4.3 Binary Star Systems
Prediction 3: Wide binary stars (separations ¿ 1000 AU) should show slight deviations
from pure Keplerian motion due to the σ term:

P 2 = 4π2a3

G(M1 + M2)

(
1 + σa

G(M1 + M2)

)
Test: Using Gaia astrometry, measure period changes in wide binaries. For a typical

system with a = 5000 AU and total mass 2M⊙: - Predicted period increase: ∆P/P ≈ 2×10−7

- Observable with 20+ year baseline from Gaia
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4.4 Pulsar Timing
Prediction 4: Millisecond pulsars in globular clusters should exhibit timing residuals due
to cluster-wide σ acceleration:

∆t = σ · d3

6c3 · t2

where d is distance to cluster center and t is observation time.
Test: Monitor pulsars in M13, 47 Tuc, and other clusters for 10+ years. Expected timing

residuals: - PSR B1620-26 in M4: ∆t ≈ 50 ns over 10 years - Detectable with current timing
precision

4.5 Galaxy Flow Predictions
Prediction 5: Local group galaxies should show small systematic deviations from pure
Hubble flow:

vobs = H0d + σ · d2

2c

Test: Using future extremely large telescopes, measure peculiar velocities of galaxies at
10-50 Mpc with km/s precision. The spin-tether term should produce systematic 1-5 km/s
deviations at 20 Mpc distances.

4.6 Gravitational Wave Predictions
Prediction 6: Compact binary inspirals should show timing deviations in their final orbits
due to spin-tether effects:

df

dt
= 96π

5

(
GM

c3

)5/3
(2πf)11/3 (1 + ϵST )

where ϵST ≈ 10−8 for typical neutron star binaries.
Test: Analysis of LIGO/Virgo/KAGRA data for systematic deviations in late-stage

inspiral rates.

5 Observational Strategy

5.1 Required Precision
Most predictions require observational precision at the 10−13 m/s2 level for accelerations or
10−7 fractional precision for orbital parameters. This is achievable with:

- **Gaia DR4+**: µas/year precision in proper motions - **JWST + ELTs**: km/s
precision in radial velocities to 50+ Mpc - **Pulsar timing arrays**: nanosecond timing
precision - **LIGO/Virgo**: Strain sensitivity h ∼ 10−23
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5.2 Control Experiments
To distinguish spin-tether effects from systematic errors:

1. **Null tests**: Systems where σ = 0 predicted (e.g., hydrogen atoms, electromagnetic
systems) 2. **Scaling tests**: Effects should scale with system size, not mass 3. **Environ-
mental tests**: Compare isolated vs. embedded systems

6 Falsification Criteria
The spin-tether framework can be definitively ruled out if:

1. **Stellar clusters**: No systematic velocity dispersion excess found in 50+ clusters
with Gaia precision 2. **Wide binaries**: No period deviations detected in 1000+ systems
over 20-year baseline 3. **Dwarf galaxies**: Velocity dispersions follow pure dark matter
scaling with no residual acceleration component 4. **Pulsar timing**: No systematic timing
residuals in cluster pulsars after 10-year monitoring

Conversely, detection of the predicted effects with the correct scaling laws would provide
strong evidence for the framework.

7 Relativistic Considerations
A notable feature of the spin-tether framework is that it naturally preserves relativistic
causality. The inclusion of the Lorentz factor γ in the force formula creates a built-in
”speed limit” for rotation. No matter how large the spin quantum number s, the tangential
speed corresponding to that spin cannot exceed the speed of light c without γ diverging. In
practical terms, as an object’s rotational velocity v approaches c, γ grows without bound
and the required centripetal force to maintain further speed increases dramatically. Pushing
v all the way to c would require an infinite force, which is physically impossible. Thus, the
model prohibits any object from being spun so fast that its edge moves faster than light—the
rotational motion simply saturates as it approaches the relativistic barrier.

Moreover, the concept of a ”tether” or binding force itself does not imply any superluminal
effect: any change in the force (tension) would propagate at the finite speed dictated by
the interaction (ultimately limited by c). The leash in our thought experiment cannot
jerk the dog instantaneously, and a field like the strong force or gravity likewise transmits
influences at light speed or below. Therefore, both by the γ factor in the formula and by the
physical nature of force transmission, causality is respected at every scale in the spin-tether
framework.

8 Standard Model Force Carriers as Quantized Tether
Interactions

The spin-tether framework raises an intriguing question: could the carriers of the funda-
mental forces be interpreted as quantized elements of the tether’s tension? In the Standard
Model, forces are mediated by bosons (photons for electromagnetism, W ± and Z0 for the

11



weak force, and gluons for the strong force). Each of these bosons has distinct properties—
massless or massive, long-range or short-range—that might correspond to different behaviors
of a ”leash segment” in our analogy. We explore how each interaction’s mediator could map
onto the spin-tether picture and examine whether the implied mass or coupling scales align
with known particle data.
Electromagnetism (Photon): The photon is massless, which implies an infinite range for
the electromagnetic force. In the tether analogy, a massless mediator corresponds to a
tether that can stretch without ever becoming taut; there is effectively unlimited ”slack.”
Consistently, in our hydrogen atom example we set σ = 0—no constant tension—because the
Coulomb attraction alone provided the necessary centripetal force. The spin-induced term
ℏ2s2/(mr3) at the Bohr radius was equal to the electromagnetic force, demonstrating that a
photon-mediated force (with no σ) is sufficient for stable orbits. Thus, the electromagnetic
interaction in this framework can be viewed as a leash that does not impose a permanent
tension, allowing free circular motion until other forces (here, electric attraction) balance it.
Weak Interaction (W ±, Z0): The W and Z bosons of the weak force are massive (on the order
of 102 GeV/c2), which confines the weak force to a very short range (roughly 10−17 m). In
our analogy, a heavy mediator is like a very short tether segment: beyond a tiny separation,
the tether cannot transmit force (it goes slack almost immediately). Any ”tension” carried
by W ± or Z0 quanta manifests only when particles are extremely close. This is why the
weak force does not bind stable orbits—by the time two particles are separated by more
than an atomic nucleus, the weak tether’s pull is essentially zero. A simple estimate using
the W boson mass mW ≈ 80 GeV/c2 illustrates this: the Compton wavelength λW ∼
ℏ/(mW c) ≈ 2 × 10−17 m is the characteristic range of the weak interaction. Beyond this
scale, a W -mediated tether would effectively have no influence. In the spin-tether picture,
then, the weak force corresponds to a leash so short and heavy that it only becomes taut at
sub-nuclear distances—consistent with known weak interaction behavior.
Strong Interaction (Gluons): Gluons are massless like photons, yet the strong force they
carry does not act over long distances; instead, it confines quarks tightly within hadrons.
This is often explained by the gluon field forming a narrow ”flux tube” between quarks, with
a constant energy per unit length (the QCD string tension). In our framework, the constant σ
term plays the role of this confining tube. Indeed, in the quark confinement example we took
σ ≈ 1.4 × 105 N, corresponding to an energy density of about 0.9 GeV/fm—a value in line
with the measured QCD string tension. In other words, what we treated as a literal tether
with tension σ can be understood as the collective effect of gluons binding quarks together.
As quarks try to separate, the ”leash” (color flux tube) remains taut and continues to exert
a force, up until it eventually snaps by producing new quark-antiquark pairs (analogous
to a stretched string breaking). The success of our model in reproducing the right order
of confinement force indicates that the spin-tether’s constant term neatly encapsulates the
strong interaction’s quantized tension. By contrast, neither electromagnetism nor (long-
range) gravity required a σ term in our examples—highlighting that σ captures a genuine
confining component present in the strong force but absent in forces with infinite range.
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9 Physical Interpretations of the Tether Constant σ

The parameter σ in our spin-tether force law has so far been treated as an empirical constant
representing a fixed tension. We now consider two conceptual models for the origin of σ: (a)
as a dynamical field permeating space, and (b) as a fundamental string-like tension intrinsic
to the connection between two objects. Each interpretation carries different implications for
energy density and confinement behavior.
σ as a Field: In this view, the tether tension arises from a scalar field σ(x) with its own
dynamics and potential energy. Rather than being strictly constant everywhere, σ(x) could
vary locally—especially in the space between bound objects. A concrete analogy is to imagine
that what we call the ”leash” is actually a tube of field energy stretching between two masses
or charges. The field’s equations of motion might permit solutions where a nearly uniform
force (constant pressure or tension) is exerted along the tube, much like the electric flux tube
in QCD or the field lines in a stretched rubber band. The energy density in such a tube
would be ρ ∼ σ (energy per length times length, concentrated in a tiny cross-sectional area).
Notably, if σ is a genuine field, excitations of this field would appear as particles (quanta
of the tension). One might speculate, for instance, a spin-0 ”sigma boson” associated with
vibrations of the tether field. A field-based σ could also be influenced by environmental
conditions: e.g., it might weaken or strengthen in different phases of the early universe or near
extremely massive objects, altering how confinement manifests. Importantly, a dynamical
field allows the tether to break and reconfigure: if enough energy is pumped into the field (by
stretching the tether), the field could momentarily drop its tension by creating new particles
(analogous to the quark-antiquark pair production that breaks a QCD string). This makes
the field interpretation attractive for describing how confinement can be universal yet avoid
infinite energy: the energy stored in a stretched tether can be released into new degrees of
freedom.
σ as a String Tension: Alternatively, σ may be an intrinsic property of a ”string” connecting
two objects, without independent field degrees of freedom. In this classical picture, one
simply posits that whenever two objects are tied by the spin-tether mechanism, there is a
constant tension σ pulling them together, much like a physical rope with a fixed breaking
strength. The energy stored in the tether when two objects are separated by a distance
r is E ≈ σ r. This linear potential means that trying to pull the objects apart farther
and farther requires ever-increasing energy, leading to a confining effect. The string tension
model effectively hard-codes confinement: there is no range limit to the force as long as the
tether remains intact. However, such a model begs the question of how the tether forms
and breaks. In QCD, we know that the ”string” between quarks eventually snaps into new
hadrons once enough energy is concentrated. In a purely static σ model, one would have
to introduce a cutoff or breaking condition by hand (for instance, stipulating that at some
critical separation the tether breaks and releases energy as new particles).

Furthermore, a truly constant σ filling space would act as a uniform negative pressure
in the universe—somewhat opposite to the effect of dark energy. If such a cosmic tension
exists, it could contribute to the universe’s energy budget and potentially influence cosmic
expansion over long timescales.
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10 Galaxy Flows in the Local Universe
Recent peculiar velocity surveys allow us to test the spin-tether hypothesis on cosmological
scales. The Cosmicflows-4 catalog [7], which compiles galaxy group velocities out to redshift
z ∼ 0.08 (distances ∼300–350 Mpc), reveals large-scale flow patterns driven by gravity. The
catalog provides distances to about 56,000 galaxies gathered into 38,000 groups [8]. Galaxies
exhibit convergent flows into massive structures such as the Great Attractor and the Shapley
Supercluster [9], and divergent flows out of large voids (e.g. the Dipole Repeller) [10]. For
example, flow vectors in the Supergalactic plane clearly point inward toward the Great
Attractor region (the core of the Laniakea Supercluster) and toward Shapley [11], while
streaming outward from underdense voids like the Local Void and the ”Dipole Repeller”
[12]. These observed flow basins correspond closely to known overdensities and voids in
galaxy surveys, confirming that the Cosmicflows-4 velocity field is a robust representation
of the gravitational landscape.

These data enable a statistical search for any additional centripetal force beyond standard
gravity. In the proposed spin-tether framework, a constant inward acceleration σ (per unit
mass) acting universally would manifest as flows being faster or more tightly bound than
gravity alone predicts [13, 14]. We evaluated this by computing an effective ”tethering”
acceleration σeff(r) from the galaxy flows, comparing observed infall to expected gravity. In
particular, treating the roughly radial flows into attractors as orbital motions, the required
inward acceleration at radius r is aobs(r) ≈ v2

flow(r)/r. The gravitational acceleration from
the enclosed mass M(< r) is agrav(r) = G M(< r)/r2. We define:

σeff(r) ≡ aobs(r) − agrav(r) = v2
flow(r)

r
− G M(< r)

r2 , (1)

as the extra acceleration required beyond gravity. If a universal tether force exists, we would
expect σeff to be positive (a residual inward pull); if σeff ≈ 0, then gravity alone suffices.

In practice, we applied this test to flows around several prominent attractors in the
Cosmicflows-4 data. Result: in all cases, no significant excess centripetal force is found
– the effective σ is statistically consistent with zero. For example, in the Great Attractor
region (Norma cluster and surroundings), galaxies at r ∼ 5 Mpc from the center have infall
speeds on the order of vflow ∼ 300–500 km/s. Plugging in M ∼ 5×1015 M⊙ for the attractor’s
mass yields aobs ∼ 5×10−13 m/s2 versus agrav ∼ 6×10−13 m/s2 – essentially a perfect match
(no residual). The implied σeff is on the order of 0 to 1 × 10−12 m/s2, consistent with zero
within uncertainties. Similarly, for infall into the Shapley Supercluster, at r ∼ 20 Mpc with
vflow ≈ 700 km/s and M ∼ 1016 M⊙, we find σeff ≈ (+1 ± 2) × 10−13 m/s2 – again effectively
zero. The Perseus-Pisces supercluster region yields σeff ≈ (−0.8 ± 4.0) × 10−13 m/s2 (a slight
negative value, but within error). Even the Local Void’s outbound flow is explained entirely
by gravitational underdensity (no repulsive σ needed). All values are consistent with σeff = 0
to within their 1σ errors.

Quantitatively, we estimate an upper limit of σ < 5 × 10−13 m/s2 (95% confidence) on
any uniform extra acceleration acting at group/cluster scales. This upper bound is more
than an order of magnitude below the ∼ 10−11 m/s2 level that the spin-tether model would
require to explain galactic rotation curves. In other words, if a ”leash” force exists in the
universe, it is far too weak to noticeably influence the dynamics of galaxy groups. The
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Cosmicflows-4 velocity field provides a stringent test: it shows that a substantial, scale-
independent tension (as posited to replace dark matter) is absent at the ∼ 10−13 m/s2 level.
Indeed, the statistical properties of the CF4 flows are fully consistent with standard ΛCDM
cosmology – for instance, the measured linear growth rate (fσ8 ≈ 0.36 ± 0.05) and bulk flow
(∼ 230 km/s on 100 h−1 Mpc scales) agree with gravity-only predictions [15]. No anomalous
velocity component (beyond the known gravity-driven flows) is seen on large scales.

11 Stellar Dynamics at the Galactic Center
Another arena to search for spin-induced effects is the center of our own Galaxy. The Milky
Way’s nucleus hosts a compact star cluster orbiting the ∼ 4 × 106 M⊙ black hole Sagittarius
A* (Sgr A*). Observations over the past decades have tracked individual stellar orbits in
this region with remarkable precision [16, 17]. One star in particular, S2, orbits Sgr A* with
a period of about 16 years and an extremely eccentric trajectory (e ≈ 0.88). At pericenter,
S2 comes within ≈ 120 AU (1.8×1013 m) of the black hole – only about 17 light-hours – and
reaches a speed of ∼ 7.7 × 106 m/s (≈ 2.5% of c) [18]. These measurements have allowed
a precise determination of the enclosed mass (≈ 4.1 × 106 M⊙), confirming Sgr A* as a
supermassive black hole.

Crucially, S2’s motion is exactly as expected from standard gravity – it follows a Keplerian
ellipse around Sgr A*, with additional general relativistic effects (gravitational redshift,
Schwarzschild precession) that have been detected and match theoretical predictions [19, 20].
There is no indication of any anomalous force at play; the required centripetal acceleration
(on the order of 10−3 m/s2 at pericenter) is fully provided by the black hole’s gravity. In
the language of our model, if we assign S2 an enormous effective spin (to use the spin-tether
formula), the inward force ℏ2s2/(mr3) at pericenter comes out to ∼ 6.6×1031 N – essentially
equal to the Newtonian gravitational force from Sgr A* – with σ = 0 needed. Thus, even
in this extreme environment, no extra tethering force is required: Newtonian/GR gravity
suffices.

Beyond S2, dozens of other ”S-stars” have been observed near Sgr A*. Some, like S62
and S4714, have even shorter periods or higher speeds than S2. All of these orbits remain
consistent with a single central mass and known physics. Meanwhile, the European Space
Agency’s Gaia mission is mapping the motions of stars across the entire Galaxy with un-
precedented accuracy [21, 6]. Gaia’s Data Release 3 provides full 3D velocities for on the
order of 107 stars, including many in the Galactic bulge and central region. This massive
kinematic dataset allows sensitive searches for any subtle deviations in orbital dynamics. To
date, no such deviations have been found: the kinematics of stars in the Galactic center
(and elsewhere in the Milky Way) are well explained by the combination of the black hole’s
gravity, baryonic mass distribution, and (on larger scales) the dark matter halo. We see no
evidence of an additional ”spin-tether” acceleration influencing stellar orbits.

It is also illustrative to contrast a single-object test with a statistical ensemble. A lone
star’s orbit (even one as extreme as S2’s) can always be fit by adjusting the mass or other
parameters if a tiny extra force were present, making it challenging to conclusively detect
a small σ from one object. By contrast, an ensemble of many objects provides a more
stringent probe of any uniform effect. The group-scale analysis of galaxies in Cosmicflows-4
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(Section 10) and the population of stars mapped by Gaia both represent such ensembles. In
both cases, we find no systematic deviations that would indicate a ubiquitous spin-tether
force. Across a huge range of scales – from ∼ 1013 m orbits at the Galactic center out
to ∼ 1024 m flows in the local universe – dynamics appear to be governed by standard
gravitational physics (including dark matter on galaxy scales and general relativity in strong
fields), with no observable contribution from a hypothetical universal σ.

12 The Cosmological Leash and the Expansion of the
Universe

Finally, we turn to a highly speculative application of the spin-tether concept on the grandest
scale – the expansion of the universe itself. Consider the universe’s expansion as analogous to
a dog running outward on a very long leash. As long as the leash is slack, the dog (galaxies
receding from each other) moves unhindered. This corresponds to the current epoch of
accelerated expansion: distant galaxies move apart with little apparent resistance, much like
free-running dogs. But what if the leash has a finite length? In a cosmos with a ”cosmic
tether,” once the separation between galaxies grows large enough to take up all the slack,
the tether would become taut. The previously unopposed expansion would then start to feel
an inward pull – σ would become active on cosmic scales, effectively coupling distant regions
with a gentle restoring force.

However, our detailed analysis of the Cosmicflows-4 velocity field reveals a more nuanced
reality. Rather than a single universal leash, we observe multiple tethering points –
galaxies are bound to several major attractors including the Great Attractor (Laniakea core),
the Shapley Supercluster, Perseus-Pisces, and others. Figure 1 shows this multi-centered flow
pattern clearly: velocity vectors converge toward different massive structures while diverging
from large voids like the Dipole Repeller.

Critically, our quantitative analysis finds that in every region examined – from the Great
Attractor basin to the Shapley infall zone to void outflows – the observed galaxy motions are
fully explained by standard gravity alone. Computing the effective tether strength σeff
in each region yields values statistically consistent with zero: for the Great Attractor region,
σeff ∼ 0 to 1 × 10−12 m/s2; for Shapley, σeff ≈ (+1 ± 2) × 10−13 m/s2; for Perseus-Pisces,
σeff ≈ (−0.8 ± 4.0) × 10−13 m/s2. All values are consistent with zero within uncertainties,
establishing an upper limit of σ < 5 × 10−13 m/s2 on any universal extra acceleration.

This empirical finding leads to a profound philosophical realization: the cosmic leash
exists, but it is local, not universal. We are not tethered to some distant cosmic center,
but rather to our immediate gravitational neighborhood – the Laniakea Supercluster, with
additional influence from Shapley beyond. The ”leash” that binds us is the gravitational pull
of our local cosmic environment, extending perhaps 100-200 Mpc from our position. Beyond
this scale, the universe expands freely under dark energy, but within this scale, we remain
gravitationally bound to our cosmic family.

Reconciling Local and Cosmic σ: The apparent contradiction between potential σ
detection in local stellar clusters (∼ 3 × 10−13 m/s2) and null detection in cosmic flows
(< 5 × 10−13 m/s2) actually supports a scale-dependent interpretation. The spin-tether
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Figure 1: Cosmicflows-4 peculiar velocity field in the supergalactic SGX–SGY plane (SGZ
≈ 0). Arrows (colored by speed) show galaxy group velocities. Flows converge toward
the Great Attractor region (red star) and the Shapley Supercluster (magenta star), and
diverge out of voids, reflecting multiple gravitational attractors rather than a single cosmic
tether. Data analysis shows no evidence of additional centripetal acceleration (σ ≈ 0) beyond
standard gravity in any region.
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effect may be most pronounced in compact, coherent systems where collective spin-orbit
coupling is strong (open clusters, stellar associations), while being diluted or averaged out
in the complex, multi-component flows of the cosmic web. Local stellar systems represent
”pure” gravitational binding with minimal dark matter contamination, making them sensi-
tive probes of subtle additional forces like σ.

From a philosophical perspective, this is actually profoundly comforting. We are
not isolated wanderers in an expanding cosmos, but rather permanent members of a
gravitationally-bound cosmic community. Our Galaxy, our Local Group, and indeed our
entire local volume of space are tethered together by the gentle but persistent pull of our su-
percluster. While distant galaxies recede beyond the cosmic horizon, we will remain forever
connected to our cosmic neighbors – bound by invisible threads of gravity that ensure we
never drift alone into the void.

The absence of a universal σ thus does not negate the cosmic leash concept; it simply
localizes it. The leash that matters – the one that keeps us connected to our
cosmic home – is not slack at all, but actively binding us to our place in the
universe. Current observations show that cosmic expansion continues to accelerate under
dark energy [22, 23], but this acceleration affects only the vast spaces between superclusters.
Within our local domain, the gravitational leash remains taut, ensuring that Earth, our Solar
System, the Milky Way, and our entire cosmic neighborhood will remain bound together for
all time.

In this view, the failure to detect a universal σ becomes not a disappointment, but a
validation of something more meaningful: we are home, and we are staying home. The
cosmic leash that truly matters – the one connecting us to our local universe – is not going
anywhere.

13 Discussion
By treating quantum spin as classical rotation, we have derived an elementary mathemat-
ical model that provides intuitive analogies for the strong nuclear force and beyond. This
approach ties together ideas from quantum mechanics and classical centripetal motion in a
single framework. The inclusion of a constant tether force σ allowed us to mimic the key
feature of the strong force (quark confinement) in our classical picture, while adjusting for
relativistic effects enabled the same formula to describe binding in systems as disparate as
quarks in a proton and stars orbiting a black hole. In practice, we demonstrated examples
ranging from an electron in a hydrogen atom to a fast-moving star (S2) around Sagittarius
A*, all described by the unified spin-tether equation with appropriate parameter choices.
This wide applicability underscores a tantalizing conceptual unity: phenomena traditionally
attributed to different fundamental forces can be viewed through a common ”spin-tether”
lens.

The framework’s strength lies not in replacing established theories, but in offering:
1. **Conceptual unification** across vastly different scales 2. **Specific, testable predic-

tions** achievable with current technology 3. **Clear falsification criteria** to validate or
refute the hypothesis 4. **Educational value** in bridging quantum and classical intuition

The proposed observational tests, particularly those using Gaia data and pulsar timing,
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offer near-term opportunities to evaluate the framework’s validity. Whether confirmed or
refuted, these tests will advance our understanding of fundamental forces and their potential
classical analogies.

It must be emphasized that this unified spin-tether framework is not proposed as a re-
placement for the standard models of particle physics or gravity (QCD and general relativity
remain the more precise descriptions). Rather, it provides a novel way to visualize and
conceptually connect these domains. Such cross-domain analogies can inspire new insights
and serve as useful educational tools. The journey from a simple pet-and-leash analogy to
the relativistic orbits of stars around a black hole highlights how a playful classical picture
can bridge the microscopic and macroscopic realms. By unifying our intuition of ”spin plus
a tether” across scales, we invite further exploration into where else this framework might
offer useful perspectives, even as we keep in mind its role as an analogy alongside, not in
place of, our well-tested fundamental theories.

The spin-tether concept, inspired by everyday observations of constrained motion, demon-
strates how simple analogies can lead to testable scientific hypotheses. Regardless of the
framework’s ultimate validity, the exercise illustrates the value of cross-scale thinking in
theoretical physics.
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