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Abstract

This paper presents a unified geometrodynamic model derived from
the principle of Spacetime-Matter Unity. We posit that matter is a
stable topological configuration of spacetime, whose presence displaces
the surrounding medium, creating a region of variable density—a gra-
dient. We identify gravity as the kinematic result of motion along
this gradient. From this single principle, we derive inertia as the work
required to displace an object’s own gravitational field through this
gradient, and momentum as the persistent state of that field when in
motion. This framework naturally contains the Newtonian limit, pro-
vides a physical interpretation for the de Broglie wavelength, and pre-
dicts the galactic rotation curve as a measurement of large-scale space-
time density gradients, resolving the dark matter problem. All three
concepts—gravity, inertia, and momentum—are shown to be manifes-
tations of a single geometric entity: the dynamics of self-gravitating
spacetime structures.



1 Introduction: The Single Substance Hy-
pothesis

The dichotomy between matter and the spacetime it occupies is a founda-
tional concept in modern physics. This paper proposes a paradigm shift,
positing that this dichotomy is an illusion. We advance a framework of
Spacetime-Matter Unity, where the fundamental entity is the spacetime met-
ric itself. What we perceive as matter are stable, self-sustaining topological
solitons—localized, particle-like configurations of spacetime. This ontologi-
cal identity leads to a radical reinterpretation of force and motion, deriving
them from purely geometric principles.

2 The Mechanism of Gravity

A fundamental particle, as a soliton, is a region of extremely high energy
density. Its presence necessarily displaces the surrounding spacetime, forcing
it to curve. This curvature is interpreted as a variation in the ”density” of
spacetime pg, relative to a flat background. A massive object creates a region
of low spacetime density around it, a "well” or gradient.
The gravitational potential ¢ is directly related to this density via the
Poisson equation:
V3¢ = 47Gpy. (1)

The gravitational acceleration g is the derivative of this potential, defining
the slope of the gradient:

g=—-Vo. (2)

Gravity, therefore, is not an attractive force but a displacement effect. An
object moves "downhill” along this density gradient. The Newtonian force
law, F; = mg, emerges as the effective description of this gradient descent.



3 The Origin of Inertia

If an object is a soliton of spacetime, then moving it requires more than
just translating the central structure. It necessitates the displacement and
reconfiguration of the object’s own extended gravitational field.

The self-potential energy Us. s for a mass distribution p(r) is:

1
Uself = —§/p(r)¢(r)d3r. (3)
We propose that the inertial mass m; is defined by the mass-energy equiva-
lence of this self-energy:
miC2 = |Uself|- (4)

A force must do work to displace this self-gravitating system. The work §W
for a small displacement dx against the self-gravitational force density is:

oW = /pV(b Coxdir = OUsers- (5)
The inertial force is then Fj,c.ia = dW/|0x|, which is proportional to the

acceleration and the gravitational mass m,, providing a direct physical mech-
anism for the Equivalence Principle.



4 The Nature of Momentum

This model extends naturally to momentum. When an object is in uniform
motion, its gravitational field exists in a stable, persistent configuration—a
"warp field” moving with the object. This dynamic field configuration is the
momentum.

The kinetic energy K of the object is identified as the energy required
to establish this new field configuration. This is given by the work done to
create the change in the field’s energy density Ap within its self-potential ¢:

P’ Ly 3
K=—=-mv: = | Ap(r,v)o(r)d’r. 6
L St = [ Bptevio) (6
This field has a characteristic size R. Heuristic estimates show this size is
inversely proportional to the momentum:

R~ E (7)
p

This provides a physical basis for the de Broglie wavelength, A\;B = h/p,
which we interpret as the characteristic length scale of this momentum field—the
physical size of the stationary ”wake” in spacetime.

Thus, momentum and inertia are unified: inertia is the resistance to
changing the momentum field configuration, while momentum is the persis-
tent state of that field in motion.



5 Cosmological Implication: Resolving Dark
Matter

The logic of spacetime density gradients is scale-invariant. A galaxy, being
a massive structure, must generate its own large-scale gradient. The circular
velocity of a star is derived from the gradient of the total potential ®;,s4;:

d ota
'U(?") = Td;tl, Where VzCIDtOtaz - 47TGpst,total(r>' (8>
r

The total spacetime density pg iora(r) includes the contribution from the
large-scale galactic gradient. The observed flat rotation curves of galaxies
[1] are not anomalous; they are the predicted measurement of this rising
density profile pst sorar(r) in the galactic halo. The phenomena attributed to
dark matter are revealed to be the geometric effect of the galaxy’s extended
spacetime density gradient, eliminating the need for a hypothetical particle.

6 Conclusion

We have presented a unified framework where gravity, inertia, and momen-
tum are derived as interdependent consequences of a single principle: the
dynamics of topological structures in a unified spacetime medium. This
model resolves foundational mysteries by positing a deeper unity underlying
the apparent duality of field and particle, offering a novel pathway toward a
complete geometric theory of fundamental physics.
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