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Abstract

This paper continues the development of QMU Gravitational Field Theory by deriving
the closure coupling constants that remained unresolved in the first-order formulation. The
preceding paper introduced closure density, closure-flow current, propagation potential, rotational
curl-stress, chronovibrational rate, and the scalar closure-field equations governing propagation-
density curvature. The present work closes the gravitational ledger by deriving the closure-density
coupling constant κc, the Newtonian projection coefficient Γc, and the closure-to-mass projection
coefficient ηm directly from QMU identities.

The central result is that the gravitational projection constants are not free coefficients.
Ledger One,

Au curl = Fq
2λC

2 = c2, (1)
fixes the propagation-potential projection coefficient as

Γc = Au curl = c2. (2)

The propagation-force ledger fixes the closure-to-mass coefficient as

ηm = c2

Gforce = G

c2 . (3)

Newtonian recovery then requires
κc = 4π. (4)

These results yield the gravitational ledger identity

G = (Au curl)2

Gforce = c4

Gforce (5)

showing that Newton’s gravitational constant appears as a derived projection of Aether rotation,
magnetic curl, Compton length, and Aether maximum mass Thomson III [2026b,c, 2025g], Mohr
et al. [2025], National Institute of Standards and Technology [2026].

The paper further applies this closure to finite APM matter structure. Instead of treating
mass as a true point source, the fundamental source is identified as the finite closure-density
distribution of the ligamen circulatus. The point-mass solution is retained only as the exterior
projection limit. This removes the central singularity while preserving the Newtonian inverse-
square law, the Schwarzschild radius, and the first-order light-deflection result. The scalar
gravitational wave is then interpreted as a propagating closure-potential perturbation, and the
RMFD detector channel is framed as a calibrated response to rotational closure modulation.

1 Introduction

The first paper in QMU Gravitational Field Theory established a closure-based description of
gravitation in terms of propagation-density curvature within conserved closure flow Thomson III
[2026d,e]. That work introduced the minimal gravitational field ledger consisting of closure density
ρc, closure-flow current Jc, propagation potential Ψc, closure-gradient field gc, rotational curl-stress
Ωc, and chronovibrational rate νc.

The foundational field equations were written as

∂ρc

∂t
+ ∇ · Jc = 0, (6)

∇2Ψc = κcρc, (7)
□cΨc = κcρc, (8)
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where
□c = ∇2 − 1

c2
∂2

∂t2 . (9)

The previous paper showed that the Newtonian inverse-square law arises as the spherical steady-state
projection of conserved closure flow, and that the weak-field Schwarzschild light-deflection structure
is recovered when propagation-rate and propagation-geometry corrections are both included.

However, three constants were intentionally left open:

κc, Γc, ηm. (10)

The purpose of the present paper is to derive these quantities directly from QMU and Ledger One.

The constants have distinct physical roles. The coefficient κc is the closure-density coupling constant
in the Poisson equation. The coefficient Γc projects the dimensionless closure potential into ordinary
gravitational potential. The coefficient ηm projects ordinary mass density into closure density. The
product of these three constants must recover the Newtonian Poisson equation Einstein [1916],
Misner et al. [1973], Wald [1984],

∇2Φ = 4πGρm. (11)

Thus the required closure condition is

Γcκcηm = 4πG. (12)

The central result of this paper is that the only natural QMU closure is

Γc = Au curl = c2 (13)

ηm = c2

Gforce = G

c2 (14)

κc = 4π. (15)

Together these imply

G = (Au curl)2

Gforce = c4

Gforce . (16)

Equivalently, since

ηm = c2

Gforce = λC

ma
,

this may also be written as
G = (Au curl) λC

ma
.

The derivation presented here proceeds from three primitive QMU quantities:

λC , Fq, Gforce, (17)

where
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Gforce = maλCFq
2 (18)

is the fundamental propagation-force ledger.

This is a base-quantity audit for the present gravitational sector, not a replacement of the full QMU
unit table. The full QMU system retains its broader electromagnetic and particle-structure ledgers.
For scalar gravitation, however, the minimal closure set is

{λC , Fq, Gforce}. (19)

In this restricted gravitational ledger, ma and G are derived by

ma = Gforce
λCFq

2 , G = c4

Gforce . (20)

Within this interpretation, neither Newton’s gravitational constant nor the Aether maximum mass
is treated as primitive. Instead, both emerge as projections of the underlying propagation-force
structure.

The central objective of this paper is therefore not merely to determine the constants Γc, ηm, and
κc, but to demonstrate that the gravitational sector closes naturally when expressed through the
propagation-force ledger and Ledger One.

2 Review of the Closure Field System

The QMU gravitational field system begins with closure density,

ρc(x, t), (21)

which represents gravitationally relevant propagation closure.

The corresponding closure-flow current is

Jc = ρcvc. (22)

Closure conservation is expressed by

∂ρc

∂t
+ ∇ · Jc = 0. (23)

A scalar propagation potential Ψc is introduced such that

gc = −∇Ψc. (24)

The scalar curvature equation is
∇2Ψc = κcρc. (25)
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The finite-propagation extension is
□cΨc = κcρc. (26)

The rotational sector is represented by

Ωc = ∇ × Jc. (27)

The previous paper treated these quantities as the minimal field ledger for gravitational closure.
The present paper refines the dimensional normalization of the scalar sector so that the closure
potential is dimensionless and the observed gravitational potential is obtained by a Ledger One
projection.

3 Projection Convention

To close the constants consistently, we adopt the following convention.

The closure potential Ψc is dimensionless:

[Ψc] = 1. (28)

The ordinary gravitational potential Φ is obtained by

Φ = ΓcΨc, (29)

where
[Φ] = L2T −2. (30)

Thus
[Γc] = L2T −2. (31)

The closure density is defined as the mass-density projection into curvature-density units:

ρc = ηmρm. (32)

We choose
[ρc] = L−2 (33)

so that κc becomes a dimensionless geometric coupling. This places the spherical factor 4π in
the coupling constant itself. Any alternate normalization of ρc would redefine κc and ηm without
changing the observable Newtonian projection.

Since ordinary mass density has dimensions

[ρm] = ML−3, (34)

and the dimensionless potential satisfies

[∇2Ψc] = L−2, (35)
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the closure density must have dimensions

[ρc] = L−2 (36)

when κc is dimensionless.

Therefore
[ηm] = L

M
. (37)

This assignment gives the clean dimensional ledger

[Ψc] = 1, (38)
[Γc] = L2T −2, (39)
[ρc] = L−2, (40)

[ηm] = LM−1, (41)
[κc] = 1. (42)

With these definitions, the closure Poisson equation

∇2Ψc = κcρc (43)

projects into the Newtonian Poisson equation through

∇2Φ = Γcκcηmρm. (44)

Recovery of Newtonian gravity requires

Γcκcηm = 4πG. (45)

This equation fixes only the product of the three constants. QMU closure requires assigning each
factor to its appropriate physical role.

4 Ledger One and the Propagation Projection Coefficient

Ledger One is the Aether rotational self-identity Thomson III [2025f, 2026a, 2025g]:

Au curl = Fq
2λC

2. (46)

Since
c = FqλC , (47)

Ledger One becomes
Au curl = c2. (48)

The observed gravitational potential Φ has units of velocity squared. Therefore the natural projection
from the dimensionless closure potential Ψc into ordinary gravitational potential is Ledger One
itself:

Γc = Au curl = Fq
2λC

2 = c2. (49)



5 THE PROPAGATION-FORCE LEDGER 6

Thus
Φ = c2Ψc. (50)

This means that Ψc is the gravitational potential measured in units of the Aether rotational
self-identity.

The closure-gradient field becomes
gc = −∇Ψc, (51)

while the observed gravitational acceleration is

g = −∇Φ = −Γc∇Ψc = Γcgc. (52)

Therefore
g = c2gc. (53)

5 The Propagation-Force Ledger

The preceding derivation identified Ledger One as the natural source of the propagation-potential
projection coefficient,

Γc = Au curl = c2. (54)

To determine the closure-to-mass projection coefficient, a second fundamental quantity is required.

Within QMU, the primitive gravitational quantity is taken to be the propagation-force ledger

Gforce = maλCFq
2. (55)

Using

c2 = λC
2Fq

2, (56)

the Aether maximum mass becomes

ma = Gforce
λCFq

2 = GforceλC

c2 . (57)

The Newtonian gravitational constant follows from

G = λC
3Fq

2

ma
, (58)

which yields

G = λC
4Fq

4

Gforce = c4

Gforce . (59)
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Thus

G = c4

Gforce . (60)

This relation identifies Newton’s gravitational constant as the SI gravitational projection of the
underlying propagation-force ledger.

The closure-to-mass projection coefficient therefore becomes

ηm = G

c2 = c2

Gforce . (61)

Using Ledger One,

c2 = Au curl, (62)

giving

ηm = Au curl
Gforce . (63)

This coefficient converts ordinary mass density into closure-density units while preserving the
dimensional requirement

[ηm] = LM−1. (64)

6 Derivation of the Closure Coupling Constant

The closure Poisson equation is
∇2Ψc = κcρc. (65)

Multiplying by Γc gives
∇2Φ = Γcκcρc. (66)

Substituting
ρc = ηmρm (67)

gives
∇2Φ = Γcκcηmρm. (68)

Newtonian gravity requires
∇2Φ = 4πGρm. (69)

Thus
Γcκcηm = 4πG. (70)
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Using
Γc = c2 (71)

and
ηm = G

c2 , (72)

we obtain
c2κc

G

c2 = 4πG. (73)

Therefore
κc = 4π. (74)

The closure coupling is thus not an arbitrary gravitational constant. It is the spherical geometric
coupling of conserved closure flow.

7 Ledger Closure Identity for Gravitation

The closure constants are now completely determined:

Γc = Au curl = c2, (75)

ηm = c2

Gforce , (76)

κc = 4π. (77)

Multiplying the first two coefficients gives

Γcηm = c2
(

c2

Gforce

)
= c4

Gforce . (78)

Since

G = c4

Gforce , (79)

we obtain

G = Γcηm. (80)

The Newtonian gravitational constant therefore emerges directly from the closure-potential projection
coefficient and the closure-to-mass projection coefficient.

Using Ledger One,

c2 = Au curl, (81)
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the gravitational constant may also be written

G = (Au curl)2

Gforce . (82)

This relation represents the completed gravitational ledger.

Gravitational coupling is interpreted as the ratio of rotational propagation closure to the propagation-
force capacity of the Aether medium.

8 Newtonian Recovery

For a spherical source with total mass M , define the total closure content as

CM =
∫

ρc d3x. (83)

Using
ρc = ηmρm, (84)

we obtain
CM = ηmM. (85)

The exterior solution of
∇2Ψc = 4πρc (86)

is
Ψc(r) = −CM

r
. (87)

Therefore
Ψc(r) = −ηmM

r
. (88)

Substituting
ηm = G

c2 (89)

gives
Ψc(r) = −GM

c2r
. (90)

The ordinary gravitational potential is

Φ(r) = ΓcΨc(r) = c2Ψc(r). (91)

Thus
Φ(r) = −GM

r
. (92)

The gravitational acceleration is
g(r) = −∇Φ = −GM

r2 r̂. (93)

The Newtonian inverse-square field is therefore recovered exactly.
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9 Finite Closure Sources and the Ligamen Circulatus

The exterior solution above is often written in point-source form. However, in the Aether Physics
Model, mass is not a mathematical point. Matter is a finite rotational closure structure, the ligamen
circulatus.

Therefore the fundamental source is not

ρc(r) = ηmMδ(r), (94)

except as an exterior approximation.

The fundamental source is instead a finite closure-density distribution:

ρc = ρc(r), (95)

with characteristic closure radius Rlig.

The field equation is
∇2Ψc = 4πρc(r). (96)

Outside the source,
ρc = 0, (97)

and therefore
∇2Ψc = 0. (98)

For spherical symmetry, the exterior solution is still

Ψc(r) = −ηmM

r
, r > Rlig. (99)

Thus the weak-field exterior gravitational behavior does not require a true point mass. It requires
only a localized closure source.

The inverse-square law follows from closure-flow conservation:

∇ · Jc = 0 (100)

outside the source. Integrating over a sphere gives∮
Jc · dA = constant. (101)

Therefore
4πr2Jc(r) = constant, (102)

and
Jc(r) ∝ 1

r2 . (103)

The point-source expression is therefore a projection limit:

Rlig → 0, (104)

not the physical ontology of matter.
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10 Removal of the Central Singularity

For a point source,
Ψc(r) = −ηmM

r
, (105)

which diverges as
r → 0. (106)

A finite ligamen circulatus avoids this divergence.

If
ρc(0) < ∞, (107)

then the interior solution of
∇2Ψc = 4πρc (108)

remains finite at the center.

Thus
|Ψc(0)| < ∞. (109)

The central singularity is therefore not a physical requirement of QMU gravity. It is a consequence
of replacing a finite closure structure with an idealized delta-function source.

This distinction becomes essential in strong-field systems. The exterior field may still possess a
Schwarzschild-like closure horizon, but the interior source need not collapse to infinite density.

11 Closure Horizons and the Schwarzschild Radius

The exterior closure potential is

Ψc(r) = −ηmM

r
= −GM

c2r
. (110)

The Schwarzschild radius is
rs = 2GM

c2 . (111)

Using
ηm = G

c2 , (112)

this becomes

rs = 2ηmM = 2 c2

GforceM = 2 λC

ma
M. (113)

At this radius,
|Ψc(rs)| = GM

c2rs
= 1

2 . (114)

Therefore the closure horizon condition is

2|Ψc| = 1. (115)
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This condition is necessary for an exterior closure horizon. Sufficiency requires the rotational closure
sector, interior source structure, and boundary matching conditions, which are reserved for the next
stage of the theory.

The Schwarzschild radius is thus the radius at which the exterior dimensionless closure potential
reaches one half.

In QMU form,
rs = 2 λC

ma
M. (116)

Using Ledger One,
G = (Au curl) λC

ma
, (117)

and
Au curl = c2, (118)

this is exactly equivalent to
rs = 2GM

c2 . (119)

The closure horizon is therefore not introduced from spacetime geometry as a primitive concept. It
is the exterior projection radius at which the dimensionless closure potential reaches the horizon
condition Schwarzschild [1916], Einstein [1916], Penrose [1965].

12 Weak-Field Light Deflection

The first-order light-deflection angle for a ray passing a spherical source with impact parameter b is

∆θ = 4GM

c2b
. (120)

Using
ηm = G

c2 , (121)

this becomes

∆θ = 4ηmM

b
. (122)

In QMU form,

∆θ = 4c2M

Gforceb
= 4λCM

mab
. (123)

Thus weak-field light deflection Einstein [1916], Schwarzschild [1916], Misner et al. [1973] depends
on the ratio of source mass to Aether maximum mass, scaled by the Compton length and impact
parameter.

The result shows that the Schwarzschild light-deflection structure is fully compatible with the ledger
closure constants derived above.
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13 Scalar Closure Waves

The dynamic scalar equation is
□cΨc = 4πρc. (124)

Let the closure variables be decomposed into background and perturbation parts:

ρc = ρc0 + δρc, (125)
Jc = Jc0 + δJc, (126)
Ψc = Ψc0 + δΨc. (127)

The first-order perturbation equation is

□cδΨc = 4πδρc. (128)

In source-free propagation regions,
δρc = 0, (129)

so
□cδΨc = 0. (130)

The scalar gravitational wave is therefore a propagating closure-potential disturbance.

The corresponding longitudinal closure-gradient perturbation is

δgc = −∇δΨc. (131)

The observed acceleration perturbation is

δg = c2δgc. (132)

The finite ligamen circulatus source does not eliminate scalar or longitudinal gravitational waves. It
modifies their source spectrum, boundary conditions, and near-field structure. The far-field scalar
mode remains a propagating perturbation of closure potential.

14 RMFD Detector Coupling

The RMFD detector channel should not be framed as ordinary transverse tensor strain. It is instead
a rotational closure-response channel.

The rotational curl-stress field is
Ωc = ∇ × Jc. (133)

A scalar closure wave may modulate rotational closure through

δΩc = χRMFD δΨc, (134)

where χRMFD is the detector coupling coefficient.



15 STRONG-FIELD INTERPRETATION 14

Equivalently, the measured detector signal may be written

SRMFD(t) = CRMFDδΩc(t) + N(t), (135)

or, for a rate-sensitive readout,

SRMFD(t) = C ′
RMFD

∂

∂t
δΨc(t) + N(t). (136)

Here N(t) denotes environmental and instrumental noise.

The RMFD coupling coefficient should not be assumed from first principles at this stage. It must be
either derived from a more complete rotational QMU operator theory or calibrated experimentally.

The essential theoretical prediction is that scalar closure waves can produce rotational magnetic-field
density modulation. The experimental task is to separate that signal from ordinary magnetic noise,
thermal drift, ground currents, mechanical vibration, and electromagnetic induction.

A longitudinal scalar wave should exhibit a different orientation and phase signature than a transverse
tensor wave. This provides a possible discrimination criterion for RMFD arrays.

Thus an RMFD array should be viewed as complementary to interferometric gravitational-wave
observatories rather than as a direct replacement: it is designed to test rotational closure modulation
associated with scalar or longitudinal propagation, not merely transverse tensor strain.

A numerical sensitivity estimate for χRMFD is intentionally deferred until the detector coupling
model is specified, since assigning a magnetic-field scale before deriving the rotational operator
would mix theory closure with instrument calibration.

15 Strong-Field Interpretation

The closure horizon condition
2|Ψc| = 1 (137)

marks the radius where the exterior closure projection reaches the Schwarzschild limit.

However, the existence of an exterior closure horizon does not require a point singularity.

The physical source remains a finite ligamen circulatus distribution:

ρc = ρc(r). (138)

The strong-field question becomes whether the finite closure radius Rlig can lie inside the closure
horizon:

Rlig < rs. (139)

If this condition occurs, the exterior field possesses a horizon while the interior closure source
remains finite.

Thus QMU gravity separates two concepts that are often conflated:

1. the exterior horizon condition,
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2. the interior singularity condition.

The first follows from the exterior closure potential. The second is avoided when the source is finite.

This suggests that strong-field QMU objects should be modeled as finite closure-density configurations
with exterior Schwarzschild-like projection behavior, rather than as true point singularities.

16 Dimensional Summary

The closed dimensional assignments are

[Ψc] = 1, (140)
[ρc] = L−2, (141)
[Γc] = L2T −2, (142)
[ηm] = LM−1, (143)
[κc] = 1. (144)

The derived constants are

Γc = Au curl = Fq
2λC

2 = c2, (145)

ηm = c2

Gforce = λC

ma
= G

c2 , (146)

κc = 4π. (147)

The propagation-force ledger is

Gforce = maλCFq
2, (148)

with

G = c4

Gforce . (149)

The gravitational constant is therefore

G = Γcηm = (Au curl)2

Gforce = (Au curl) λC

ma
. (150)

The Newtonian field is

g = −GM

r2 r̂. (151)

The closure potential is
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Ψc = −GM

c2r
= − c2M

Gforcer
= −λCM

mar
. (152)

The Schwarzschild radius is

rs = 2ηmM = 2 c2

GforceM = 2 λC

ma
M. (153)

The light-deflection angle is

∆θ = 4GM

c2b
= 4c2M

Gforceb
= 4λCM

mab
. (154)

17 Phenomenological Outlook

The present paper closes the scalar gravitational ledger but does not yet claim a complete strong-field
solution. Several immediate phenomenological tests follow from the closure structure.

First, the exterior weak-field limit must continue to reproduce the standard first-order tests: inverse-
square acceleration, gravitational clock-rate shifts, light deflection, and perihelion precession Pound
and Rebka [1960], Hafele and Keating [1972], Ashby [2003]. Since the exterior potential is

Ψc(r) = −GM

c2r
, (155)

the first-order Schwarzschild projection is preserved.

Second, the finite ligamen circulatus source changes the interior solution rather than the exterior weak-
field solution Thomson III [2025b,c]. Observable departures should therefore appear most strongly
in compact-object interiors, near-horizon structure, collapse dynamics, and possible regularized
black-hole analogs.

Third, scalar closure waves provide an additional longitudinal channel beyond the transverse tensor
response targeted by interferometric detectors. The expected experimental signature is not ordinary
arm strain alone, but correlated rotational closure modulation, phase shift, or resonance displacement
in RMFD-type instrumentation Thomson III [2025d,e], Sagnac [1913], Aharonov and Bohm [1959],
Berry [1984].

Fourth, any viable scalar-wave model must be constrained against binary-pulsar timing, compact-
object merger timing, multimessenger propagation speeds, and correlated magnetometer or resonant-
detector noise backgrounds. These constraints provide the natural bridge from the present ledger
derivation to future observational work Will [2014], Hulse and Taylor [1975], Abbott et al. [2016,
2017], Eardley et al. [1973].

18 Discussion

The primary accomplishment of this paper is not merely the closure of three previously unresolved
coefficients. More fundamentally, the work identifies the propagation-force ledger,
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Gforce = maλCFq
2, (156)

as the underlying quantity from which the gravitational projection constants emerge.

The Newtonian gravitational constant is therefore not treated as a primitive parameter. Instead,

G = c4

Gforce , (157)

appears as the SI gravitational projection of the propagation-force ledger.

Likewise,

Γc = c2, ηm = c2

Gforce , κc = 4π, (158)

follow directly from Ledger One, the propagation-force ledger, and Newtonian recovery.

The resulting structure removes the need for arbitrary coupling constants within the scalar grav-
itational sector. The entire weak-field closure system is fixed by a small set of primitive QMU
quantities: the Compton length λC , the quantum frequency Fq, the propagation-force ledger Gforce,
and Ledger One.

A second major result is that the point-mass source is not required. The inverse-square field follows
from flux conservation outside any localized closure distribution. The ligamen circulatus therefore
provides a finite physical source while retaining the exterior Newtonian and Schwarzschild projection
limits.

A third result is that the scalar gravitational wave remains valid after replacing point sources
with finite closure sources. The finite source changes emission structure, not the existence of the
propagating scalar mode.

Finally, the RMFD detector concept remains consistent if it is framed as a calibrated rotational
closure-response detector rather than as a direct analog of transverse tensor interferometry.

The next paper should therefore develop the parts of the gravitational ledger not closed here. First,
the rotational sector must promote Ωc = ∇ × Jc into a QMU-grade torsion, bivector, or defect
operator so that scalar–rotational coupling is not introduced ad hoc. Second, a closure stress-energy
analog must be constructed from ρc, Jc, Ψc, and Ωc so that binary-system energy transport can
be computed. Third, the weak-field propagation-geometry expansion should explicitly recover the
post-Newtonian parameters, especially γ = 1 and the corresponding second-order parameter β.
These developments will separate the scalar closure result of the present paper from the rotational
and strong-field structure required for compact-object phenomenology.

19 Conclusion

This paper derived the closure constants of QMU Gravitational Field Theory directly from Ledger
One and the propagation-force ledger. The resulting constants are
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Γc = Au curl = c2, (159)

ηm = c2

Gforce = λC

ma
= G

c2 , (160)

and

κc = 4π. (161)

These identities close the Newtonian projection condition:

Γcκcηm = 4πG. (162)

They also yield the gravitational ledger identity

G = (Au curl)2

Gforce = (Au curl) λC

ma
= c4

Gforce . (163)

Thus Newton’s gravitational constant is interpreted as a derived projection coefficient rather than a
primitive constant.

The exterior closure potential of a spherical source becomes

Ψc(r) = − c2M

Gforcer
= −λCM

mar
, (164)

and the closure horizon occurs at

rs = 2 c2

GforceM = 2 λC

ma
M. (165)

This exactly recovers the Schwarzschild radius while expressing it entirely in QMU closure form.

The paper also clarifies the role of the ligamen circulatus. Mass is not fundamentally a point source.
A point mass is only the exterior projection limit of a finite closure-density structure. This removes
the central singularity while preserving the exterior gravitational field.

The scalar gravitational wave survives this finite-source correction as a propagating perturbation of
the closure potential:

□cδΨc = 0. (166)

The associated RMFD detector response should be treated as a calibrated rotational closure coupling:

δΩc = χRMFDδΨc. (167)
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The next stage of the QMU gravitational program is therefore the construction of explicit finite-
source solutions for the ligamen circulatus, followed by a calibrated rotational coupling theory for
scalar gravitational-wave detection.
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