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1 INTRODUCTION 1

Abstract

The previous papers established the scalar sector of QMU Gravitational Field Theory. Closure
density, closure-flow current, propagation potential, propagation geometry, closure saturation,
and post-Newtonian recovery were shown to reproduce the classical weak-field tests of gravitation
while preserving the closure ontology of the Aether Physics Model.

The present paper develops the next stage of the theory by introducing an independent
rotational closure field and constructing the first closure stress—energy ledger. The rotational field
extends the previous definition of curl-stress into a dynamical quantity capable of transporting
closure energy and angular momentum.

A rotational closure potential is introduced, from which a rotational closure density and
rotational closure flux are derived. The resulting field system admits a locally conserved closure-
energy density and an associated closure-energy flux analogous to a gravitational Poynting
vector.

The theory is then applied to binary systems, where time-varying closure structure naturally
generates propagating closure-energy flow. The resulting framework establishes the mathematical
foundation required for rotational gravitational waves, frame dragging, binary-system energy
loss, and RMFD detector coupling.

Rather than treating gravitational radiation as an exclusively tensorial phenomenon, the clo-
sure formulation predicts coupled scalar and rotational propagation channels whose observational
signatures depend upon the distribution of closure energy between the two sectors.

1 Introduction

The first paper in this series established the scalar closure-field equations governing propagation-
density curvature Thomson IIT [2026a].

The second paper Thomson III [2026b] derived the closure constants

.= 627 m = — ke = 4, (1)

and demonstrated exact recovery of the Newtonian inverse-square law.

The third paper Thomson III [2026¢] introduced closure saturation and argued that the horizon
condition

2[W| =1 (2)

represents the limit of operational distinguishability rather than a physical singularity.

The fourth paper Thomson III [2026d] derived the weak-field closure metric and recovered

y=1, pB=1, (3)
thereby reproducing gravitational redshift, light deflection, Shapiro delay, and perihelion precession.
The scalar gravitational ledger is therefore substantially complete.

However, several important physical phenomena remain beyond the reach of a purely scalar theory.

These include
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e frame dragging,
o rotational compact objects,
o angular-momentum transport,
e binary-system energy loss,
e rotational gravitational waves,
e RMFD detector coupling.
Each of these phenomena possesses an intrinsically rotational character.

Consequently the next stage of the theory requires an independent rotational closure field.

The objective of the present paper is therefore to develop the minimal rotational closure structure
required to extend the scalar ledger into a dynamical energy-transport theory.

2  Why the Scalar Sector is Insufficient

The scalar closure equations describe the propagation potential

v, (4)

together with its associated closure-gradient field

g.=—-VU,. (5)
This structure successfully describes radial attraction, gravitational redshift, light deflection, and
weak-field geometry.
Nevertheless, a scalar potential alone cannot uniquely encode rotation.

For example, a rotating compact object possesses angular momentum even when the scalar potential
remains approximately spherical.

Likewise, binary systems exhibit angular-momentum transport and energy loss that depend upon
orbital rotation rather than merely upon mass distribution.

The previous papers introduced the quantity

Q. =V xIJ., (6)

and interpreted it as rotational curl-stress.

Although useful descriptively, this definition does not provide an independent dynamical degree of
freedom.

Instead, €2, is entirely determined by the closure-flow current.
Consequently it cannot serve as the fundamental rotational field.

A deeper rotational structure is required.
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3 The Rotational Closure Potential

We therefore introduce a rotational closure potential

R.. (7)

The field R, represents rotational closure structure in the same manner that W, represents scalar
closure structure.

The observable rotational closure density is defined as

Q. =V x R,. (8)

This relation is analogous to the emergence of magnetic induction from a vector potential.

The rotational field therefore becomes an independent dynamical quantity rather than merely a
derived property of closure flow.

The closure ledger now contains two primary sectors:

Scalar sector :  pe, J¢, Yo, (9)
Rotational sector : R, €. (10)

The scalar sector governs propagation-density curvature.
The rotational sector governs closure circulation and angular transport.

Together they form the minimal closure-field structure required for a dynamical theory of gravitation.

4 Rotational Potential and Gauge Structure

To support propagating rotational closure waves, the closure-gradient field must contain both scalar
and rotational contributions.

Introduce a dimensionless rotational closure potential

with

The rotational closure field is defined by

Q. =V x R,. (13)
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The closure-gradient field is then generalized to

OR.
e =—VVU,— . 14
g 35, (14)
Taking the curl gives
V x ——a(VxR) (15)
gC - aSC C)»
or
0,
VXge=— . 16
x g 55, (16)

Here s. = ct denotes closure time, so that scalar-gradient and rotational-potential derivatives share
the same closure dimension.

Thus rotational induction follows directly from the potential representation.

This structure follows the APM/QMU reading of Maxwell’s equations, in which field propagation is
expressed through dual potential structure, curl transport, and flux closure rather than through
medium constants. The present gravitational construction does not import electromagnetic charge
directly; instead, it carries the same ledger architecture into the closure-gravitational sector by
replacing electromagnetic induction with rotational closure induction Thomson [2025].

The potentials possess the gauge freedom

R. — R, + V), (17)

under which

remains invariant.

For convenience the Coulomb-type gauge

is adopted throughout this paper.

5 Rotational Closure Conservation

A rotational closure density must satisfy its own conservation law.

Define a rotational closure current
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K.. (20)

Rotational closure conservation is expressed as

00,
08,

+V x K. =0. (21)

This equation states that rotational closure cannot appear or vanish locally.
Instead it propagates through the closure medium as conserved rotational structure.

The rotational conservation law therefore plays a role analogous to the scalar continuity equation

dpe
ot

+V-J.=0. (22)

The complete closure theory now possesses conservation laws for both scalar and rotational sectors.

6 Rotational Closure Field Equations
The rotational closure field introduced through the potential

Q. =V xR, (23)

must satisfy dynamical field equations capable of transporting closure energy and angular momentum.

The generalized closure-gradient field is

OR.
g.=-VV¥, — asc' (24)
Taking the curl immediately yields
02,
VXgCZ_as' (25)

The rotational field possesses no isolated closure charge because the divergence of a curl vanishes
identically:

0

To complete the system we introduce a rotational closure current

Jr. (27)

The rotational response equation is defined as
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0
V X Q= kpdp 4+ 28 (28)
0s,
Together the rotational closure equations become
V- -Q.=0, (29)
0,
\V4 = — 30
S gC 856 9 ( )
0
V x Q= kpdp + 8¢, (31)
05,
These equations constitute the minimal dynamical extension of the scalar closure theory.
In source-free regions,
Jr =0, (32)
the coupled system immediately yields
Uege =0, 0.0. =0, (33)

demonstrating that rotational closure disturbances propagate as waves at the closure propagation
speed.

The form of these equations is not introduced as an arbitrary analogy to electromagnetism. It is the
minimal curl-complete extension of the scalar closure ledger. The scalar sector fixes the divergence
structure through propagation-density curvature, while the rotational sector fixes the curl structure
required for angular-momentum transport.

The coefficient kg is therefore the rotational analog of the scalar closure coefficient x. = 4m. Its
numerical value is not fixed in the present paper because the rotational normalization must be
calibrated by the weak-field radiation limit. In particular, the condition

Pc — PPM (34)

for compact binaries supplies the observational normalization condition for kg.

7 Rotational Closure Waves

Consider a source-free region where

Jp=0. (35)

The field equations reduce to
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Q.
Vxge=—pt, (36)
9gc
Q.= .
V X D5, (37)
Taking the curl of the first equation and substituting the second yields
0’g
2 c
e — ——— =0. 38
Similarly,
0%Q
VZQ, — - =0. 39
- (39)

Thus both fields satisfy wave equations propagating at the closure speed ¢ when written in ordinary
time t, since s. = ct.

The rotational sector therefore supports propagating closure waves whose energy transport is
governed by

1
S, = —g.x Q.. 4
18 % (40)

These waves represent the fundamental carriers of rotational closure energy.
8 Closure Stress—Energy Structure

The existence of propagating scalar and rotational closure fields implies the existence of stored
closure energy, momentum transport, and radiation pressure.

The scalar contribution to the closure energy density is

1
uy = —|g[, (41)
8
while the rotational contribution is
1
ug = — |2 (42)
8

The total closure energy density is therefore

ue = - (leel? +1922) (43)
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Energy transport arises through the coupled scalar—rotational flux

1
c = Egc X QC- (44)

The corresponding closure momentum density is

1
=18, 4
P CS (45)

Combining the rotational field equations yields

Oue
05,

+V-S.=0. (46)

This relation expresses local conservation of closure energy.

Closure energy may be redistributed or transported through space, but it cannot be created or
destroyed within the closure field itself.

The quantities

Ue, Pc, S (47)

therefore form the first stress—energy ledger of QMU Gravitational Field Theory.

9 Toward a Closure Stress Tensor

To describe momentum transport and radiation pressure, define the closure stress tensor

1
TZ(JC) = E (gc,igc,j + Qc,ch,j) — Ucéij- (48)

The divergence of this tensor gives the closure force density:
fi =0T, (49)

Consequently the conservation law becomes

8pc,i c
e T 9T = 0. (50)
Together with
Ou,
Ye 1 V.8, =0, (51)

05,
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these equations provide the closure analog of stress-energy conservation.

The complete relativistic tensor structure remains to be developed, but the present formulation
establishes the weak-field rotational ledger.

10 Binary-System Closure Energy Transport

The principal observational requirement for any dynamical gravitational theory is the ability to
account for energy transport in binary systems.

A binary system contains time-dependent closure density, time-dependent closure flow, and time-
dependent rotational closure.

Consequently both

gc(x,1) (52)

and

Q.(x,1) (53)

vary periodically.

The closure-energy flux through a closed surface surrounding the system is

1
S, = —g.x Q. 4
18 % (54)

The total closure power radiated through a sphere of large radius is

p.— 7{ S. - dA. (55)

For a bound binary, energy conservation implies that loss of closure energy through this surface
must be accompanied by a corresponding decrease in orbital binding energy:

dEorb o
at

_P. (56)

This equation provides the basic bridge between closure-wave transport and binary orbital decay.

The orbital binding energy in the Newtonian limit is

GmlmQ
Eor =TT 5.
b 2a (57)

where m; and my are the component masses and a is the semi-major axis.

Therefore,
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dEo, . Gm1m2@

. 58
dt 202 dt (58)
Combining this relation with closure-energy conservation gives

da 2a?

—=—-—————P,. 59

dt Gmimsy © (59)

Thus the observable orbital decay of a binary system is determined by the total closure luminosity
carried away by scalar and rotational closure waves.

11 Scalar and Rotational Luminosity Channels

The total closure luminosity may be decomposed into scalar and rotational contributions:

P.= Py + Po. (60)

The scalar component arises from propagation-potential disturbances,

50, (61)

satisfying

0.60, =0 (62)

in the radiation zone.

The rotational component arises from propagating disturbances of

Q.. (63)

The closure-energy flux contains the product

g x Q.. (64)
Consequently the radiated power vanishes if either the scalar-gradient sector or rotational sector is
absent.
This result is important.

It implies that scalar closure waves alone do not necessarily carry the dominant radiated energy of
a binary system.

Instead, efficient energy transport requires coupled scalar-rotational propagation.

This provides a natural separation between
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1. scalar closure perturbations,
2. rotational closure waves,

3. energy-carrying gravitational radiation.

In this interpretation, scalar waves may exist as closure-potential disturbances while rotational
closure waves dominate the observable energy flux.

The gravitational-wave luminosity of a binary system therefore becomes a test of the scalar—rotational
coupling structure rather than of the scalar equation alone.

12 Comparison with the Peters—Mathews Luminosity

The standard quadrupole luminosity for a compact binary in the weak field is given by the Peters—
Mathews Peters and Mathews [1963] result,

32 G* 2 M3
Ppy = T E o F(e), (65)
where
mim
M=mtmy, — p=—s, (66)
and
1+3 62 + gg et
F(G) - (1 . 62)7/2 (67)
is the eccentricity enhancement factor.
The closure theory must reproduce this luminosity in the weak-field binary limit.
Thus the closure luminosity must satisfy
Pc — PPM (68)
for weakly relativistic compact binaries.
Equivalently,
32 G* 2]\4 3
74 S dA =T () (69)

in the binary radiation zone.
This relation provides the calibration condition for the rotational closure sector.
It does not require the scalar field alone to reproduce the entire quadrupole luminosity.

Rather, it requires the combined scalar-rotational closure flux to match the observed energy loss.
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Using the gravitational ledger identity

A
= 70
Gforce’ (70)
the Peters—Mathews luminosity may be written in closure-ledger form:
32 Cll 2M3
Ponp = B Fe). (71)

5 Gforce* a®
This expression makes explicit that binary energy loss is governed by the propagation-force ledger.

The task of the rotational theory is to derive this same scaling from the closure flux

1
S, = —g.x Q. 9
18 % (72)

The present paper does not derive the numerical quadrupole coefficient 32/5 or the eccentricity
enhancement factor F'(e) from first principles. Instead, it identifies the closure-flux structure that
must be calibrated against that limit. A full derivation requires a radiation-zone multipole expansion
of g. and €. for a Keplerian binary and is reserved for subsequent work.

13 Binary Pulsar Constraint

Observed binary-pulsar decay provides a direct constraint on the closure luminosity Hulse and
Taylor [1975], Taylor and Weisberg [1982].

For a binary pulsar, the orbital period derivative satisfies
P, x P.. (73)

Thus agreement with observed orbital decay requires

P, = Py (74)

within observational uncertainty.

Since

P.= Py + P, (75)
the pulsar constraint determines only the total closure luminosity, not the distribution between
scalar and rotational channels.

Several regimes are possible.

If
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Py <« Pg, (76)

then binary energy loss is primarily rotational.

If

Py ~ Pq, (77)

then scalar and rotational channels both contribute.

If

Py > Pqg, (78)
then the scalar sector would dominate radiation and must be tightly constrained by binary observa-
tions.

The closure framework therefore does not require large scalar radiation.

Instead, it naturally permits scalar potential disturbances to exist while most radiated energy is
carried by rotational closure waves.

This possibility is important because it allows scalar longitudinal signals to be physically real without
necessarily violating binary pulsar constraints.

14 Connection to Interferometric Gravitational-Wave Observations

Interferometric gravitational-wave detectors are primarily sensitive to transverse strain patterns

Abbott et al. [2016].

The closure theory separates the gravitational radiation field into a scalar closure potential and a
rotational closure field.

The scalar perturbation is

5., (79)
while the rotational perturbation is

0Q2. (80)

The strain-like observable measured by an interferometer is expected to arise from the transverse
projection of the rotational closure sector.

Thus one may write schematically

hij = Pi;[092], (81)
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where

Pij (82)

denotes the transverse detector projection.
The scalar channel instead contributes a longitudinal or breathing-type closure modulation.
Its direct interferometric response may be suppressed depending on detector orientation and coupling.

This separation provides a natural interpretation of why transverse tensor-like signals may dominate
interferometric observations while scalar closure disturbances remain more difficult to detect.

The detailed detector response requires a full projection theory and is reserved for subsequent work.

15 RMFD Coupling

The RMFD detector concept is naturally associated with rotational closure.
An RMFD apparatus is not designed primarily to measure transverse arm strain.
It is designed to detect changes in rotational magnetic-field density.

In the present closure framework, the relevant perturbation is

092, (83)
A minimal detector response may be written
SRMFD(t) = CRMFD(SQC(LL) + N(t), (84)
where
CrMFD (85)
is the instrument coupling coefficient and
N(t) (86)

is the noise background.

If scalar and rotational perturbations are coupled, then

0 = XRMFDO Y. (87)

The coefficient

XRMFD (88)
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is not assumed universal at this stage.

It depends upon both the detector construction and the rotational closure operator.

The present theory therefore predicts the relevant coupling channel but does not yet assign a

numerical sensitivity.

That calibration belongs to the experimental theory of RMFD detection.

16 Radiation-Zone Summary

The radiation-zone structure of the theory may be summarized as follows.

The scalar perturbation satisfies

0¥, = 0.

The rotational perturbation satisfies

0,69, = 0.

The energy flux is

1
Sc = —g. x Q.

4
The total luminosity is
P, = ]{ S. - dA.
Binary orbital decay satisfies
dEorb
= —F.,.
dt ¢
The weak-field compact-binary limit requires
Pc — PPM'
Pure scalar closure waves satisfy
00, =0,
and therefore carry closure energy density
1
Uy = 7|g0|2'

(90)

(91)

(93)

(94)

(95)

(96)
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However, because the closure momentum flux satisfies

1
Sc = S _&c¢ Qc,
18 X (97)
a purely scalar disturbance with
Q.=0 (98)

carries no net momentum flux.

This does not imply that scalar closure disturbances are absent. It means that a purely scalar
disturbance stores closure energy locally but does not by itself produce the directed momentum flux
associated with radiative energy loss. Such scalar perturbations may still appear as longitudinal or
breathing-type closure modulations, especially near strong-field saturation boundaries, but binary
orbital decay constrains only the net outward closure luminosity.

Efficient radiation transport therefore requires coupled scalar and rotational closure structure.

Thus the primary dynamical test of the rotational closure theory is whether the closure flux reproduces
the observed quadrupole luminosity in the binary weak-field limit while allowing additional scalar
or RMFD channels to remain experimentally constrained.

17 Phenomenological Outlook

The present work establishes the minimum observational framework required for a viable rotational
closure theory.

Several immediate tests follow from the derived structure.

First, binary pulsar systems provide the most direct constraint on the closure luminosity,

j. 74 S.-dA. (99)
Agreement with observed orbital decay requires that the total scalar and rotational closure luminosity
reproduce the measured binary energy loss.

Second, interferometric gravitational-wave observations constrain the transverse component of
rotational closure propagation.

In the present interpretation, detector strain is associated primarily with the rotational sector rather
than with the scalar closure potential alone.

Consequently future work must derive the detector projection operator connecting
002, (100)

to the observed strain tensor.

Third, RMFD-type detectors provide an independent observational channel.
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Unlike interferometers, RMFD systems are designed to respond directly to rotational closure
modulation.

A positive RMFD detection correlated with interferometric events would provide evidence that the
rotational closure field represents a physical degree of freedom rather than merely a mathematical
construct.

Fourth, rotating compact objects provide the natural strong-field test environment.

The present paper establishes the weak-field rotational ledger but does not yet determine the
structure of rotating horizons, frame dragging, ergoregions, or Kerr-like closure geometries.

These topics require extension of the rotational closure field beyond the linear radiation regime.

The next strong-field step is to determine how the rotational potential R, modifies the scalar
saturation condition. In a rotating system, the horizon condition cannot depend only on W.; it
must also depend on the rotational closure stored in €2.. This suggests that Kerr-like closure
horizons, frame dragging, and ergoregion-like structures should emerge from the combined scalar
and rotational closure ledger rather than from the scalar potential alone.

18 Relationship to Previous Papers

The first paper in this series introduced the scalar closure field equations and established propagation-
density curvature as the basis of gravitation.

The second paper derived the closure coupling constants

FC? nma K/C7 (101)

showing that they emerge directly from Ledger One and the propagation-force ledger.

The third paper examined the strong-field scalar limit and proposed the Closure Saturation Principle,

1
el < 5, (102)

as the operational boundary of meaningful geometric description.

The fourth paper demonstrated that the scalar closure sector reproduces the standard first post-
Newtonian gravitational tests and yields

v=1, p=1, (103)

without introducing additional free parameters.

The present paper completes the weak-field closure program by constructing the rotational sector
and establishing the energy transport framework required for gravitational radiation.

The resulting structure forms a coherent scalar-rotational closure theory whose weak-field predictions
are fixed entirely by the closure ledger.
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19 Discussion

The principal achievement of the present paper is the promotion of rotational closure from a derived
diagnostic quantity to an independent dynamical field.

The scalar closure sector developed in the previous papers successfully describes propagation-
density curvature, post-Newtonian structure, and weak-field gravitational phenomena. However, a
purely scalar theory cannot account naturally for angular-momentum transport, frame dragging, or
gravitational-wave energy transport.

The introduction of the rotational closure potential

R, (104)

and its associated field

Q. =V xRe. (105)

provides the minimal additional structure required to describe these phenomena.
The resulting theory exhibits several noteworthy properties.

First, scalar and rotational closure fields satisfy parallel wave equations,

0.6, =0, (106)
069 = 0, (107)

allowing closure disturbances to propagate through the gravitational medium.

Second, closure energy assumes a positive-definite form,

_ 1 2 2
we = o (gel” + I2:P) . (108)

which naturally separates scalar and rotational contributions.
Third, energy transport is governed by the mixed flux
1
S. = 8 x Q, (109)
demonstrating that efficient radiation transport requires coupled scalar and rotational structure.

The closure framework therefore provides a natural bridge between binary-system orbital decay,
rotational gravitational-wave propagation, and future RMFD detection concepts.

The theory remains constrained by observational requirements. Specifically, the total closure
luminosity must reproduce the observed energy loss of compact binaries in the weak-field limit while
remaining consistent with gravitational-wave observations.

These constraints provide the primary calibration conditions for the rotational sector.
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20 Conclusion

This paper developed the rotational sector of QMU Gravitational Field Theory and established the
foundations of closure-wave energy transport.

An independent rotational closure potential,

R, (110)

was introduced, giving rise to the rotational closure field

Q. =V x R,. (111)

The resulting field equations form a coupled scalar—rotational system capable of supporting propa-
gating closure disturbances.

The theory yields positive-definite closure energy density,

_ 1 2 2
we = o (el +192P) (112)

together with a conserved closure-energy flux,

1
Sc = —g x Q.. (113)
4
These quantities provide the first stress—energy ledger of the closure theory and establish the
mathematical framework required for gravitational-wave energy transport.

Application to binary systems demonstrates that orbital decay may be described through closure-
energy conservation and radiative closure luminosity. Agreement with compact-binary observations
therefore provides a direct calibration condition for the rotational closure sector.

The weak-field gravitational program initiated in the first paper of this series is now substantially
complete. Future work will extend the rotational closure framework into strong-field systems,
including spinning compact objects, frame dragging, ergoregions, rotational horizons, and Kerr-like
closure geometries.
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