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Abstract

We propose that through a non-metrizable topology Q, there exists
a non-classical inseparability between points on the same spacelike hy-
persurface. We posit that energy concentrations displace spatial volume
to induce a volume-conserving potential across Q, from which we derive
an equation for the flow of 3-volume along the potential gradient. From
this we make a testable prediction of the cosmological distribution of dark
energy and show that the gravitational coupling is proportional to the
universe’s global capacity for absorbing volumetric flow. We close with a
derivation of an upper limit for the universe’s total energy, and a conjecture
that the volumetric pressure upon 3-space asymptotically approaches the
Planck volume as the energy density approaches infinity.

1 Introduction

We begin with the conjecture that nature’s wave-particle duality[1-4] reflects
an intrinsic property of its topological structure, wherein the points of space
exist on two topologies simultaneously. This bitopology consists of the familiar
metrizable 3-space manifold of our daily experience conjoined with an indiscrete
topology on which all points are inseparable.

2 Topological Framework

We take inspiration from the BSSN formalism[5, 6] and foliate the 4-dimensional
manifold of spacetime M into a family of spacelike hypersurfaces {3;}. Let
Y; be one such hypersurface, S the set of all points in ¥, and v;; the spatial
metric projected on ¥; from M’s metric tensor, g,,. Decompose v;; into a
dimensionless unimodular component 7;; and a volume 0O-form €2; on >, such
that



2 _
Yis = QF Vij (1)

and

=97 (2)

Since our purpose is to ground a theoretical volume conservation principle in
differential geometry, we have replaced BSSN’s dimensionless conformal factor
with a volume form and instead stripped 7;; of its dimensions.

Define two metric-free topologies over the points of S. The first is a smooth
manifold V, with volume 3-form

w=Qwp, (3)

V has no metric, and thus lacks 7;;’s measure for distance, angles and area, but
is related to M through

Y =V%;)- (4)

The second is an indiscrete topology Q on which the only non-empty open set
is the set of all points of S. To aid intuition, imagine a relationship between
these topologies through a degenerate inner product on V’s tangent bundle that
renders points inseparable,

(u,v)g =0,V u,v€TpV and pe V. (5)
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Figure 1: Bitopological Framework

Let the full topological structure on the points of space be the bitopology

U=(S,v,9), (6)



or, with the unimodular metric inserted and leaving S implied,

T=(%09). (7)

To stitch the spacelike foliation back together we can write Ty = (3¢, Q;), and
define

M= {Zval}v (8)

visualizing M as a sequence of Y; progressing in successive epochs of cosmic
time.

2.1 Classical Law

With this adjustment to M’s definition, we posit that non-local quantum entan-
glement[7-11], tunnelling[12-14], and wave function measurement effects—first
framed as a paradox by Einstein, Podolsky, and Rosen[15, 16] yet shown to
be inevitable by Bell[17]—avoid violation of relativistic locality by allowing
non-classical mechanics through Q’s topological inseparability.

We define non-classical mechanics as those invariant with respect to 7;;. The
bitopology (V, Q) from eq. (6) is the natural space for analyzing such mechanics,
where freedom from the constraints of the metric enables effects to operate
through Q’s indiscrete connectivity to points anywhere on the same spacelike
hypersurface.

Conversely, classical mechanics are those dependent on a geometric measure.
Classical effects are subject to the constraints of 3’s 7;; in eq. (4). For these
effects connectivity through Q is impassable, as a non-metrizable topology is
fundamentally incapable of providing the necessary metric.

We use this definition of a non-classical mechanic to build our volume conservation
proposal into an experimentally testable hypothesis. A deeper exploration of
the implications to quantum and classical theory is a topic for future work.

2.2 Volume Conservation

We conjecture that V has constant volume

Vz/w:/ﬂtwo,Vt, (9)
v v

and propose that the volume form’s conservation mechanism is non-classical
and therefore must have no dependence on %;;. When volumetric pressure
requires local deformations in €; to reassign elsewhere on V, the effect operates
through the same topology Q that governs quantum measurement, tunneling,
and entanglement.



As unintuitive as a volume conservation mechanism that reassigns units of volume
across spacelike intervals may seem, there is related theoretical precedent. A
non-metrizable Q as the topological enabler of such behavior has explanatory
power comparable to that of a wormhole[18] but through proposing an exotic
topology rather than exotic spacetime curvature. Though before developing
our volume conservation mechanic’s formal structure, we present a motivational
thought experiment.

3 Thought Experiment

local volume
P deformation

'V AQ

v v
\AR/
v,

3-space volume

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
[ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

— volume reassigned through non-metrizable topology

Figure 2: Volume Displacement

Start with a vacuum spacetime into which we insert a sphere of energy E with
density p and radius r at point z* (fig. 2).

Following the series expansions in [19], our existing relativity theory expects the
energy density around z* to compress the local volume according to
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For our thought experiment, with volume conserved, this displaced volume must

be offset with a corresponding increase elsewhere in z%’s spatial slice, as shown
in (fig. 2).

3.1 Residual Stress

Imagine some time to pass, remove F, and consider what happens to the stress
energy tensor. We would normally observe that the contracted Bianchi identities,
V.G* =0, require V,T*” — 0 to conserve energy locally. But in our thought
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Figure 3: Residual Stress

experiment, since this requires that volume around 2* increase to its previous
state, we have a contradiction. The volume has already been reassigned globally
to preserve V and thus, the previous volume cannot be so easily restored (fig. 3).
What occurs instead is a form of spacetime plasticity reminiscent of that suggested
by Feoli[20], where the Bianchi identities require that residual non-zero stress
remain amongst the stress-energy terms to offset the unrestored volume.
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Figure 4: Dark Matter

Now imagine inserting a unit of energy F/, at 2* that is equivalent to E except
that its energy density is £. Inserting p/2 into eq. (10) gives the volume pressure
from E /o at z°,
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Since this is strictly less than the volume deformation left behind by F from
eq. (10), £y /o will settle into E’s residual gravity well with no additional defor-
mation (fig. 4).



3.2 Global Smoothing
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Figure 5: Dark Energy

Finally, imagine reinserting E at some y° such that the separation between z°
and y* on v;; is greater than 2r. A local deformation of volume will form at y*,
and the displaced volume will reassign across y*’s spatial slice to preserve V.

Most importantly, residual stress around x* will reduce (fig. 5).

4 Volumetric Potential

Let ¢ be a strictly monotonically decreasing, positive-definite smooth function
on R>g. Assume energy displaces volume and that for each ¢ € V, (Cop)(q)
returns the maximum volume allowed at q.

We call ¢ the energy-volume relation, and define the composition

Q,=Cop (12)

to be the volumetric limit; a positive definite O-form on V satisfying
Image(2,) C (0,¢(0)]. Define its maximum,

Qnax = €(0). (13)

to be the vacuum volume limit.



4.1 Volumetric Gradient

In a region where €2, drops below the local volume €2;, the volumetric pressure
within the region will reduce §}; to 2, by causing £2; — {1, units of volume to
flow out.

An integral across all such regions yields the volumetric gradient for a spacelike
foliation X,

A= [ (@, 2)u, (14)

where V_ = {q € V|Q(q) > Q,(q) }.

Define the volumetric potential to be

q)EQp_Qt, (15)

and complete the partition of V with V4 = {¢ € V[Q(q) < Q,(q)} and
Vo={qeV|Q%q) =2,(q)}, as shown in fig. 6.
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Figure 6: Volumetric Potential

Then we can write

V=V_UV, U, (16)



and summarize our partition of V succinctly:

e V_ is the set of all points where ® < 0. Volume here exceeds the volumetric
limit from eq. (12), inducing a volumetric gradient that directs flow away.

e V. is the set of all points where ® > 0. Here, with volume below the
volumetric limit, there is excess volumetric potential. The volumetric
gradient flows toward these regions with a magnitude proportional to the
product of AQ2 with a probability distribution W that varies proportional
to the potential ®. We will formally define W in section 4.2.

e V) is the set of all points where ® = 0. Volume here is at its limit. No
volume is flowing away and no volume is flowing in.

We propose that the volumetric flow follows eq. (14)’s gradient from the universe’s
V_ partition to its V; partition as instantaneously as the Planck time allows,
with volume continuously tunneling across spacelike separations through Q. This
yields

A 1

— = Q, — Q) wp - 17

i BT a7)
Note that this flow does not require anything to be entangled. We only hy-
pothesize that the volumetric potential’s gradient is applied across the same
non-metrizable topology through which entanglement is maintained, and that

this alone is sufficient to enable the tunneling of displaced volume.

For each ¢ € V_, the negative outflow is thus ® /tp, and for each ¢ € V., the
positive inflow is

(W o ®) 1
fV+ (W o q)) Wo g / (_é) o (18)

where W is a positive definite smooth function on R~ that weights the distri-
bution of the flow.

4.1.1 Convergence

Before deriving W, we consider the two limits where eq. (18) does not converge.
The first is the limit where the volumetric gradient from eq. (14) is unbounded.
In this limit, V_ cannot be compact because fv_ (—®) wp is unbounded only if
fv_ wp is unbounded. Furthermore, we can show that every point of V_ must
have non-zero energy density if we borrow an equation from section 5.

Proof: In eq. (28) we see that if Q; ever goes above Qax, it will drop back down
t0 Qmax within a At = 5.39 - 10~** seconds (the Planck time, tp). As a result,
since all points in V_ have the property that €, > €,, we can conclude that 2,
must be strictly less than Q.. across V_. Thus, since (’s strict monotonicity



means ((p) = Qmax only when p = 0, we conclude that all points in V_ have
p>0.

From this it follows that V_ is non-compact, only if the total energy of the
universe E is unbounded. We defer to Archimedes [21] and propose E to be
finite, and thus conclude that V_ is compact.

The second is the limit where the integral in the denominator goes to zero. Since
W o & is positive definite across V., we know that fv+ (W o ®) wy =0 only if
V. = (). This represents a universe with no capacity to receive volumetric flow.
If this were possible, the volume of 3-space would be infinitely rigid and unable
to deform in response to energy. Since it is empirically well established that
space does bend in the presence of energy[22, 23], it is therefore safe to assume
that the integral over V. is non-zero.

Though, as discussed in more detail in section 5.5.1, we will later see that
experimental observation of volumetric flow will verify the compactness of both
Vi and V_.

4.2 Volumetric Flow Distribution

The volumetric potential ® is a 0-form with ®(V) C (—Qmax, Qmax). Since, by
definition, ®(Vy) = {0} and ®(V;) C (0, Qmax), it follows from ®’s smoothness
that V,’s boundary, S = V \ V3, satisfies S C Vy. We can thus assume that for
any sequence {¢q;} C V; such that ¢; — S, it is also true that ®(¢;) — 0T and
(Wo®)(g;) — 0.

We expect that the weight distribution, Wo®, from eq. (18) will direct volumetric
flow to all of V, but should otherwise be repulsed by the boundary S. Take this
to mean that W should be infinitely flat as ® — 0T. The canonical infinitely
flat function is Cauchy’s example[24] {e’l/$2 for « # 0, 0 for = 0}, but for our
purposes infinitely flat is required only for  — 0T, and so e~/ is sufficient.

This suggests W should include a term e~/®, for some constant b with units
of volume. Furthermore, since ® is monotonically decreasing with a volumetric
limit €, set by an energy-density p that cannot resolve a volume displacement
with a granularity finer than the Planck volume £3,, infer b = ¢3, and write

W o e /@ (19)

to cover the behavior of the weighting function at points near the boundary.

An additional term is required to describe W’s behavior in V. ’s interior, where
the volumetric flow should be attracted to regions proportionally with how close
® is to the vacuum volume limit ... To provide the required attraction,
assume any positive exponential term ef(®), such that f increases polynomially
with @ across ® € (0, Qax), mathematically suitable, but for our purposes
assume a linear f sufficient and propose



W oo et® (20)
to cover the weighting function behavior at points near its maximum. Units
of inverse volume are required for the constant a. To ensure consistent scaling

regardless of the specific value nature sets for the volumetric limit of the vacuum
Qmax, deduce that a = 1/Qpax, and write our complete weighting function as

W = 2/ Omex . o=/ (21)

We can now write the local volume displacement from eq. (18) as

3
o Lp
ao  ew(ef-%)
= — | (=®)wo (22)
At ? % tp Jy

Jo o (als = %) wo 0 /v

and derive a complete expression for 9;€).

4.3 Volumetric Flux

For ¢ € V_ UV, where ® < 0, volume flows away at the rate

o 1
I 23
ot tp (23)
where the integral of (—9; Q) across the non-zero region

1

— [ o) w (24)
P Jy_

computes the total volumetric flux for the spacelike hypersurface 3.

For g € V, where ® > 0 indicates excess volumetric capacity, the volume flows
in according to

P

20 exp (s — 3) 1 /v_ (—®) wp. (25)

= 7 _
at fv+ exp(ﬂfb _ ?1?) wo tP

max

[TErS

This describes a distribution for the universe’s expansion rate that is testable
against cosmological observations. In the most isolated near-vacuum regions
of intergalactic space, where variability in the volumetric potential ® should
be small, eq. (25) predicts an expansion rate that is close to constant across
points on the same spacelike hypersurface ¥;—varying smoothly along timelike
trajectories orthogonal to M’s spacelike foliation (fig. 1). While across points on

10



the same ¥;, the expansion rate varies in proportion with how long it has been
since energy densities were high in the region—which means along the rotational
and translational past histories of large cosmological mass concentrations.

Finally, notice that our derivation preserves the continuity of space. We assumed
a quantized volumetric flux with the e=%/® term in W. But it was the classical
demand that integrals not blow up to infinity in their ultraviolet limit[25]—that
required energy-densities to be discrete, and thus led to W’s ultraviolet limit.
We propose that the manifold V remains smooth while volume is displaced in
quanta proportional to the quantized energetic pressure.

5 Vacuum Spacetime V
In spacetime regions where the energy density p approaches vacuum, the vol-

umetric limit €2, approaches ()., and for vacuum spacetime the volumetric
potential from eq. (15) becomes

D = Qpax — Q. (26)

To organize investigation of V’s global vacuum state, we partition V into sub-
regions based on the value of ®, as we did previously with V.

QA

Qmax

(B M N N N N N J
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D>0

- Vi —i—V_——V >

Figure 7: Vacuum Spacetime
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5.1 Vacuum State V_
Definition: V_ = {g € V| Qmax < Q(q)}.

This vacuum region defines an overstrained vacuum. We know from eq. (17)
that each point ¢ € V_ will experience a volumetric outflux equal to

1
r (Qmax - Qt) (27)
P

that ensures Q1 4, = Qmax. As a result, for any non-empty V_ vacuum state,

Vo0, as At —tp. (28)

This shows that no region of 3-space can be in this vacuum state for longer than
the Planck time at least so long as V., # (), and ff’+ (W o @) wy is sufficiently
large to accept the outflux.

5.1.1 When V —V_

For a vacuum spacetime with V = V_ (the top line in fig. 8), we would have
fA_ = () and a contradiction. There would be volumetric outflux at every point,
but no region able to accept the flow. This is an example of the previously
discussed limit case of eq. (18) where the denominator goes to zero. It represents
a spatial fabric stretched so tight it should tear. We presume a spacetime with
V=V_ non-physical, or, at best, if physical, representative of a pre-gravitational
phase of the volume form €2; involving physics beyond the scope of this paper.

5.2 Vacuum State f/o
Definition: f)o = {q S f) | Qmax = Qt(Q)}

Across these vacuum regions, ® = 0. There is no volumetric outflux and no
capacity for accepting volumetric influx.

5.2.1 When V — V),

A vacuum spacetime with V= f)o is stable, but static, with a constant volume of
Omax at every point (the middle line in fig. 8). With no sink to receive volumetric
flow, any energy inserted would be unable to displace volume, implying that the
stress-energy term in Einstein’s field equations would be zero everywhere, even
when energy is present.

We will call this hypothetical infinitely rigid spacetime, characterized by the
constant volume vacuum state V = V), the null-gravity spacetime.

12



5.3 Vacuum State fAr
Definition: l>+ ={qe v | Qmax > ()}

In this vacuum region we have a positive capacity to receive volumetric influx
(® > 0) everywhere, and no volumetric outflux. This describes a spacetime with
innate slack. Volume will deform in response to energetic pressure, at least so
long as the inserted energy’s total volumetric displacement does not exceed the
capacity of V.

5.3.1 When V — V.

A vacuum spacetime where V= ]QA_ is innately capable of producing gravitational
effects, and is thus the anticipated vacuum limit of our spacetime (the bottom
line in fig. 8).

ol Yoy

Qf (pre-gravitational)

V - VO Qt (null-gravity)

Qmax

Qt (gravitationalr)

Figure 8: Vacuum States

5.4 Our Vacuum Spacetime

Due to the inherent instability of V_ shown in eq. (28), we expect Q; < Qpax tO
be generically true across our spacetime, and hence propose that the volume of
M’s vacuum limit satisfies

V=V,UV. (29)

13



We do allow for the possibility that €; can exceed Q,ax locally, and hence for
V_ # 0, though since eq. (28) shows no point of spacetime can be an element of
V_ for longer than the Planck time, we propose that V_ is nowhere dense, and
conjecture a likely relationship between its instability and the quantum vacuum
fluctuations.

5.5 The Homogeneous Vacuum

To understand the homogeneous vacuum, we imagine the limit where V’s volume
form ; approaches constant value ). But first we will establish whether it
makes physical sense for 2; to to have the same volume across all of V.

5.5.1 Compactness of V, UV_

If we can correlate the influx eq. (25) to the observed cosmological distribution
of dark energy, we will have direct observational evidence of volumetric flow.
This will demonstrate that both the influx equation’s denominator and its total
gradient are finite and non-zero. A finite gradient demonstrates that the amount
of energy causing volumetric distortions across the spacelike hypersurface is finite.
A measurable gradient demonstrates that the portion of the hypersurface capable
of receiving volumetric flux, V., is also finite. Together these demonstrate that
the portion of the universe which contains energy as well as that which is capable
of responding to volumetric pressure from energy, are both finite and compact.

5.5.2 Homogeneous Vacuum Volume

If there exists a homogeneous vacuum across which every point has the same
volume ) then we can simplify eq. (9) to

Vo@ /v wo (30)

and it would then follow that V is finite only if fv wyp is finite and therefore only
if V is compact. With the compactness of both V, and V_ established, the only
open question is whether Vy is compact. This means that the only open question
is whether the portion of the universe where there is no energy and no ability to
be impacted by energy’s volumetric pressure—and hence where nothing energetic
can happen aside from quantum background fluctuations—is compact. We defer
to Archimedes’ Sandreckoner a second time and propose V to be compact. We
reason that with the finiteness of the totality of the energetic universe established,
the alternative proposition—that the portion of the universe devoid of energetic
interactions is infinite—is an extraordinary claim that lacks sufficient supporting
evidence.

With compactness, we can define the homogeneous vacuum to be not only the
limit where p — 0 but also where (); approaches the homogeneous vacuum
volume (2 at all points of V. In addition, since {2 must obey the same relations as

14



Q;, we can say that the set of physically meaningful choices for () is constrained
by

o

0< Q< Qo - (31)

Finally, since 0= Qmax represents section 5.2’s null-gravity spacetime, we can
conclude that across the class of physically meaningful spacetimes for M, as
Q— Qmax, the homogeneous vacuum Y will approach the null-gravity spacetime
where V+ and V_ are both empty sets and V="

6 Gravitation
A full account of how the field equations of general relativity relate to this

framework will be part of future work. For now, we show how the gravitational
coupling relates to the framework and derive some immediate implications.

6.1 Gravitational Coupling

The observation that V approaches the null-gravity spacetime as Q = Quax in
section 5.5.2 yields the important conclusion that a given spacetime’s ability to
deform in response to energy, and hence, the base strength of the gravitational
coupling G is proportional to the innate volumetric slack, Quyax — Q of its
homogeneous vacuum volume, V, and thus

G /v (Qmax — Q) wg - (32)

For a non-vacuum spacetime, we can replace 2,.x With €2,, and © with €, and
conjecture

Gt X /V (Qp — Qt) wo (33)

for energetic spacetime’s gravitational coupling, which is also the integral of the
volumetric potential from eq. (15) across the universe’s entire volume,

Gy o</<1>w0. (34)
v

To get a relation between Gy and é’, we can insert Qmax — Qmax = 0 into eq. (33)
and get

Gt o8 / (Qmax - Qt) wo _/ (Qmax - QP) wo » (35)
% %

15



then linearly adjust the scale of €; to an equivalent form ), which expresses
the current volume as a perturbation from the homogenous vacuum volume €2
through

Q0=0-0Q. (36)

Substituting this into eq. (35), we get

G x / (Qmax - Q) wo —/ Q, wo —/ (Qmax — Q) wo (37)
% % %

Finally, since

/fztwoz/ (Qt—f’z) woz/Qtwo—/Qwon—Vzo, (38)
% Vv 4 2

we can zero-out the integral of Q, and substitute in the homogeneous vacuum’s
coupling from eq. (32).

G x é 7/ (Qmax - Qp) wo - (39)
%

6.2 Energetic Capacity

From eq. (33), we can see that a second null-gravity bound for V occurs if the
volumetric limit from eq. (12) equals the available volume, and thus Q, =
everywhere. As with the null-gravity spacetime (where fh. is empty), if no point
in energetic spacetime has excess volumetric potential, then V; will be empty,
and V will have no capacity for accepting volumetric influx.

For a volume that has reached its energetic capacity, we can substitute eq. (12)
into Q, = €; and get

¢ 0 peap = S . (40)

Our proposition that the energy-volume relation ¢ be smooth and strictly mono-
tonic ensures the existence of an inverse. We can thus write

Peap = Cil o (41)

and integrate across the total volume to produce the energetic capacity of a
volume form €, given by

| pps= [ @ roa)w= [ (o) w. (42)

\%
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If the total energy of the universe E becomes equal to or greater than the
energetic capacity, then space becomes infinitely rigid as V. — 0, and Gy — 0.
We conclude that for spacetime to exhibit gravitational effects, its total energy
must remain bounded by

E < /VQt (¢ o) wo- (43)

For the homogeneous vacuum, this reduces to

E < cfl(ﬁ).fz/ wo (44)

v

We can then substitute in from eq. (30), and get an expression for the energetic
capacity of the homogeneous vacuum that depends only on the total volume V,
the homogeneous vacuum volume §2, and the energy-volume relation (.

C <) (15)

6.3 A Brief Investigation of (

We have specified throughout this paper that both the energy-volume relation
¢ and the volume form €2; are positive definite and smooth. Though we can
make a stronger statement regarding positive definiteness. Since the smallest
resolvable non-zero volume is £3, requiring {; > 0 is equivalent to requiring
Q; > £3. More importantly, to prevent volumetric flow from driving Q; to a
non-positive value, ® must be non-negative whenever ); equals its minimum
Q = £}, from which it follows that ¢ also has a minimum value of £3,.

Though we expect (’s full form to have non-linear terms, we start by exploring
a linear ¢ to determine the slope of its linear approximation. The strictly
monotonically decreasing property ensures the existence of pmax such that
C(pmax) = £3. Solving for this condition yields the linear approximation,

1 6O

pmax

C(0)/ St = 1 p+0(p?). (46)

Though, since the £3 /Qmax term in the numerator is multiple orders of magnitude
smaller than the Planck volume and thus unmeasurable and effectively zero, we
can safely ignore the term and write

C(p)/Qmax =1 — p+0(p?). (47)

pmax

17



We use this form for ¢ to highlight the obvious parallels with eq. (10) from general
relativity. While our linear coefficient is 1/pyayx rather than the (87/15)-(r2G/c?)
of general relativity, it is important to recognize that we cannot directly equate
the two. Equation (10) is a series expansion in the radius around a point, while
eq. (47) is a series expansion in the energy density around the vacuum.

6.3.1 A Closed Form

Conjecture: The energy volume relation ( is infinitely flat as p — oo, with
form

¢(p) = (QYmax — E?l))) cePlPmax E?l’), (48)

which is equivalent to

C(p) = Qmax - e P/ Pmax (49)

except in regions of space where p > pyax.

With this form for ¢, we can derive its inverse

Q) = P In (Qg) (50)

and get a final form for the energetic capacity of the homogeneous vacuum from
eq. (45)

E Qmax
V<pmax-ln< Q > (51)

Similarly, we get updated expressions for the volumetric potential from eq. (15),

B = Quax - € P/Pmax — Q) (52)

and the gravitational coupling from eq. (34),

G x /v (Qmax c P/ Pmax _ Q) wo - (53)

Singularities

While numerically unimportant, the last ¢3, term in eq. (48) has theoretical
importance. It ensures that the energy volume relation asymptotically approaches
the Planck volume rather than 0. This protects 2;’s positive definiteness, and
excludes the possibility of gravitational singularities occurring on the manifold.
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The conjecture also aligns precisely with our preceding derivation, as eq. (47) is
the first order Taylor series approximation of eq. (49).

7 Future Work

Numerical and Experimental Verification

There is a wealth of astronomical data available against which we can test
our framework’s volume conservation mechanics. Relevant to dark matter, the
spatial offset observed between the Bullet Cluster’s baryonic center of mass and
its gravitational well[26, 27] could be a natural consequence of volumetric flow
in the wake of a violent collision that significantly shifts a cluster’s center of
mass away from the center of its residual stress. Similarly, numerical simulations
of 9;Q) from section 4.3 could be tested against the Milky Way rotation data
from the European Space Agency’s Gaia satellite[28—-30]. Relevant to dark
energy, the Dark Energy Spectroscopic Instrument’s mapping of baryon acoustic
oscillations[31, 32] could have signatures consistent with eq. (25).

General Relativity

An examination of Einstein’s papers from the period between special and general
relativity reveals early attempts to frame gravity as a scalar field conceptually
similar to our framework[33]. The scalar field was set aside because the full
richness of relativistic mechanics requires the metric tensor. However, our
framework suggests that the idea of an underlying scalar field has merit and can
coexist with the metric tensor in a full theory of gravity, by placing the scalar
volume form at the foundation and presuming that the unimodular metric rests
atop it.

With respect to existing relativity theory, the adjustment we make is to replace
spacetime’s perfect elasticity with a locally plastic medium which continuously
reflattens over time through a global volume conservation process analogous
to the mechanical annealing of amorphous metallic glasses[34-36]. Aside from
those cases where future investigation reveals that current theory’s topological
assumptions are inconsistent with the volume conservation mechanics, we propose
that relativistic dynamics in this framework behave as current theory dictates.
For example, we expect that gravitational waves will propagate with the same
volume-preserving shear that current theory predicts, while future work on the
residual stress implications may reveal second order divergences from existing
theory in the wave dynamics.

Significant theoretical work remains to complete a bridge to the tensor calculus
of Einstein’s field equations. A specific future focus will address eq. (49)’s impact
on cosmic inflation and black hole dynamics, where the higher order terms in (’s
Taylor approximation will dominate.

Quantum Field Theory
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We believe that conjoining Q with 3-space by considering all points on the same
spacelike hypersurface as the singular neighborhood of an indiscrete topological
substrate, can serve as a useful model for framing the fields of quantum theory.
One proposition is that the volume form €2; from this paper is a scalar quantum
field, that this field provides coupled particles with the scale that ¥;; lacks, and
that the rate at which €2; samples §2,’s energetic pressure provides the tick of
the Planck time. The sampling interval tp and the local reference for the Planck
scale p then combine to determine light’s speed ¢ = ¢p /tp.
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