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Abstract

The preceding editions of the Manifold Relativity programme (v1-v8.1) estab-
lished the W-manifold as a six-dimensional information-geometric structure with
coordinates (S,I,FE,¢,C,A), identified k-addition as the chart-level composition
law, and introduced the W-atlas Ay as a collection of observer-dependent charts
connected by information-theoretic transition maps. Throughout, the rate at which
an observer’s proper time advances has been treated as a background given, not as

a quantity derived from the atlas structure.
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This edition closes that gap. We define the chart-local speed of time as

s

T = —
dr UT’

where S is the generalized entropy-like coordinate of the W-atlas, 7 is observer
proper time, and Uy is the chart induced by the observer’s thermal baseline 7. The
quantity T is not globally constant: it is a chart-dependent local quantity whose
physical meaning is the rate at which atlas progression is resolved as experienced
temporal flow.

We postulate that T inherits its composition law from the H-function k-addition
structure already governing the W-atlas (Postulate 4.2). In the simplified approx-
imation, this yields Y12 ~ Y1 + To — T1To/k, with the existing invariant bound
cs = H (k) serving as YTmax — no new fundamental constant is required. The
uniform time-flow of four-dimensional general relativity is recovered as a conjecture
in the isothermal-chart limit Ur ~ Uz, = Y = const (Conjecture 5.1).

Recent work by Svintradze on calculus for moving surfaces provides adjacent prior
art that intrinsic 4D geometry is insufficient for dynamical manifold description. We
identify the precise ontological boundary: CMS treats temperature as a Clausius-
level field governing manifold shape; the W-atlas treats temperature as a Jaynes-level
chart-selection principle. The compressible/incompressible limit transition of CMS
is proposed as a structural analogue to the isothermal-chart recovery limit.

Four new open problems (0.v9.1-0.v9.4), two new predictions (P.v9.1-P.v9.2),

and one demoted Ansédtz are presented.
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THE PROBLEM: WHAT GENERAL RELATIVITY ASSUMES ABOUT
TIME

The Uniform-Time Assumption

General relativity is the most precisely tested physical theory in existence. Its account of
time — proper time 7 measured along a worldline by a comoving clock — is geometrically
elegant and experimentally verified at extraordinary precision. In GR, the rate at which
proper time advances varies by local metric curvature: clocks deeper in a gravitational
potential well run slower. This gravitational time dilation is real, measured, and well

understood.

What GR does not provide is a mechanism by which two observers at the same space-
time event but different thermal baselines experience different rates of proper time flow.
In GR, if two thermometers at the same spacetime point read 77 = 100K and T, = 10° K,
the proper time accumulated by each is identical. The temperature of the observer has

no effect on their temporal rate within GR’s framework.

This is not a flaw. It is a boundary. GR is a theory of geometry and gravitation, not
of observer thermodynamics. The question this edition asks is: does a richer framework
— one that takes observer thermal state seriously as a physical variable — change the

picture?

The W-Atlas Reframing

The W-atlas, introduced in v8.1, replaces the assumption of a single global coordinate
chart with a formal collection of observer-dependent charts (Ur, x7). Each chart is indexed
by the observer’s thermal baseline 7. The domain Ur is the subset of the underlying
spectral structure of the W-manifold whose eigenvalues exceed kgT'/h; the coordinate
map xr assigns the six W-coordinates (S, I, E, ¢, C, A) to the accessible eigenvalue sector

at that temperature.

Within this structure, proper time 7 has been treated as a chart-local variable —
acknowledged to depend on the chart but not given a formal definition in terms of the
atlas coordinates themselves. Section 4 closes this gap by introducing T, the chart-local

speed of time, as a formally defined object derived from the atlas structure.

LITERATURE POSITIONING

Thermodynamic Relativity (Livadiotis & McComas)

The theory of thermodynamic relativity [2] established that the non-extensive composi-

tional structure governing correlated entropic systems obeys a formal relativistic algebra.
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The central object is the k-addition law:
1
Nasn = H(HOG) + HOX) — LHXOH (X)), )

where H is the partitioning function mapping entropy values to an intermediate space
where composition is linear. The simplified linear approximation — valid for X4, Xp < K

— gives the entropy defect form:
1
XA@NB%XAﬂ—XB—EXAXB. (2)

The invariant bound X < H~ (k) := &M plays the structural role of a speed limit: no

composition can exceed it.

In v7, the Manifold Relativity programme identified this x-addition as the chart-level
composition law of the W-atlas, with the velocity composition law of special relativity
recovered as a special case (v7, §Velocity Kappa-Addition). The present edition extends

this identification to the chart-local speed of time.

Moving Manifolds and Calculus for Moving Surfaces (Svintradze)

Recent applications of the calculus for moving surfaces (CMS) provide compelling prior art
that purely intrinsic four-dimensional geometry is insufficient for fully dynamical manifold
description. Svintradze |3] embeds the 4D pseudo-Riemannian manifold of GR in a higher-
dimensional ambient space and demonstrates that the Einstein field equations emerge only
in the dominantly compressible limit of the resulting moving-manifold dynamics. In the
incompressible limit, wave-like dynamics appear — fluctuations between inflation and

collapse that GR cannot capture.

Where Svintradze cites the DGP brane-world model [4] in passing — a 4D brane mov-
ing through a 5D geometric bulk — the present framework asks a structurally similar
question but inverts the framing. Rather than a geometric bulk with a thermodynamic
brane, we propose that the bulk coordinates are themselves thermodynamic and infor-
mational, and that 4D spacetime is the projection a biological observer at 7" ~ 300K

extracts from that structure.

The ontological boundary between CMS and Manifold Relativity is precise. In CMS-
based frameworks, the higher-dimensional embedding is extrinsic kinematic scaffolding:
the standard spacetime arena is preserved, and temperature enters phenomenologically as
a Clausius-level field governing local manifold shape through the Gibbs-Thomson relation.
In the Wh-atlas, the higher-dimensional variables are not scaffolding; they participate
directly in the arena itself. Temperature is elevated from a local physical parameter

to a Jaynes-level observer-selection principle: it governs which chart of the manifold the
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observer inhabits, not which shapes the manifold takes. Four-dimensional spacetime is not
primary but emerges as a projection when the thermodynamic-informational coordinates

are held effectively fixed.

Svintradze’s paper is cited here as support for the narrower proposition that intrin-
sic static geometry underdetermines relativistic spacetime structure, and that extrinsic
moving-manifold generalizations of GR are a recognized published direction. It is not

cited as a precursor to the W-atlas claim.

Brane-World Models: The Inverted Framing

Where brane-world models such as Randall-Sundrum and DGP place 4D physics on a
brane in a higher-dimensional geometric bulk, Manifold Relativity asks whether the bulk
coordinates relevant to observers are not primarily geometric lengths but thermodynamic-
informational state variables. The question is the same; the ontological answer is different.
The thermal bath of the bulk in brane-world scenarios and the thermal chart selection of

the W-atlas are the closest structural analogues between the two programmes.

THE W-ATLAS: CONDENSED RESTATEMENT

Three-Layer Ontology

The W-atlas Ay, introduced in v8.1, is defined through a three-layer ontology. This
ontology does not claim derivation from first principles; the Dirac operator D,y remains
unbuilt. It specifies the minimal locally consistent operational structure that any valid

realisation of the framework must reproduce.

Layer 1 — Observable Primitives. The six W-coordinates (S, 1, E, ¢,C, A) are
defined operationally within each chart: S is the von Neumann entropy of the accessi-
ble spectral sector at temperature 7T; [ is the Wigner-Yanase skew information of the
stationary random walk on the visible graph; E is the entanglement entropy of the lo-
cal phase-cycle bipartition; ¢ is the entropy-wave phase; C' is the Krylov complexity of
operator spread in the accessible Hilbert space; and A is the action accumulated along

accessible geodesics. These definitions are inherited from v5 and unchanged.

Layer 2 — Local Laws. FEach chart carries three local laws: (i) the s-addition
composition law (Eq. 1) governing how observables from two subsystems combine; (ii)
the entropy wave propagation law 9*¥/9¢* — c20°¥/0S5? = 0 with ¢s(T) = kgT'/h; and
(iii) the bound law capping observables at H (k).

Layer 3 — Transition Structure. Between charts (Ur,, xr,) and (Ur,, x15), tran-

e o —1 .. . . .
sition maps 115 = Cp, o U are coarse-graining projections respecting observable con-

sistency on overlaps, identity in the low-gradient limit, entropy bound preservation, and
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coarse-graining compatibility.

Observer-Chart Rule

An observer does not access the full state space of the WW-manifold directly. Instead, the
observer occupies a temperature-dependent chart Ur, which acts as an informational filter
selecting which spectral sectors of the geometry are resolvable. We represent this by the

observer-filter map:
Op W — My, (3)

where M is the effective observed manifold reconstructed within that chart.

Definition 3.1 (Observer-Filter Map). Let T > 0 be the observer’s thermal baseline.
The observer-filter map Or : W — Mo is the coarse-graining projection retaining only
those degrees of freedom of W resolvable at temperature T — that is, the eigenvalue

sector of Dy with eigenvalues above kgT'/h.

The observer’s thermal baseline functions as a Jaynes-level coarse-graining threshold:
the observer does not passively receive information from a fixed manifold but selects the
spectral sector that their thermal resolution admits. A biological observer near 300 K is
one illustrative case; physical reality, as experienced by any observer, is the reconstruction

permitted by the eigenvalue sector accessible within their chart Ur.

THE CHART-LOCAL SPEED OF TIME

Definition

Let 7 denote the observer’s local experienced proper time and S the generalized entropy-
like coordinate of the higher-dimensional WW-atlas. We define the chart-local speed of time
as the rate at which the accessible atlas coordinate advances relative to the observer’s

proper time.

Definition 4.1 (Chart-Local Speed of Time). For an observer occupying chart Ur € Ay
induced by thermal baseline T, the chart-local speed of time is

T = —| . 4
dTUT (4)

The quantity T is a chart-dependent local quantity. It is not assumed to be globally
constant. Its physical meaning is the local rate at which atlas progression is resolved as

experienced temporal flow.

In this framework, time is not treated as a globally uniform background parameter.

The effective rate of time is an emergent ratio determined by the observer’s location within

7
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the W-atlas and by the sector of manifold structure accessible from that chart. Because
observers at different thermal baselines occupy charts with inherently different spectral
resolutions — resolving different eigenvalue sectors of the underlying D)), — the quantity

T varies across charts.

Composition Law Under Chart Transitions

Defining T is bookkeeping. The physics of v9 lies in specifying how T transforms when
two observer-charts are composed. The W-atlas has an established composition structure:
the x-addition law (Eq. 1) governs how observables combine within and across charts. We

postulate that T, as a chart-local quantity of the atlas, inherits this composition structure.

Postulate 4.2 (k-Compatible Composition of T). The chart-local speed of time Y trans-
forms under chart composition by the H-function s-addition law inherited from the WW-

atlas structure [2|:
1

Tieo=H" (H(Tl) + H(Ty) — ;H(Tl)H(Tg)) : (5)

In the simplified linear approximation valid for T, Ty < k:

1

Tl@m2 ~ Tl —I— TQ — ETlTQ. (6)

The invariant upper bound on Y under this composition is
T < HYk) = ™ = Thax (7)

which is the same invariant bound already established in the series for the entropy coor-

dinate. No new fundamental constant is introduced.

Remark 4.3 (Algebra identification). Two alternative composition forms have been con-
sidered during the production of v9: the Kaniadakis square-root form (Y;4/1+ x2T% +
T2+/1 4 £2Y2) and the rational SR-like form ((T; 4+ T3)/(1 + 2T, Y53)). Both are alge-
braically coherent but are not the composition law of the present series. The canonical
law of v7/v8.1 is the H-function form (Eq. 1), in which both coordinate and rate compo-
sition use the same algebraic structure, with the SR velocity-addition law recovered as a
special case (v7, §Velocity Kappa-Addition, where ¢ = 2x). The derivation showing that
the H-function coordinate law directly yields Eq. (5) for the rate T = dS/dr is Open
Problem 7.3. Postulate 4.2 states the result by structural inheritance; it does not derive
it.
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Physical Interpretation

The composition law (Eq. 5) ensures that T remains bounded by the invariant limit
Yiax = &M across all chart compositions. This plays the same structural role as the
speed of light in special relativity: it is the ceiling on the rate at which any observer’s

atlas progression can be resolved as experienced time.

An observer with a higher thermal baseline T occupies a chart with a coarser spectral
filter. More of the underlying state-space is averaged out per unit of experienced time.
Consequently T — the rate at which the entropy coordinate advances relative to 7 — is
larger for higher-T" observers. In the limit 7" — 0, one expects the observer to resolve an
increasingly complete sector of the eigenvalue spectrum of Dyy,. A corresponding slowdown
of the effective time-flow ratio dS/dr is suggested by the framework’s structure, but its

formal derivation remains open (Open Problem 7.3).

The biological observer at T' ~ 300 K is one representative chart, not a privileged one.

The analysis applies to any observer at any thermal baseline.

Demoted Functional Form

A candidate expression relating T to the Fisher information coordinate and the thermal
gradient of the atlas was proposed during CAC review. After referee assessment, this

expression is demoted to an Ansétz and is not used in any result of v9.

Ansdtz 4.4 (Gradient Dependence of T'). As a candidate for future investigation:
T ~ f(T)Vwl, (8)

where [ is the Fisher information coordinate of the W-atlas and f(7) is an unspeci-
fied function of observer temperature. Equation (8) is not derived, not postulated, and
plays no role in the results of this edition. It is recorded as a direction for future CAC

investigation.

RECOVERY OF STANDARD SPACETIME TIME

The chart-local speed of time T recovers the uniform time-flow of GR in a specific limiting
regime. This recovery is not a derivation in the present edition; it is stated as a conjecture
whose elevation to a theorem requires the full GR reduction from the WW-atlas (a problem

carried from v5).

Conjecture 5.1 (Isothermal-Chart Recovery of GR Time). In the limit where chart tran-

sitions are negligible and the observer thermal baseline is effectively constant across the
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region of interest:
Ur ~ (]T0 — T =~ const. =— MT — M4D. (9)

In this isothermal-chart limit, the effective observed manifold reduces to standard four-
dimensional spacetime and the chart-local speed of time becomes the uniform proper-time

parameterization of general relativity.

The k — oo (Extensive) Limit

From the composition law (6), when x — oo (the extensive, maximally additive limit
of thermodynamic relativity), the entropy defect term —Y;Ys/k — 0 and composition
becomes linear:

Tlg — Tl —{—Tg (10)

This is sub-Planck, low-correlation, locally flat regime — the regime in which the smooth
pseudo-Riemannian coordinates of GR are valid approximations. Linear composition of
the speed of time corresponds to an observer for whom chart boundaries are irrelevant:
the chart is effectively global, and T is constant. This is precisely the assumption GR

makes.

Structural Analogy with CMS

Svintradze’s compressible /incompressible limit decomposition provides a useful structural
analogy, stated here explicitly as an analogy rather than a formal correspondence. In
CMS, the dominantly compressible limit yields GR; the incompressible limit yields wave-
like inflation/collapse dynamics. In the W-atlas, the isothermal-chart limit yields GR
time; chart transitions away from this limit yield T-varying dynamics. Whether the CMS
compressibility parameter maps to the x-deformation parameter of the WW-atlas in any

precise sense is an open question and is not asserted here.

COMPARISON WITH ADJACENT FRAMEWORKS

The table below summarises the ontological position of the three nearest external frame-

works relative to Manifold Relativity.

10
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CMS / Svin-

Thermo. Rel. /

Manifold Rela-

tradze Livadiotis tivity
Dimensionality 4D spacetime in 4D (implicit) 6D Wh-atlas
5D ambient
Extra dimen- Extrinsic scaffold- None Part of arena
sions ing
Temperature Clausius: field on Clausius:  frame Jaynes: chart se-
role manifold parameter lector
Observer None explicit Frame equivalence Observer-filter
structure map O
Time rate Proper time, GR- Frame-relative Chart-local T
inherited
GR recovery Compressible Extensive (k — Isothermal-chart
limit o0) limit limit

The central column is the internal bridge: Livadiotis & McComas provide the algebraic
structure (k-addition) that v7 adopted as the chart composition law and v9 now extends
to the composition of Y. The left column is the geometric bridge: Svintradze provides
the published precedent that intrinsic 4D geometry is insufficient for dynamical manifold
description. The departure of Manifold Relativity from both is ontological: neither the
extra-dimensional scaffolding of CMS nor the frame-equivalence algebra of thermodynamic
relativity places the observer’s thermal state inside the coordinate structure. In the WW-

atlas, temperature is not in the physics; it is in the geometry of observation.

TESTABLE CONSEQUENCES AND OPEN PROBLEMS

New Predictions

Prediction 7.1 (P.v9.1 — Differential Proper-Time Accumulation). Two observers co-
located at the same spacetime event but maintaining measurably different sustained ther-
mal baselines T # T3 should show a systematic difference in accumulated proper time

scaling as:
AT AT

~/ .
T TPlanck

This effect is several orders of magnitude below current experimental resolution. It is

nevertheless a specifiable, falsifiable-in-principle consequence of the chart-dependent time-

rate structure. It is distinct from gravitational time dilation: the mechanism here is

11
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spectral resolution, not metric curvature. Epistemic status: falsifiable in principle; not

currently testable.

Prediction 7.2 (P.v9.2 — Cosmological Time as Collective Projection). If cosmologi-
cal time is a collective low-resolution projection of Y across the dominant chart class
(biological-scale observers), then the apparent arrow of time is chart-relative, not globally
fundamental. A detectable signature would be systematic anisotropy in CMB temporal
structure that correlates with the spatial distribution of thermal-baseline variation across
chart boundaries. This is speculative; the observational signature requires the construc-

tion of D,y for quantification. Epistemic status: speculative; structurally motivated.

Predictions P19 (hyperedge entanglement entropy scaling) and P20 (non-commutative

residue floor in precision measurements) are carried forward from v6 without modification.

Open Problems

Open Problem 7.3 (O.v9.1 — Derivation of T Composition from W-Atlas). Postulate 4.2
states the k-compatible composition law for T by structural inheritance from v7/v8.1. Its
derivation — showing explicitly that the H-function composition law for the atlas coor-
dinates S and 7 yields the same law for the rate T = dS/dr — requires the construction

of the k-Lorentz transformation structure of the VW-atlas and is not provided in v9.

Open Problem 7.4 (0.v9.2 — Identification of T ,.x with ¢s). Equation (7) identifies T p,ax
with the invariant bound ¢&™ = H~!(k) already in the framework. This identification
is motivated by the inheritance structure of Postulate 4.2 but is not derived. If the
identification holds, T ,,.« is not a new constant of nature but an expression of the existing

invariant entropic upper limit in the speed-of-time register.

Open Problem 7.5 (O.v9.3 — Derivation of GR Recovery from T). Conjecture 5.1 states
the isothermal-chart recovery of GR time as a structural statement. Its elevation to a
theorem requires a full derivation of the 4D spacetime metric from the VW-atlas projection,

a problem carried from v5 and not resolved in v9.

Open Problem 7.6 (O.v9.4 — Relation of T to Gravitational Time Dilation). Whether the
chart-dependent variation of T subsumes, corresponds to, or is orthogonal to the gravi-
tational and kinematic time dilation of GR is not addressed in v9. The two mechanisms
operate on different variables (7 from metric curvature; T from spectral resolution), but

whether they are independent or whether one can be derived from the other remains open.

CONCLUSION

Nine editions. One question asked beside the Nile.

vl said: time is the pullback of entropy.

v2 said: the universe’s energy budget is an information equation.

12
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v3 said: at the Planck scale, the manifold is a graph.

v4 said: the entropy wave phase is the Kaluza-Klein fifth dimension.

vH said: the coordinates are rigorous quantum information quantities.

v6 said: the smooth manifold is a projection; below it is a non-commutative algebra.
v7 said: thermodynamic relativity is the chart-level composition law.

v8 said: the atlas is the minimal operational layer; charts are observer-dependent.

v9 says: the speed of time is chart-dependent.

General relativity assumes time flows uniformly as a background. The W-atlas does
not make this assumption. It derives the uniformity of time flow as a limit — the
isothermal-chart approximation, the regime in which an observer’s thermal baseline changes
negligibly across the region of interest. GR is that limit. It is a very good limit for any

observer embedded in a slowly varying thermal environment. It is not the full story.

The chart-local speed of time T = dS/dT}UT is the observable signature of chart-
dependent observer structure. Its composition law — inherited from the k-addition struc-
ture of the W-atlas — ensures that no chart transition can produce a speed of time
exceeding the invariant bound cf™. Tts recovery limit — the isothermal-chart approxima-
tion — yields the uniform time of GR as a local, low-resolution projection of the richer

atlas structure.

What Svintradze showed for manifold kinematics — that purely intrinsic GR is insuf-
ficient for fully dynamical geometry — we propose extends to observer thermodynamics:
the rate at which time flows is not intrinsic to spacetime but extrinsic to the observer.
Temperature is not something that happens inside time. Temperature is part of what

determines how fast time goes.

13
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Version Changelog

e v9 (March 2026): Introduces the chart-local speed of time Y = dS/dr|y, as the
new central object. Primary contributions: Definition 4.1 (T); Postulate 4.2 (k-
compatible composition via H-function law, inherited from v7/v8.1); Definition 3.1
(observer-filter map Or); Conjecture 5.1 (isothermal-chart GR recovery, not a deriva-
tion); identification of Yy, Wwith existing invariant bound ¢t (no new constants);
Ansitz 4.4 (gradient form, demoted, not used); Remark 4.3 (algebra identification
note, Kaniadakis vs. Livadiotis); four new open problems (0.v9.1-0.v9.4); two new
predictions (P.v9.1-P.v9.2); Svintradze [3] introduced as nearest structural neighbour
with explicit Clausius/Jaynes ontological firewall; comparison table across CMS, ther-

modynamic relativity, and Manifold Relativity.

14
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