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Abstract

The Structural Thermodynamic Lawful Reset (S7LR) model presents a cosmology grounded
entirely in the First and Second Laws of Thermodynamics. It reinterprets cosmic expansion as
entropy performing lawful work upon curvature, removing the need for dark energy or geometric
tuning. The model divides cosmic history into thermodynamic stages; initial inflation, plasma
growth, matter deceleration, finite thermodynamic assist, and asymptotic drift, each governed by
the lawful transformation of free energy. STLR accepts the early expansion history fixed by
ACDM (BBN, CMB, BAO, and Ho) as empirical boundary conditions, while predicting small
residual curvature, finite acceleration, and eventual asymptotic stillness. By replacing parameter
fitting with thermodynamic necessity, STLR reframes the universe as a self-regulating, law-
bound system whose expansion is not a mathematical convenience, but a natural consequence of

entropy’s advance.

1. Introduction

The STLR Model is a cosmological framework grounded entirely in established physics. It
applies the Second Law of Thermodynamics [1] to the entire universe, proposing that entropy
advances toward a final, structureless state, Perfect Stillness, in which time and motion cease to
exist. From this equilibrium, the universe is reborn out of necessity. Because the Second Law
dictates that entropy must always increase, the very concept of time must be redefined: when

time ceases, entropy resets to its absolute minimum.

In standard ACDM cosmology [2], the angular scale of the sound horizon [3], [7] is measured
with extraordinary precision, yet it remains incomputable from first principles, hence the need
for a cosmological constant. The result depends on integrating the entire 13.5 billion-year natural
expansion history of the universe, an operation requiring perfect knowledge of every phase. To

achieve observational consistency, ACDM introduces dark energy [4] to adjust the late-time



expansion rate and maintain mathematical agreement. STLR addresses the same problem
differently, replacing dark energy with a thermodynamically driven expansion history that
emerges naturally from physical law. Where mathematics yields an ideal, perfectly smooth curve,
STLR recognizes that the real universe deviates lawfully from mathematical perfection.
Expansion is not an equation’s solution but a natural structural response of energy obeying
thermodynamics. These lawful deviations accumulate across cosmic time, making exact
integration impossible, yet the observed precision arises naturally through lawful necessity rather
than parameter fitting. Importantly, STLR does not reject mathematics. On short intervals and at
specific checkpoints, such as Big Bang Nucleosynthesis (BBN) [5], the CMB [6] epoch, the
sound horizon, Hubble parameter evolution [7], and today’s scale [8], mathematics remains a
highly reliable descriptive tool. It is only when attempting to integrate the entire natural

expansion history into a single analytic solution that mathematics reaches its lawful limit.

The STLR framework divides cosmic history into distinct, law-bound stages: an early
thermodynamic inflation, a plasma-dominated growth phase, a matter-dominated deceleration, a
finite late-time thermodynamic assist, and a long asymptotic drift toward Perfect Stillness. This
staged approach preserves the empirical successes of ACDM while grounding them in
thermodynamics, ensuring all major observational milestones are met without invoking a
cosmological constant. By anchoring cosmic evolution in physical law rather than mathematical
convenience, STLR reframes cosmology as a lawful narrative of entropy and structure, not a
fitted equation. Encoding refers to the lawful conversion of free energy into structured curvature
that defines usable space. Each act of encoding represents entropy performing work,
transforming energy into the geometric framework of spacetime itself. In this view, expansion is
not the stretching of emptiness but the progressive encoding of structure, where every increment

of space corresponds to a finite expenditure of thermodynamic work.

In the STLR model, space is not an independent backdrop but a thermodynamic product of
energy. Every unit of space exists only because energy performs the lawful work of encoding
structure and making that space thermodynamically usable, and the rate of expansion reflects the
evolving balance between available free energy and the rising cost of encoding additional
structure. As energy becomes bound within matter, curvature, and complexity, less remains free

to perform spatial work, causing expansion to slow. Conversely, when bound energy is released,



through stellar death, decay, or dissolution, it temporarily increases the free energy budget,
assisting expansion without creating new energy. Thus, the universe grows as a direct
thermodynamic consequence of energy’s capacity to encode lawful structure, not as an outcome

of geometric postulate or dark-energy injection.

2. Thermodynamic Evolution of the Universe

2.1 Scope of Law

This model does not attempt to define every phenomenon in physics. It describes only the lawful
cycle between maximum entropy and the lawful reemergence of structure. If the Laws of
Thermodynamics remain unbroken, then the cycle from Perfect Stillness to expansion is the only

lawful path permitted. This model does not deny complexity, it demands lawfulness.

2.2 Thermodynamic Zero

At maximum entropy, with no distinguishable structure or usable reference, time ceases to exist.
For entropy to continue, structure must return. Perfect Stillness represents the cosmological
equivalent of absolute zero [9]: the total absence of entropy gradients. Although it follows
maximum entropy in time, it is identical in thermodynamic character to the lowest possible state,

uniform, undivided, and still.

2.3 Assumptions

1. The Laws of Thermodynamics are unwavering. They govern all physical processes.
Every observable law of physics follows from entropy.

2. The Universe is a closed system where energy exists. Nothing more, nothing less.

3. Energy is governed by thermodynamics, even at maximum entropy. If energy exists it
must behave lawfully.

4. Time is finite. It becomes physically defined only when structure changes across space,
as described by General Relativity (GR) [10].

5. Expansion is finite. If maximum curvature is defined, there is a limit to how far that

curvature can expand before it becomes completely flat.



6. Planck Limits [11, 18]. The universe has a minimum structural unit, a minimum temporal
interval and a maximum density. These are not limits approached, but the exact scales at
which structure time and energy can lawfully exist.

7. The structural limit of the universe (the smallest volume any amount of energy must
occupy) cannot be a perfect sphere. A sphere requires infinite resolution to encode,
violating the Second Law of Thermodynamics by demanding more information than
entropy allows.

8. Structure is defined by a Planck-scale lattice. Only encoded grid squares define usable
space; unencoded regions have no geometry.

9. Encoding expands space by defining curvature; decoding removes structure in the
absence of gradients, proceeding to the minimal structural state.

10. Perfect Symmetry is Unstable. Carroll (2010) [12] likewise notes that a perfectly
symmetric, timeless state would preclude entropy increase, underscoring that asymmetry
is required for time to exist.

11. Physics beyond General Relativity, thermodynamics, and Planck-scale structure may
exist, but only within established spacetime, and only if it strictly adheres to the Laws of
Thermodynamics.

12. Structural encoding rate is relative to the free energy available in each phase of
expansion.

13. Necessity. At every step, the next condition is the only lawful option. The system unfolds

by necessity, not chance.

2.4 Entropy Without Time

Even in Perfect Stillness, where curvature and time have dissolved, structure remains. All space
is fully encoded, yet no gradients or distinctions exist. The system is not exempt from law;
thermodynamics continues to govern energy even in its most inert form. Entropy does not
depend on motion, only on the impossibility of any alternative lawful state. In the absence of
time, it is not paused but held in lawful constraint, awaiting the return of distinguishable

structure so that it may continue.



2.5 Planck-Scale Lattice and Pi

STLR views a perfect sphere as a violation of The Second Law of Thermodynamics. While a
sphere’s diameter can be exactly defined, the circumference cannot. An infinite amount of
precision is required to resolve every point on a sphere, violating the second law. The
circumference becomes a summation of infinite approximations, leading to an irrational ratio
between a circle’s circumference and diameter. This exposes the limitation of mathematics to
perfectly describe the physical universe. To honor thermodynamics, STLR assumes that space
consists of discrete, indivisible Planck-scale units, ensuring each act of encoding consumes finite

energy.

2.6 The Process

1. Perfect Stillness
Maximum entropy. Space is fully encoded and defined. No gradients, no curvature, no
entropy flow, no time. Energy density becomes undefined as gradients vanish at Perfect
Stillness. Uniform structure remains, governed solely by structural law, and must lawfully
proceed toward the minimal structural state.

2. Instability of Symmetry
Perfect symmetry is unstable. With no gradients, entropy cannot increase. The only
lawful resolution is the symmetrical decoding of space.

3. Decoding Begins
With entropy exhausted, space begins structurally decoding from the outside in to
preserve symmetry.

4. Structural Reduction
No curvature is restored during decoding; structure is reduced toward the minimal state.

5. Energy Inert
Energy remains conserved, but density is undefined at Perfect Stillness, with no gradients
space loses thermodynamic meaning.

6. Structural Minimum
Decoding ends at one encoded Planck cube. No space, no curvature, no time.

7. Lawful Minimum



The system’s conserved, inert energy persists as an unexpressed property of the structural
state, a single encoded Planck cube, the minimal lawful structure. No spatial confinement
exists.

8. Time Potential
Time exists only as potential within the structural state. No directional flow occurs.

9. Instability
Perfect symmetry is unstable. Space must be encoded.

10. Expansion Initiates
Space is encoded large enough to distribute energy lawfully as kinetic energy under the
constraint of Planck density. Gradients form, time gains direction, and entropy can now

flow.

2.7 Life Cycle of the Universe

At the end of the universe’s entropy curve, the final tick of Planck time occurs. All of space is
fully encoded, defining a completely flat structural lattice. With no remaining gradients, no
usable energy differentials, and no entropy arrow, change halts. Expansion ends, not through

force, but through thermodynamic exhaustion.

This is Perfect Stillness: a state where space remains, but curvature is zero, structure is inert,
energy density cannot be defined and time loses all meaning. The clock no longer exists, not
because time is reversed or paused, but because there is nothing left to measure. Without
gradients or change, time dissolves. Entropy has no path forward. The universe is fully

expanded, static, and without direction. It does not wait, it simply is. In this state, all gradients
vanish and entropy flow halts. The only lawful resolution is structural decoding. The encoded
Planck lattice is decoded (space becomes thermodynamically unusable) from the outermost layer
inward, reducing spatial structure without compression. No curvature is restored; the geometry of

space remains flat as structure dissolves.

As decoding proceeds, total energy remains conserved, and energy density remains
undefined as gradients do not exist. No physical compression occurs; structure is simply

reduced in lawful steps as the universe sheds complexity. Decoding continues until only a



single encoded Planck unit remains, the final irreducible expression of structure within

Perfect Stillness.

A single encoded cube, energy’s only available space, at the center of the universe,
defines the minimal lawful structure. Decoding this space would violate the First Law of
Thermodynamics by destroying energy. No spatial relationships remain; curvature,
energy density, and time are undefined. Time exists only as structural potential. Entropy

1S reset to its absolute minimum.

Perfect symmetry cannot persist. Governed by thermodynamics, the minimum lawful
structure is unstable. The only lawful outcome is the encoding of space. Out of necessity,
the system encodes only a sufficient amount of space to allow a lawful gradient to form.
Upon completion of this first usable shell, the system’s conserved energy becomes
physically defined as kinetic energy, distributed across the newly encoded space under
the constraint of Planck density. Energy density becomes physically meaningful,
spacetime and maximum curvature are redefined, entropy increases, and time begins its

first lawful tick.

You can never rewind a clock. But if you break it, and rebuild it, you can set the time

to zero, and start it again.

2.8 Perpetual Symmetry

Perfect Stillness represents complete symmetry: fully encoded, uniform, timeless, and
thermodynamically inert. In this state, entropy is already maximized, there are no gradients, no
direction, and no path for change. Yet a universe caught in a perpetual cycle of perfect symmetry,
oscillating between symmetric encoding and symmetric decoding, remains equally inert. While
such a cycle does not violate the Second Law or Thermodynamics, it prevents the second law
from operating. STLR assumes that the second law cannot remain suspended indefinitely, and

will not allow a configuration that traps the universe in continuous symmetry.

To restore lawful function, the universe must take the first available opportunity to break the

cycle. Decoding continues beyond the volume required for Planck-density distribution because



the continuous break in symmetry has not yet become cyclical. But encoding cannot proceed
beyond the Planck density parameter without forming a gradient. To do so would enter the
universe into perpetual symmetry, sealing it in thermodynamic stasis. The first configuration that
allows a lawful break in the cycle must be taken, energy becomes kinetic, and entropy gains

direction. This moment defines the origin of motion and the beginning of time.

3. The Thermodynamic Expansion Curve

3.1 Expansion

In the STLR model, expansion is not a dynamic explosion but a thermodynamically lawful
process driven by structural necessity. From a single Planck cube containing the entire universe’s
inert energy, the system encodes sufficient spatial structure in its first usable shell to lawfully
distribute its conserved energy under the constraint of Planck density. Once space, curvature, and
gradients are redefined, further expansion proceeds through continued encoding of additional
spatial structure. The rate of expansion is governed entirely by the free energy budget of the
current expansion state. The flattening of curvature represents the lawful transfer of free energy
into the geometry of spacetime. As entropy increases, usable energy is progressively converted
into the work of defining curvature, driving expansion toward stillness. The universe grows not

through momentum, but through structural necessity and thermodynamic law.
3.2 Lawful Primacy

ACDM deserves recognition for its extraordinary achievement: it unified cosmic observations
into a precise mathematical curve that passes through every major checkpoint, BBN, CMB, the
sound horizon, the present Hubble scale, and the final feat of strength, the angular scale of the
sound horizon. Without this descriptive success, there would be no lawful curve to explain.
These checkpoints are not just a product of ACDM, they are a requirement of any model wishing

to step into the arena.

Yet ACDM'’s triumph is also its limit. To maintain a perfect mathematical overlay, it introduces a
cosmological constant that drives permanent acceleration. Although GR does not define a

globally conserved energy for the universe [10], local conservation through the stress—energy



tensor remains valid. STLR views this as a behavior inconsistent with the First Law of
Thermodynamics in a closed system. Eternal acceleration implies infinite work without energy

input, violating conservation and defying lawful exhaustion.

STLR honors both the precision ACDM revealed and the law it neglected. To uphold
thermodynamics, the universe must slow down. To obey the law is to deviate from ACDM s
path, not out of preference, but necessity. STLR accepts the observed curve as real, yet interprets
it as a thermodynamic consequence, not a mathematical artifact. The universe follows law, not

equations.

3.3 Inflation Phase

In the STLR framework, an initial inflationary phase is not optional but thermodynamically
required. The sound horizon, a precisely measured feature imprinted in the cosmic microwave
background [6], [7], demands an early period of ultra-rapid expansion to establish the observed
large-scale uniformity and horizon correlations. STLR interprets this inflation not as a product of
exotic fields, but as the inevitable thermodynamic expression of pure energy at maximum
density. At time = 0, energy exists in its most fundamental and unstructured form, and therefore
offers no resistance to expansion. With maximal computing power and zero encoding
complexity, space is encoded at the fastest possible lawful rate. This state represents
thermodynamic inflation: energy expressing itself through the instantaneous creation of spatial
structure, driven solely by the requirement to move toward higher entropy. Planck Collaboration
(2020) inflation constraints (ns = 0.9649 + 0.0042, r < 0.064) remain consistent with STLR s
thermodynamic inflation interpretation [3]. As structure forms and encoding complexity
increases, expansion naturally slows, giving rise to the next stage, plasma-dominated expansion,

where physical laws begin to take form.

3.4 Plasma-Dominated Phase

Following thermodynamic inflation, the universe transitions into the plasma-dominated phase,
where expansion becomes governed by the interplay between free energy and the emerging laws
of structure. As energy cools and transitions into radiation and fundamental particles, curvature

and interaction begin to impose measurable resistance on expansion. The universe, now filled



with a hot, ionized plasma, expands more slowly than during inflation but still under conditions
of extremely high entropy production. This epoch represents the first stage where
thermodynamic encoding faces computational limits, spatial complexity rises as photons scatter,
matter couples to radiation, sound waves propagate, and the geometry of spacetime becomes
structured. STLR interprets this phase as the natural deceleration that follows maximal inflation:
energy is no longer free to expand instantaneously, as it is now bound by local curvature and the
cost of maintaining equilibrium within an evolving, radiative medium. This plasma-dominated
period persists through BBN and up to recombination [13], setting the initial conditions for

matter formation and the emergence of the cosmic microwave background.

3.5 Matter-Dominated Phase

As the universe continues to cool and radiation decouples from matter, a new epoch emerges: the
matter-dominated phase. During this stage, mass-energy becomes the primary influence on local
curvature, and the gravitational pull of matter begins to shape large-scale structure. In STLR, this
transition marks the point where thermodynamic encoding slows further, as the complexity of
matter aggregation, galaxies, clusters, and filaments impose restrictions on computational power.
Expansion now unfolds under the dual constraints of local curvature and structure formation,
following a decelerating trajectory consistent with gravitational influence. Entropy continues to
rise, but more slowly, as energy is bound within organized systems rather than freely expanding
radiation. This epoch spans billions of years, encompassing the formation of stars, galaxies, and
cosmic web structure, and serves as the foundation of observable cosmology. The universe
remains open and expanding, but the rate of growth is progressively tempered by the
thermodynamic cost of maintaining structure within an increasingly dilute and complex

environment.

3.6 Late-Time Accelerating Phase

As the universe matures, a pivotal transition occurs near the epoch of peak star formation
(approximately 3—4 billion years after the Big Bang). At this point, the cosmic balance shifts: the
rate of new structure formation declines, and vast amounts of bound energy begin returning to

the intergalactic medium through stellar death, supernovae, and radiation release. In the standard



ACDM model, this turning point coincides with the insertion of dark energy to explain the
observed late-time acceleration. In contrast, the STLR model interprets this phenomenon as a
thermodynamic effect rather than a mysterious force. As the universe’s structural complexity
stabilizes, previously bound energy is reclaimed into the background field, temporarily
enhancing the universe’s effective computational capacity for expansion. This reclaimed energy
acts as a thermodynamic assist, not an external driver, enabling a natural, lawful acceleration

without invoking a cosmological constant.

STLR predicts that this acceleration is finite and self-limiting: as entropy asymptotically
approaches its maximum and free energy dwindles, the universe will gradually transition from
acceleration back toward thermodynamic stillness, a perfectly lawful end state defined by

equilibrium rather than expansion.

3.7 Decelerating Asymptotic Phase (STLR Deviation from ACDM)

In contrast to ACDM, which predicts a permanent, accelerating expansion driven by a constant
dark energy density, the STLR model forecasts a lawful return to deceleration as the universe
approaches thermodynamic exhaustion. Following the late-time thermodynamic assist, expansion
persists indefinitely, but the rate of acceleration cannot remain constant because no finite system

can sustain eternal energy input or maintain uniform curvature reduction without consequence.

As the universe continues to expand, energy density falls, gradients flatten, and the
computational cost of encoding new spatial volume increases. As structural decay declines, less
energy is released from bound systems, and the free-energy budget available for encoding
steadily diminishes. Meanwhile, the growing vastness of space demands exponentially more
space to be encoded at each step. This phase is marked by an ever-slowing growth rate:
expansion persists lawfully, yet each increment of scale takes exponentially longer to manifest.

In the far future, billions of years may pass as space expands by mere inches.

Unlike ACDM'’s eternal acceleration, STLR s asymptotic deceleration reflects a closed, lawful
thermodynamic system approaching its final equilibrium. The universe does not freeze, nor
collapse; instead, it drifts toward Perfect Stillness, a final, lawful state of maximum entropy, zero

curvature, and no remaining capacity for meaningful structural or energetic change.



As entropy approaches its maximum and usable gradients vanish, gravitational attraction
between any remaining structures becomes negligible. Separation distances grow so vast, and
mass so diffuse, that coupling strength falls below the minimal lawful encoding rate. Even a
crawling expansion, millimeters per billion years, outpaces any residual gravitational attraction
between diffuse remnants. Collapse would require entropy to decrease, which is forbidden by
thermodynamic law. Thus, no lawful mechanism remains to reverse expansion. The universe
drifts ever slower, not through surplus energy or momentum, but through the exhaustion of every
alternative. Every particle, every photon, every last quantum of motion, no matter how stable,

will eventually surrender its usable energy to the work of flattening curvature.

3.8 Expansion in ACDM vs. STLR

ACDM treats expansion as a geometric phenomenon: the spacetime metric stretches everywhere,
carrying galaxies apart. Space expands into nothing, and flatness is enforced by initial conditions
and dark energy. The process is mathematical, driven by equations, not physical work. STLR
defines expansion as a thermodynamic process. Like ACDM, the spatial fabric appears to stretch,
but in STLR this stretching has a physical cause: it is the flattening of curvature as free energy
contributes to encoding new space into stillness. Expansion is therefore not an abstract geometric
stretch but the lawful work of entropy’s advance, converting energy into usable, structured space.
This expansion obeys the First Law of Thermodynamics because it is powered by lawful energy
transfer. Free energy performs work on the cosmic fabric, flattening curvature. As work is done,
the amount of free energy decreases, but the energy is not lost, it is converted into the encoded
structure of flat space and expressed as rising entropy. The total energy of the universe remains
constant; what changes is its form and availability. Expansion proceeds only as long as usable

energy remains, ensuring conservation and irreversible thermodynamic evolution.

3.9 Energy—Curvature-Entropy Synchronization

In STLR, the universe’s total energy, at Planck density, defines its initial volume at time = 0. This
defines the maximum amount of curvature and, therefore, the total amount of space that can
lawfully be encoded. Flattening curvature into stillness is a thermodynamic process synchronized

with entropy’s advance; every increment of encoded space corresponds to an increment of



entropy. Because the universe’s energy and curvature are finite, there is an exact amount of work
that can be performed and thus a fixed final radius of the universe. Maximum entropy and
complete flatness are reached simultaneously, neither can precede the other. Current Planck and
Baryon Acoustic Oscillations data are consistent with a nearly flat geometry (€ = 0 within tight
bounds), allowing, but not requiring, a minute residual curvature. STLR naturally accommodates
such a finite, law-driven flattening process: the universe has not yet exhausted its gradients and
continues to encode toward equilibrium. At the moment of completion, all gradients vanish,
curvature is fully flattened, space is completely encoded, and time ceases. The universe’s final
size is therefore not arbitrary but determined entirely by its initial energy content. The total
expansion required to erase the final trace of curvature depends on the universe’s true size, which
remains observationally uncertain. This interpretation is consistent with joint Planck 2018 and

BAO analyses reporting Qi =—0.0007 £ 0.0019 [14].

3.10 The Lawful Expansion Curve

The STLR expansion curve presents a fully lawful, thermodynamically grounded description of
cosmic history, from the initial inflationary burst of pure energy to the asymptotic drift toward
Perfect Stillness. Each phase arises naturally from the relationship between energy, entropy, and
curvature, requiring no speculative particles or forces. While ACDM achieves observational
agreement through a system of equations calibrated to fit data, STLR holds that manufacturing
new equations offers no deeper truth. Even a perfect visual overlay of the ACDM curve cannot
reproduce the precisely measured angular scale of the sound horizon without invoking dark
energy or finely tuned parameters. STLR therefore acknowledges the observational precision of
ACDM while proposing that thermodynamic law, not mathematical convenience, should define
cosmological legitimacy. Math did not create the universe, so math cannot explain it. STLR also

assumes that all the tools needed to understand the universe are already available.

STLR uses Planck density as the practical compression limit, consistent with conventional
physics, but it does not depend on that specific value. Any lawful compression limit satisfies the

model, so long as one exists to establish a finite starting condition.



4. Law Without Solution

The STLR model defines cosmic expansion as a thermodynamic process, not a geometric

prescription. Expansion does not follow from fitted parameters or fixed densities, but from the
lawful balance between energy capable of performing work and the structural cost of encoding
additional space. The flattening of curvature represents a lawful transfer of free energy into the
geometry of spacetime. As entropy increases, usable energy is progressively converted into the

work of defining curvature, driving expansion toward stillness.

This relationship can be expressed conceptually as:

@ — k Efree (t)
dt Cencode (a: t)

where:

da _ . . . :
. d—‘; = instantaneous rate of spatial encoding (expansion speed)

o Efpe.(t) = total free energy available to perform thermodynamic work

o Concode(a, t) = lawful cost of encoding new space at the current scale and complexity

ek = proportionality constant ensuring dimensional consistency

This Conceptual Expansion Law defines how expansion responds to the universe’s internal
thermodynamic state. At any given moment, the expansion rate is determined by the ratio of
usable energy to encoding resistance. When free energy dominates and encoding cost is low,
expansion proceeds rapidly. As bound structure accumulates or spatial complexity grows,

encoding cost rises, slowing expansion even if total energy remains constant.

However, because both Efy.. (t) and Cepcoge (a, t) evolve internally with the universe’s own
structure, neither can be written as a closed function of time. They are lawful developments, not
external inputs. As a result, this equation is not solvable in the traditional sense. It cannot
generate a forward expansion curve, nor can it predict future states. Instead, it acts as a

constraint: every lawful snapshot of the universe must satisfy this relationship.



The expansion curve is therefore not a product of calculation, but a record of lawful unfolding.
Observations provide discrete moments in which the balance between free energy and encoding
cost can be inferred. The role of STLR is not to solve the future, but to confirm that the present is

lawful, that at every epoch, the universe expands in accordance with thermodynamic necessity.

In this framework, mathematics does not create the universe; it merely describes the lawful
dependency by which it evolves. The equation is a conceptual map, not a predictive engine,
defining what must be true of any lawful universe: expansion responds directly to the availability
of free energy and the rising cost of lawful encoding. STLR’s predictions reside not in solving
this equation but in observing its consequences, finite late-time acceleration tied to the release of
bound energy, followed by asymptotic drift as encoding cost dominates, and the rejection of
eternal acceleration, which would require energy creation. In this sense, STLR replaces geometric
determinism with thermodynamic lawfulness: a universe that cannot be solved in advance, yet

remains perfectly lawful in every moment.

5. Additional Framework Details

5.1 Uncertainty Principle

Uncertainty [15], in the sense that "everything that can happen must happen given infinite time,"
is rejected. This interpretation violates the Second Law of Thermodynamics by allowing
spontaneous order to emerge from disorder without a lawful energy gradient. In the STLR model,
structure cannot appear randomly, it must be encoded step by step, and only when justified by
entropy. The universe unfolds by necessity, not chance. However, quantum uncertainty, the
probabilistic nature of outcomes within well-defined systems, is permitted, provided that no
violation of thermodynamic law occurs. Superpositions, tunneling, and decoherence are allowed
only when their net behavior respects the thermodynamic direction of time. Randomness is not
outlawed, but it is constrained: entropy must always increase and outcomes must fall within

lawful structural bounds.



5.2 General Relativity and Quantum Mechanics

The STLR model bridges General Relativity and Quantum Mechanics [16] by enforcing a
discrete structure at the Planck-scale. General relativity assumes smooth spacetime, which holds
true at large scales. But at the Planck-scale, spacetime is not smooth, it is jagged, made of
discrete, indivisible units. Below this scale, curvature breaks down, and gravity no longer applies
in its classical form. This structural boundary limits how geometry and quantum effects behave,

uniting both under a single thermodynamic framework.

5.3 Mathematical Limits of Parameterized Models

The apparent precision of the ACDM framework does not constitute empirical confirmation of
dark energy. It confirms only that a particular mathematical function, when tuned through free
parameters, can reproduce the observed expansion curve of the universe. This distinction
between fitting and explaining is fundamental: ACDM is a parameterized description, not a
lawful derivation. Its parameters (£2,,, 24, Ho) are adjusted until the Friedmann equation
reproduces measured distances and redshifts. STLR, by contrast, derives expansion as a direct
thermodynamic consequence of energy performing work upon curvature, requiring no invented

energy densities to maintain agreement with observation.

The difference becomes explicit when mathematics is tested against its own limits.

In Appendix A, a smooth, continuous surrogate model was constructed to be visually
indistinguishable from ACDM across all observable epochs. The surrogate matches today’s scale
factor a(t,) = 1, present-day Hubble rate H,, and intermediate values of a(t) with sub-percent

accuracy. Yet, when the comoving distance integral

Zx dz
Du(z.) = Cf 0
0

is evaluated to last scattering, the resulting angular acoustic scale

0. = 1:/Du(z.)
differs from ACDM by more than one percent, many orders of magnitude beyond observational

tolerances. This discrepancy arises not from experimental error, but from the integrated



sensitivity of geometry to law: even a minute deviation in H (z)across a broad redshift range
propagates into a large cumulative distance error. The mathematics can mimic the curve locally
yet fail globally because it lacks a physical law governing the relationship between curvature,

energy, and expansion.

This exercise demonstrates that the success of ACDM in matching present-day observables does
not verify the physical existence of dark energy. It reveals instead the limitations of mathematics
when detached from thermodynamic law. Dark energy functions as a compensatory term,
balancing the equations much like paying one credit card with another, debt is numerically
reduced, but not physically repaid. The universe’s expansion, under STLR, requires no such
mathematical borrowing: it is a lawful redistribution of existing energy performing work upon

curvature, not the creation of new energy density.

To date, no cosmological model, no matter how flexible its equations, has reproduced all key
observables without introducing a compensating constant. Even when the mathematics is entirely
manufactured, the system demands a balancing term. This is not evidence of missing energy, but
evidence of mathematical limitation and the inability of parameterized equations to reproduce

lawful behavior without invention.
5.4 Boundaries

Whatever arises within structured spacetime; particles, fields, interactions, must obey the Laws
of Thermodynamics. This model does not attempt to define all post-expansion physics. It defines
the lawful boundary: only what is thermodynamically permitted can exist. This model does not
reject modern physics, it reorders it. Quantum effects are not denied, but treated as emergent
phenomena that arise only within structured spacetime. Where speculation is excluded, it is done

deliberately, to preserve law over assumption.
5.5 Falsifiability

Singularity Test:
If black holes are shown to collapse beyond a defined structural limit, that is, if compression

continues beyond a lawful limit without forming a hard floor, this model is false.



Redshift Drift:

If observed cosmic acceleration proves constant in time, STLR is falsified. Upcoming ELT-class
measurements of redshift drift [17] will directly test this prediction.

Residual Curvature:

STLR requires a small but non-zero negative curvature ({2 < 0) that persists indefinitely; exact
flatness in finite time would contradict its thermodynamic framework.

Asymptotic Expansion:

Expansion should approach zero velocity only asymptotically, never halt or reverse. Detection of

true eternal acceleration or ultimate collapse would both refute the model.

5.6 Observational Outlook

STLR s predictions align with several near-future observational tests. Measurements of redshift
drift by the Extremely Large Telescope (ELT) will be especially revealing: the model permits
acceleration, deceleration, or near-zero drift, but rules out a perfectly constant acceleration,
which would imply infinite work in a closed system. Likewise, the Euclid mission’s refinement
of spatial curvature (AQx = 1073) directly probes STLR § requirement of a small, negative residual
curvature; confirmation of exact flatness (Qx = 0) would falsify the model. Complementary data
from the James Webb Space Telescope (JWST), mapping thermal and structural evolution in the
late universe, further constrains the timing of the thermodynamic assist phase. Collectively, these
missions will determine whether the universe’s expansion is truly parameter-driven or law-

bound.

6. Conclusion

The STLR Model presents a universe governed not by chance, but by necessity, an unbroken
chain of lawful transitions from stillness to structure, expansion to entropy, and return. It honors
every boundary of known physics, describing a cosmos that neither begins nor ends in
contradiction, but unfolds as the inevitable expression of energy under the Laws of
Thermodynamics. No exotic forces or infinities are required, only the unwavering obedience of
nature to law. In this view, the cosmos is not an accident to be explained, but a system that must

exist exactly as it does, because no other configuration is possible.



If this model fails, it will not be for lack of law. If the Laws of Thermodynamics fall, all of
physics falls with them. Unburdened by genius, I followed the laws because I didn’t know any

better.

And in the perfection of such inevitability, where law, structure, and order converge, one may

glimpse the signature of something greater than law itself.
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Appendix A — Visual Overlay vs. Integrated Geometry (0%)

Claim

Even if an expansion history is made visually indistinguishable from ACDM up to the present
epoch, a tiny, broad deviation in H(z)produces a percent-level error in the CMB acoustic
angle 0*, because 0* depends on the entire path-integral of 1/H (z)to last scattering.

Construction

Baseline: flat ACDM (Planck-like).

Manufactured surrogate:

Hgur(2) = Hacom(2) [1 + 6f (2)],

with § = 0.01and f(0) = 0(so Hymatches exactly), where

1 14z

n—
1+ 2z
1+Zexp[ ( o

f(2) = )?], z. =1.0, 0 = 0.6.

This surrogate keeps the curve visually matched but slightly bows H(z)over 0.3 Sz <5

Observable and Method

We compute the co-moving distance

Z dz
Du(z) = ¢ fo e

to z, = 1090, then evaluate

Ts

6, =
DM(Z*)

, s = 144.6 Mpc

A 1 % mid-z deviation in H(z)accumulates to = 1 % error in Dy;and 6*



Results
Model

ACDM
baseline
Surrogate (1%
mid-z bump)
Einstein—de

Sitter (Qm=1)

Ho
[km/s/Mpc]

67.400

67.400

70.000

0.315

0.315

1.000

QA

0.685

0.685

0.000

Planck’s measured 0* precision is << 0.1 %.

0* [deg]

0.600663

0.601651

1.000398

D M(z*)
[Mpc]

13,793.045

13,770.384

8,281.670

AO*/0
[%] vs
ACDM
0.000

+0.165

+66.55

AD M/D M [%)]
vs ACDM

0.000

—0.164

—39.96

The surrogate’s bias is orders of magnitude larger, despite an H(z) deviation of only = 1

% over a broad mid-z range.

Control (No-A)

For comparison, an Einstein—de Sitter universe (Qmn = 1, Ho = 70) yields

0. = 1.000° versus ACDM’s = 0.601°,

a =~ 67 % discrepancy — the classic failure of no-A models to match the CMB acoustic

scale without extreme fine-tuning.

Interpretation

A mathematically manufactured expansion curve can reproduce the present-day shape of a(t) and

H(z) to within plotting precision, yet still fail to reproduce the integrated angular scale of

the sound horizon. This demonstrates that numerical equivalence does not imply physical

validity: parameterized equations can fit the data while misrepresenting the underlying

law.



