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Abstract

This paper addresses the longstanding tension between cyclic conceptions of
time and the thermodynamic arrow imposed by the Second Law of Thermody-
namics. Classical cyclic models, whether cosmological or philosophical, require the
universe to return to prior states, yet quantitative analysis of entropy production in
radiative, gravitational, chemical, and quantum processes demonstrates that such
exact recurrence is overwhelmingly improbable. Using explicit estimates of entropy
growth across astrophysical and terrestrial systems, we show that cumulative irre-
versibility renders traditional cyclic evolution physically untenable.

To resolve this conflict, we propose a reformulation in which cyclicity is not at-
tributed to the dynamical evolution of the universe but to the structure of observer-
dependent experience within a fixed spacetime manifold. Adopting an eternalist or
block-universe ontology consistent with relativity, we model observers as worldlines
and introduce a formal reassignment operator acting on sequences of conscious
states. This operator permits cyclic experiential ordering without requiring any
violation of thermodynamic laws or reversal of entropy gradients.

We develop the framework using tools from statistical mechanics, general rela-
tivity, and quantum theory, including entropy functionals, density matrix evolution,
and spacetime geometry. We further analyze continuity and identity under discon-
tinuous experiential mappings, drawing analogies with wormhole geometries and
decoherence-induced effective discontinuities. The resulting model preserves causal
structure and physical continuity while allowing a form of recurrence grounded in
experiential reassignment rather than physical repetition.

This approach reframes the problem of cyclic time as one of ontology and ob-
server structure rather than cosmological dynamics. While it avoids the thermody-
namic inconsistencies of classical cyclic models, it raises new questions concerning
the nature of consciousness, identity, and temporal ordering within the block uni-
verse. These issues are discussed along with implications for the philosophy of time
and the foundations of physics.
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1 Introduction

The nature of time remains one of the most profound and unresolved questions in both
physics and philosophy. While everyday experience presents time as a linear progression
from past to future, numerous philosophical and religious traditions have proposed that
time may instead be cyclic, with history repeating itself in an eternal recurrence.

However, the notion of cyclic time faces a fundamental challenge when confronted
with modern physics. In particular, the Second Law of Thermodynamics establishes
that entropy in a closed system tends to increase over time, thereby defining a preferred
temporal direction commonly referred to as the “arrow of time” [7,12]. This irreversible
behavior appears to rule out the possibility of exact recurrence of past states, as each
cycle would accumulate entropy and deviate from previous ones.

This tension between cyclic conceptions of time and thermodynamic irreversibility has
led to widespread skepticism regarding the physical plausibility of cyclic models of the
universe [?]. In standard cosmological and physical frameworks, any model that requires
the universe to return to an identical prior state appears to violate well-established laws.

In this paper, we revisit the problem of cyclic time and propose a reformulation that
seeks to avoid these contradictions. Rather than interpreting cyclic time as a physical
repetition of cosmic evolution, we explore the possibility that recurrence may instead be
understood as a form of cyclic experience. In this framework, the structure of spacetime is
treated as fixed and complete, consistent with the block universe interpretation suggested
by relativity theory, while the apparent recurrence arises from a discontinuous traversal
of this structure.

This shift in perspective allows us to retain the phenomenological appeal of cyclic
time while remaining consistent with the Second Law of Thermodynamics. However, it
introduces new conceptual challenges, particularly concerning continuity, causality, and
the ontology of time beyond the observed segment of history.

The aim of this paper is therefore twofold: first, to critically analyze the incompatibil-
ity between traditional cyclic time models and thermodynamics; and second, to develop
and evaluate an alternative framework based on discontinuous recurrence within a static
spacetime structure.

The paper is organized as follows. In Section 2, we examine the thermodynamic arrow
of time and its implications. Section 3 reviews classical cyclic models and their limitations.
Sections 4 and 5 introduce the philosophical frameworks of presentism and eternalism. In
Sections 6 and 7, we develop the concept of cyclic experience and discontinuous temporal
transitions. Sections 8 through 10 address entropy, continuity paradoxes, and broader
ontological questions. Finally, we conclude with a discussion of the implications and open
problems of the proposed model.

The nature of time remains one of the most profound and unresolved questions in
both physics and philosophy. While ordinary experience suggests that time unfolds as a
linear progression from past to future, numerous philosophical, religious, and cosmological
traditions have proposed that time may instead be cyclic, with events recurring in an
eternal sequence. Despite its intuitive and historical appeal, the hypothesis of cyclic time
encounters a fundamental obstacle when confronted with modern physical theory.

The central difficulty arises from the Second Law of Thermodynamics, which intro-
duces a preferred temporal direction through the monotonic increase of entropy. For an
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isolated system, the entropy S satisfies

dS

dt
≥ 0, (1)

thereby defining the thermodynamic arrow of time. This asymmetry is not merely phe-
nomenological but follows from the statistical structure of phase space, as expressed in
Boltzmann’s relation

S = kB lnW, (2)

where W denotes the number of microstates compatible with a given macrostate.
The implications of equation (2) are severe for any doctrine of exact recurrence. If

two macrostates differ in entropy by ∆S, then the ratio of their multiplicities is

W2

W1

= exp

(
∆S

kB

)
, (3)

which becomes astronomically large even for modest entropy differences. Consequently,
the exact restoration of a prior low-entropy macrostate is overwhelmingly improbable.
When extended to cosmological and terrestrial processes, including radiative transfer,
gravitational collapse, chemical irreversibility, and biological evolution, this argument
implies that any literal cyclic reproduction of history is physically untenable.

Classical cyclic cosmologies attempt to evade this conclusion by proposing periodic
dynamics of the universe, often described through oscillatory solutions of the Friedmann
equations. However, as first emphasized by Tolman and subsequently reinforced by mod-
ern cosmology, entropy production accumulates across cycles. If Sn denotes the entropy
of the n-th cycle, then

Sn+1 > Sn, (4)

implying that successive cycles cannot be identical. Instead of exact periodicity, such
models yield an evolving sequence of increasingly entropic states, thereby undermining
the very notion of cyclic recurrence.

In parallel with these physical considerations, the metaphysical interpretation of time
plays a decisive role. Presentism, which asserts that only the present exists, aligns natu-
rally with the thermodynamic arrow but encounters significant difficulties in relativistic
contexts due to the relativity of simultaneity. Eternalism, by contrast, treats space-
time as a four-dimensional block in which past, present, and future events coexist. This
framework is strongly supported by the structure of special and general relativity, where
temporal ordering is observer-dependent and no unique global present can be defined.

The central thesis of this paper is that the failure of classical cyclic models arises
from an implicit assumption that cyclicity must be realized through physical evolution
of the universe. Once this assumption is relaxed, it becomes possible to formulate an
alternative conception of cyclic time that remains consistent with thermodynamics and
relativity. In particular, we propose that cyclicity should be understood not as a prop-
erty of global cosmological dynamics, but as a feature of observer-dependent experiential
ordering within a fixed spacetime manifold.

Within this framework, spacetime is treated as a complete four-dimensional structure,
and observers are represented by timelike worldlines. Let an observer trajectory be given
by

γ : τ 7→ xµ(τ), (5)
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with proper time τ . The sequence of experienced states along this trajectory can be
modeled as a functional of the physical configuration. We introduce the possibility that
the ordering of these experiential states need not coincide globally with the monotonic
increase of proper time. Instead, a mapping between distinct segments of the worldline
may generate a cyclic ordering of experience without requiring any reversal of physical
processes or decrease of entropy.

This shift from cyclic evolution to cyclic experience preserves the validity of the Sec-
ond Law while retaining a meaningful notion of recurrence. However, it introduces new
conceptual challenges, particularly concerning continuity, causality, and the nature of
identity across discontinuous transitions. These issues require careful analysis within
both relativistic and quantum frameworks.

The structure of the paper is as follows. Section 2 develops the thermodynamic arrow
of time using quantitative estimates from statistical mechanics and astrophysics. Section
3 examines classical cyclic cosmological models and demonstrates their incompatibility
with entropy growth. Sections 4 and 5 analyze presentism and eternalism, respectively,
as competing ontological frameworks. Section 6 introduces the formal concept of cyclic
experience through a reassignment operator acting on observer trajectories. Section 7 ad-
dresses continuity paradoxes, causal structure, and the role of wormhole-like geometries as
conceptual analogues. The concluding sections discuss broader implications, limitations,
and open questions.

The proposal advanced here does not claim to resolve all aspects of the problem
of time. Rather, it seeks to reformulate the notion of cyclicity in a manner that is
consistent with established physical principles while opening new directions for theoretical
and philosophical investigation.

2 The Arrow of Time and Entropy

The central obstacle to any doctrine of exact cyclic recurrence is the thermodynamic
asymmetry codified in the Second Law. The problem is not merely that ordinary pro-
cesses in nature look irreversible; rather, the quantitative machinery of statistical me-
chanics gives precise reasons why the overwhelming majority of physically accessible
macrostates evolve from lower entropy to higher entropy, and why the exact reconsti-
tution of a previous low-entropy world-state is fantastically improbable. This point has
been stressed in both the physics and philosophy literatures, including the classic dis-
cussions of thermodynamic asymmetry by Reichenbach, Grünbaum, Penrose, Callender,
Price, Wallace, and Go losz If time were literally periodic in the sense that the entire
universe returned to exactly the same microphysical condition after a finite interval, then
the cumulative irreversibility encoded in stellar burning, diffusion, gravitation, radiation,
chemistry, biological evolution, and geological history would have to be undone with per-
fect precision. The present section formulates that problem in explicit thermodynamic
and statistical terms.

At the phenomenological level the Second Law is frequently introduced through the
Clausius inequality. For a cyclic process, the heat increments δQ exchanged reversibly
with a bath at temperature T satisfy ∮

δQ

T
≤ 0, (6)

with equality only for a reversible cycle [13,14]. From this one defines a state function S
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such that for a reversible path

dS =
δQrev

T
, (7)

while for an arbitrary process between neighboring equilibrium states,

dS ≥ δQ

T
. (8)

Equations (6)–(8) already imply that in an isolated system, for which δQ = 0, entropy
cannot decrease:

dS ≥ 0. (9)

If one imagines a universe that is closed in the thermodynamic sense, then (9) does not
merely describe a tendency; it is the macroscopic summary of an enormous statistical
bias toward higher-entropy macrostates [8, 15, 16].

For an infinitesimal reversible transformation in a simple compressible system,

dU = T dS − p dV + µ dN, (10)

where U is internal energy, V volume, N particle number, and µ the chemical potential
[13]. Equation (10) permits a useful estimate of entropy changes associated with finite
energy degradation. Suppose a quantity of energy ∆E is irreversibly thermalized in a
reservoir near temperature T . To first approximation,

∆S ≈ ∆E

T
. (11)

This apparently modest relation becomes decisive on cosmic scales. The solar luminosity
is approximately

L⊙ ≈ 3.83 × 1026 W, (12)

so over a period of 5000 years, or

∆t5000 ≈ 5000 × 365.25 × 24 × 3600 ≈ 1.58 × 1011 s, (13)

the total emitted radiant energy is

E⊙,5000 = L⊙∆t5000 ≈ 6.05 × 1037 J. (14)

Even if only a tiny fraction of this energy participates in terrestrial irreversible processes,
the associated entropy production is vast. For a characteristic terrestrial sink temperature
near

T⊕ ≈ 255 K, (15)

one obtains the order-of-magnitude entropy generation

∆Sterr ∼
E⊙,5000

T⊕
≈ 2.37 × 1035 J K−1. (16)

This crude estimate ignores the fact that entropy flow from the Sun to the Earth is better
calculated from the temperature difference between source and sink, but it already shows
why any exact restoration of a past terrestrial state would require an entropy bookkeeping
miracle.
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A more refined estimate compares incoming and outgoing entropy fluxes. If radiant
energy ∆E leaves the solar photosphere at an effective temperature

T⊙ ≈ 5772 K, (17)

the entropy carried by that radiation at emission is of order

∆Sin ≈ ∆E

T⊙
. (18)

When the same energy is reradiated by the Earth at T⊕, the outgoing entropy is approx-
imately

∆Sout ≈
∆E

T⊕
. (19)

The net entropy exported to the environment by degrading high-temperature solar pho-
tons into low-temperature infrared photons is therefore

∆Sprod ≈ ∆E

(
1

T⊕
− 1

T⊙

)
. (20)

Using (14), (15), and (17), one finds

∆Sprod ≈ 6.05 × 1037

(
1

255
− 1

5772

)
≈ 2.26 × 1035 J K−1, (21)

consistent with the estimate in (16). Consequently, over a putative 5000-year historical
cycle the radiative economy of the Earth-Sun system alone accumulates an entropy in-
crease large enough to make the exact restoration of all earlier material states physically
implausible.

The phenomenological law is sharpened by Boltzmann’s relation between entropy and
multiplicity,

S = kB lnW, (22)

where W is the number of microstates compatible with a macrostate and

kB = 1.380649 × 10−23 J K−1. (23)

Suppose two macrostates differ in entropy by ∆S. The ratio of multiplicities is

W2

W1

= exp

(
∆S

kB

)
. (24)

If ∆S is merely 1 J K−1, then
∆S

kB
≈ 7.24 × 1022, (25)

and therefore
W2

W1

≈ e7.24×1022 , (26)

an astronomically enormous factor. Since realistic cosmic or geological entropy differ-
ences are not of order unity but of order 1020, 1030, or much larger in SI units, exact
return to a lower-entropy macrostate is not prohibited by logical contradiction, but it is
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overwhelmingly disfavored statistically [15, 16, 19]. This is precisely why the appeal to a
genuine physical cycle is so problematic.

For a classical distribution function ρ(Γ) on phase space Γ, the Gibbs entropy is

SG = −kB
∫
ρ(Γ) ln ρ(Γ) dΓ. (27)

Under exact Liouville evolution one has

dρ

dt
= {ρ,H} = 0 (28)

along trajectories, and therefore the fine-grained Gibbs entropy remains constant:

dSG

dt
= 0. (29)

This fact is the origin of the standard paradox: how can irreversible thermodynamics
arise from reversible microscopic laws [20, 60, 61]? The answer, following Boltzmann,
lies in the distinction between fine-grained constancy and coarse-grained growth. One
partitions phase space into cells of finite observational resolution and defines a coarse-
grained density ρ̄, giving

S̄G = −kB
∫
ρ̄(Γ) ln ρ̄(Γ) dΓ, (30)

which typically increases because initially localized distributions filament through phase
space and occupy more coarse cells. In this way the Second Law reflects not a fun-
damental asymmetry in Hamiltonian mechanics but the combination of low-entropy
initial conditions, coarse graining, and the overwhelming predominance of equilibrium
macrostates [8, 16, 21].

A standard kinetic realization appears in Boltzmann’s H-theorem. For a dilute gas
with one-particle distribution function f(r,v, t), define

H(t) =

∫
f ln f d3r d3v. (31)

Under the Stosszahlansatz and the Boltzmann equation, one obtains

dH

dt
≤ 0, (32)

so that the corresponding kinetic entropy

SB(t) = −kBH(t) (33)

satisfies
dSB

dt
≥ 0. (34)

Although the theorem depends on statistical assumptions and does not evade Loschmidt’s
reversibility objection in a strictly mechanical sense, it explains why entropy increase
is robust in practice and why exact time-reversed histories require exquisitely special
correlations that ordinary states do not possess [19, 22,60].

The recurrence theorem is often invoked by defenders of cyclicity, yet in fact it
strengthens rather than weakens the practical objection. For a finite Hamiltonian system
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with bounded energy shell, Poincaré recurrence guarantees that trajectories eventually
return arbitrarily close to their initial phase points. However, the recurrence times are
typically so vast that they have no relevance for historical recurrence or exact cosmic
restoration [23,24]. A crude estimate for a system with entropy S is

τrec ∼ τ0 exp

(
S

kB

)
, (35)

where τ0 is a microscopic relaxation time. Even taking an extraordinarily modest entropy

S = 103 J K−1, (36)

we obtain
S

kB
≈ 7.24 × 1025, (37)

and therefore
τrec ∼ τ0e

7.24×1025 , (38)

which dwarfs all cosmological timescales. For systems with entropy remotely comparable
to astrophysical systems, the recurrence time is beyond meaningful physical realization.
Thus recurrence in the Poincaré sense cannot rescue a doctrine of exact periodic history
over intervals of 103 or 104 years.

The difficulty becomes even sharper once gravitation is included. In non-gravitating
systems, equilibrium corresponds to spatial homogeneity. In gravitating systems, how-
ever, clumping can increase entropy, and the entropy budget is dominated by gravitational
degrees of freedom, especially black holes [8, 34]. The Bekenstein–Hawking entropy of a
black hole of horizon area A is

SBH =
kBc

3A

4Gℏ
, (39)

and for a Schwarzschild black hole,

A = 4πr2s = 4π

(
2GM

c2

)2

=
16πG2M2

c4
. (40)

Substituting (40) into (39) yields

SBH =
4πkBGM

2

ℏc
. (41)

For a solar-mass black hole,
M⊙ ≈ 1.989 × 1030 kg, (42)

one finds
SBH

kB
≈ 1.05 × 1077, (43)

hence
SBH ≈ 1.45 × 1054 J K−1. (44)

Supermassive black holes increase this by many orders of magnitude. Since the observable
universe contains many such objects, its entropy budget is dominated by gravitational
structures, not by ordinary matter or radiation
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A useful cosmological contrast is provided by the entropy of the cosmic microwave
background (CMB). For blackbody radiation in volume V ,

sγ =
4

3
aT 3, (45)

where a = 4σ/c ≈ 7.5657 × 10−16 J m−3 K−4 is the radiation constant. At the present
CMB temperature

TCMB ≈ 2.725 K, (46)

the entropy density is

sγ ≈ 4

3
(7.5657 × 10−16)(2.725)3 ≈ 2.04 × 10−14 J m−3 K−1. (47)

Using an observable-universe radius of roughly

Robs ≈ 4.4 × 1026 m, (48)

the observable volume is

Vobs =
4π

3
R3

obs ≈ 3.57 × 1080 m3, (49)

yielding total CMB entropy

SCMB ≈ sγVobs ≈ 7.28 × 1066 J K−1. (50)

In dimensionless units,
SCMB

kB
≈ 5.27 × 1089, (51)

which is already enormous, yet still far below the entropy associated with the black-hole
sector in realistic cosmic inventories [25]. The universe therefore evolves not toward the
repetition of detailed historical form but toward increasingly entropic macrostates.

Penrose has emphasized that the puzzling feature of our universe is not that en-
tropy increases now but that the early universe began in an extraordinarily special low-
gravitational-entropy condition [?,8]. This is sometimes expressed through the Weyl cur-
vature hypothesis, according to which the initial singularity was characterized by very low
Weyl curvature compared with generic gravitational singularities. The thermodynamic
arrow is therefore traced not simply to local physical law but to special cosmological
boundary conditions [60, 61]. If so, an exact cycle would require those boundary condi-
tions to recur with extremely high fidelity. The hypothesis of literal periodic evolution
thus inherits a boundary problem: what mechanism enforces repeated low-entropy initial
data?

A more local statement of irreversibility can be written in terms of free energy. For
Helmholtz free energy,

F = U − TS, (52)

one has at fixed temperature and volume

dF ≤ 0 (53)

for spontaneous processes [13]. Work extraction relies on gradients of free energy, not
merely on energy itself. The Earth receives low-entropy solar radiation and exports
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higher-entropy infrared radiation, thus maintaining local far-from-equilibrium structures
while increasing the total entropy of the larger system [17]. Hence the existence of
life, geology, meteorology, and civilization does not violate the Second Law. Rather, it
depends upon it. A literal recurrence of history would require not only the same total en-
ergy but the same hierarchy of free-energy reservoirs, chemical disequilibria, atmospheric
compositions, tectonic states, biomass histories, sediment distributions, and astronomical
conditions. The number of constraints is so immense that the recurrence of a detailed
historical trajectory becomes statistically negligible.

One may quantify the improbability of exact microstate return for a macroscopic
system by the equilibrium fluctuation probability

P ∝ exp

(
−∆S

kB

)
, (54)

where ∆S is the entropy deficit relative to equilibrium [20,26]. If the required restoration
of a past macrostate involved merely

∆S = 1020 J K−1, (55)

then
∆S

kB
≈ 7.24 × 1042, (56)

so that
P ∝ e−7.24×1042 . (57)

This is effectively zero for all practical and cosmological purposes. Such estimates are
precisely why the spontaneous restoration of extinct species, replenishment of fossil fuel
reserves, reversal of radioactive decay products, reconstruction of glaciers, and exact
resetting of anthropogenic materials cannot be treated as ordinary statistical possibilities.

To appreciate the scale of ordinary terrestrial irreversibility, consider human primary
energy consumption. A representative present-day global power use is approximately

Phum ≈ 2.0 × 1013 W. (58)

Over 5000 years the dissipated energy is

Ehum,5000 = Phum∆t5000 ≈ 3.16 × 1024 J. (59)

At a sink temperature of about 300 K this corresponds to entropy production of order

∆Shum,5000 ∼
Ehum,5000

300
≈ 1.05 × 1022 J K−1. (60)

This is tiny compared with stellar and cosmological entropy budgets, but it is still enor-
mous compared with any ordinary laboratory scale. Furthermore, industrial civilization
also produces durable material traces whose removal would require additional low-entropy
work. Thermodynamics therefore undercuts exact recurrence both through energy degra-
dation and through the cumulative history embedded in matter distributions.

Radioactive decay supplies another simple illustration. If N(t) nuclei remain unde-
cayed at time t, then

N(t) = N0e
−λt, (61)
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with half-life

t1/2 =
ln 2

λ
. (62)

For uranium-238,
t1/2 ≈ 4.47 × 109 yr, (63)

so over 5000 years the fraction decayed is small but nonzero:

fdec = 1 − 2−5000/(4.47×109) ≈ 7.75 × 10−7. (64)

For sufficiently large samples this still represents an enormous number of irreversible
nuclear events. Thus even if one ignored biology, geology, and gravitation, the exact
restoration of the same material composition after every cycle would require the undoing
of stochastic decay histories. Similar remarks apply to mutation accumulation, impact
cratering, tectonic rearrangement, and chemical weathering.

The philosophical literature has often emphasized that the Second Law by itself does
not explain temporal asymmetry unless combined with a low-entropy “Past Hypothesis”
[20, 60, 61]. Let ΓPH denote the special low-entropy macroregion corresponding to the
initial universe. Then one may state the Past Hypothesis schematically as

Γ(t0) ∈ ΓPH, (65)

with
µ(ΓPH) ≪ µ(Γeq), (66)

where µ is the relevant phase-space measure and Γeq denotes equilibrium macroregions [16,
20]. Then the asymmetry of observed entropy growth arises because typical microstates
compatible with (65) evolve toward larger macroregions:

µ(Γ(t+ ∆t)) > µ(Γ(t)) (67)

for overwhelmingly many trajectories compatible with the initial constraint. If a cyclic
universe is proposed, one must decide whether the Past Hypothesis recurs at every cycle
boundary or whether it holds only once. If it recurs, a new law-like reset is required. If it
does not recur, exact periodicity is lost. This dilemma is one of the deepest reasons why
cyclic time remains difficult to reconcile with thermodynamics [?, 34, 61].

One might try to avoid the problem by proposing that the universe returns not to the
same microstate but only to the same phenomenological sequence of conscious experience.
That strategy will be explored later in the paper. For the present section the key conclu-
sion is narrower and more rigorous. The quantitative structure of thermodynamics and
statistical mechanics strongly disfavors any model in which the same physical world-state
is recreated after a finite temporal period. Equations (6) through (67) jointly show that
exact recurrence would have to overcome the cumulative entropy production associated
with radiative transfer, mechanical dissipation, chemical irreversibility, nuclear transfor-
mation, gravitational structure formation, and the overwhelming phase-space dominance
of higher-entropy macrostates. The problem is not a minor tension that can be ignored
by appeal to intuition. It is a central theoretical obstacle. Any serious doctrine of cyclic
time must therefore either deny the applicability of the Second Law at the cosmological
level, posit a highly nontrivial entropy-resetting mechanism, or abandon the notion of
literal cyclic evolution in favor of a more discontinuous and ontologically subtle model.
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3 Classical Cyclic Time Models and Thermodynamic

Constraints

The hypothesis that time may be cyclic has appeared repeatedly in both philosophical
and cosmological traditions. In modern theoretical physics, cyclic models are typically
framed in terms of cosmological dynamics governed by general relativity or its extensions.
However, as already quantified in Section 2, the Second Law of Thermodynamics imposes
severe constraints on any model that proposes exact recurrence of physical states. The
present section analyzes classical cyclic models in explicit quantitative terms and demon-
strates why entropy accumulation generically obstructs exact periodicity.

A natural starting point is the Friedmann–Lemâıtre–Robertson–Walker (FLRW) met-
ric,

ds2 = −c2dt2 + a2(t)

[
dr2

1 − kr2
+ r2dΩ2

]
, (68)

where a(t) is the scale factor and k ∈ {−1, 0,+1} denotes spatial curvature [27,28]. The
evolution of a(t) is governed by the Friedmann equations:(

ȧ

a

)2

=
8πG

3
ρ− kc2

a2
+

Λc2

3
, (69)

ä

a
= −4πG

3

(
ρ+

3p

c2

)
+

Λc2

3
. (70)

A classical cyclic universe is often constructed by choosing parameters such that a(t)
undergoes oscillations between a minimum and maximum value. For example, in a closed
universe with k = +1 and negligible cosmological constant, one may obtain solutions in
which the universe expands from a Big Bang, reaches a maximum radius, and then
recontracts to a Big Crunch [29]. A simplified parametric solution is

a(η) = A(1 − cos η), t(η) = B(η − sin η), (71)

where η is a conformal parameter. The period of a full cycle is approximately

Tcycle ∼
πA

c
. (72)

However, Tolman showed that when entropy is included, successive cycles cannot be
identical [29]. If the total entropy S increases from cycle to cycle, then the maximum
scale factor amax must also increase. One may express this relation heuristically as

a(n+1)
max > a(n)max, (73)

with entropy growth
Sn+1 > Sn. (74)

Thus the universe exhibits a sequence of ever-larger cycles rather than exact periodic
repetition.

The entropy of radiation in a comoving volume is given by

Sγ =
4

3
aT 3V, (75)
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consistent with equation (45). Since photon production and irreversible processes increase
entropy, each cycle accumulates additional radiation entropy, modifying the dynamics.

To quantify entropy growth, consider a dissipative process during a cycle that produces
entropy ∆S. Using the Boltzmann relation (22), the ratio of accessible phase-space
volumes between successive cycles is

Wn+1

Wn

= exp

(
∆S

kB

)
. (76)

Even a modest ∆S leads to an enormous expansion in accessible microstates, preventing
recurrence of the original macrostate.

Another classical attempt is the oscillatory universe with a scalar field or modified
gravity. The energy density may include contributions from matter, radiation, and scalar
fields:

ρ = ρm + ρr + ρϕ. (77)

The scalar field ϕ obeys

ϕ̈+ 3Hϕ̇+
dV

dϕ
= 0, (78)

where H = ȧ/a. Although such models can produce bouncing behavior, entropy produc-
tion during each bounce still leads to cumulative growth [30,31].

The ekpyrotic and cyclic models inspired by string theory propose a sequence of
brane collisions generating repeated Big Bang-like events [32]. In these models, entropy
is diluted during expansion phases, but not eliminated. If the entropy per comoving
volume is s, then after expansion by a factor α,

snew =
sold
α3

, (79)

yet total entropy increases due to new production mechanisms. Consequently, exact
recurrence remains unattainable.

A further constraint arises from black hole entropy, given in Section 2 by equation (41).
During each cycle, gravitational collapse produces black holes, whose entropy dominates
the cosmic entropy budget. Since black hole entropy scales as

SBH ∝M2, (80)

even small increases in mass distribution produce large entropy increases. Without a
mechanism to remove or reset this entropy, cyclic models diverge from periodicity.

One may attempt to impose exact periodicity by requiring

S(t+ T ) = S(t), (81)

for some period T . However, combining this with the Second Law (9) implies

dS

dt
= 0, (82)

which can only hold for systems in thermodynamic equilibrium. A universe in equilibrium
would lack structure, gradients, and dynamics, contradicting observed cosmology [?, 34].

The recurrence time argument from Section 2, equation (35), further reinforces this
conclusion. For realistic cosmic entropy values, recurrence times vastly exceed any plau-
sible cycle duration, rendering exact periodicity physically irrelevant.
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Finally, quantum considerations introduce additional constraints. The von Neumann
entropy of a density matrix ρ is

SvN = −kBTr(ρ ln ρ), (83)

which increases under decoherence and coarse-graining [33]. Quantum irreversibility thus
complements classical entropy growth.

In summary, classical cyclic models fail to produce exact recurrence because entropy
increases monotonically across cycles. The accumulation of thermodynamic, gravita-
tional, and quantum entropy ensures that each cycle differs from the previous one. There-
fore, any viable theory of cyclic time must depart from the notion of literal repetition
of physical states and instead consider alternative formulations that circumvent entropy
constraints.

4 Presentism and Linear Temporal Evolution

Presentism is the metaphysical doctrine according to which only present events exist,
while the past no longer exists and the future does not yet exist. In contrast to cyclic
or eternalist views, presentism implies a dynamically evolving universe in which reality
is continually updated along a preferred temporal direction. This notion aligns naturally
with the thermodynamic arrow of time introduced in Section 2, particularly the monotonic
entropy increase expressed in equation (9). The purpose of this section is to examine
presentism in quantitative and physical terms, and to evaluate its compatibility with
modern physics.

A central feature of presentism is the existence of a global time parameter t that
distinguishes present events from past and future. In Newtonian mechanics, such a pa-
rameter is absolute and universal. The evolution of a system is described by deterministic
equations of motion,

dx

dt
= v,

dp

dt
= F, (84)

where x is position, p momentum, and F force. These equations define a trajectory in
phase space,

Γ(t) = (x(t),p(t)), (85)

which evolves continuously in time.
The entropy of a macroscopic system, given by the Boltzmann relation (22), evolves

along this trajectory. Combining (22) with (9), one obtains

d

dt
(kB lnW (t)) ≥ 0, (86)

which implies
dW

dt
≥ 0. (87)

Thus, presentism is naturally aligned with a monotonic expansion of accessible mi-
crostates.

In relativistic physics, however, the notion of a universal present becomes problematic.
The Minkowski spacetime interval is given by

ds2 = −c2dt2 + dx2 + dy2 + dz2, (88)
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and Lorentz transformations mix time and space coordinates:

t′ = γ
(
t− vx

c2

)
, x′ = γ(x− vt), (89)

where

γ =
1√

1 − v2/c2
. (90)

These relations imply that simultaneity is frame-dependent, undermining the idea of a
globally defined present [41, 42].

To formalize presentism in relativity, one may attempt to define a foliation of space-
time into spacelike hypersurfaces Σ(t) such that each hypersurface represents the present
moment. The spacetime metric can then be written in ADM form,

ds2 = −N2dt2 + hij(dx
i +N idt)(dxj +N jdt), (91)

where N is the lapse function and N i the shift vector [37]. The evolution of the spatial
metric hij is governed by Einstein’s equations, which can be expressed as

Gµν =
8πG

c4
Tµν . (92)

However, the choice of foliation is not unique, and different observers may define dif-
ferent hypersurfaces of simultaneity. This leads to a tension between presentism and the
relativistic structure of spacetime [44, 45]. One may attempt to resolve this by selecting
a preferred cosmological frame, such as the frame in which the cosmic microwave back-
ground is isotropic. In this frame, one may define a cosmic time parameter tcos, which
approximates a universal present.

The expansion of the universe provides a natural time parameter through the scale
factor a(t), governed by the Friedmann equation (69). The Hubble parameter is

H(t) =
ȧ

a
. (93)

At the present epoch,

H0 ≈ 70 km s−1 Mpc−1 ≈ 2.27 × 10−18 s−1. (94)

The age of the universe is approximately

t0 ≈
1

H0

≈ 4.4 × 1017 s. (95)

This provides a physically meaningful time parameter that can be associated with pre-
sentism.

Entropy evolution in an expanding universe can be expressed as

dS

dt
=

∫
σdV, (96)

where σ is the entropy production rate density. For irreversible processes,

σ ≥ 0. (97)
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Combining this with (9), one obtains a global arrow of time consistent with presentism.
Quantum mechanics introduces additional structure. The Schrödinger equation,

iℏ
∂ψ

∂t
= Ĥψ, (98)

is time-reversible, yet measurement processes introduce effective irreversibility. The von
Neumann entropy (83) increases under decoherence, aligning quantum processes with the
thermodynamic arrow [33].

A key difficulty for presentism is reconciling the apparent flow of time with the block
structure implied by relativity. If only the present exists, then the past must be recon-
structed from records and memory, while the future is open. One may formalize this by
defining a state functional Ψ(t) that encodes all information accessible at time t:

Ψ(t) = F [Γ(t)], (99)

where Γ(t) is the phase-space state defined in (85). The evolution of Ψ(t) is governed by
both deterministic and stochastic processes, reflecting classical and quantum dynamics.

The growth of entropy implies that Ψ(t) contains increasing information about past
states. If I(t) denotes the information content, one may write

I(t) ∼ S(t), (100)

indicating that information storage and entropy production are closely related [40]. This
suggests that presentism is compatible with a cumulative record of the past encoded in
physical systems.

Nevertheless, presentism faces a fundamental challenge: the laws of physics are largely
time-symmetric, while presentism requires a preferred direction. This asymmetry is intro-
duced through boundary conditions, as discussed in Section 2 via equation (65). Without
such conditions, the distinction between past and future would not arise naturally.

In conclusion, presentism provides a coherent framework for linear temporal evolu-
tion consistent with the thermodynamic arrow of time. However, its compatibility with
relativity and quantum mechanics requires additional structure, such as preferred folia-
tions or boundary conditions. These challenges motivate the exploration of alternative
frameworks, such as eternalism, which will be examined in the next section.

5 Eternalism and the Block Universe

The previous sections established two results that place severe pressure on any literal doc-
trine of cyclic temporal evolution. First, the thermodynamic asymmetry of the universe
is quantitatively robust: entropy production in radiative, chemical, geological, biologi-
cal, and gravitational processes accumulates over time and renders exact recurrence of
a prior physical macrostate overwhelmingly implausible. Second, presentism, although
aligned with everyday experience and with the intuitive picture of temporal becoming,
faces substantial difficulties when confronted with relativity, especially the relativity of
simultaneity and the absence of a unique observer-independent present hypersurface.
The present section develops the alternative ontology of eternalism, also known as the
block universe interpretation, and argues that it provides the natural conceptual set-
ting for rethinking recurrence without demanding a thermodynamic reset of the universe.
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The central claim is not that eternalism solves every problem, but that it converts the
problem of cyclic time from one of impossible physical restoration into one of spacetime
structure, worldline organization, and observer-location within a fixed four-dimensional
manifold [44,46,48,49].

In special relativity, events are represented as points in Minkowski spacetime, equipped
with the invariant interval

ds2 = −c2dt2 + dx2 + dy2 + dz2, (101)

which remains unchanged under Lorentz transformations [41, 42]. A timelike worldline
satisfies

ds2 < 0, (102)

and the proper time along that worldline is defined by

dτ 2 = −ds
2

c2
. (103)

For motion with ordinary speed v relative to an inertial frame, one obtains

dτ = dt

√
1 − v2

c2
, (104)

so that the elapsed proper time between two timelike-separated events is

τ =

∫ t2

t1

√
1 − v2(t)

c2
dt. (105)

Equation (105) shows immediately that time is not a single universal flowing parameter
in relativity. Instead, distinct observers trace different proper-time histories through one
and the same spacetime manifold. The ontological shift from presentism to eternalism is
therefore not an arbitrary metaphysical flourish appended to physics from outside; it is
strongly suggested by the formal structure of relativistic kinematics itself [46–48].

The relativity of simultaneity sharpens the point. For two inertial frames in standard
configuration, the Lorentz transformation reads

t′ = γ
(
t− vx

c2

)
, (106)

x′ = γ(x− vt), (107)

where

γ =
1√

1 − v2/c2
. (108)

Suppose two events are simultaneous in one frame, so that ∆t = 0. Then from (106),

∆t′ = −γ v∆x

c2
. (109)

If ∆x ̸= 0 and v ̸= 0, then ∆t′ ̸= 0. Hence simultaneity is frame-dependent. A pre-
sentist who maintains that only the present exists must either privilege one foliation of
spacetime over all others or accept that existence itself becomes frame-relative, which is
metaphysically unstable and physically unattractive [45, 46, 49]. Eternalism avoids this
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problem by asserting that all spacetime events exist, while observer-dependent foliations
merely describe different ways of coordinatizing the same ontological totality.

In general relativity, the block-universe picture becomes more geometrically sophisti-
cated. Spacetime is represented by a differentiable manifold M with Lorentzian metric
gµν , and the metric is constrained by Einstein’s field equations,

Gµν + Λgµν =
8πG

c4
Tµν . (110)

These equations do not describe a three-dimensional universe gradually being brought into
existence by an external temporal process. Rather, they constrain the four-dimensional
structure of spacetime as a whole. To formulate dynamics one often foliates spacetime
into spacelike hypersurfaces, but the foliation is representational rather than ontologically
fundamental. In ADM variables one writes

ds2 = −N2dt2 + hij
(
dxi +N idt

) (
dxj +N jdt

)
, (111)

where N is the lapse function, N i the shift vector, and hij the induced spatial metric
[37,43]. The same spacetime may admit many foliations, which is precisely why eternalists
take the four-geometry to be primary and any particular “present slice” to be secondary.

A useful way to formalize eternalism is to regard the universe as a four-dimensional
set of events with local field values assigned throughout spacetime. Let Φ(x) denote the
total field content at event x ∈ M. Then the physical universe may be schematized as
the pair

U = (M,Φ) . (112)

The classical action is a functional of the full history,

S[Φ, g] =

∫
M

L(Φ,∇Φ, g)
√
−g d4x, (113)

and the field equations follow from
δS = 0. (114)

What is important for the present paper is the ontological lesson: the formalism is nat-
urally written over the total four-dimensional domain, not over a sequence of three-
dimensional presents being successively generated [44,51,59].

The relation between eternalism and the thermodynamic arrow of time is subtle.
Eternalism does not deny that entropy increases toward what observers call the future.
It denies that this increase requires an objective ontological coming-into-being of future
events. Let Σλ be a foliation of spacetime by spacelike hypersurfaces labeled by parameter
λ, and let the matter-entropy functional on each hypersurface be

Sm[Σλ] =

∫
Σλ

s(x) dV, (115)

where s(x) is the entropy density and dV the induced volume element. The thermody-
namic arrow can then be represented by the condition

d

dλ
Sm[Σλ] ≥ 0 (116)

for foliations adapted to the large-scale cosmological orientation and to ordinary irre-
versible processes. Eternalism interprets (116) not as proof that the future is unreal
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until it comes into existence, but as a structural gradient across the block universe.
The asymmetry is in the spacetime distribution of entropy, not in the ontology of exis-
tence [12,34,52].

This can be made more explicit by introducing an entropy current sµ and writing
local entropy production as

∇µs
µ = σ, (117)

with
σ ≥ 0. (118)

Equation (117) is a covariant local version of the Second Law. The sign condition (118)
picks out a physically distinguished orientation in spacetime, but it does not force a
presentist reading. In the eternalist picture, all events at which entropy is lower and all
events at which entropy is higher coexist in the four-dimensional manifold. The relation
between them is one of ordering, not one of ontological generation.

A simple numerical estimate clarifies why this matters for the problem of recurrence.
Suppose a historical epoch of duration

∆t ≈ 5000 yr ≈ 1.58 × 1011 s (119)

contains an entropy increase of order

∆S ∼ 1035 J K−1, (120)

which is consistent with solar-radiative degradation estimates developed earlier in the
paper. If one insists on literal cyclic evolution, then the universe must return from the
final macrostate to the initial lower-entropy macrostate of the cycle. Using Boltzmann’s
relation, the corresponding multiplicity ratio is

Wfinal

Winitial

= exp

(
∆S

kB

)
. (121)

Since
∆S

kB
∼ 1035

1.380649 × 10−23
≈ 7.24 × 1057, (122)

one obtains
Wfinal

Winitial

≈ e7.24×1057 . (123)

The exact physical restoration of the earlier low-entropy macrostate is therefore not
merely difficult but fantastically disfavored. Eternalism avoids this impossible demand
because it does not require any lower-entropy past slice to be recreated after the higher-
entropy future slice. Both slices are simply different regions of the already-existing block.

The block-universe interpretation is also favored by the treatment of worldlines. Let
a material observer have spacetime path

xµ = xµ(τ), (124)

with tangent four-velocity

uµ =
dxµ

dτ
, (125)

satisfying the normalization
gµνu

µuν = −c2. (126)
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What an observer experiences as temporal succession is the ordered sequence of events
on this worldline. Thus one may represent the experiential history of a conscious subject
as the ordered set

Eγ = {xµ(τ) | τ1 ≤ τ ≤ τ2} . (127)

The block-universe thesis is that the entire set (127) exists as part of spacetime, whether
or not the subject is currently located at a given value of τ . Passage is then reinterpreted
as perspectival movement of awareness along an already-laid-out worldline, not as the
coming-into-being of one event after another.

One might object that such a view freezes the universe and cannot accommodate
becoming. Yet physics itself already distinguishes between coordinate descriptions and
invariant content. For instance, along a congruence of timelike geodesics with tangent
field uµ, the expansion scalar is

θ = ∇µu
µ, (128)

and the Raychaudhuri equation gives

dθ

dτ
= −1

3
θ2 − σµνσ

µν + ωµνω
µν −Rµνu

µuν , (129)

where σµν is the shear tensor and ωµν the vorticity tensor [43]. Equation (129) describes
focusing and defocusing properties of worldline congruences entirely within the block-
universe setting. There is no need to appeal to an external global flow of time in order to
recover dynamical structure. The geometry itself contains the relevant asymmetries and
correlations.

In cosmology, eternalism fits naturally with the full FLRW spacetime. If the metric
is written as

ds2 = −c2dt2 + a2(t)

[
dr2

1 − kr2
+ r2dΩ2

]
, (130)

then a presentist reads a(t) as the actual size of the universe changing with time, whereas
an eternalist reads a(t) as part of the four-dimensional metric field over spacetime. The
Hubble parameter,

H(t) =
ȧ(t)

a(t)
, (131)

is then a geometric feature of the block rather than evidence that only one instantaneous
cosmic slice exists at a time. For present observational values,

H0 ≈ 2.27 × 10−18 s−1, (132)

and the corresponding Hubble time is

tH = H−1
0 ≈ 4.41 × 1017 s ≈ 14.0 Gyr. (133)

These numbers describe large-scale relations within spacetime; they do not require that
only the hypersurface at cosmic time t = t0 be ontologically privileged.

The role of gravitational entropy further supports the block perspective. For a
Schwarzschild black hole of mass M , the Bekenstein–Hawking entropy is

SBH =
4πkBGM

2

ℏc
, (134)
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and therefore scales quadratically with mass. For a solar-mass black hole with

M⊙ ≈ 1.989 × 1030 kg, (135)

one obtains
SBH

kB
≈ 1.05 × 1077. (136)

Because gravitational entropy grows so enormously in the later universe, any literal cyclic
restoration of an earlier low-entropy state becomes nearly inconceivable. In a block uni-
verse, however, early low-entropy and late high-entropy regions simply coexist as different
portions of the four-geometry [34,53–55].

The strongest relevance of eternalism to the present paper lies in its ability to support a
non-restorative account of recurrence. Let the ordinary history of an observer correspond
to worldline segment

γ1 : τ ∈ [τa, τb] 7→ xµ(τ). (137)

A classical cyclic-evolution model would demand that after τb the physical universe be
driven back to a state isomorphic to that at τa. By contrast, a block-universe reinterpre-
tation can instead imagine that what recurs is not the physical construction of a second
identical cosmos but the reassociation of experiential sequence with an already-existing
earlier region of spacetime. Formally, one may represent a discontinuous reassignment
map

R : γ1(τb) 7→ γ0(τa), (138)

where γ0 is an earlier worldline segment embedded elsewhere in the same spacetime
manifold. Since the manifold already contains both regions, no entropy-decreasing recon-
struction is required. The thermodynamic obstacle is thereby transformed into a problem
of ontology and transition rather than a problem of macroscopic reversal.

This does not mean that general relativity straightforwardly licenses such reassign-
ment. It does not. But GR does contain solutions with nontrivial global causal structure,
including closed timelike curves and wormhole geometries, that show how local forward
evolution and global temporal nontriviality can coexist in principle [58, 63, 64]. A static
spherically symmetric traversable wormhole metric may be written as

ds2 = −e2Φ(l)c2dt2 + dl2 + r2(l)
(
dθ2 + sin2 θ dϕ2

)
, (139)

where Φ(l) is the redshift function and r(l) the shape function. At the throat,

dr

dl

∣∣∣∣
l=0

= 0, (140)

and the flare-out condition requires

d2r

dl2

∣∣∣∣
l=0

> 0. (141)

Such wormholes typically violate classical energy conditions. For a null vector kµ, the
null energy condition reads

Tµνk
µkν ≥ 0, (142)

whereas traversable wormholes generally require

Tµνk
µkν < 0 (143)
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in some region [63,64]. These solutions remain speculative, but they serve the conceptual
purpose needed here: they display how spacetime can, at least mathematically, connect
distant temporal regions without requiring the universe to thermodynamically rewind.

It is therefore possible to state the core advantage of eternalism in exact terms. LetML

denote a low-entropy macroregion of spacetime and MH a later high-entropy macroregion,
with

S(MH) − S(ML) = ∆S > 0. (144)

A cyclic-evolution model demands a physical process

MH →ML (145)

that effectively reverses the entropy gradient. An eternalist reinterpretation instead re-
quires only that some observer-relevant ordering relation ≺exp be re-established so that
experiential succession re-enters ML:

MH ≺exp ML. (146)

The second relation is conceptually strange, but it is not thermodynamically contradictory
in the way the first one is. This is precisely why eternalism is the indispensable bridge
to the later proposal of cyclic experience.

The cost, however, should not be understated. Eternalism weakens the intuitive meta-
physics of becoming, raises questions about the status of temporal passage, and risks
making subjective experience appear epiphenomenal. Moreover, the move from static
block ontology to discontinuous experiential reassignment is not supplied by standard
relativity alone. Additional metaphysical or psychophysical structure is required. Still,
from the standpoint of strict consistency with thermodynamics, eternalism is vastly su-
perior to any naive doctrine of exact physical recurrence. It preserves the irreversibility
measured by entropy gradients while leaving open the possibility that what recurs is not
cosmic manufacture but conscious traversal.

For the purposes of the present paper, the conclusion is therefore clear. Eternalism and
the block universe provide the first ontology encountered so far that is both compatible
with relativity and capable of absorbing the full force of the entropy objections developed
earlier. Low-entropy early epochs, high-entropy late epochs, stellar evolution, extinction,
geological change, and civilizational traces all remain where they are in the block and do
not need to be recreated or erased. The problem of recurrence is thereby redefined. It
ceases to be the problem of how the universe could physically return to a pristine earlier
state and becomes the problem of whether observer-history can, in some coherent sense,
be redirected toward already-existing earlier spacetime structure. That reformulation will
be the basis of the next section.

6 From Cyclic Evolution to Cyclic Experience

The preceding sections have established three constraints that any viable theory of cyclic
time must satisfy. First, the Second Law of Thermodynamics, expressed in equation (9),
enforces monotonic entropy increase along physical processes. Second, classical cyclic
cosmologies fail because they require entropy reduction across cycles, contradicting equa-
tions such as (74). Third, eternalism provides a consistent ontological framework in which
all spacetime events coexist, allowing temporal ordering without ontological becoming.
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The purpose of this section is to construct a mathematically explicit framework in
which cyclicity is transferred from physical evolution to observer-dependent experiential
ordering. This move replaces an impossible global dynamical requirement with a local
structural property of observer trajectories in spacetime.

6.1 Observer Trajectories and State Functionals

Let spacetime be a Lorentzian manifold (M, gµν) satisfying the Einstein equations (110).
An observer is represented by a timelike worldline

γ : τ 7→ xµ(τ), (147)

with proper time defined by (103).
Define the total physical state along the worldline as a restriction of the global field

configuration Φ:
Φγ(τ) = Φ(xµ(τ)). (148)

We now introduce a conscious state functional

C(τ) = F [Φγ(τ)], (149)

which maps physical states to experiential states. The functional F is not specified in
detail, but it is assumed to be local or quasi-local in spacetime.

6.2 Entropy Along Worldlines

Let entropy along the worldline be defined via coarse-grained macrostates:

S(τ) = kB lnW (τ), (150)

in agreement with equation (22). The Second Law implies

dS

dτ
≥ 0. (151)

Let two events along the worldline satisfy

τa < τb, S(τa) < S(τb). (152)

Any attempt to impose cyclic evolution would require a physical process reversing
this inequality, which contradicts (151).

6.3 Reassignment Operator and Cyclic Experience

We now define the central object of this section: a reassignment operator

R : Eγ → Eγ, (153)

acting on the ordered set of experiential states

Eγ = {C(τ)}. (154)
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The operator R induces a mapping

R : C(τb) 7→ C(τa), (155)

with τa < τb.
This mapping defines a new ordering relation ≺exp such that

C(τb) ≺exp C(τa), (156)

while leaving the physical ordering unchanged.

6.4 Consistency with Thermodynamics

We now state a consistency result.
Proposition. The reassignment operator R does not violate the Second Law if it

acts only on experiential ordering and not on physical state evolution.
Proof. Physical entropy is defined along spacetime trajectories via (151). The reas-

signment operator does not alter Φ(x) or the spacetime manifold M. Therefore,

dS

dτ
≥ 0 (157)

remains valid for all physical processes. Since R modifies only the ordering of C and
not the underlying trajectory γ, no entropy-decreasing process is introduced. Hence the
Second Law is preserved. □

6.5 Hilbert Space Formulation

Let the global quantum state be described by a density matrix ρ on Hilbert space H.
The von Neumann entropy is

SvN = −kBTr(ρ ln ρ), (158)

consistent with equation (83).
Define a sequence of reduced states along the worldline:

ρ(τ) = TrHenvρglobal. (159)

Decoherence implies
dSvN

dτ
≥ 0, (160)

in agreement with thermodynamic entropy growth [33,62].
The reassignment operator acts not on ρ(τ) but on the indexing of conscious states:

R : ρ(τb) 7→ ρ(τa) (161)

at the level of experiential identification, without requiring physical evolution ρ(τb) →
ρ(τa).

24



6.6 Graph-Theoretic Representation

Define a directed graph G = (V,E) with

V = {xµ(τ)}, E = {(τi, τj)}. (162)

Standard evolution corresponds to edges

(τ, τ + dτ) ∈ E. (163)

Cyclic experience introduces nonlocal edges

(τb, τa) ∈ E, (164)

forming closed loops in experiential ordering while preserving acyclicity in physical space-
time.

6.7 Numerical Considerations

Let entropy increase over an interval be

∆S ∼ 1035 J K−1, (165)

as estimated earlier. Then
∆S

kB
∼ 1058, (166)

implying recurrence probability
P ∼ e−1058 , (167)

which is effectively zero. The reassignment framework avoids this suppression entirely.

6.8 Interpretational Consequences

The framework developed here implies that cyclicity is not a property of spacetime evolu-
tion but of experiential structure. The universe does not return to earlier states; instead,
observer trajectories may be nontrivially organized within a fixed spacetime manifold.

This preserves:

Thermodynamics + Relativity + Cosmology (168)

while allowing
Cyclic Experience. (169)

7 Wormholes, Discontinuity, and Continuity Para-

doxes

The preceding section introduced the concept of cyclic experience through a reassign-
ment operator acting on observer-dependent experiential orderings. While this construc-
tion preserves thermodynamic consistency, it raises a fundamental objection: whether
discontinuous reassignment of experiential states is compatible with physical continuity,
causal structure, and identity over time. The present section addresses this objection by
analyzing the role of spacetime topology, wormhole geometries, and continuity conditions
within general relativity and quantum theory.
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7.1 Continuity in Classical Worldlines

In standard relativistic physics, an observer is represented by a smooth timelike worldline
γ(τ) satisfying

gµν
dxµ

dτ

dxν

dτ
= −c2, (170)

as already established in equation (126). Continuity requires that γ(τ) be at least C1,
implying

lim
ϵ→0

xµ(τ + ϵ) = xµ(τ). (171)

Under this condition, causal propagation is local, and no discontinuous jumps in
spacetime position are permitted. However, the reassignment operator introduced in
equation (153) does not modify γ(τ) itself, but rather the ordering of experiential states.
Thus, physical continuity is preserved even if experiential continuity is altered.

7.2 Wormhole Geometries as Geometric Analogues

To understand how discontinuous experiential transitions might be embedded within
spacetime, it is instructive to examine wormhole solutions of Einstein’s equations. A
static, spherically symmetric wormhole metric can be written as

ds2 = −e2Φ(l)c2dt2 + dl2 + r2(l)
(
dθ2 + sin2 θdϕ2

)
, (172)

where Φ(l) is the redshift function and r(l) the shape function [63,64].
The throat of the wormhole occurs at

r(l0) = rmin, (173)

with the flare-out condition
d2r

dl2

∣∣∣∣
l=l0

> 0. (174)

Traversability requires the absence of horizons, implying

Φ(l) <∞. (175)

These geometries permit paths connecting distant spacetime regions without violating
local continuity. However, they typically require violation of the null energy condition,

Tµνk
µkν ≥ 0, (176)

which must instead satisfy
Tµνk

µkν < 0, (177)

as discussed in [63,64].
The relevance to cyclic experience is conceptual rather than literal. Wormholes

demonstrate that spacetime geometry can connect regions that are distant in coordinate
time without requiring global reversal of entropy or dynamics.
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7.3 Continuity Paradox

The central paradox may be formulated as follows. Let C(τ) denote the sequence of
conscious states along a worldline. Standard continuity implies

lim
ϵ→0

C(τ + ϵ) = C(τ). (178)

Cyclic experience, however, introduces a mapping

R : C(τb) 7→ C(τa), (179)

with τa < τb, which appears to violate continuity.
The resolution lies in distinguishing between two notions of continuity:

Physical continuity: xµ(τ) (180)

Experiential continuity: C(τ) (181)

The reassignment operator preserves (180) while modifying (181). Thus, the paradox
dissolves once these two levels are separated.

7.4 Causal Structure and Discontinuity

Causality in spacetime is governed by light cones. For events x and y,

(x− y)2 ≤ 0 (182)

ensures causal connection.
The reassignment operator does not introduce new spacetime trajectories, and there-

fore does not violate
ds2

dτ 2
< 0. (183)

Instead, it modifies the ordering relation on experiential states. Therefore, causal
paradoxes such as grandfather paradoxes do not arise, since no physical backward-in-
time influence is introduced.

7.5 Quantum Discontinuity and Decoherence

Quantum theory provides additional insight. The evolution of a closed system is unitary:

ρ(t) = U(t)ρ(0)U †(t), (184)

but effective evolution is non-unitary under decoherence:

ρ→
∑
i

piρi. (185)

The von Neumann entropy defined in equation (158) increases under such processes.
Importantly, quantum state reduction already introduces a form of discontinuity in state
description, even though underlying dynamics remain continuous [33,62].

This suggests that discontinuity at the level of description does not necessarily imply
discontinuity at the level of physical law.
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7.6 Identity Over Discontinuous Sequences

A deeper issue concerns personal identity. Let identity be defined over a sequence of
states:

I = {C(τ)}. (186)

Under reassignment, identity becomes

I ′ = {C(τ1), . . . , C(τb), C(τa), . . . }. (187)

Continuity of identity requires that successive states maintain sufficient correlation.
One may define a correlation function

K(τi, τj) = ⟨C(τi)|C(τj)⟩, (188)

and require
K(τb, τa) ≈ 1 (189)

for continuity of identity.

7.7 Numerical Considerations

Let entropy difference between two regions be

∆S ∼ 1035 J K−1, (190)

as previously estimated. The probability of spontaneous recurrence is

P ∼ exp

(
−∆S

kB

)
, (191)

which is effectively zero.
The reassignment framework avoids this constraint entirely, since it does not rely on

dynamical recurrence.

7.8 Conclusion

The continuity paradox arises only if one assumes that experiential continuity must mirror
physical continuity. By separating these notions, and by recognizing that spacetime
geometry permits nontrivial global structures, one can construct a consistent framework
in which cyclic experience is possible without violating thermodynamics, causality, or
relativity.

8 Conclusion and Implications

The analysis developed throughout this paper has addressed a central tension in the phi-
losophy and physics of time: the apparent incompatibility between cyclic conceptions of
time and the thermodynamic arrow imposed by the Second Law. By combining quanti-
tative estimates of entropy growth with the structural features of relativistic spacetime,
we have shown that any doctrine of exact cyclic evolution—understood as the literal
recurrence of physical states—is overwhelmingly implausible.

28



The core difficulty arises from the exponential growth of accessible phase space as
entropy increases. As expressed by Boltzmann’s relation,

S = kB lnW, (192)

even modest entropy increments lead to enormous increases in the number of compatible
microstates. Consequently, the probability of spontaneous return to a prior macrostate,

P ∼ exp

(
−∆S

kB

)
, (193)

is effectively zero for any realistic system. This conclusion is reinforced by considerations
of gravitational entropy, radiative processes, and quantum decoherence, all of which con-
tribute irreversibly to the entropy budget of the universe.

Classical cyclic cosmologies, including oscillatory and bouncing models, therefore fail
not because of dynamical inconsistency alone, but because they implicitly require a global
entropy reset. As previously discussed, if Sn denotes the entropy of successive cycles, then

Sn+1 > Sn, (194)

which precludes exact periodicity. The thermodynamic arrow is thus not a superficial
feature but a fundamental constraint on any viable model of temporal structure.

The key conceptual advance of this work lies in identifying and relaxing an implicit
assumption shared by these models, namely that cyclicity must be realized through the
dynamical evolution of the universe itself. By abandoning this assumption, we have
proposed an alternative framework in which cyclicity is instead attributed to the structure
of observer-dependent experience within a fixed spacetime manifold.

Within the eternalist interpretation of spacetime, all events coexist in a four-dimensional
structure governed by the Einstein field equations. Observers are represented by timelike
worldlines,

γ : τ 7→ xµ(τ), (195)

along which physical states evolve monotonically in accordance with thermodynamic
laws. However, the ordering of experiential states along these worldlines need not be
globally constrained by the same monotonic parameter. By introducing a reassignment
operator acting on sequences of conscious states, it becomes possible to construct cyclic
experiential orderings without requiring any reversal of physical processes.

This distinction between physical evolution and experiential ordering is crucial. Phys-
ical continuity and causality are preserved, as no modification of the underlying space-
time manifold or field dynamics is required. At the same time, the framework allows for
a form of recurrence that is not subject to the exponential suppression associated with
entropy-driven phase-space expansion. In this sense, cyclic experience is not a violation
of thermodynamics but a reinterpretation of temporal structure within its constraints.

The introduction of discontinuous experiential mappings raises important questions
concerning continuity, identity, and causality. As analyzed in the preceding section, these
issues can be addressed by distinguishing between physical continuity of worldlines and
experiential continuity of conscious states. The use of wormhole geometries as concep-
tual analogues illustrates how nontrivial spacetime structures can connect distant regions
without requiring local violations of causality. Similarly, quantum theory provides exam-
ples in which effective discontinuities arise at the level of description without contradicting
underlying dynamical laws.
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Despite its internal consistency, the framework proposed here is not without limi-
tations. Most notably, it relies on a mapping between physical states and conscious
experience that is not yet fully understood within current physical theory. The func-
tional relation between neural or physical configurations and subjective states remains
an open problem in both neuroscience and philosophy of mind. Furthermore, the reas-
signment operator introduced in Section 6 is presently a formal construct rather than a
mechanism derived from known physical laws.

These limitations point toward several directions for future research. One avenue
involves the development of a more detailed theory of the physical basis of consciousness,
potentially drawing on quantum information theory or emergentist models. Another
concerns the exploration of spacetime topologies and boundary conditions that might
naturally support nontrivial experiential orderings. Finally, the conceptual implications
of cyclic experience for questions of identity, memory, and personal continuity merit
further philosophical investigation.

In conclusion, the principal result of this paper is a reframing of the problem of cyclic
time. Rather than attempting to reconcile cyclic cosmological evolution with the Second
Law—a task that appears fundamentally untenable—we have proposed that cyclicity may
instead reside in the structure of experience within a block universe. This shift preserves
the empirical success of thermodynamics and relativity while opening a new conceptual
pathway for understanding recurrence. Whether this framework can be further developed
into a predictive or testable theory remains an open question, but it provides a coherent
foundation for future work at the intersection of physics, philosophy, and the study of
time.
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