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Abstract

Modern physics generally treats time either as a coordinate of spacetime or as an external
parameter used to describe the evolution of physical systems. This paper proposes an alternative
theoretical framework in which time is treated as one of four fundamental modes constituting
the universe. The proposed Four-Mode Model consists of the time, space, dynamics, and matter
modes, and regards the universe as a closed dynamical energy system.

The energy allocated to each mode is represented by a state variable, and the global state of
the universe is represented by a four-component state vector. To distinguish the mathematical
ordering of state changes from internally generated physical time, an evolution parameter is
introduced. Energy transfers among the modes are described by five prescribed energy flows, and
a set of coupled state evolution equations is constructed under the constraint of global energy
conservation. A minimal linear flow model and a threshold-based regeneration rule are then
introduced.

On this basis, the paper presents a cyclic evolutionary scenario consisting of a time-mode-
dominated initial state, formation of the space mode, auxiliary initial spatial fluctuations,
formation of the dynamics and matter modes, a quasi-steady stage, cosmic contraction, and
regeneration of the time mode. The model interprets cosmic evolution not as the creation or
destruction of total energy, but as the evolving allocation of conserved energy among the four
modes. The resulting framework is presented as a minimal theoretical model for cyclic cosmic
evolution rather than as a completed or observationally validated cosmological theory.
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1 Introduction

Modern cosmology, based on general relativity and the standard Big Bang model, has successfully
accounted for a broad range of observations, including cosmic expansion, the cosmic microwave
background, and primordial nucleosynthesis [1, 2]. Nevertheless, the physical nature of time and its
fundamental role in cosmic evolution remain open theoretical questions.

In general relativity, time is treated as a coordinate of four-dimensional spacetime. In quantum
mechanics, it is commonly introduced as an external parameter that orders the evolution of physical
states. In neither formulation is time ordinarily treated as one of the physical modes constituting
the universe itself.



This paper proposes an alternative theoretical framework, referred to as the Four-Mode Model of
Cosmic Evolution. The universe is assumed to consist of four fundamental modes: the time mode,
the space mode, the dynamics mode, and the matter mode. These modes are treated as components
of a unified dynamical energy system whose state changes through prescribed energy transfers among
the modes.

The model introduces state variables representing the energy allocation of the four modes, a
state vector describing the global state of the universe, and an evolution parameter distinguished
from internally generated physical time. Coupled state evolution equations are then constructed
under the constraint of global energy conservation.

The resulting framework is used to describe a cyclic scenario involving regeneration of the time
mode, formation of the space mode, emergence of the dynamics and matter modes, a quasi-steady
evolutionary stage, cosmic contraction, and renewed regeneration. The purpose of this study is not
to replace the standard cosmological model, but to establish the internal structure of an alternative
theoretical model in which cosmic evolution is interpreted as the redistribution of conserved energy
among four fundamental modes.

2 Basic Axioms

The Four-Mode Model is constructed upon five fundamental axioms. The universe is treated as a
closed energy system, and the following axioms provide the conceptual basis for the mathematical
formulation developed in Section 3.

2.1 Axiom 1: Four Fundamental Modes

The universe is assumed to consist of four fundamental modes: the time mode, the space mode, the
dynamics mode, and the matter mode.

Each mode represents a fundamental state of the universe. Physical phenomena are described in
terms of the state variables associated with these modes and the energy flows connecting them.

2.2 Axiom 2: Intermode Energy Flow

Energy is transferred among the four fundamental modes through prescribed pathways.

Cosmic evolution is described by changes in the state variables produced by these intermode
energy flows.

2.3 Axiom 3: Conservation of Total Energy

The total energy of the universe is conserved throughout cosmic evolution.

Although the energy allocated to each mode may vary, the sum of the four mode energies remains
constant.

2.4 Axiom 4: Finite Time Mode

The time mode possesses a finite state quantity.



Rather than representing an infinite external background, the time mode is treated as a finite
component of the universe that transfers energy to other modes during cosmic evolution.

2.5 Axiom 5: Cosmic Regeneration

When the matter mode reaches a critical state, an energy flow from the matter mode back to the
time mode is initiated.

This reverse flow increases the time-mode state quantity and initiates a new cycle of cosmic
evolution.

These five axioms define the conceptual basis of the model. The mathematical formulation in
the next section is constructed directly from these assumptions.

3 Mathematical Formulation

3.1 Basic Concepts

The universe is modeled as a unified dynamical energy system composed of the four fundamental
modes introduced above. Each mode is interpreted as a fundamental state rather than as an
independent material entity.

To distinguish the mathematical ordering of state changes from internally generated physical
time, an evolution parameter denoted by 7 is introduced. The evolution parameter specifies the
ordering of changes in the model, whereas physical time is associated with the time mode itself. All
state variables are therefore expressed as functions of 7.

3.2 State Variables and State Vector

The four state variables are defined as

Ei(7), Eq(7), Ey(7), En(7), (1)

where E, Fs, E4, and FE,, denote the state quantities of the time, space, dynamics, and matter
modes, respectively.

The global state of the universe is represented by the state vector
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The proposed model may therefore be regarded as a four-dimensional dynamical system defined
on a state space whose coordinates are (E, Fs, E4, Ey,). Here, “four-dimensional” refers to the
dimension of the state space, not to the dimensionality of physical spacetime.



3.3 Energy Flows

Let J;; denote the energy flow from mode ¢ to mode j per unit evolution parameter. Five fundamental
energy flows are introduced:

Jis : Time — Space,
Jsq @ Space — Dynamics,
Jsm : Space — Matter,
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Jgm : Dynamics — Matter,
JImt : Matter — Time.

No other direct intermode flows are included in the minimal model.

3.4 Conservation of Total Energy

The total energy is defined by

Etotal = Et + Es + Ed + Em (8)
According to Axiom 3,
dE
total —0. (9)
dr

Energy is therefore neither created nor destroyed within the model, but redistributed among the
four modes.

3.5 State Evolution Equations

The evolution of each state variable is determined by the difference between its incoming and
outgoing energy flows:

% = Tt Tt (10)
e S da— Tam, (11)
% = Joa — Jim, (12)
df—Tm = Jom + Jam — Jmt- (13)
Adding Egs. (10)—(13) gives
d
T (Bi+ Es+ Eq+ Ey) =0, (14)

which is consistent with global energy conservation.



3.6 Linear Flow Model

The state evolution equations do not determine the system unless the individual energy flows are
specified. As the simplest approximation, the following linear flow model is adopted:

Jts = OéEt, (15)
Jsq = pFEs, (16)
Jsm = BE& (17)
Jam = vEq, (18)

where «a, u, 8, and v are positive flow coefficients representing the transfer efficiencies of the
corresponding pathways.

This linear formulation is intended as a minimal model. More general nonlinear, density-
dependent, temperature-dependent, or state-dependent flow laws are left for future work.

3.7 Cosmic Regeneration

Under ordinary evolution, the reverse flow is absent:

Tt = 0. (19)

When the matter-mode state quantity reaches the critical value E., the regeneration condition is
satisfied. The reverse flow is defined by

0, En < E,,
Tt = (20)

where 0 > 0 is the regeneration flow coefficient.

If this reverse flow becomes sufficiently large, the time-mode state quantity increases rapidly. This
rapid regeneration process is referred to as Time-Energy Inflation. The term is used here specifically
for rapid regeneration of the time mode and is not intended to be identical to the inflationary
scenario of standard cosmology [3].

Equation (20) is a minimal rule for initiating regeneration. It does not by itself establish the
existence or stability of a periodic solution. A more complete regeneration model may require
matter-mode density, temperature, effective volume, or other nonlinear state variables.

4 Cosmic Evolution

4.1 Standard Initial Conditions

A new cosmic cycle is assumed to begin following regeneration of the time mode. Let 79 denote the
beginning of a cycle. The standard initial conditions are



Ei(10) = Exotal, (21)
E;(m9) = 0, (22)
Ey(m9) =~ 0, (23)
E,.(19) = 0. (24)

Thus, almost all conserved energy is initially allocated to the time mode. The dominant initial
flow is

Jts = OéEt, (25)

which initiates formation of the space mode.

4.2 Formation of the Space Mode and Initial Spatial Fluctuations

Under the standard initial conditions, energy is transferred from the time mode to the space mode.
Consequently, F; decreases while Ey increases. Within the present interpretation, this process
represents formation and expansion of the spatial structure of the universe.

The generation of the space mode is not assumed to be perfectly homogeneous. Local deviations
from the global distribution are introduced as an auxiliary hypothesis and are referred to as initial
spatial fluctuations.

Because the state variables in Section 3 describe global quantities, these local fluctuations are
not explicitly represented by Es. Conceptually, a local space-mode density may be written as
es(wv T) = és(T) + 565(337 7-)7 (26)

where € is the spatial mean and de; is the local deviation. In the present paper, no field
equation for ey is introduced. It is assumed only that the global flow relations apply locally as a first
approximation.

Regions with relatively large local space-mode quantities are therefore assumed to transfer energy
more rapidly toward the dynamics and matter modes. These fluctuations provide the seeds for
subsequent structural differentiation.

4.3 Formation of the Dynamics and Matter Modes

As the space mode develops, the flows

Jsa = nEs, Jom = BEs (27)

become increasingly significant. The matter mode is formed through two complementary pathways:
direct transfer from the space mode and indirect transfer mediated by the dynamics mode through

Jdm = I/Ed. (28)

Within the proposed model, particles, atoms, stars, galaxies, and other material structures are
interpreted as manifestations of the progressive accumulation and organization of the matter-mode



state quantity. This interpretation remains phenomenological; the model does not yet derive the
microphysics of particle or atomic formation.

4.4 Quasi-Steady State

As the dynamics and matter modes develop, the system may enter a long-lived quasi-steady stage.
During this stage, the state variables continue to change, but their rates of change are assumed to
be substantially smaller than during the initial stage.

The term quasi-steady is used because the system is not in true equilibrium: the intermode flows
remain active and energy allocation continues to evolve. The persistence of complex structures
during this stage may be interpreted as a form of self-organization under the constraint of global
energy conservation.

4.5 Cosmic Contraction

As the quasi-steady stage persists, the finite time-mode state quantity decreases through the flow
Jis = aly. The corresponding reduction of Jys weakens the formation of new space-mode states.

Meanwhile, the matter mode continues to receive energy from the space and dynamics modes. The
global allocation therefore shifts from a time-mode-dominated state toward a matter-mode-dominated
state.

The model assumes that decreasing space-mode dominance reduces the spatial degrees of
freedom available to sustain extended material structures. Matter structures consequently become
progressively denser, and the universe approaches a highly condensed state. This contraction is
interpreted as the final stage preceding regeneration, not as the absolute termination of cosmic
evolution.

4.6 Cosmic Regeneration and the Four-Mode Cosmic Cycle

When the regeneration condition F,, > F, is satisfied, the reverse flow J,,; is activated. If sufficiently
strong, this flow rapidly increases the time-mode state quantity and may return the system toward
the time-mode-dominated standard initial condition.

The proposed evolutionary sequence is summarized as
Time — Space — Dynamics — Matter — Time. (29)

This sequence is referred to as the Four-Mode Cosmic Cycle. The present equations define a
minimal scenario for such cyclic evolution; they do not yet constitute a proof that stable periodic
trajectories exist for all admissible parameter values.

5 Discussion

5.1 Physical Interpretation of the Four-Mode Model

The model treats time not as an immutable external background but as an evolving component of
the universe. The beginning of a cosmic cycle corresponds to an increase in the time-mode state



quantity, whereas its final stage corresponds to depletion of that quantity and transition toward the
regeneration condition.

This study does not eliminate time from physics. Rather, it redefines the role of time by assigning
it a mode and a corresponding state variable within a closed dynamical energy system.

5.2 Energy Allocation as the Principle of Cosmic Evolution

A central proposition of the model is that cosmic evolution is a continuous redistribution of conserved
energy. The total energy remains fixed, while its allocation among the four modes changes along a
trajectory in state space.

At the beginning of a cycle, energy is concentrated in the time mode. It is subsequently transferred
to the space, dynamics, and matter modes. At the regeneration threshold, the direction of transfer
includes the reverse matter-to-time pathway.

In the proposed framework, cosmic evolution is fundamentally an evolution of energy allocation.

5.3 Theoretical Characteristics of the Four-Mode Cosmic Cycle

The Four-Mode Cosmic Cycle provides a unified interpretation of cosmic generation, structural
development, contraction, and regeneration as stages of one continuous dynamical process. The
total energy is conserved throughout, and the apparent succession of cosmic stages reflects changes
in the distribution of that energy.

The universe may therefore be interpreted as a self-organizing dynamical system in which
structures emerge through intermode energy flows. In the present paper, self-organization is an
interpretive concept rather than an additional dynamical law.

Cyclic cosmological models have been explored in other theoretical contexts, including conformal
cyclic cosmology [4]. The Four-Mode Model differs in its choice of state variables, prescribed flows,
and regeneration mechanism.

5.4 Relation to Existing Cosmological Models

The proposed model addresses the origin, evolution, and large-scale structure of the universe, but its
theoretical construction differs substantially from standard cosmology. Standard cosmology describes
evolution primarily through spacetime geometry, matter content, and gravitational dynamics. The
Four-Mode Model instead describes a state-space trajectory generated by energy redistribution
among four modes.

The model is not intended to replace general relativity, quantum mechanics, or the standard
cosmological model. It is an alternative description at a different theoretical level. At present,
its objective is to establish internal consistency and identify a possible mathematical structure.
Quantitative comparison with observations requires further development.

5.5 Limitations and Future Work

Several major issues remain unresolved.

First, the physical dimensions and units of the state variables must be specified. Without such
definitions, their relation to established physical quantities remains qualitative.



Second, the flow coefficients «, i, 8, v, and § are phenomenological parameters. Their derivation
and possible relation to known physical constants remain open questions.

Third, the linear flow laws are minimal assumptions. Nonlinear, density-dependent, temperature-
dependent, and state-dependent formulations should be investigated.

Fourth, the regeneration condition currently depends on the global matter-mode quantity E,,. A
physically refined version may require a critical matter-mode density, temperature, effective volume,
or compression variable.

Fifth, the existence, stability, and parameter dependence of periodic or recurrent solutions have
not been demonstrated. Numerical and analytical dynamical-systems studies are therefore necessary.

Finally, the model must eventually yield falsifiable predictions and be compared with observational
evidence, including the cosmic microwave background, large-scale structure, and the expansion
history of the universe.

The present study should therefore be regarded as a first step toward a more comprehensive
framework, not as a completed cosmological theory.

6 Conclusion

This paper has proposed the Four-Mode Model as a theoretical framework for describing cosmic
evolution. The universe is represented as a closed dynamical energy system consisting of the time,
space, dynamics, and matter modes. Its global state is specified by four state variables, and its
evolution is governed by coupled energy flows under global energy conservation.

A minimal mathematical formulation was constructed using state evolution equations, linear
flow laws, and a threshold-based regeneration rule. This formulation supports a qualitative scenario
involving a time-mode-dominated initial state, formation of space, development of dynamics and
matter, a quasi-steady stage, contraction, and regeneration.

The central conceptual feature of the model is the interpretation of cosmic evolution as the
dynamical redistribution of conserved energy among four fundamental modes. The framework is
internally organized and mathematically explicit at the level of a minimal model, but it remains
hypothetical and incomplete.

Future work must define the physical dimensions of the state variables, derive or constrain the
flow coefficients, examine nonlinear extensions, establish whether cyclic solutions exist, and formulate
observationally testable predictions.

Although the present model remains hypothetical, it is hoped that the proposed framework
will stimulate further theoretical investigation into the physical nature of time and the dynamical
evolution of the universe.
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