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Abstract

General relativity describes black holes through spacetime geometry and predicts gravi-
tational time dilation, gravitational redshift, event horizons, and characteristic strong-field
phenomena. The physical meaning of time itself, however, remains conceptually different in
general relativity and quantum theory, and the internal evolution of black holes is not yet
described by a universally accepted microscopic theory. This paper develops a phenomeno-
logical extension of the Four-Mode Model, in which the conserved total energy of a closed
cosmic system is allocated among four mutually transformable modes: time, space, dynamics,
and matter.

The present study focuses on time energy, defined as the portion of conserved total
energy allocated to the time mode. A local temporal state and a dimensionless time-scaling
factor are introduced to describe how local physical processes are compared between regions
with different time-mode states. Time energy is treated not merely as a passive source of
clock progression, but as an active component potentially associated with the characteristic
timescales of atomic, particle, plasma, and radiative processes. The concepts of the observed
universe and the shared universe are then formulated as physical descriptions referenced to
local temporal states rather than as psychological or purely epistemological constructs.

Black-hole formation is interpreted as an extreme redistribution toward the matter mode,
accompanied by a reduced local contribution of the time mode. General relativity is retained
as the theory describing observable spacetime geometry, while the Four-Mode Model is
proposed as a complementary description of the underlying energetic redistribution. At a
critical matter-mode state, a reverse matter-to-time flow may rapidly regenerate the time
mode; this hypothetical local process is termed the Mini-Bang. Gravitational redshift remains
geometrically described by general relativity, while the present model offers a possible deeper
energetic interpretation and identifies high-energy variability and spectral behavior as future
observational targets. The model remains incomplete and does not yet provide a field equation,
a microscopic derivation, or a quantitative departure from general relativity.

Keywords: time energy; time mode; four-mode model; black hole; gravitational time dilation;
gravitational redshift; observed universe; shared universe; Mini-Bang

1 Introduction

Black holes provide one of the most demanding theoretical settings in modern physics. General
relativity successfully describes the external spacetime of black holes and predicts event horizons,
gravitational time dilation, gravitational redshift, and strong-field orbital behavior [1, 2]. The
detection of gravitational waves from binary black-hole mergers and horizon-scale imaging of
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supermassive black-hole candidates have further strengthened the empirical status of relativistic
black-hole physics [3, 4].

Nevertheless, the theory leaves important questions open. Classical singularity theorems
indicate the breakdown of ordinary spacetime description under broad conditions [5], while
quantum theory ordinarily treats time as an external parameter rather than as a dynamical
observable. This mismatch contributes to the well-known problem of time in quantum gravity
[6]. A complete microscopic description of black-hole interiors has not been established.

The present paper develops a black-hole application of the Four-Mode Model of Cosmic
Evolution [7]. In that model, the universe is treated as a closed dynamical energy system
composed of four fundamental modes: the time mode, space mode, dynamics mode, and matter
mode. Cosmic evolution is represented as redistribution of conserved energy among these modes.

The central proposal of the present study is that black-hole evolution can be interpreted as an
extreme local redistribution of the four-mode energy allocation. In particular, the growth of the
matter mode is accompanied by a reduction of the locally available time mode. The observed
relativistic slowing of clocks is not replaced by this proposal. Rather, the spacetime geometry of
general relativity is treated as the observable description, while the Four-Mode Model is used to
hypothesize an underlying energetic state.

This extension also introduces three connected ideas. First, a local time-scaling factor is
defined as a relational quantity connecting local and reference temporal intervals. Second, the
observed universe and the shared universe are defined as physical descriptions grounded in local
temporal states. Third, a critical reverse transformation from matter mode to time mode is
proposed as a possible late-stage black-hole process called the Mini-Bang.

The objectives of this paper are therefore: (i) to formulate the local role of time energy
within the Four-Mode Model; (ii) to apply that formulation to black-hole evolution without
rejecting the established predictions of general relativity; (iii) to define the observed universe
and shared universe in physical, observer-relative terms; (iv) to examine gravitational redshift
and high-energy radiation as possible observational interfaces; and (v) to clarify the speculative
status, limitations, and future mathematical requirements of the model.

2 The Four-Mode Framework of Conserved Energy

2.1 Four Fundamental Modes

The Four-Mode Model assumes that the physical universe may be represented by four fundamental
energetic modes:

(i) the time mode,

(ii) the space mode,

(iii) the dynamics mode, and

(iv) the matter mode.

Each mode is treated as a state of one conserved energetic system rather than as a completely
independent substance. The four global state quantities are written as

Et(τ), Es(τ), Ed(τ), Em(τ), (1)
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where τ is an evolution parameter ordering state changes and is conceptually distinguished from
the internally generated physical time associated with the time mode.

The total energy is
Etotal = Et + Es + Ed + Em, (2)

with
dEtotal

dτ
= 0. (3)

Cosmic evolution is therefore described as a change in allocation rather than as creation or
destruction of total energy.

2.2 Intermode Energy Flows

Let Jij denote an energy flow from mode i to mode j per unit evolution parameter. The minimal
model employs

Jts : Time → Space, (4)
Jsd : Space → Dynamics, (5)

Jsm : Space → Matter, (6)
Jdm : Dynamics → Matter, (7)
Jmt : Matter → Time. (8)

The corresponding global evolution equations are

dEt

dτ
= −Jts + Jmt, (9)

dEs

dτ
= Jts − Jsd − Jsm, (10)

dEd

dτ
= Jsd − Jdm, (11)

dEm

dτ
= Jsm + Jdm − Jmt. (12)

Their sum vanishes identically, preserving total energy.
For the black-hole problem, global quantities alone are insufficient. We therefore introduce

local mode densities
ρi(x, τ), i ∈ {t, s, d, m}, (13)

whose spatial integrals recover the corresponding global quantities when such integrals are well
defined. No complete local field equations are derived in this paper; the density formulation is a
phenomenological extension required for discussing strong spatial gradients near black holes.

2.3 Time Energy as an Allocated Component

Time energy is defined as the portion of conserved total energy allocated to the time mode. It is
not an additional fifth energy. It is the time-mode component Et globally, or ρt locally, within
the same four-mode conservation scheme.
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This definition permits a hierarchy of descriptions:

conserved total energy −→ time-energy allocation −→ local temporal state −→ relationally observed temporal behavior.
(14)

The black-hole application developed below remains an extension of the same allocation
principle rather than a replacement of the original Four-Mode Model.

3 Time Energy and Local Temporal States

3.1 Local Temporal State

A local temporal state is the physical state associated with the local time-mode allocation. It
is represented phenomenologically by the local time-mode density ρt(x, τ) together with any
additional state variable required to describe whether the time mode is freely distributed, strongly
interacting, or condensed.

The present theory does not assume that small fluctuations in freely distributed time energy
produce large clock-rate changes. Under ordinary conditions, weak variations of the free time
mode are expected to have negligible macroscopic consequences. Large temporal effects are instead
associated with extreme states in which mode conversion, strong interaction, or condensation
becomes dominant.

3.2 Time-Scaling Factor

To compare two local temporal environments, we introduce a dimensionless time-scaling factor
ηt. For a local interval dTloc and a selected reference interval dTref ,

dTloc = ηt dTref . (15)

The interpretation is

ηt < 1 local processes are slower relative to the reference, (16)
ηt = 1 the two temporal states coincide at the adopted accuracy, (17)
ηt > 1 local processes are faster relative to the reference. (18)

The factor is relational: it has no operational meaning without a reference region and a
comparison procedure. It should not be confused with the coefficient α used for the time-to-space
flow in the minimal global model.

At the present stage, the theory does not derive ηt from first principles. Schematically,

ηt = F(ρt, Ct, ρm, . . .) , (19)

where Ct is a possible condensation or interaction-state variable. The functional form of F is left
for future work.

3.3 Internal Time and External Comparison

An observer embedded in one local temporal state does not directly experience their own time as
abnormal. Biological processes, atomic transitions, chemical reactions, mechanical clocks, and
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local measurements evolve according to the same local temporal conditions. Their mutual ratios
remain locally consistent.

Temporal dilation or acceleration becomes observable only through comparison between
physically separated regions, for example by exchanged signals, synchronized clocks, orbital
dynamics, or common reference standards. In this paper, internal time denotes locally experienced
temporal progression, whereas external time comparison denotes the relational comparison
between distinct local temporal states.

This distinction is compatible with the local character of proper time in relativity. The
Four-Mode Model adds a proposed energetic interpretation beneath that observable geometric
description.

3.4 Physical Role of Time Energy

In the present theory, time energy is not merely a passive element that supplies the passage of
time. It is treated as an active energetic component associated with the rates at which local
physical processes unfold. Therefore, a change in the local state of the time mode may affect
not only clock progression but also the characteristic timescales of atomic transitions, particle
interactions, plasma dynamics, electromagnetic emission, and other processes whose evolution is
temporal.

This does not imply that all physical forces or structures are reducible to time energy alone.
The four modes remain mutually involved. The claim is narrower: when a physical process occurs
within a changed local temporal state, its temporal scale may change together with the clocks
used to measure it.

This principle is important for black-hole observations. If a strong-field region possesses an
extreme time-mode state, changes may appear in variability timescales, decay profiles, orbital
modulations, or spectral properties. At present, however, the theory does not calculate the
magnitude or sign of any deviation beyond the predictions of established relativistic models.

4 Black-Hole Evolution and Time-Energy Redistribution

4.1 Matter-Mode Dominance

Gravitational collapse concentrates matter and dynamical energy into an increasingly compact
region. In the Four-Mode interpretation, a black hole is an extreme state in which the local
allocation strongly favors the matter mode.

The working hypothesis is that part of the locally available time-mode energy becomes bound,
condensed, or transformed as the matter mode grows. The local time contribution is therefore
reduced relative to distant ordinary regions. This produces a low-ηt state when compared with a
distant reference.

The model does not claim that time vanishes. A local observer continues to experience proper
time and locally consistent physics. The proposed reduction concerns the relational temporal
state revealed by comparison with another region.

4.2 General Relativity and the Four-Mode Model

General relativity describes the observable spacetime geometry associated with mass-energy and
predicts the relation between clocks located in different gravitational potentials. In the static
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Schwarzschild idealization, the frequency received at infinity from a stationary emitter at radius
r is

ν∞
νem

=

√
1 − 2GM

rc2 . (20)

The Four-Mode Model does not replace this equation. Its proposed role is different:

General relativity describes the observable geometry of spacetime, whereas the Four-
Mode Model describes a hypothetical redistribution of conserved energy underlying
that observable geometry.

This distinction is central to the present paper. The geometric and energetic descriptions are
intended to be complementary only if the Four-Mode Model can eventually reproduce relativistic
observables and remain consistent with precision tests.

4.3 Free and Condensed Time-Mode States

A possible microscopic extension distinguishes a freely distributed time-mode state from a
condensed or strongly bound state. Small variations of the free state are assumed to have weak
macroscopic effects. By contrast, a transition toward condensation or matter-mode conversion
may strongly suppress the local time-scaling factor.

This distinction avoids predicting a conspicuous shell of accelerated time merely because freely
distributed time energy accumulates weakly outside a black hole. Any such weak accumulation
may be physically present yet observationally negligible. The dominant effect is instead assigned
to the extreme conversion or condensation region associated with black-hole formation.

The free/condensed distinction is a hypothesis, not an established component of particle
physics. It is retained here because it provides a coherent route toward a future microscopic
model while preserving agreement with the monotonic strong-field behavior described by general
relativity at the phenomenological level.

5 Observed Universe and Shared Universe

5.1 Observed Universe as a Local Physical Description

The observed universe is defined here as the physical description of the universe constructed
relative to an observer’s local temporal state, causal accessibility, and measurement procedures.
It is not a psychological illusion and does not depend on human consciousness.

Two observers in different gravitational and kinematic environments may assign different
elapsed times, received frequencies, and event orderings to the same extended physical process
while each retains a locally consistent description. Their observed universes differ because their
physical reference conditions differ.

The concept therefore emphasizes the full set of observable phenomena organized by local
time rather than a coordinate system alone.
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5.2 Relational Comparison

Let observers A and B possess local scaling factors ηA and ηB relative to a common reference.
Their comparative temporal ratio is

RAB = ηA

ηB
. (21)

Only RAB is operationally relevant to their comparison. Each observer experiences local
processes normally, while exchanged signals reveal a difference between their temporal states.

Near a black hole, ηA may be substantially smaller than ηB for a distant observer. The distant
observer then assigns slower temporal evolution to near-hole processes. Descriptions in the
reverse direction require careful treatment of motion, signal propagation, and causal structure,
but the central point remains relational: neither local observer directly senses a universal absolute
slowdown.

5.3 Shared Universe

A shared universe is the limiting physical situation in which observers occupy sufficiently similar
local temporal states that their observed universes coincide within measurement accuracy:

|RAB − 1| < ε, (22)

where ε is the relevant experimental or practical tolerance.
Observers on or near Earth ordinarily inhabit a shared universe to high accuracy because

gravitational and kinematic clock-rate differences are small and can be corrected through
established relativistic procedures. The shared universe is therefore not a metaphysical common
world created by agreement; it is an approximate equivalence class of observed universes under
closely matched physical conditions.

5.4 Black Holes as a Limit of Shared Description

Black holes expose the limits of the shared-universe approximation. Strong temporal gradients,
causal boundaries, redshift, and restricted signal exchange can make the physical descriptions of
near and distant observers diverge substantially.

The observed-universe concept organizes these differences without treating them as contradic-
tions. The shared universe remains valid where local temporal states are nearly equivalent, while
strongly relativistic environments require explicitly observer-relative descriptions.

6 Gravitational Redshift and High-Energy Radiation

6.1 Established Relativistic Description

Gravitational redshift is an established consequence of general relativity. Radiation climbing from
a deeper gravitational potential is received at a lower frequency by a distant observer. Motion of
emitting plasma, relativistic beaming, light bending, absorption, scattering, and source geometry
must also be included in realistic accretion-flow spectra.

The present model accepts these effects and does not claim that an observed redshift alone
demonstrates time-energy redistribution.
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6.2 Energetic Interpretation

Within the Four-Mode Model, gravitational redshift may be interpreted at two descriptive levels.
General relativity provides the geometric relation between emitter, photon propagation, and
observer. The Four-Mode Model proposes that the local temporal state of the emission region
reflects an underlying energy allocation in which the time mode is reduced relative to the matter
mode.

If the time mode participates in the timescales of local physical processes, the same local state
may affect atomic transitions, plasma oscillations, synchrotron emission, flare development, and
other radiation-producing mechanisms. Such effects would be embedded in the emitted signal
before propagation to the distant observer.

This proposal does not yet yield a distinct spectral formula. A credible observational test
would require:

(i) a quantitative constitutive relation for ηt,

(ii) a radiative-transfer model incorporating the local temporal state,

(iii) simultaneous treatment of relativistic redshift and Doppler effects, and

(iv) a prediction distinguishable from standard accretion physics.

6.3 Potential Observational Interfaces

Possible future interfaces include X-ray flare rise and decay times, quasi-periodic variability,
polarization changes, synchrotron spectral evolution, and radius-dependent variability in accre-
tion flows. The relevant signature would not be a generic wavelength shift, which has many
conventional causes, but a correlated pattern of temporal and spectral behavior that cannot be
reproduced by general relativity plus established plasma physics.

No such signature is claimed in the present paper. The discussion identifies a route toward
falsifiability rather than reporting observational evidence.

7 Regeneration of the Time Mode and the Mini-Bang

7.1 Critical Matter-Mode State

The global Four-Mode Model includes a reverse energy flow from matter to time when the
matter mode reaches a critical state. For a local black-hole application, the corresponding
phenomenological rule is written in terms of the local matter-mode density:

Jmt(x, τ) =

0, ρm < ρc,

δ (ρm − ρc) , ρm ≥ ρc,
(23)

where ρc is a critical matter-mode density and δ > 0 is a regeneration coefficient.
This equation is a threshold rule, not a derivation. It expresses the hypothesis that indefinite

matter-mode concentration becomes unstable and activates a reverse transformation.
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7.2 Mini-Bang

The Mini-Bang is defined as the rapid local regeneration of the time mode following activation
of the reverse matter-to-time flow. Time-mode regeneration and the Mini-Bang are therefore not
two separate events: the Mini-Bang is the rapid regeneration process itself.

The term does not imply an ordinary explosion into pre-existing space and is not identified
with standard inflation. It denotes a local transition in mode allocation. If the regenerated
time mode subsequently supports renewed space-, dynamics-, and matter-mode development, a
regenerated domain may begin a new local evolutionary sequence.

7.3 External Appearance and Internal Evolution

The model does not establish that a Mini-Bang would cause an existing black hole to disappear
suddenly from the external universe. Whether the process changes the exterior metric, produces
a transient signal, remains hidden behind a horizon, or generates a causally disconnected domain
depends on a future coupling between mode dynamics and spacetime geometry.

Accordingly, the conservative statement is that the exterior may remain approximately
compatible with relativistic black-hole geometry while internal mode redistribution occurs. This
is an assumption to be tested, not a result already proved by the Four-Mode equations.

7.4 Temporal Regeneration

A regenerated time mode would create a high-time-allocation state relative to the preceding
condensed state. Local processes within that regenerated domain would remain internally normal,
while their relation to external temporal states could differ greatly.

The Mini-Bang therefore links black-hole evolution, time-energy regeneration, and observer-
relative temporal description within one conservation-based framework.

8 Discussion

8.1 Theoretical Position

The Four-Mode Model is a phenomenological energy-allocation theory. It is not currently a
replacement for general relativity, quantum field theory, or the standard cosmological model. Its
proposed contribution is to describe a deeper level of state transformation beneath observable
spacetime geometry.

The central interpretive division is:

general relativity : observable spacetime geometry, (24)
Four-Mode Model : underlying energetic allocation and transformation. (25)

This division becomes scientifically meaningful only if a mathematical mapping between the
two levels is constructed.
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8.2 Relation to Quantum Theories of Time

In ordinary quantum mechanics, time is usually an external parameter, whereas position and
momentum are represented by operators. Quantum-gravity research has explored relational,
emergent, discrete, and timeless formulations, reflecting the unresolved problem of time [6, 8].

The Four-Mode Model differs by treating time as an energetic mode. A future microscopic
theory might represent that mode through discrete constituents provisionally called time monads.
Such a model could distinguish freely distributed and condensed phases, with the latter associated
with strong coupling or conversion into the matter mode.

No time-monad field, statistics, interaction law, or experimental evidence is provided here.
The concept is therefore a possible microscopic completion rather than a premise required for
the macroscopic claims of the paper.

8.3 Limitations

The principal limitations are:

(i) the physical dimensions of the local mode densities are not yet fully specified;

(ii) no covariant local field equations have been derived;

(iii) the constitutive function F relating the time mode to ηt is unknown;

(iv) the free-to-condensed time-mode transition is hypothetical;

(v) the threshold rule for the Mini-Bang is phenomenological;

(vi) the exterior spacetime response to regeneration has not been calculated;

(vii) no quantitative spectral or timing prediction distinct from standard models is yet available;
and

(viii) no direct observational evidence presently supports the Mini-Bang or time-monad hypothe-
ses.

These limitations prevent the model from being regarded as a completed physical theory.

8.4 Research Program

A viable development program requires:

(i) a covariant field formulation of local mode densities and flows;

(ii) derivation or constraint of mode-conversion coefficients;

(iii) a mapping from mode variables to the metric and stress-energy tensor;

(iv) stability analysis of the matter-to-time threshold;

(v) radiative-transfer calculations for strong-field emission;

(vi) numerical comparison with black-hole timing and spectral data; and

(vii) investigation of microscopic time-mode models compatible with quantum theory.

The theory becomes falsifiable only when these steps yield quantitative predictions that differ
from, or reduce to, established physics in clearly specified regimes.
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9 Conclusion

This paper has extended the Four-Mode Model of conserved energy to black-hole evolution. The
model treats time, space, dynamics, and matter as mutually transformable energetic modes and
defines time energy as the portion of conserved total energy allocated to the time mode.

A local temporal state and a relational time-scaling factor were introduced. The time mode
was interpreted as potentially associated not only with clock progression but also with the
characteristic timescales of local physical processes. The observed universe was defined as a
physical description referenced to a local temporal state, while the shared universe was defined
as the practical equivalence of observed universes under sufficiently similar conditions.

Black-hole formation was interpreted as an extreme redistribution toward the matter mode
and away from the locally available time mode. General relativity remains the established
geometric description of the resulting spacetime and redshift. The Four-Mode Model proposes, at
a distinct theoretical level, an underlying energetic redistribution that would have to reproduce
those observable results.

At a critical matter-mode state, a reverse flow may regenerate the time mode. The rapid local
regeneration process was defined as the Mini-Bang. This hypothesis remains speculative, and its
consequences for exterior spacetime, radiation, and causal structure have not yet been derived.

The central claim of the paper is therefore limited but clear: time may be treated not merely
as a parameter used to describe physical phenomena, but as an energetic mode participating in
their evolution. Whether this interpretation has physical validity depends on future mathematical
formulation and observational testing.
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