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Section 4. The Emergence of the Arrow of Time

Mini-Introduction

With time now defined canonically as an emergent record of irreversible entropic displacement, the
central mystery of temporal direction can be addressed with far greater precision. The question is no

longer what time is. The question is why time appears to point from past to future.

In classical physics, the arrow of time is usually imported as an additional principle—often through
thermodynamics, boundary conditions, or cosmological initial states. In quantum theory, it is frequently
treated as a statistical emergent effect disconnected from the most fundamental equations. In relativity,

temporal direction is typically assumed rather than explained.

CUWF takes a different approach. Within this framework, the arrow of time is not imposed, appended,
or borrowed from a separate branch of physics. It arises from the very same structural mechanisms
that generate time itself: entropic gradients, irreversible reduction of degrees of freedom, and collapse

dynamics.

Section 4 shows that once time is reconstructed properly as a collapse-generated, entropically
weighted quantity, temporal direction is no longer mysterious. The arrow of time is not a separate
feature of reality layered on top of temporal emergence. It is a direct consequence of how reality

commits to structure.

The subsections that follow trace this logic step by step. They show how monotonic entropic gradients,
collapse ordering, observer memory integration, and the exclusion of retrocausality together generate
a robust and observer-independent arrow of time without invoking special initial conditions, external

time parameters, or spacetime asymmetries.
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Having defined time in CUWF as an emergent scalar generated by collapse and entropic
displacement, the next question becomes unavoidable: why does time appear to point in one direction

only? Why does temporal order not simply arise, but arise asymmetrically?

Most physical theories either assume an arrow of time, push it into special boundary conditions, or
treat it as a merely statistical effect superimposed upon fundamentally reversible laws. CUWF takes a
different route. The arrow of time is not imported from outside the theory. It emerges directly from the

structure of collapse itself.

Section 4 develops that claim in five steps. First, it shows that collapse enforces a monotonic inequality
along entropic gradients. Second, it explains why the wave level itself possesses no arrow at all. Third,
it identifies collapse ordering as the true origin of temporal direction. Fourth, it explains why human
observers experience time as monotonic and continuously forward. Fifth, it shows why retrocausality

has no place in the CUWF framework.

4.1 Entropy Gradient Inequality and the Arrow of Time

The apparent directionality of time—from past to future—is one of the most persistent features of
physical experience. Yet in most frameworks, this direction is either assumed, imposed through initial
conditions, or treated as a secondary statistical artifact. CUWF instead derives the arrow of time from a

single structural fact: entropic gradients are monotonic along collapse trajectories.

This inequality is not an additional postulate. It follows directly from the way collapse resolves

uncertainty within entropic geometry.

]
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4.1.1 The Entropy Gradient as a Directional Structure

In CUWF, entropy is not merely a scalar quantity. It defines a directional geometry over configuration
space. The entropic geometry R_E(x) assigns a local slope to each possible configuration, indicating

how strongly the universe prefers one reconfiguration over nearby alternatives. Its gradient,
VR _E(x)

defines a direction of entropic descent. This direction is not yet temporal. It is structural. The universe
does not move in time. It moves down entropic gradients.
4.1.2 Collapse Enforces a Monotonic Entropic Inequality

A collapse event is the mechanism through which the universe commits to a more definite
configuration. During collapse, degrees of freedom are reduced, uncertainty is eliminated, and
alternative branches are discarded. As a result, collapse cannot globally increase effective entropy

along the realized trajectory.
As_eff(C_i) < 0
AR E(CH=<o0

For any nontrivial collapse, this inequality is strict. CUWF admits no physical mechanism that globally

reverses it along the realized collapse sequence.

4.1.3 From Entropic Inequality to Temporal Direction
From Sections 2 and 3, time is generated only at collapse events and weighted by entropic
displacement. Each temporal increment therefore satisfies:

At i = f(|VR_E|Li, AN_eff,)) > 0

Because collapse occurs only in the direction of entropic descent, the increments of time are one-

sided. There is no physical mechanism for generating negative time increments. Time can therefore

]
© 2025 CHAYUT TECHASAMRAN 37



WV

% Paper A-7: CUWF Time Theory www.cuwfcosmos.com

accumulate only in one direction. The arrow of time is simply the direction in which collapse-generated
time increases.

4.1.4 Why Time-Reversal Symmetry of Laws Is Not Violated

A natural objection follows immediately: if many fundamental laws are time-reversal symmetric, how
can the arrow of time be structurally real? CUWF resolves this by separating laws from collapse

conditions.

» Wave-level dynamics may be reversible.
» Entropic geometry may be symmetric.
* Collapse selection is not.

Time-reversal symmetry may apply to wave equations. It does not apply to the irreversible selection
imposed by collapse. The arrow of time therefore does not contradict microscopic reversibility. It

bypasses it by identifying irreversibility not with the wave, but with commitment.

4.1.5 No Need for Special Initial Conditions

Many theories explain the arrow of time by appealing to special low-entropy initial conditions of the
cosmos. CUWF does not require that move. The arrow of time arises locally wherever collapse occurs

along entropic gradients, regardless of the global cosmological boundary condition.

Even in a universe without a single absolute temporal beginning, any subsystem undergoing collapse
would generate its own arrow. This removes one of the most persistent conceptual burdens in

cosmology.
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4.2 Why the Wave Has No Arrow

It is tempting to assume that the wave-level dynamics of the universe—continuous, rich, and highly
structured—must already contain a preferred temporal direction. CUWF rejects that intuition entirely.

The wave has no arrow of time.

This is not an approximation or a failure of description. It is a direct consequence of the structural role

the wave plays in the theory.

4.2.1 Wave-Level Dynamics Are Structurally Symmetric

At the wave level, reality is a space of possible configurations governed by relational and entropic
geometry. Wave configurations deform, amplitudes redistribute, entanglement structures evolve, and
relational geometry adapts. Yet none of these processes selects an outcome, eliminates alternatives,

or commits reality to a definite structure.

du#o
AN_eff=0
Ac=0
=dTt=0
Change occurs, but time does not. Without time generation, there can be no temporal direction.

4.2.2 Reversibility and the Absence of Direction

Wave-level dynamics are reversible in principle. Interference patterns can be undone, superpositions
can be reconfigured, and entanglement correlations can be redistributed without selecting outcomes.
Because no information is irreversibly discarded, wave evolution admits no intrinsic ordering among

configurations.
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There is no preferred before or after, no monotonic ordering, and no genuine temporal progression.
The wave explores possibilities, but it never commits to them. An arrow of time requires commitment.
The wave alone never commits.

4.2.3 Entropic Geometry Does Not Imply Temporal Direction

Although entropic geometry defines gradients over configuration space, these gradients are not
temporal directions. They encode preference rather than progression. The wave may align with,
oppose, or traverse entropic gradients without generating time. Entropic geometry constrains what is

likely, not what is realized.

Only when collapse occurs—resolving uncertainty and reducing degrees of freedom—does entropic

preference become irreversible structural change.

4.2.4 Why Time-Reversal Symmetry Is Natural at the Wave Level

» Wave evolution does not generate time.
* Wave evolution does not order events.
« Wave evolution does not eliminate alternatives.

There is therefore nothing to reverse temporally, because no temporal structure exists at the wave

level. The wave is not moving forward or backward in time. It is not in time at all.

4.2.5 Collapse as the Boundary Between Timelessness and Direction

The absence of an arrow at the wave level is not a deficiency. It is a necessity. If the wave possessed
an intrinsic arrow, collapse would be redundant, because time would already exist before commitment.

Instead, CUWF identifies collapse as the precise boundary where temporal direction is born.
» The wave provides possibility.

» Collapse provides commitment.
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« Commitment provides order.

* Order provides the arrow of time.

4.3 Collapse-Sequence Origin of Temporal Direction

Having established that wave-level reality possesses no intrinsic arrow of time, we can now identify the
precise mechanism by which temporal direction is generated in CUWF. The arrow originates not from
motion, not from dynamics, and not from evolution itself, but from the ordered sequence of collapse

events.

In CUWF, temporal direction is identical to collapse ordering.

4.3.1 Collapse as an Ordering Operator

A collapse event is not merely a physical update. It is an ordering operation. Each collapse selects one
outcome among many, eliminates alternative branches, reduces effective degrees of freedom, and
commits the universe to a definite structure. Once this commitment occurs, the discarded alternatives

are not globally recoverable as equivalent possibilities.

Before collapse, multiple futures coexist. After collapse, only one remains. This asymmetry is the

minimal requirement for temporal direction.

4.3.2 Collapse Sequences Define Temporal Order

Consider a sequence of collapse events:

C1—™Cp—>Cg3— ...

This order is not defined by time. Time is defined by this order. Each collapse depends structurally on
previous collapses through inherited constraints, updated entanglement structures, and a reduced
configuration space. A later collapse cannot occur without earlier collapses having already fixed part

of reality.
|
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i <j < Ciconstrains Cj
This is causality without time as a background parameter.

4.3.3 Why Reverse Collapse Sequences Are Impossible

A reverse collapse sequence would require restoring eliminated branches, increasing effective
degrees of freedom, and undoing entropic descent. Such operations are forbidden in CUWF. Wave-
level dynamics may be reversible, but collapse-level commitment is not. There exists no physical

operation that globally reopens eliminated possibilities without redefining the universe itself.
Collapse sequences are therefore strictly one-directional. That one-directionality is the arrow of time.

4.3.4 Entanglement and Global Consistency of Direction

Collapse ordering is not merely local. Because entanglement links distant regions, a collapse in one
domain constrains the possibilities of collapse elsewhere. This produces a globally consistent collapse

ordering even in nonlocal systems. Entangled systems share collapse constraints, not clocks.

This is why entangled measurements respect causal order, why no observer can reverse global

temporal direction, and why apparent simultaneity does not violate temporal ordering.

4.3.5 Temporal Direction Without Temporal Laws

» Entropic geometry constrains possibilities.
+ Collapse commits outcomes.
+ Collapse order defines direction.

Temporal direction is not imposed by equations moving systems forward in time. It is read from the

irreversible sequence of commitments made by reality.
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4.4 Human Monotonic Experience of Time

Human experience of time is strikingly monotonic. Events are experienced as ordered, irreversible, and
continuously moving forward, even though CUWF has shown that reality-time itself is discrete,

collapse-generated, and intermittently silent.

This section explains why the monotonic human experience of time arises naturally from the structure

of the observer without introducing time as a fundamental property of reality.

4.4.1 The Observer as a Collapse-Integrating System

In CUWF, a human observer is not a passive witness of time. An observer is a complex structured
subsystem that undergoes frequent collapse events, stores their outcomes as memory, and integrates
collapse sequences into coherent internal states. The brain is therefore not a clock. It is a collapse-

integrating device.

Each collapse contributes a discrete update to the observer’s internal structure. The experienced now

corresponds to the most recent collapse-integrated state.

4.4.2 Memory Fixation and Irreversibility

Monotonic time perception depends critically on memory. A collapse event that is not recorded leaves
no experiential trace. A collapse event that is recorded fixes information irreversibly. Because memory
formation itself requires collapse and reduction of degrees of freedom, memories can be created but

not uncreated as equivalent lived states.

This enforces a strict experiential ordering: remembered states define the past, the current collapse
defines the present, and unrealized possibilities define the future. Human time perception is monotonic

because memory accumulation is monotonic.
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4.4.3 Why Humans Never Experience Time Reversal

Even if wave-level dynamics are reversible, the observer cannot reverse collapse-integrated memory
states. Reversing subjective time would require undoing memory fixation, restoring eliminated degrees

of freedom, and reversing collapse outcomes. Such operations are structurally forbidden.

Humans therefore do not fail to experience time reversal because physics arbitrarily forbids it. They fail

because observers are themselves built out of irreversible collapse chains.

4.4 4 Dense Collapse Sampling and the lllusion of Flow

Human neural systems undergo collapse at extremely high rates. As a result, collapse events are
densely packed, the temporal increment between them is small, and observed-time advances rapidly.

This dense sampling causes discrete collapse events to blur into an apparently continuous flow.

The brain stitches collapse frames together in much the same way that a film projector yields

perceived motion from discrete frames. Continuity is not fundamental. It is perceptual integration.

4.4.5 Observer-Specific Time Rates

Different observers experience time differently because their collapse rates, degree-of-freedom
sensitivity, and entropic environments differ. This explains altered time perception under stress,
subjective compression or expansion, and the appearance of temporal dilation in extreme

environments.

Such effects do not require spacetime curvature at the fundamental level. They arise from collapse

density and memory integration.

4.5 Absence of Retrocausality in CUWF

One of the most persistent paradoxes surrounding the arrow of time is the possibility of retrocausality:

the idea that future events influence the past. In many interpretations of quantum mechanics,

- ____________________________________________________________________________________________|
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especially in the context of entanglement or delayed-choice experiments, retrocausality is invoked as

an escape route.

CUWF rejects retrocausality entirely. This rejection is not a philosophical preference. It follows directly

from the structural definitions of time, collapse, and causality already established.

4.5.1 Why Retrocausality Requires a Fundamental Time Axis

Retrocausality presupposes a temporal axis along which influence can propagate backward.
Conventional frameworks assume causes precede effects in time, and reversing that order implies
backward temporal propagation. CUWF removes the very object retrocausality depends on. There is

no fundamental time axis. There is only collapse ordering.

Without a time axis, there is no backward direction for causality to travel through.

4.5.2 Collapse Ordering Is Irreversible

Collapse events impose a strict partial order on reality. Once a collapse occurs, degrees of freedom
are reduced, alternatives are eliminated, and information is fixed irreversibly. CUWF admits no physical
mechanism capable of restoring eliminated degrees of freedom, undoing collapse outcomes, or

reopening discarded branches as equivalent live options.

Collapse ordering therefore cannot be reversed. Causality follows this ordering. Retrocausality would

require reversing collapse itself, which is structurally forbidden.

4.5.3 Entanglement Does Not Imply Retrocausality

Entanglement correlations are often misread as backward-in-time influence. CUWF rejects that
interpretation. Entangled systems are linked through shared wave-level structure, not through temporal

signaling.

« At the wave level, correlations are timeless.

» Outcomes are co-determined structurally, not signaled sequentially.
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* No signal propagates backward or forward through a time axis.

When collapse occurs, correlated outcomes are realized consistently. Ordering emerges afterward.

Entanglement therefore demonstrates nonlocal structure, not retrocausal influence.

4.5.4 Delayed-Choice Experiments Revisited

In delayed-choice experiments, later measurement settings appear to affect earlier system behavior.
CUWEF interprets this differently. Prior to collapse, no definite history exists. Wave-level possibilities

remain open. Collapse selects a globally consistent outcome set.

Nothing is changed retroactively because there was no definite past fact to alter. Collapse creates

history. It does not modify an already fixed one.

4.5.5 Why CUWF Eliminates Time Paradoxes
* It removes fundamental time.
* It defines causality through irreversible collapse ordering.
* It restricts commitment to one direction only.

Classical paradoxes such as causal loops, grandfather paradoxes, and backward signaling require
time to exist as a manipulable dimension. CUWF does not permit that structure. What appears as
retrocausality in other theories is, in CUWF, a misinterpretation of timeless wave-level correlations

combined with later collapse-generated ordering.

Interpretive Summary
* The arrow of time in CUWF emerges from monotonic entropic descent along collapse trajectories.
* The wave itself has no arrow because it is timeless, reversible, and noncommittal.

» Temporal direction is identical to the irreversible ordering of collapse events.
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* Human beings experience monotonic time because memory fixation and dense collapse integration

are one-directional.

* Retrocausality is excluded because time is not fundamental and collapse ordering cannot be

reversed.

Mini-Closure — Section 4

Sections 4.1-4.5 have demonstrated that the arrow of time in CUWF is neither an assumption nor an
emergent illusion layered on top of otherwise time-symmetric physics. It is a necessary structural

consequence of how reality commits to definite outcomes through collapse.

By tracing temporal direction back to entropic gradient inequality, the absence of direction at the wave
level, the irreversible ordering of collapse events, the monotonic integration of memory in ocbservers,
and the complete exclusion of retrocausality, CUWF closes every conventional loophole through which

time paradoxes typically enter physical theory.

The arrow of time does not originate from motion, dynamics, boundary conditions, or spacetime

geometry. It originates from commitment.

Once collapse selects outcomes and irreversibly reduces degrees of freedom, temporal ordering

becomes unavoidable. Time points forward because collapse can only accumulate in one direction.

With this, the arrow of time is no longer mysterious, subjective, or approximate. It is a direct expression

of the same structural principles that generate time itself.

Having established both the origin and the direction of time within a single, non-temporal framework,
we are now prepared to move beyond temporal ordering altogether and examine causality itself—

without assuming time as a fundamental axis.

The next section addresses causality in CUWF: how cause and effect arise from entropic structure and

collapse ordering, not from temporal succession.
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