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Abstract

This work presents Viscous Time Theory (VIT) as a mathematical proposal
for modeling temporal response in structured systems. The central idea is that
response delay, transition tendency, and local recovery may depend not only
on external time, but also on the internal organization of the system. In this
work, the proposed variables are a normalized coherence density, a coherence-
flux field, calibrated temporal viscosity, residual memory, and an informa-
tional entropy-pressure term derived from coherence-flux divergence. The pro-
posal states the core equations, clarifies the intended interpretation of the ter-
minology, and outlines a falsifiable research program. The aim is not to re-
place relativistic time, quantum dynamics, or thermodynamic entropy, but to
introduce a response-level framework that can be tested in non-equilibrium,
quantum, computational, and biological systems.
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1. Introduction

The study of time in mathematical physics has usually proceeded through distinct

but related languages: absolute time in classical mechanics [1], spacetime geome-

try in relativity [2], and entropy-based irreversibility in thermodynamics and non-

equilibrium theory [3]. Each language is appropriate within its own domain. The

question raised in modern physics is narrower and more operational:

Does coherence structure govern temporal response?
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Here, temporal response means the observable delay, persistence, transition
tendency, or recovery scale of a structured system after perturbation. Many sys-
tems do not simply move from disturbance to equilibrium in a featureless way.
They retain memory, show delayed relaxation, pass through thresholds, or recover
only when enough internal structure remains. This suggests that the internal or-
ganization of a system may influence the way it responds over time.

Viscous Time Theory (VTT) is proposed as a response-level framework rather
than a new fundamental clock. Its purpose is to formalize how internal coherence,
transport of coherence, calibrated resistance to reconfiguration, and residual
memory may jointly influence observed relaxation. In this sense, “viscous time”
does not mean that time is literally a fluid. It means that structured systems may
exhibit resistance to temporal reconfiguration, much as viscous media resist rapid
deformation.

This proposal extends earlier VIT-related work on informational geometry,
curvature, persistence, and variational metric-type structure [4]-[7]. The present
report gives the compact theoretical frame needed before a full experimental pro-
gram is completed. The purpose of this frame is to present the idea, define the
mathematical objects, state the testable consequences, and identify how the pro-

posal can be evaluated.

2. Theoretical Background

The starting point is the observation that many structured systems do not respond
instantly to perturbation. They may exhibit hysteresis, delayed recovery, threshold
behavior, metastability, or partial recoherence. These phenomena appear in non-
equilibrium physical systems, quantum systems, biological regulation, and com-
putational models with memory or internal state.

Information theory provides a language for uncertainty and structure [8].
Quantum coherence theory provides a precise example in which coherence can be
defined from off-diagonal density-matrix elements, once a basis is fixed [9]. Dy-
namic critical phenomena show that response can slow near organized transitions
[10]. Memory-kernel approaches in irreversible thermodynamics show that re-
duced descriptions often inherit history dependence from unresolved degrees of
freedom [11]. In view of these established frameworks, VTT is not proposed as a
replacement for them. It introduces a phenomenological bridge between coher-
ence structure and response time. The proposal is that response is not determined
only by external forcing or clock time, but may also depend on internal coherence

gradients, coherence transport, temporal resistance, and residual memory.

From Thermodynamic Memory to Coherence Variables

The memory concepts discussed above motivate the VTT variables, but they do
not by themselves determine them. In VTT, the role of memory is transferred
from a general history dependence to a more specific coherence-based descrip-

tion: a perturbation first changes the organization of the system, part of that
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change may persist, and the remaining structure may then affect the later re-
sponse. This is the bridge from thermodynamic memory to the present frame-
work. The past is not introduced as an independent hidden variable; it enters
through measurable departures from a reference coherence state and through the
transport of those departures across the chosen domain. The next section formu-
lates this passage in compact mathematical form by introducing the coherence
field, the reference state, the residual-memory term, the coherence flux, and the

entropy-pressure response index.

3.Core VTT Frame

The mathematical frame is deliberately minimal. To begin, let x denote a point
in physical space, state space, network space, or another domain appropriate to

the system under study. The normalized coherence density is
C(x,t)e[O,l]. (D

Coherence must be defined from observables rather than introduced as a met-

aphor. For a domain D , one writes
Cp(x,1)=C,p[ 0y (x.1)], )

where O, (x,) is the measured state of the system and C » is the domain-spe-
cific coherence estimator. A reference state C_, gives the coherence displace-

ment

AC(x,t) = C(x,) = Cpp (x,1). 3)

For an empirical application, the coherence estimator and the reference state
should be fixed before fitting the response model. A suitable coherence estimator
should satisfy three practical criteria. First, it should be computable from meas-
ured variables Q) (x,t). Second, it should increase when the system becomes
more ordered, synchronized, correlated, or structurally regular in the representa-
tion being used. Third, it should be stable enough that small measurement noise
does not dominate the estimated coherence field.

The reference state C, (x,¢) may be chosen in several ways, depending on
the experimental setting. In a relaxation experiment, it may be the pre-perturba-
tion coherence profile. In a driven non-equilibrium system, it may be the statisti-
cally stationary profile obtained by averaging over unperturbed trials. In a quan-
tum experiment, it may be the coherence value in a specified basis before environ-
mental coupling or external disturbance is applied. In a computational system, it
may be the internal-state coherence measured before an input shock or memory

perturbation. The essential requirement is that C

ref

be defined independently of
the response event being predicted.

Thus, the quantities C,, and C,; are not free fitting labels. They are part of the
experimental design. Once they are fixed, the displacement AC, residual memory
R, coherence flux J., and entropy-pressure term E,.. become derived quanti-

ties that can be tested against observed response times or transition events.
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The core notation of the proposal before any dynamical step is fixed in Table
1. This is important because the same formal structure may be applied across dif-

ferent domains, but each variable must keep a precise mathematical role.

Table 1. Core variables of the VTT proposal.

Symbol Meaning Role

C(x.1) Coherence density State variable

Je(x.1) Coherence flux Transport of coherence

e (%,7) Temporal viscosity Calibrated resistance

R(x,t) Residual memory History of coherence displacement
E,p(x,t) Informational entropy pressure  Viscosity-modulated flux divergence
Ty (%,8) Temporal response scale Predicted delay

The local gradient and divergence notation used in VTT is meaningful only
when the chosen domain admits a notion of neighborhood, distance, or adjacency.
In physical space this is the usual spatial structure. In a network or state space, it
must be supplied by a graph, metric, embedding, or transition relation. Without
such structure, expressions suchas VC and V-J. should be understood only
after an appropriate discrete or geometric analogue has been defined.

The framework also assumes that coherence is representation-dependent. In a
quantum setting, for example, coherence depends on the chosen basis. In a bio-
logical or computational setting, coherence depends on the measured variables
and the scale at which coordination is defined. For this reason, VIT is not in-
tended to assign a unique universal coherence value to every system. It applies
only after the observable state variables, coherence estimator, reference state, and
domain geometry have been specified.

These assumptions limit the scope of the proposal, but they also make it testa-
ble. Once the representation is fixed, the coherence field, its displacement from
reference, the memory term, and the derived flux quantities become operational
objects.

The coherence flux is modeled in the general form:
Jo=v.C=D.VC+JX +¢&,. (4)

Here v.C represents effective advective transport, —D.VC is passive diffu-
sive redistribution, J{" represents active or internally driven transport, and &,
represents unresolved or stochastic flux. The passive limit is recovered when the
advective, active, and stochastic components are suppressed.

Local coherence balance is expressed by

%+V-JC:GC—LC+SC, (5)

where G., L.,and S. denote coherence generation, coherence loss, and ex-
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ternal coherence injection or removal. Residual memory is defined relative to a

reference state, not by the accumulation of raw coherence:

R(x,t) = J.: Qe M) [C(x,s) -C (x,s)] ds. (6)

This definition matters. A system that remains highly coherent at baseline
should not automatically be described as memory-loaded. Memory appears when
coherence has departed from reference and that departure persists into later re-
sponse.

Temporal viscosity is a calibrated response coefficient:

Tcal /T* (7)

Nea = |ACca1 te

The calibration perturbation must be distinct from the perturbation later pre-
dicted. This avoids circularity: 7, isnot defined from the same event whose re-
sponse time is being modeled. The central response quantity is the informational

entropy-pressure term
Eyr (x,8) =1 (x,0)V-J o (x,0). (8)

This is not thermodynamic entropy. It is a local response index measuring co-
herence-flux divergence weighted by resistance to coherence reconfiguration.

The proposal in a compact mathematical frame is shown in Figure 1. The upper
branch shows the transport chain from coherence density to entropy pressure; the
lower branch shows how reference-adjusted displacement, memory, and calibra-
tion enter the response law. The figure identifies the dependency structure that

must be preserved in any empirical implementation.

Transport pathway
(o v
A
Modulatory <
coupling ”/
Coc b
Memory pathway |
Calibration feedback

Figure 1. Mathematical frame of the VTT proposal.

The response scale 7,,, is assembled from coherence transport, residual
memory, and calibrated temporal viscosity. The frame separates state, transport,
memory, and response variables while keeping them in one analytical structure.
4. Response Law and Testable Consequences

The proposed local response law is

Tyrr =T exp[alﬁ‘VNC‘ +a, |R| +a, |EVTT| +a4ﬁ‘VNC“R|] 9)
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The exponential form guarantees positive response time and allows nonlinear
amplification when coherence tension and residual memory coexist. The simplest

expected signs are

a, 20,a,20,a, 20.

The interaction coefficient a, should be estimated rather than assumed. A
positive value would mean that residual memory strengthens the delay associated
with coherence gradients.

For transition events, the corresponding probability model can be written as

trans

P = 0'[490 +6,[VC|+ 0,5}, +0, |R|+04U}, (10)

where o is the logistic function, Ej.. = maX(O, EVTT) ,and U represents or-
dinary control variables such as noise intensity, driving amplitude, temperature,
coupling strength, or environmental interaction.

The exponential and logistic forms are used here as phenomenological choices,
not as final microscopic laws. The exponential response law is useful because it
guarantees a positive response time and allows several small structural contribu-
tions—coherence gradient, residual memory, entropy pressure, and their interac-
tion—to combine multiplicatively. A purely linear response law may be adequate
near equilibrium, but it can give unphysical negative response times if extrapo-
lated and does not naturally represent amplification when memory and gradient
tension act together.

The logistic transition model is used for a similar reason. Transitions in struc-
tured systems are rarely expected to occur at a perfectly sharp universal threshold.
Noise, finite-size effects, history dependence, and environmental forcing usually
turn a threshold into a crossover region. The logistic form keeps the model simple
while representing this crossover as a probability between zero and one. In this
report, these forms should therefore be read as minimal phenomenological clo-
sures: simple enough to test, but flexible enough to represent positive response
scales and probabilistic transition behavior.

For empirical use, the variables in the response law should be separated accord-
ing to how they are obtained. The measured quantities are the observable state
variables O, (x,t), from which the coherence field C),(x,t) is computed, and
the observed response outcome, such as relaxation time, transition occurrence, or
recovery time. The reference state C,; is fixed by the experimental protocol, for
example from the pre-perturbation state or from an unperturbed control ensem-
ble. The quantities AC, R, J.,and E,;,, arethen derived from these meas-
ured and reference fields. The temporal viscosity 7., is calibrated from a sepa-
rate perturbation class and is not fitted from the same response event being pre-
dicted. The coefficients a,, 6,, k,and y aremodel parameters to be estimated
from training data and evaluated on held-out data. This separation is essential:
without it, the model could fit response behavior retrospectively without provid-

ing a genuine prediction.
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This formulation avoids treating thresholds as rigid universal boundaries. In-
stead, the theory predicts increasing transition probability as coherence-gradient
magnitude, positive entropy pressure, and residual memory increase.

The recovery condition may be expressed by introducing a local stabilizing-re-

sponse field
Rys (x,0) ==kVE,;; (x,1),k > 0. (11)

Local recoherence is predicted when

|Rpes|+ 7 |R| > | Evrr |- (12)

This condition does not imply global entropy reversal. It shows only that local
recovery may occur when stabilizing response and residual structure exceed the

local entropy-pressure load.

Distinctive Tests of the Proposal

The empirical value of VIT should be judged against a baseline response model.
Let U denote ordinary control variables such as perturbation amplitude, damp-
ing, coupling strength, noise level, temperature, or driving intensity. A baseline

model may be written as

logz,,, =b, +b,U +e. (13)
The VIT-augmented model is

l0g7 4, = by + by U + bf [VC|+ by [R|+ by | By | . (14)

The proposal is supported only if the coefficients have the expected signs,

b >0,b, >0,b, >0, (15)

and if Equation (14) improves held-out prediction relative to Equation (13). This
requirement is important because the theory should not merely fit response times
after the fact; it must add predictive information beyond ordinary control varia-
bles.

Three quantitative tests follow directly. First, consider two perturbations with
comparable amplitude and comparable ordinary controls U , but different co-
herence-gradient magnitudes. VIT predicts that the event with larger ﬁ‘VAé‘

should have the longer response time:

Alogr,, ~ blA(ﬁ‘%‘) > 0. (16)

Second, consider two systems with similar current coherence level but different
residual memory. VIT predicts that the memory-loaded system should relax

more slowly:
Alogr,, ~b,A|R|>0. (17)
This distinguishes VIT from models that depend only on the present value of

coherence.

Third, for transition events, compare a baseline logistic model,
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PO =U(CO+CUU), (18)

trans

with a VTT-augmented model,

trans

PO = o{c0 +¢,U+¢ ‘%‘ + ¢, Efpy + |R|] (19)

The distinctive prediction is

¢ >0,¢c, >0, (20)

with improved held-out classification of transition events. In particular, VTT pre-
dicts that transition probability may be high in regions of strong positive entropy
pressure even when the scalar coherence amplitude itself is not maximal. This
separates the transport-based prediction from a model based only on coherence
level.

A clear disconfirming pattern is also available. If response time and transition
probability are fully explained by perturbation amplitude, damping, current co-
herence level, and other standard controls, while ﬁ‘VNC‘, R, and E,.;do not
improve held-out prediction, then the proposed VT'T response mechanism is not
supported in that domain. In such a case, the framework should be revised rather

than reinterpreted.

5. Short Numerical Illustration

A minimal one-dimensional benchmark is sufficient to illustrate the internal mean-

ing of the variables. Let x e [0,10] and define a two-peak coherence profile

(x-3) (x-7.1y’
C(x)=0.1+0.75exp| ——— |+ 0.55exp| -———|. (21)
1.1 0.8
With passive flux
dC
Jo=-D, E’DC =0.90,
the entropy-pressure field becomes
dJ
Eyp = UEC' (22)

This example shows that entropy pressure is not maximal simply where coher-
ence is maximal. It is strongest where coherence flux has strong divergence, which
is controlled by the curvature and redistribution of the coherence field. This dis-
tinction is important because E,,, isa derived transport quantity rather than a
restatement of C.

For response analysis, one may use
T'/l=exp[alnG+a2R+a3E+a477GR], (23)
Ty
where G = ‘%‘ This surface increases most strongly when Gand R are sim-

ultaneously large. The systems that are both structurally strained and historically

loaded should respond more slowly than systems with weak gradients and little
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residual memory.

6. Conclusion

This report has presented Viscous Time Theory as a coherence-flux framework
for modeling temporal response in structured systems. The central proposal is that
response delay, transition tendency, and local recovery may depend not only on
perturbation amplitude or external control variables, but also on the internal or-
ganization of the system. In the present formulation, this organization is repre-
sented through a normalized coherence field, a reference coherence state, residual
memory, coherence flux, calibrated temporal viscosity, and an informational en-
tropy-pressure term derived from coherence-flux divergence. The framework is
deliberately response-level. It does not replace relativistic time, quantum dynam-
ics, thermodynamic entropy, or established theories of non-equilibrium relaxa-
tion. Instead, it provides a compact mathematical language for systems in which
present response is influenced by coherence structure and retained history. The
role of the reference state is especially important: it allows memory to be defined
as persistence of a prior coherence displacement rather than as a vague accumu-
lation of past behavior. Likewise, the coherence flux and its divergence allow the
framework to distinguish coherence amplitude from coherence transport, so that
delayed response and transition risk can be tied to local structural imbalance ra-
ther than to coherence level alone. The proposed response law and transition
model should be understood as phenomenological closures. Their purpose is to
generate testable predictions, not to claim a final microscopic theory. The expo-
nential response form ensures positive response times and allows gradient ten-
sion, residual memory, entropy pressure, and their interaction to amplify the re-
sponse scale. The logistic transition form treats transitions as probabilistic cross-
overs rather than universal sharp thresholds, which is more appropriate for sys-
tems affected by noise, finite size, memory, and environmental forcing. A central
requirement of the framework is operational identifiability. The observable state
variables Q, (x,7) are measured; the coherence estimator and reference state are
fixed by the experimental design; the displacement, memory, flux, and entropy-
pressure variables are derived; temporal viscosity is calibrated from a separate per-
turbation class; and the remaining coefficients are fitted and evaluated on held-
out data. Thus, the contribution of this report is not a completed physical theory
of time, but a precise and testable proposal for coherence-dependent temporal re-
sponse. Its value will depend on future applications in systems where coherence
can be measured, reference states can be defined, perturbations can be controlled,

and response outcomes can be evaluated quantitatively.
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