Stability Principle and the
Nature of Quantization






Stability Principle and the
Nature of Quantization:

Non-Inertial Dynamics
and Quantum Mechanics

By

Timur F. Kamalov

Cambridge
Scholars
Publishing



Stability Principle and the Nature of Quantization:
Non-Inertial Dynamics and Quantum Mechanics

By Timur F. Kamalov

This book first published 2026

Cambridge Scholars Publishing

Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Copyright © 2026 by Timur F. Kamalov

All rights for this book reserved. No part of this book may be reproduced, stored in
aretrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the copyright owner.

ISBN:978-1-0364-7337-2
ISBN (Ebook): 978-1-0364-7338-9



Contents

[Preface] xiii
1__Introduction| 1
[1.1 Motivation and Conceptual Background . . . . . . .. 1
1.2 Mathematical formulation ot Stability Principle as a |
7 o) | 3
1.3 Basis of Non-Inertial Dynamics| . . . . . . ... .. .. 3
1.4 Introduction to Non-Inertial Dynamics| . . . . . . .. 4
[1.4.1  Coordinates, Time, and Reference Frames| .. 6

[1.4.2  Dynamic Variables and Higher-Order Deriva- |

[ fives . . . . . .o 6
[1.4.3  Local and Non-Local Quantities|. . . . . . . .. 7

[1.4.4  Action Principle and Variations|. . . . . . . .. 8

[1.4.5 Phase, Wave Function, and Statistical Descrip- |

[ ftionl . .. ... ... 8
[1.4.6 Hidden Variables and Extended Configuration |

| DPACE] . .. 9
[1.4.7  Probability Measure and Ensemble Averages|. . 9

[1.4.8 Units and Constantsl . . . ... ... ... ... 9

[1.5  Scope and Structure of the Book| . . . . ... ... .. 10




|2 The Stability Principle] 11

[2.1  Variational Principle as the Foundation of Inertial Dy- |

[ namicsl . ... L L 11

[2.2  Stability Principle as formulation of Non-Inertial Dy- |

[ namicsl . . . .o . e e e 13
[2.3  Physical Meaning ot Stability of the Action| . . . . . . 13
[2.4  Stability and Selection of Physical Regimes| . . . . . . 14
[2.5  Stability Principle and Discreteness|. . . . . . . . . .. 15

[2.6  Role of the Stability Principle in Subsequent Chapters| 16

|3 Phase Summation and the Origin of Quantization| 17

[3.1 Non-Inertiality and the Need for a Statistical Descrip- |

S 5 1071 P 17
|3.2  Phase Interpretation of the Action| . . . . . .. .. .. 18
13.3  Statistical Summation over Trajectories] . . . . . . .. 18

[3.4  Role of the Stability Principle in Phase Summation|. . 19

BA1

Extended Configuration and Family ot Trajec- |

toriesl . . . . . . . 19

B2

Phase of the Action and Natural Appearance |

of Path Summation|. . . . . . . .. . ... ... 20

13.4.3  Where the Stability Principle Appears in the |

| Functional Integral . . . . . .. ... ... ... 21
13.4.4  Operator Form as a Packaging of the Phase Sum| 22

13.4.5 Quantization of Action as a Condition of Sta- |

| ble Interferencel . . . . . . . . ... ... 22
13.4.6  Summary Formulation of the Section|. . . . . . 23

3.0 Minimal Quantum of Action|. . . . . . . . . ... ... 24
[3.5.1  Minimal Scale from the Stability Principle|. . . 25

[3.5.2  Universality of Minimal Scale] . . . . . .. . .. 25

13.5.3  Scale of Action from Phase Stability] . . . . . . 27

vi



13.5.4  Operator Dynamics from Phase Stability] . . . 28
13.5.5  Origin of Action Scale in the Stability Principle] 28

“ 7 jon] . ... ... ... .. 29

[3.6  Origin of Discreteness of Action|. . . . . .. ... ... 31

4 Geometrization of Non-Inertial Dynamics| 32
| of Non-Inertiality | . . ... .. ... ... ... .... 32
4.2 Equivalence Principle and Geometric Description of |

| Non-Inertiality] . . . . . ... ... ... ... ..., 33
4.3 Effective Metric as a Functional of the Extended Statel 33
4.4 Action in Stochastic Geometry| . . . . . . .. ... .. 34
[6Stochastic Uncertainty] 36
.1 Non-Inertial Transformations and Residual Terms of |

| Dynamics|. . . . ... ... o oo 36
(0.2 Stochastic Character of Residual Contributions/ . . . . 37
.3 Fstimate of the Product of Stochastic Uncertainties) . 37
[5.4  Variational Origin of the Uncertainty Parameter| . . . 38
5.5 Stochastic Uncertainty as a Classical Source of Quan- |

| tum Uncertainty] . . . . . ... ... ... ... ... 39
6 Wave Function as a Stable Phasel 40
6.1 Phase Representation ot the Action|. . . . . . . . . .. 40
6.2 Statistical Origin of the Wave Function| . . . . .. .. 41
6.3 Stability Principle and Phase Selection| . . . . . . . . . 41
6.4 Origin of the Schrodinger Equation|. . . . . . . . . .. 42
6.4.1 "Two Madelung Equations and the Place of the |

| Quantum Potential . . . . . . ... ... ... 43
16.4.2  Amplitude as Density ot Close Irajectories and |

| the Role of the Jacobi Equation|. . . . . . . .. 45

vii



|6.5 Physical Interpretation ot the Wave Function| . . . . . 45

|7 Path Integrals in Non-Inertial Dynamics| 47
[7.1 Action as a Functional on the Space of Trajectories| . . 47
|7.2  Phase Weight of a Trajectory and the Action Parameter| 49
[7.3  Statistical Summation over Trajectories| . . . .. . .. 51
7.4 Non-Inertial Contributions and the Extended Config- |

| uration Space| . . . . ... ..o 54

[7.5 Stability Principle as a Mechanism for Selecting Con- |

| tributions . . . . . . ... 58
[7.6  Stationary Trajectories and the Classical Limit| . . . . 60
[7.7  Correlation Functions and Observable Quantities| . . . 62

I8 Hydrogen Atom: Classical Stability from Energy |
[ Balancel 66
8.1  Problem ot Classical Stationarity of Atomic States| . . 66
B2 Nom —TBal a0 —The Conlomb Fiald 67
B3 Radah [ ] n - assical l
| and stability|. . . . .. ... oo oo 68
[8.4  Interpretation of Energy Levels| . . . . . . ... .. .. 69

|9 Non-Inertial Energy Supply-Radiation of Classical |
[ Atoml 73

9.1  Accelerated Charge and Classical Radiation Power in |

| Non-Inertial Dynamics| . . . . . . ... ... ... ... 73
9.2 Energy Loss Time and the Stability Paradox] . . . . . 75
9.3 Non-Inertial Energy Supply-Radiation from the Sta- |

| bility Principlel . . . . . . . ... ... oo 75
9.4 Why This Radiation is Not Observed Experimentally|. 76
9.5  Connection with Quantum Transitions| . . . . . . . .. 77

viii



06 N T Fshi T ~TicScal rNonI Ll
[ Radiationl . . . . . . . .. .. 78

|10 Quantitative Estimates of the Phase Stability Scale| 81
|10.1 Phase Sensitivity and Physical Meaning of Scale the |

L Action Function|. . . . . . ... ... 0oL 81
10.2 FEstimate of Phase Fluctuations of the Action| . . . . . 82
[10.3 Universality of Action Scalel . . . . . ... ... .. .. 82
[10.4 Connection with Quantum Uncertainty|. . . . . . . . . 83
(10.5 Identification with Planck’s Constantl. . . . . . . . .. 83

|11 Correlations of Biphotons and the Phase Dependence| 85
11.1 Correlation Measurements and the Problem of Inter- |

| pretation| . . . . . . ... 85
[11.2 Phase Description of Correlated States| . . . . . . . .. 86
[11.3 Stochastic Averaging and Computation of the Corre- |

[ l[ation Functionl . . . . . . . .. . ... ... ... ... 86
[11.4 Physical Meaning ot Cosine Correlation| . . . . . . .. 87
[11.5 Correlations in the Ensemble Description| . . . . . .. 88
[11.6 Local and Non-Local Variables in Non-Inertial Dy- |

[ DAMICS . . . . e e e e e e 88
[11.7 Higher Derivatives as Hidden Variables|. . . . . . . .. 89
[11.8 Formation of Correlations through a Common Phase| . 89
[11.9 Correlation Functions in Non-Inertial Dynamics|. . . . 90
|11.10Phase Coherence and Stability of Correlations|. . . . . 90
[11.11Difference tfrom Dynamic Non-Locality| . . . . . . . .. 91
[11.12Preparation for Analysis of Bell Inequalities| . . . . . . 91
[11.13Chapter Summary| . . . . . . . . . .. ... ... ... 91

|12 Bell Inequalities in Non-Inertial Reference Frames| 93
[12.1 Correlation Experiments and the Problem of Locality] 93

ix



[12.2 Violation of Factorizability of the Probability Measure| 94

[12.3 Locality in the Coordinate Sense| . . . . . . .. .. .. 95
[12.4 Hidden Variables as Higher Derivatives of Motion|. . . 95
[12.5 Probability Measure under Non-Inertial Conditions| . . 96
[12.6 Correlation Function in Non-Inertial Dynamics| . . . . 96
[12.7 Violation ot Bell Inequalities and Its Interpretation| . . 97
[12.8 Absence of Contradiction with Causality| . . . . . . . . 97
[12.9 Comparison with Standard Quantum Interpretation| . 97
[12.10Chapter Summary| . . . . . . . .. ... ... ... .. 98
|13 Discussion and Physical Consequences| 99

[13.1 Role of Non-Inertiality in Fundamental Description| . . 99
[13.2 Stability Principle as Selection of Physical Reality|] . . 100

[13.3 Origin of Quantum Properties|. . . . . . .. ... ... 100
[13.4 Energy Balance and Stability of Atomic States| . . . . 101
[13.5 Correlations and Non-Locality: Clarification of Con- |
............................ 101
[13.6 Bell Inequalities and Interpretation of Experiments| . . 102
[13.7 Limits of Applicability and Open Questions| . . . . . . 104
[13.8 Chapter Summary| . . . ... ... ... .. ...... 104
(14 Conclusionl 105
|15 Appendices| 108

5T A Madl T Doiails of the Varational B 5@ 108
[15.1.1 A.1. Extended Action with Higher Derivatives] 108
115.1.2 A.2. Generalized Euler—Lagrange Equations| . . 109
[15.1.3 A.3. Ostrogradsky Formalism and Additional |

| Degrees of Freedom|. . . . . . .. .. ... ... 109
514 AL TSt Varah e A [ The STas l
| tionarity Condition|. . . . . . . . .. ... ... 109




otability Condition| . . . . . . .. ... ... .. 110

[15.1.6 A.6. Phase Sensitivity and Variations of the |
Actionl . . . . . . . . ... 110

[15.1.7 A.7. Statistical Interpretation of Stability| . . . 111
15.1.8 A.8. Connection with the Main Text of the Bookl111
[15.1.9 A.9. Summary of the Appendix]. . . . . . . .. 112

[15.2 Appendix B. Stochastic Non-Inertiality and Probabil- |
ity Measure| . . . . . .. ... oo oL 112

[15.2.1 B.1. Real Reference Frames and Residual Non-Inertiality[l12
527 B2 Stochasic Ol rAccal - ] l

Higher Derivatives| . . . . . .. ... ... ... 113

115.2.3 B.3. Formation of the Space of Hidden Variableg[113
[15.2.4 B.4. Probability Measure in Non-Inertial Dy- |

namicsl . . . . . ... 114
[15.2.5 B.5. Non-Factorizability of the Measure and |
Correlationsl . . . . .. ... ... ... ..... 114

[15.2.6 B.6. Connection with Stochastic Uncertainty| . 115
115.2.7 B.7. Difference trom Standard Probability Mod- |

elsl . .. 115

[15.2.8 B.8. Summary of the Appendix| . . . . . .. .. 115
[15.3 Appendix C. Correlation Integrals and Angular De- |

pendencies|. . . . . .. ... ..o 116

[15.3.1 C.1. General Setup of the Correlation Problem| 116
[15.3.2 C.2. Stochastic Non-Inertial Probability Mea- |

Surel ... . . e 116

[15.3.4 C.4. Computation of the Correlation Integrall . 118
[15.3.5 C.5. Physical Meaning of the Obtained Result| 118

xi



[15.3.6 C.6. Connection with Analysis of Bell Inequal-

wes ... . e

17

ibliograp

Xii



Preface

The present book is devoted to the foundations of quantum me-
chanics from the perspective of non-inertial dynamics and Stability
Principles. Its main objective is to demonstrate that the emergence
of quantization can be understood as a consequence of classical vari-
ational principles supplemented by physical stability requirements,
rather than as an independent postulate.

The motivation for this work originates from a long-standing
problem in the axiomatization of physics. While classical mechanics
is based on a transparent set of principles, the axiomatic structure of
quantum mechanics remains conceptually opaque. As famously re-
marked by R. Feynman, quantum mechanics is a theory that works
extraordinarily well, yet resists intuitive understanding.

In this book, we pursue a unified viewpoint in which classical and
quantum descriptions are not separated by an ontological bound-
ary. Instead, quantum phenomena are interpreted as manifestations
of non-inertial and stochastic features inherent in real physical sys-
tems. The key role is played by an extended variational formalism,
including higher-order time derivatives, and by a Stability Principle
selecting physically realizable dynamical regimes.

Special attention is given to the role of phase coherence, action

increments, and statistical averaging over non-inertial trajectories.
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Within this framework, quantization appears as a condition of sta-
ble phase evolution, while operator methods of quantum mechanics
emerge as an effective representation of an underlying phase-based
dynamics.

Locality is strictly defined as dependence on the spatial coordi-
nates of an individual system. Within this definition, the acceler-
ation of a reference frame and its higher-order time derivatives do
not depend on coordinates and are therefore non-local in a strict
kinematic sense. These higher-order derivatives are identified with
hidden parameters that shape the statistical measure and phase cor-
relations of physical observables. Estimates for the hydrogen atom
show that characteristic scales of action and energy naturally cluster
around the Planck constant, while classical radiative losses remain
negligible compared to phase-sensitive effects. Within this model,
correlation phenomena and Bell-type experiments are analyzed. It
is shown that in non-inertial reference frames the assumption of a
fixed, factorizable probability measure is violated. Consequently, vi-
olations of Bell inequalities are interpreted as manifestations of a
non-inertial statistical structure, rather than evidence of fundamen-
tal dynamical non-locality.

The material presented here is based on the author’s original re-
search and on previously published results, which are synthesized
into a coherent conceptual framework suitable for a monographic
presentation. The book is intended for researchers and graduate stu-
dents in theoretical physics, particularly those working in the foun-
dations of quantum mechanics, non-inertial reference frames, and
classical-quantum correspondence. No prior commitment to a spe-

cific interpretation of quantum mechanics is assumed.
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Chapter 1

Introduction

1.1 Motivation and Conceptual Background

One of the central challenges of modern theoretical physics lies in
the foundations of quantum mechanics. Despite its unparalleled
empirical success, the axiomatic structure of quantum theory re-
lies on postulates—such as the wave function, operator formalism,
and probabilistic interpretation of measurements—that lack a direct
classical analogue and whose physical meaning remains a subject of
debate [1]. This work proceeds from the position that the key role
in shaping observable physical regimes is played not by probability
as such, but by the stability of dynamics with respect to small per-
turbations. This view naturally stems from variational principles,
which throughout the history of physics have served as the basis
for constructing fundamental theories. The Principle of stationary
action, supplemented by the requirement of stability, makes it possi-
ble to formulate a criterion for the physical realizability of dynamic
regimes without resorting to the a priori introduction of quantum

postulates. A central element of the approach is the consideration of



non-inertial reference frames. Real physical experiments are always
carried out under conditions far from ideal inertiality. In this work,
it is shown that non-inertiality can play a fundamental role, form-
ing additional dynamic degrees of freedom and influencing the phase
structure of motion. Extension of the configuration space by includ-
ing higher derivatives of coordinates leads to a natural generalization
of the variational formalism. In such an extended space, dynamics
acquires a richer structure, and the requirement of stability of phase
evolution becomes a key criterion for selecting physical trajectories.
It is in this context that a statistical and phase description is intro-
duced, which arises as a consequence of summation over families of
close trajectories. An important feature of the developed approach
is that quantization of action is considered not as an initial rule,
but as a condition of phase coherence and stability. Discreteness
of spectra, wave properties of states, and interference effects arise
here as dynamic consequences, conditioned by the structure of the
functional integral and the phase selection of stable contributions.
A special place in the book is occupied by the analysis of correla-
tion effects and Bell inequalities. In the traditional interpretation,
violation of Bell inequalities is regarded as evidence of the funda-
mental non-locality of quantum theory. In the present work, a view
is proposed, based on the consideration of non-inertial characteris-
tics of the reference frame. It is shown that higher derivatives of
coordinates, common to different subsystems, can play the role of
non-local hidden variables in the coordinate sense, without requir-
ing the introduction of superluminal interactions or abandonment of

causality.



1.2 Mathematical formulation of Stability Prin-

ciple as a tool

The mathematical core of classical mechanics is the variational prin-
ciple of stationary action. In its standard form, this principle leads
to second-order differential equations and uniquely determined tra-
jectories. However, when higher-order time derivatives are included
in the action functional, the space of admissible trajectories expands
substantially.

Such extended variational formalisms have been studied since the
work of Ostrogradsky [4, b], and are known to introduce additional
degrees of freedom as well as potential instabilities. In most treat-
ments, these features are regarded as pathological. In the present
approach, however, they are interpreted differently.

We propose that physical realizability requires not only station-
arity of the action, but also dynamical stability. This leads to the in-
troduction of a Stability Principle, formulated as the non-negativity
of the second variation of the action [0, [7]. The Stability Principle
acts as a selection rule, distinguishing physically observable regimes

from mathematically admissible but unstable ones.

1.3 Basis of Non-Inertial Dynamics

Ideal inertial reference frames play a fundamental role in classical
mechanics. However, strictly inertial frames do not exist in nature.
Any real physical system is subject to external perturbations, ac-
celerations, and environmental influences, which render its reference
frame effectively non-inertial.

In non-inertial systems, additional dynamical contributions arise

that are absent in idealized inertial descriptions. These contributions



may manifest as effective forces, higher-order time derivatives in the
equations of motion, or stochastic fluctuations associated with un-
controlled degrees of freedom. While such effects are often neglected
in macroscopic classical mechanics, their cumulative influence be-
comes significant at microscopic scales.

This observation suggests that certain features commonly at-
tributed to the “quantum nature” of physical systems may, in fact,
reflect the non-inertial and stochastic character of realistic dynam-
ics. The present book explores this possibility in a systematic and

mathematically controlled manner.

1.4 Introduction to Non-Inertial Dynamics

This book is devoted to an attempt to reinterpret the origin of quan-
tum properties of physical systems from the standpoint of extended
classical dynamics. The main motivation of the work was the desire
to minimize the number of initial postulates of quantum mechanics
and to trace to what extent its formalism can arise as a consequence
of more general physical principles.

The starting point of the investigation is the Stability Principle,
which supplements the standard variational principle of classical me-
chanics. The book advocates the viewpoint that physically realizable
are not all stationary trajectories, but only those that preserve sta-
bility of phase dynamics under the inevitable non-inertiality of real
reference frames. Such an approach allows a new look at discreteness
of action, energy spectra, and correlation effects.

Special attention is paid to the role of non-inertial reference
frames. In most fundamental theoretical constructions they are re-
garded as a technical complication or a source of small corrections.

In this work, on the contrary, non-inertiality is treated as a physi-



cally inevitable property of real experimental conditions, exerting a
fundamental influence on the structure of statistical description and
phase coherence.

The material of the book has been formed over a long period and
relies both on classical results of analytical mechanics and on the
author’s own research devoted to non-inertial dynamics, stochastic
models, and analysis of correlation experiments. A significant part of
the presented ideas was previously published in the form of separate
articles and presentations, but in this book they are for the first time
collected into a single, logically consistent conception.

The book is addressed to researchers in theoretical physics, foun-
dations of quantum mechanics, and non-inertial dynamics. The au-
thor also hopes that it will be useful to readers interested in physical
interpretations of quantum theory and in searching for alternative
ways of understanding its fundamental principles.

The author is aware that the proposed approach does not remove
all questions and does not claim to be a final solution to the problems
of the foundations of quantum mechanics. Nevertheless, it demon-
strates that a number of key quantum properties can be consistently
explained without introducing additional non-physical assumptions,
which, in the author’s opinion, is of independent interest.

In this book we use an extended dynamic and statistical model
intended for describing physical systems in non-inertial reference
frames. Since many of the employed concepts differ from their stan-
dard interpretations in classical and quantum mechanics, this section
provides a brief exposition of the notation and conventions adopted
in the text.

The purpose of this section is twofold. First, it establishes a
unified and unambiguous notation for dynamic variables, actions,

phases, and statistical measures. Second, it defines the precise mean-



ing of such terms as locality, non-locality, hidden variables, and sta-

bility, which play a central role in the subsequent analysis.

1.4.1 Coordinates, Time, and Reference Frames

Space-time coordinates are denoted as z# = (ct,x), where ¢ is co-
ordinate time and x denotes spatial coordinates. Unless explicitly
stated otherwise, all physical quantities are described relative to a
given reference frame, which is not assumed to be inertial.

A reference frame is characterized by the trajectory of its origin
q(t) relative to an underlying inertial frame. In realistic physical sit-

uations this trajectory is considered smooth but otherwise arbitrary.
1.4.2 Dynamic Variables and Higher-Order Deriva-
tives

The generalized coordinate of a physical system is denoted as ¢(t).

Its time derivatives are written as:

Velocity
V=g = @
BT
Acceleration
R
- 1T e
Jerk
4 .. dq
= 0
Snap
... dYq
A T
N-order
m) _ 4"q
¢ din



etc. The extended configuration of the system is defined as:

Q: (q?q.7q.7"'7q(n)7"'> = <Q7U7a7j787"')'

Throughout the book special attention is paid to the role of
higher-order time derivatives. While the coordinate ¢ and the veloc-
ity ¢ characterize the local state of an individual body, higher-order

derivatives encode properties of the reference frame itself.

1.4.3 Local and Non-Local Quantities

In this work a basic distinction is made between local and non-local
quantities.
A physical quantity is called local if it explicitly depends on the

coordinates of an individual body,

Aoe = A($7 t)'

In this sense the coordinate ¢ and the velocity ¢ are local vari-
ables, because their values generally differ for spatially separated
systems.

Conversely, quantities that are common to all bodies in a given
reference frame and do not depend on their spatial coordinates are
called non-local in the coordinate sense. In particular, the accelera-
tion of the reference frame and its higher time derivatives, Ge(t), . . .,
are identical for all bodies and therefore cannot be represented as lo-
cal functions of position.

This notion of non-locality is purely kinematic and should not be
confused with dynamic non-locality or superluminal signal transmis-

sion.



1.4.4 Action Principle and Variations

The action functional is denoted S[¢] and in the extended formula-
tion may depend on higher-order derivatives of the generalized coor-
dinate,

Slal = [* L(¢,4,d, ..., t) dt.

Stationary trajectories satisfy the generalized Fuler—Lagrange
equations, and physical realizability is further constrained by the
Stability Principle [0, [7], expressed as

88 =0, 6%29>0.

The action plays a dual role: it governs classical dynamics and

defines the phase of the statistical description.

1.4.5 Phase, Wave Function, and Statistical Descrip-

tion
The phase associated with a trajectory is defined as

6=1.

where Y is a parameter with the dimension of action. At inter-
mediate stages of the analysis Y is treated as a formal scale and is
not a priori identified with Planck’s constant.

The statistical description is introduced through a complex am-
plitude of the form

b= VP,

where P denotes the probability density. Observable quantities
depend on phase differences and ensemble averages, not on individual

trajectories.



1.4.6 Hidden Variables and Extended Configuration
Space

In the context of correlation phenomena, hidden variables are iden-
tified with higher-order derivatives of the reference-frame motion. In
particular, the hidden variable X is defined as:

A=Q">D = (4(t),...,q"™(1),...), n>1.

Coordinates and velocities are excluded from the space of hidden
variables because they are local variables tied to individual systems.
In contrast, higher-order derivatives are global properties of the ref-
erence frame and act as common, unobservable variables affecting all

subsystems.

1.4.7 Probability Measure and Ensemble Averages

Ensemble averages are denoted by angle brackets (---). The proba-
bility measure on the space of hidden variables is written as p(\).

In non-inertial reference frames this measure is not assumed to be
fixed or factorizable. Instead it is dynamically determined by the sta-
tistical properties of the higher-order derivatives of the reference-frame
motion.

This point is crucial for the interpretation of correlation experi-

ments [8] and the analysis of Bell-type inequalities.

1.4.8 Units and Constants

Unless otherwise stated, physical constants are kept explicit. In par-
ticular, Planck’s constant appears as the minimal scale of action
selected by stability considerations, not as a fundamental postulate.
Natural units are not used in order to maintain transparency of di-

mensional estimates and physical scales.



1.5 Scope and Structure of the Book

The aim of this book is to demonstrate that the fundamental struc-
tures of quantum mechanics can be understood as consequences of
classical dynamics extended to non-inertial and statistically stable
regimes. The operator formalism of quantum mechanics is shown
to arise as an effective representation of an underlying phase-based
dynamics, rather than as a primary postulate.

The book is organized as follows. Chapter 1 introduces the Sta-
bility Principle within an extended variational framework. Subse-
quent chapters develop the role of higher-order dynamics, statistical
averaging, and phase coherence. Special attention is devoted to the
emergence of quantization conditions, the appearance of wave func-
tions, and the connection with the Schrodinger equation. The later
chapters address non-inertial interpretations of quantum correlations
and the status of Bell-type inequalities.

Throughout the book, the emphasis is placed on conceptual clar-
ity and logical continuity, rather than on interpretational specula-
tion. The results presented here are intended to provide a unified per-
spective on classical and quantum physics, grounded in well-defined

dynamical principles.
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Chapter 2

The Stability Principle

2.1 Variational Principle as the Foundation

of Inertial Dynamics

In classical mechanics the dynamics of physical systems is formu-
lated in terms of a variational principle [9]. The state of the system
is described by generalized coordinates ¢(t), and its evolution is de-
termined by the extremality of the action functional
1)
Slal = |~ Lla.q.t)dt,
1
where L is the Lagrangian of the system. The stationarity con-

dition

05 =0

leads to the Euler—Lagrange equations, which are equivalent to
Newton’s second law for a wide class of systems.
Within this approach all trajectories for which the action is sta-

tionary are considered physically realizable. However, the station-

11



arity condition by itself does not guarantee stability of motion. A
stationary trajectory may turn out to be unstable with respect to
small perturbations, which makes its physical realization doubtful.

A key consequence of the extended variational framework is the
enhanced role of phase. When higher-order derivatives and non-
inertial effects are present, small variations in trajectories can lead to
significant phase differences. As a result, a single classical trajectory
no longer provides a complete physical description.

Instead, the observable state of a system is naturally described
in terms of an ensemble of nearby trajectories and their associated
phases. This motivates a statistical description based on phase aver-
aging and leads, in a natural way, to expressions formally analogous
to path-integral representations.

Within this framework, quantization does not appear as an im-
posed rule, but as a condition for stable phase coherence. Discrete
action increments emerge from the requirement that phase fluctua-
tions do not destroy constructive interference.

In classical theory one distinguishes minima, maxima, and saddle

points of the action functional. The condition

0S=0

does not allow one to discriminate between these cases. Yet in
real physical systems trajectories corresponding to a maximum or a
saddle point of the action are generally not observed.

This circumstance indicates the need for an additional physical
criterion that would separate mathematically admissible solutions
from physically realizable ones. In the present work such a criterion

is proposed to be the Stability Principle.

12



2.2 Stability Principle as formulation of Non-

Inertial Dynamics

The Stability Principle is formulated as follows:

Physically realizable are only those trajectories for which
the action is not only stationary, but also stable with respect
to small variations.

Mathematically this is expressed by the conditions [6, [7]

55 =0, 828 > 0.

In other words, the Principle of Stability is a boundedness from
below, meaning the minimality of the action function.

The second variation of the action

528

characterizes the response of the system to small deviations from
the stationary trajectory. The condition of non-negativity of the sec-
ond variation means that small fluctuations do not lead to unlimited
growth of deviations.

Thus the Stability Principle refines the standard variational prin-
ciple by adding to it the physical requirement of stability.

2.3 Physical Meaning of Stability of the Ac-
tion

The physical meaning of the Stability Principle becomes especially

clear when non-inertial effects are taken into account. In real refer-

ence frames there are always small perturbations associated with ac-

celerations, vibrations, and fluctuations of external conditions. Un-
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der such conditions trajectories that lack stability are destroyed even
by arbitrarily small perturbations.

From this point of view the Stability Principle reflects the re-
quirement of reproducibility of physical states. Only stable regimes
can be reproduced upon repetition of an experiment and therefore
possess physical meaning.

For describing non-inertial reference frames it is necessary to ac-
count for the contribution of the acceleration of the reference frame
and its higher derivatives. This leads to considering Lagrangians

that depend on higher derivatives of the coordinate [4]:

L=1L(q,4,qg,...,t).
The corresponding action has the form

t
Slg = : L(q:ds G, 1) dt.

The equations of motion in this case are determined by the gener-
alized Euler-Lagrange equations (Ostrogradsky formalism). Despite
known problems related to instability of such systems, within the
present work higher derivatives are regarded not as independent dy-
namic degrees of freedom, but as variables describing properties of

the reference frame.

2.4 Stability and Selection of Physical Regimes

In extended dynamics the Stability Principle acquires special sig-
nificance. Higher derivatives of the motion of the reference frame
introduce additional contributions to the action, which may lead to
phase sensitivity and amplification of fluctuations.

The requirement

14



528 >0

in this case performs the function of selecting admissible mo-
tion regimes. Only those trajectories for which the contribution of
non-inertial effects does not destroy the stability of phase dynamics
turn out to be physically realizable.

The action plays a dual role: it determines both the dynamics of
the system and the phase of the statistical description. The phase

associated with a trajectory is defined by the expression

=7,
where Y is the scale of action.
Fluctuations of the action lead to fluctuations of the phase. If
phase fluctuations become large, phase coherence is destroyed, and
the corresponding state cannot be stably observed. Thus stability of

the action is equivalent to stability of the phase.

2.5 Stability Principle and Discreteness

Under conditions of stochastic non-inertial fluctuations the stability
requirement leads to the selection of such regimes for which phase
shifts turn out to be multiples of the minimal scale of action. This
results in the natural appearance of discreteness in allowed values of
action and energy.

Quantization in this approach arises not as an external postu-
late, but as a consequence of the requirement of stability of phase

dynamics under non-inertial conditions.
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2.6 Role of the Stability Principle in Subse-
quent Chapters

The Stability Principle is a fundamental element of the whole sub-

sequent construction. In the following chapters it is used for:

o introducing the statistical description and phase summation;
¢ analyzing atomic spectra;
¢ investigating correlation effects;

o interpreting Bell inequalities in non-inertial reference frames.

Thus the Stability Principle serves as a link between classical
dynamics, statistical description, and quantum properties of physical

systems.
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