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Abstract

We present a reformulation of the Lagrangian framework in terms of degrees of freedom
and their distinguishability. Rather than treating concepts such as symmetry, conservation,
and quantum structure as independent principles, we show that they can be understood as
interconnected features arising from how distinguishability is assigned and constrained over
degrees of freedom.

In this formulation, the action defines an ordering over trajectories in degree-of-freedom
space, selecting paths that are locally indistinguishable under admissible variations. Con-
jugate momentum encodes the local sensitivity of the action to variation in a degree of
freedom’s rate of change, while symmetry corresponds to transformations that preserve the
distinguishability structure. Conservation laws arise from directions in degree-of-freedom
space along which the action remains insensitive to variation. Quantum mechanics is in-
terpreted as imposing limits on the simultaneous distinguishability of conjugate degrees of
freedom, as reflected in non-commutativity and uncertainty relations.

This perspective explains the persistence of the Lagrangian formalism across classical,
relativistic, and quantum regimes as a consequence of its reliance on a minimal structural
condition: that systems admit degrees of freedom whose variations remain distinguishable.
The framework also clarifies the boundary of applicability of variational methods, identifying
regimes in which distinguishability breaks down and invariant-based descriptions give way
to selection-based dynamics.

By grounding these core elements in a common degree-of-freedom structure, this work
provides a unified and ontologically minimal interpretation of the Lagrangian formulation
without altering its mathematical content.

1 The Strange Immortality of the Lagrangian

The Lagrangian formalism exhibits a remarkable persistence across physical theories. It remains
valid through transitions from classical mechanics to relativistic and quantum frameworks, even
as the underlying ontology of physical systems shifts from particles to fields and beyond. This
persistence suggests that the Lagrangian is not tied to any specific physical substrate, but
instead reflects a deeper structural requirement.

In its usual formulation, the action is defined as a functional over configurations and their
rates of change, and physical trajectories are selected by extremizing this action. However, the
enduring applicability of this procedure raises a fundamental question: what underlying feature
of physical systems allows such a variational description to remain meaningful across disparate
domains?

We propose that the essential requirement is the existence of degrees of freedom whose
variations remain distinguishable under admissible transformations. The Lagrangian formalism
operates on configurations expressed in terms of such degrees of freedom, and its structure
presupposes that variations of these degrees of freedom can be compared, ordered, and evaluated.



In this view, the action does not merely encode dynamics, but provides a measure over
trajectories in degree-of-freedom space, assigning relative weight to variations that are distin-
guishable within the system’s constraints. The extremization principle then selects trajectories
that are stable under small variations, not in an abstract space of possibilities, but within the
structured space defined by the system’s degrees of freedom.

The persistence of the Lagrangian formalism can therefore be understood as a consequence of
its reliance on this minimal and general condition: that physical systems admit a representation
in terms of degrees of freedom whose variations can be meaningfully distinguished. As long as
this condition holds, the variational framework remains applicable, regardless of the specific
nature or interpretation of those degrees of freedom.

This work is interpretive in nature and does not modify the mathematical formalism.

2 Classical Mechanics: Separation of Degrees of Freedom
In classical mechanics, the Lagrangian takes the familiar form
L=T-V,

where T represents kinetic energy and V' represents potential energy. This decomposition reflects
a clear structural separation between different aspects of the system’s degrees of freedom.

The configuration of a classical system is described by a set of generalized coordinates
{q;}, which define its degrees of freedom. Their time derivatives {¢;} represent the rates
of change of those same degrees of freedom. The Lagrangian formalism assumes that these
components—configuration and rate of change—can be treated as distinct and independently
meaningful contributions to the system’s behavior.

This separability is what allows the Lagrangian to be written as a difference between two
terms with clear physical interpretations. The kinetic term depends on the rates of change
of the degrees of freedom, while the potential term depends on their configuration. Crucially,
these dependencies are sufficiently independent that they can be combined linearly to produce
a meaningful action.

From a degree-of-freedom perspective, classical mechanics succeeds because the system ad-
mits a representation in which:

e degrees of freedom are finite and well-defined,
e interactions between degrees of freedom are localized and weakly coupled,
e and the contributions of configuration and change can be cleanly distinguished.

Under these conditions, the action can effectively compare variations in the system by eval-
uating how changes in configuration and velocity affect the trajectory. The resulting equations
of motion follow from the requirement that the action be stationary under small variations of
the degrees of freedom.

This structure is not guaranteed to persist in more general settings. As systems become
more complex—through strong coupling, relativistic effects, or field-theoretic descriptions—the
clean separation between configuration and rate of change breaks down. Degrees of freedom may
become distributed, nonlocal, or interdependent in ways that prevent a simple decomposition
of the Lagrangian into kinetic and potential terms.

Nevertheless, the variational principle itself survives. This suggests that what is fundamental
is not the particular form T'— V', but the deeper requirement that the system’s degrees of freedom
admit a representation in which their variations remain distinguishable and comparable. The
Lagrangian formalism persists precisely because it is grounded in this more general structure.



3 Breakdown of T'—V as a Failure of Degree-of-Freedom Sepa-
rability

In classical mechanics, the Lagrangian takes the form
L=T-V,

where the kinetic term T depends on the rates of change of the degrees of freedom, and the
potential term V' depends on their configuration. This decomposition relies on a structural
separation between different aspects of the system’s degrees of freedom, allowing motion and
constraint to be treated as distinct contributions.

However, this separation does not persist in more general physical theories. In electromag-
netic systems, the Lagrangian includes terms that couple velocities directly to fields, such as
interactions of the form

A(q) -4,
which prevent a clean partition between kinetic and potential contributions. In relativistic
mechanics, the expression for the Lagrangian no longer admits a simple additive decomposition
into quadratic velocity and position-dependent terms. In field theory, the degrees of freedom
are no longer localized to discrete coordinates, but are distributed continuously across space,
with interactions that are inherently nonlocal in their structure.

From the perspective of degrees of freedom, these developments can be understood as a
breakdown of separability, rather than a breakdown of dynamics itself. The underlying issue is
not that the Lagrangian formalism fails, but that the system’s degrees of freedom can no longer
be partitioned into independent components corresponding cleanly to configuration and rate of
change.

In these regimes, degrees of freedom become:

e coupled, in that variations in one degree of freedom directly affect others,

e distributed, in that they are spread across continuous domains rather than localized coor-
dinates,

e and effectively nonlocal, in that their interactions cannot be decomposed into independent
contributions at isolated points.

As a result, the simple decomposition L =T — V ceases to be meaningful. The distinction
between kinetic and potential terms becomes blurred, not because the underlying dynamics
is ill-defined, but because the degrees of freedom no longer admit a representation in which
configuration and change can be cleanly distinguished.

Crucially, the Lagrangian formalism itself remains intact. The action can still be defined, and
the variational principle continues to yield well-defined equations of motion. This persistence
indicates that the essential requirement for the Lagrangian formulation is not the existence of
separable kinetic and potential terms, but rather the more general condition that variations of
the system’s degrees of freedom remain distinguishable and comparable.

From this viewpoint, the breakdown of T'— V' is not a failure of the variational principle,
but a signal that the underlying degrees of freedom have entered a regime of increased coupling
and structural complexity. The Lagrangian survives because it does not depend on how degrees
of freedom are partitioned, but only on the ability to evaluate variations within the space they
define.

This observation reinforces the broader conclusion that the Lagrangian formalism is funda-
mentally a structure for comparing variations in degree-of-freedom space, rather than a specific
decomposition of energy into kinetic and potential components. As long as distinguishability
of variations is preserved, the formalism remains applicable, even as the representation of the
degrees of freedom themselves becomes increasingly intricate.



4 Symmetry as Invariance in Degree-of-Freedom Space

In standard formulations of physics, symmetry is understood as a transformation that leaves
the physical content of a system unchanged. These transformations constrain the allowed form
of the Lagrangian and play a central role in determining conservation laws through Noether’s
theorem.

From the perspective of degrees of freedom, symmetry can be understood more precisely as
a property of how transformations act on the system’s representational structure. Specifically,
a symmetry transformation corresponds to a mapping of the system’s degrees of freedom that
preserves the distinguishability relations encoded by the action.

Let {¢;} denote a set of degrees of freedom describing a system, and consider a transformation

g — g,

which induces a corresponding transformation on trajectories in degree-of-freedom space. The
transformation is a symmetry if the action remains invariant:

In this formulation, symmetry does not introduce new structure into the system; rather, it
identifies redundancies in how the degrees of freedom are represented. Distinct configurations
{¢;} and {q}} that are related by a symmetry transformation correspond to trajectories that
are indistinguishable under the action.

Thus, symmetry reflects the presence of equivalence classes within degree-of-freedom space,
where multiple configurations represent the same physically distinguishable situation. The
action serves as the criterion for this equivalence: if two trajectories yield the same action, they
cannot be distinguished by the variational principle and therefore belong to the same symmetry
class.

This interpretation clarifies the role of symmetry in constraining the Lagrangian. Requiring
invariance under a given transformation ensures that the action does not distinguish between
configurations related by that transformation. In this sense, symmetry imposes a constraint on
how distinguishability may be assigned across the system’s degrees of freedom.

Conservation laws arise naturally in this framework. When the action is invariant under a
continuous transformation of a degree of freedom, variations along that direction do not alter
the action. As a result, the system cannot distinguish motion along that degree of freedom, and
a corresponding quantity remains constant along physical trajectories.

From this perspective, conserved quantities correspond to directions in degree-of-freedom
space along which the action is insensitive to variation. These directions represent degrees
of freedom that are dynamically present but not resolved by the system’s distinguishability
structure.

Importantly, this formulation does not require symmetry to be treated as a fundamen-
tal primitive. Instead, symmetry emerges as a structural feature of how the action assigns
distinguishability across degrees of freedom. When the action fails to distinguish between con-
figurations related by a transformation, symmetry is observed.

This view is consistent with the broader observation that symmetry may arise or be broken
depending on the regime under consideration. As the effective degrees of freedom of a system
change—through coarse-graining, coupling, or constraint—the distinguishability relations en-
coded by the action may also change, leading to the appearance or disappearance of symmetry.

In this sense, symmetry can be understood as a reflection of how degrees of freedom are
organized and constrained within a given regime, rather than as an independently imposed
property of the underlying dynamics.



5 Conjugate Momentum as a Distinguishability Gradient in
Degree-of-Freedom Space

In the Lagrangian formalism, conjugate momentum is defined as

)

pi—%;

where ¢; denotes a degree of freedom and ¢; its rate of change. This definition plays a central
role in both classical and quantum formulations, yet its interpretation is often tied to specific
physical contexts such as mass, velocity, or canonical variables.

From the perspective of degrees of freedom, conjugate momentum can be understood more
generally as a local measure of how distinguishable variations in a degree of freedom’s rate of
change are within the action.

The Lagrangian L(q,q,t) encodes how infinitesimal changes in configuration and motion
contribute to the action. Taking the partial derivative with respect to ¢; isolates the sensitivity
of the Lagrangian to changes in the rate of variation of the i-th degree of freedom. In this
sense, p; quantifies how strongly the system distinguishes between different velocities along that
degree of freedom.

Thus, conjugate momentum may be interpreted as a distinguishability gradient in degree-of-
freedom space. It indicates the direction and magnitude with which the action changes under
infinitesimal variation of ¢;, providing a local measure of how variations in motion are resolved
by the system.

This interpretation clarifies the relationship between configuration, motion, and momentum:

e ¢; represents the configuration of a degree of freedom,
e (; represents its rate of change,
e p; represents the system’s sensitivity to variation in that change.

In classical mechanics, this relationship often reduces to familiar forms, such as momentum
being proportional to velocity. However, in more general settings—such as relativistic systems or
field theories—this proportionality no longer holds, while the definition of conjugate momentum
as a derivative of the Lagrangian remains valid. This reflects the fact that the interpretation of
momentum as a distinguishability gradient is more fundamental than any particular physical
realization.

This formulation also provides a direct connection to conservation laws. If the Lagrangian
does not depend explicitly on a degree of freedom ¢;, then

d
—bi = 07

dt
and the corresponding conjugate momentum is conserved. In the present framework, this occurs
because the action does not distinguish variations in ¢;, and therefore the distinguishability
gradient p; remains constant along the trajectory.

More generally, conjugate momentum encodes how the system resolves variation locally,
while conservation reflects the persistence of unresolved directions in degree-of-freedom space.
Together, they provide a differential and integral description of the same underlying structure:
how distinguishability is assigned across degrees of freedom.

This interpretation extends naturally to quantum mechanics, where canonical commutation
relations between position and momentum reflect limits on the simultaneous distinguishability
of configuration and motion. In this context, conjugate variables form pairs that define the
structure of distinguishability within the system, rather than representing independent physical
quantities.



In summary, conjugate momentum is not merely a mechanical quantity associated with
motion, but a structural object that encodes how the action responds to variation in a degree
of freedom’s rate of change. It provides a local measure of distinguishability within degree-of-
freedom space, linking the variational principle to the differential structure of physical laws.

6 Conservation as Persistence Along Unresolved Degrees of Free-
dom

In the standard formulation of physics, conservation laws arise from symmetries of the action.
When the Lagrangian is invariant under a continuous transformation of a coordinate, Noether’s
theorem guarantees the existence of a conserved quantity associated with that symmetry.

From the perspective of degrees of freedom, conservation can be understood more directly
in terms of distinguishability. A conserved quantity corresponds to a direction in degree-of-
freedom space along which variation does not affect the action. In other words, the system is
insensitive to change along that direction, and therefore cannot distinguish motion within it.

Let {g;} denote the degrees of freedom of a system, and consider a continuous transformation
parameterized by e,

¢ — qi(e).

If the action is invariant under this transformation,

Sla(e)] = Slal,

then variations along this direction do not alter the value of the action. The variational principle
therefore does not resolve differences between trajectories that differ only along this transfor-
mation.

In this formulation, conservation arises because the system lacks the ability to distinguish
motion along a particular degree of freedom. The corresponding quantity remains constant along
physical trajectories not because it is enforced externally, but because no admissible variation
exists that would change it within the system’s distinguishability structure.

This perspective reframes conservation as a statement about persistence under unresolved
variation. A conserved quantity is not simply unchanged, but rather reflects a direction in
degree-of-freedom space that is dynamically present yet invisible to the action.

The relationship between symmetry and conservation is thus clarified. Symmetry identifies
transformations of the degrees of freedom that leave the action invariant, while conservation
reflects the persistence of motion along those invariant directions. Both arise from the same
underlying structure: the assignment of distinguishability over the system’s degrees of freedom.

This formulation also explains why conservation laws may depend on the regime under con-
sideration. As the effective degrees of freedom of a system change—through coarse-graining,
coupling, or constraint—the distinguishability structure encoded by the action may shift. Di-
rections that were previously unresolved may become distinguishable, or vice versa, leading to
the emergence or breakdown of conservation laws.

From this perspective, conservation is not an independent principle imposed on dynamics,
but a consequence of how degrees of freedom are organized and resolved within a given frame-
work. It reflects the persistence of structure in directions that the system’s dynamics cannot
distinguish, and therefore cannot alter.

7 Quantum Mechanics as Constraints on Distinguishability of

Degrees of Freedom

In quantum mechanics, physical systems are described in terms of states and operators acting on
those states, with observable quantities represented by non-commuting operators. The structure



of the theory is governed by commutation relations, such as
[Gi, Dj] = ihdyj,

which impose fundamental limits on the simultaneous specification of conjugate variables.

From the perspective of degrees of freedom, these relations can be understood as encod-
ing constraints on simultaneous distinguishability. In classical mechanics, configuration and
momentum associated with a degree of freedom may, in principle, be specified independently
and with arbitrary precision. In quantum mechanics, this independence is no longer available:
the structure of the theory restricts how finely different aspects of a degree of freedom can be
distinguished at the same time.

Non-commutativity reflects this limitation. When two operators do not commute, the order
in which measurements are performed affects the outcome, indicating that the corresponding
degrees of freedom cannot be simultaneously resolved within the same distinguishability struc-
ture. In this sense, non-commutativity signals a form of indistinguishability between conjugate
aspects of a degree of freedom.

This limitation is made explicit in the uncertainty relations, such as

Agidpi >,

which quantify the trade-off in distinguishability between configuration and momentum. Rather
than representing a limitation of measurement alone, these relations express a structural prop-
erty of the system: the degrees of freedom do not admit arbitrarily fine simultaneous distinction
along all directions.

Within the framework developed here, quantum mechanics is not treated as introducing a
fundamentally separate dynamical structure, but rather as imposing constraints on how degrees
of freedom may be distinguished and compared. This interpretation emphasizes continuity be-
tween classical and quantum descriptions at the level of how distinguishability is structured,
while remaining fully consistent with the standard formalism. The algebraic structure of oper-
ators and their commutation relations defines the permissible assignments of distinguishability
across different aspects of the system.

This interpretation is consistent with the role of conjugate variables discussed previously.
Configuration and momentum form pairs of degrees of freedom whose distinguishability is jointly
constrained. The inability to simultaneously resolve both reflects a finite structure of distin-
guishability, rather than an absence of underlying degrees of freedom.

From this perspective, quantization can be understood as the imposition of a finite distin-
guishability structure on degree-of-freedom space. Classical mechanics corresponds to a regime
in which distinguishability is effectively unbounded, allowing independent specification of con-
figuration and motion. Quantum mechanics, by contrast, introduces a lower bound on distin-
guishability, encoded in A, that restricts how degrees of freedom may be resolved.

Importantly, this formulation does not alter the mathematical structure of quantum theory.
The Hilbert space formalism, operator algebra, and probabilistic interpretation remain intact.
What changes is the interpretation of these elements: they are seen as encoding the structure
of distinguishability over degrees of freedom, rather than introducing fundamentally new types
of physical objects.

In this way, quantum mechanics extends the variational framework by constraining the dis-
tinguishability relations that underlie it. The action, momentum, symmetry, and conservation
structures described in earlier sections remain applicable, but operate within a domain where
degrees of freedom cannot be arbitrarily resolved. This constraint shapes the form of physical
laws without requiring a departure from the underlying degree-of-freedom structure.



8 Action as a Measure of Distinguishability in Degree-of-Freedom
Space

In the Lagrangian formalism, the action is defined as

Slql = /t 2 L(q, q,t)dt,

1
and physical trajectories are those for which the action is stationary under small variations of
the degrees of freedom.

Traditionally, the action is interpreted as a scalar functional whose extremization yields the
equations of motion. However, this formulation does not by itself explain why such a principle
should apply so broadly across physical theories.

From the perspective developed here, the action can be understood as a structure that
assigns relative distinguishability to trajectories in degree-of-freedom space.

Consider a system described by degrees of freedom {¢;(t)}. A trajectory corresponds to a
path through this space over time. Variations of the trajectory,

qi(t) = qi(t) + 6q:(1),

explore neighboring paths in degree-of-freedom space. The action evaluates these variations by
assigning a scalar value to each trajectory, effectively ordering them according to how distin-
guishable they are within the system’s constraints.

The requirement that the action be stationary,

05 =0,

selects trajectories for which nearby variations do not produce distinguishable changes in the
action. In this sense, physical trajectories correspond to paths that are locally indistinguishable
under admissible variations.

This reframes the variational principle as a statement about distinguishability rather than
optimization in the conventional sense. The action does not merely identify extrema; it defines
a structure in which variations are compared, and physical trajectories are those that remain
stable under this comparison.

Within this framework, the Lagrangian density L(q, ¢,t) can be interpreted as a local mea-
sure of how distinguishable infinitesimal changes in the degrees of freedom are at each point
along the trajectory. The integral of L accumulates this measure over time, producing a global
ordering of trajectories.

This interpretation unifies the roles of symmetry and conservation. As discussed previously,
symmetry transformations correspond to variations that leave the action invariant, reflecting
directions of indistinguishability in degree-of-freedom space. Conservation laws arise from the
persistence of motion along these indistinguishable directions. The action is the structure that
encodes both: it determines which variations are distinguishable and which are not.

Importantly, this formulation does not depend on the specific nature of the degrees of free-
dom. Whether the system is described in terms of particles, fields, or more abstract variables,
the action remains applicable as long as variations of the degrees of freedom can be meaningfully
compared.

This also clarifies the limits of the variational formalism. When degrees of freedom can
no longer be maintained as distinguishable—due to strong coupling, nonlocality, or constraints
that collapse distinctions—the action loses its ability to order trajectories. In such regimes, the
variational principle ceases to apply, and alternative descriptions may be required.

Thus, the action can be understood not merely as a computational tool, but as a structural
object that defines how distinguishability is assigned across trajectories in degree-of-freedom
space. Its extremization selects those trajectories that remain stable under this assignment,
providing a unifying principle underlying the Lagrangian formulation across physical theories.



9 Ontological Floor: Degrees of Freedom and Distinguishability

The preceding analysis suggests that the effectiveness of the Lagrangian formalism across diverse
physical theories does not depend on any specific ontology—whether particles, fields, or other
constructs—but on a more minimal structural requirement.

In earlier formulations, this requirement has sometimes been described in terms of “distinc-
tion” as a primitive concept. However, such a description remains abstract unless it is grounded
in a concrete structure on which distinctions can be made.

From the perspective developed here, the minimal ontological requirement for dynamics is
the existence of degrees of freedom whose variations remain distinguishable under the system’s
admissible transformations. It is this condition that allows the action to compare trajectories,
the variational principle to select stable paths, and the associated structures of symmetry and
conservation to arise.

Degrees of freedom provide the substrate of representation: they define what aspects of a
system may vary. Distinguishability, in turn, determines which variations of those degrees of
freedom can be meaningfully resolved. Together, they establish the conditions under which a
variational description is possible.

Within this framework, the central elements of physical theory can be understood as follows:

e The action defines how distinguishability is assigned over trajectories in degree-of-freedom
space.

o (Conjugate momentum encodes the local sensitivity of this assignment to variation in a
degree of freedom’s rate of change.

o Symmetry identifies transformations of the degrees of freedom that preserve this distin-
guishability structure.

e (Conservation laws reflect persistence along directions in degree-of-freedom space that the
action does not distinguish.

o Quantum structure constrains the extent to which degrees of freedom may be simultane-
ously distinguished.

These elements do not require independent ontological status. Rather, they emerge as
structural features of how distinguishability is organized across the system’s degrees of freedom.

This perspective clarifies the role of the Lagrangian formalism. It is not tied to a particular
physical interpretation, but to the existence of a structured space of degrees of freedom within
which variations can be compared. As long as such a structure is available, the variational
principle remains applicable.

Conversely, when degrees of freedom can no longer be maintained as distinguishable—whether
due to strong coupling, nonlocal interactions, or limits on resolution—the conditions required
for a variational description begin to fail. In such regimes, alternative frameworks may be
necessary to describe the system’s behavior.

Thus, degrees of freedom, constrained by distinguishability, constitute the minimal substrate
on which variational physical theories operate. This substrate does not prescribe a specific ontol-
ogy, but provides the structural conditions under which dynamics, symmetry, and conservation
can be consistently defined.

10 Boundary of the Variational Framework and the Emergence

of Selection

The preceding sections have established that the Lagrangian formalism depends on a minimal
structural condition: the existence of degrees of freedom whose variations remain distinguishable



under admissible transformations. This condition enables the action to compare trajectories,
the variational principle to select stable paths, and the associated structures of symmetry and
conservation to arise.

However, this condition is not guaranteed to hold in all regimes.

As interactions become sufficiently strong, or as the structure of the system becomes in-
creasingly complex or constrained, the degrees of freedom may cease to admit a representation
in which their variations remain distinguishable. In such cases, the assumptions underlying the
variational framework begin to fail. The action can no longer provide a meaningful ordering of
trajectories, and the notion of infinitesimal variation loses its applicability.

From the perspective of degrees of freedom, this corresponds to a regime in which the sys-
tem’s distinguishability structure collapses. Variations that were previously resolvable become
indistinguishable, and the space of admissible trajectories can no longer be organized by the
action in a consistent way.

In this regime, descriptions based on invariants and continuous variation give way to a differ-
ent type of dynamical behavior. Rather than selecting trajectories through extremization of the
action, the system must resolve ambiguity through selection among admissible configurations.
The dynamics is no longer governed by differential structure alone, but by the process through
which distinguishable structure is re-established.

This transition can be understood as a boundary between two modes of description:

e an invariant-based regime, in which dynamics is expressed through continuous variation
of distinguishable degrees of freedom, and

e a selection-based regime, in which distinguishability is insufficient to support a variational
description, and the system evolves through the resolution of indistinguishable configura-
tions.

Importantly, this formulation does not require the introduction of new entities or mecha-
nisms beyond those already described. It follows directly from the breakdown of the conditions
necessary for the variational framework. When degrees of freedom can no longer be maintained
as distinguishable, the mathematical structures built upon that assumption—action, symmetry,
and conservation—cease to provide a complete description.

This boundary does not represent a failure of the underlying dynamics, but rather a limita-
tion of the representational framework. The transition from invariant-based to selection-based
dynamics reflects a change in how the system’s degrees of freedom are structured and resolved,
rather than a discontinuity in the system itself.

In this sense, the emergence of selection-based dynamics can be understood as the natu-
ral continuation of the degree-of-freedom framework beyond the regime in which variational
methods apply. It marks the point at which distinguishability, rather than being preserved and
structured by the action, must be actively re-established by the dynamics of the system.

11 Conclusion

The preceding analysis has reformulated the Lagrangian framework in terms of degrees of free-
dom and their distinguishability. Across classical, relativistic, and quantum regimes, the for-
malism remains applicable not because of any specific ontological commitment, but because
systems admit representations in which variations of their degrees of freedom can be meaning-
fully compared.

Within this perspective, the central structures of physical theory arise from a common
foundation. The action defines how distinguishability is assigned over trajectories in degree-
of-freedom space. Conjugate momentum encodes the local sensitivity of this assignment to
variation in motion. Symmetry identifies transformations that preserve the distinguishabil-
ity structure, while conservation reflects persistence along directions that the action does not

10



resolve. Quantum mechanics introduces constraints on the simultaneous distinguishability of
degrees of freedom, limiting how finely their variations may be specified.

These elements do not constitute independent principles, but are interconnected features of
how distinguishability is organized across degrees of freedom. Their persistence across physical
theories reflects the stability of this underlying structure, rather than the invariance of any
particular physical model.

The limits of the framework are reached when degrees of freedom can no longer be maintained
as distinguishable under the system’s constraints. In such regimes, the assumptions required for
a variational description break down, and invariant-based methods cease to provide a complete
account. The system must instead be described in terms of how distinguishable structure is
re-established, marking a transition from variation-based to selection-based dynamics.

This formulation does not replace existing physical theories, but clarifies the structural con-
ditions under which they operate. By identifying degrees of freedom constrained by distinguisha-
bility as the minimal substrate for variational descriptions, it provides a unified perspective on
the role of action, symmetry, conservation, and quantum structure across domains.

The following references provide standard background on the Lagrangian formalism, sym-
metry, and quantum mechanics.
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