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Abstract

Research across multiple scientific disciplines has demonstrated that physical, chemical
and biological structures exhibit sensitivity to properties of their local environment. Such
sensitivity may manifest through resonance phenomena, oscillatory behavior, or partial
synchronization between interacting systems [1-3]. These effects are commonly studied
within specialized domains and specific physical contexts. However, the possibility that
such sensitivity reflects a more general principle operating within a shared physical
environment has received comparatively little explicit attention.

This work proposes the Principle of Dynamical Sensitivity, suggesting that structures
emerging within such an environment exhibit dynamical responsiveness. Because all
systems within a single universe are governed by the same fundamental laws and fields,
they share a common dynamical background. Such a shared background allows
interactions across multiple scales, potentially manifesting through resonance, excitation
of dynamical modes, energy transfer, or partial synchronization between systems.

The present work does not introduce a new physical interaction but offers a conceptual
framework that connects known physical phenomena within a broader interpretation of
dynamical sensitivity in a shared physical environment.

1. Introduction

Research across several scientific disciplines has demonstrated that physical, chemical
and biological structures exhibit sensitivity to the properties of their local environment.
Such sensitivity may manifest through resonance phenomena, oscillatory behavior, or in
some cases through synchronization between interacting systems.

These phenomena are widely studied within specialized domains including physics,
chemistry, biology and the theory of complex systems. However, such investigations are
typically restricted to particular systems, mechanisms or local environments. As a result,



the broader implications of environmental sensitivity across different scales of physical
reality are rarely addressed in a unified framework.

The broader question of whether such sensitivity may represent a more general principle
operating within a shared physical environment has received comparatively little explicit
attention. In its most general interpretation, this shared environment corresponds to the
dynamical physical environment of the universe itself.

The universe can be understood as a dynamical physical environment characterized by
fluctuations, oscillations, and interactions of fundamental physical fields. Structures that
emerge within such an environment form as relatively stable configurations of these
underlying dynamical processes [6,7]. Consequently, they may inherit a degree of
sensitivity to the dynamical properties of the environment in which they arise.

Because all physical systems within a single universe are governed by the same
fundamental laws and fields, they share a common dynamical background. This shared
background implies that certain types of interaction—such as resonance, excitation of
dynamical modes, energy transfer or partial synchronization—may appear across a wide
range of physical scales.

In this context, the present work proposes the Principle of Dynamical Sensitivity, which
suggests that structures formed within a shared dynamical physical environment inherit
an intrinsic sensitivity to certain dynamical properties of that environment. Such
sensitivity does not imply uniform responses across all systems; rather, responses remain
selective and depend on the coupling mechanisms and spectral characteristics of
individual structures.

The aim of this work is therefore not to introduce a new physical interaction, but to
provide a conceptual framework linking known physical phenomena—such as
oscillations, resonance and synchronization—into a broader interpretation of dynamical
sensitivity within a shared physical environment.

2. Dynamical Nature of the Physical Environment

Modern physics describes the universe not as a static container of matter but as a
dynamical physical system characterized by interacting fields, fluctuations and
continuous processes of energy exchange [4,5]. From the smallest microscopic scales to
the largest cosmological structures, physical reality exhibits persistent dynamical
activity [4,5].

In such dynamical environments, structures do not arise as isolated static entities but
rather as relatively stable configurations emerging from underlying dynamical processes.
Atoms, molecules, macroscopic objects and even biological organisms may therefore be



understood as stable arrangements formed within a continuously evolving physical
background [6].

Complex systems research has shown that dynamical environments can naturally give
rise to organized structures through mechanisms such as self-organization, resonance
phenomena and collective dynamical behavior [6,7]. Oscillatory dynamics and feedback
processes may lead to the formation of stable modes that persist despite ongoing
fluctuations in the surrounding environment.

Because such structures arise within the same dynamical physical environment, they
inherit a degree of sensitivity to the dynamical properties of that environment. This
sensitivity does not imply identical responses across different systems; rather, the
response depends on the specific coupling mechanisms and spectral characteristics of
each structure.

Such inherited dynamical sensitivity provides a natural basis for interactions across
multiple scales, potentially manifesting through resonance phenomena, energy transfer or
partial synchronization between systems embedded within the same physical
environment.

Structures emerging within a shared dynamical physical environment inherit sensitivity to
its dynamical properties, enabling interactions such as resonance, energy transfer and
partial synchronization across multiple scales.
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Figure 1. Conceptual scheme illustrating the emergence of structures and their dynamical sensitivity within
a shared physical environment.



3. Emergence of Structures

In dynamical physical systems, stable structures do not arise arbitrarily but emerge from
the interaction of underlying dynamical processes. Physical systems tend to evolve
toward relatively stable configurations determined by energy landscapes, interaction
forces and dynamical constraints [6,7].

At microscopic scales, such stability is reflected in the formation of atoms and molecules,
where stable configurations correspond to energetic minima of interacting particles and
fields. At larger scales, similar principles govern the formation of macroscopic structures
ranging from condensed matter systems to astrophysical objects.

Many physical structures also exhibit intrinsic oscillatory behavior. Oscillations arise
naturally in systems with restoring forces and feedback processes and are a ubiquitous
feature of dynamical systems [1]. Such oscillatory dynamics may give rise to resonance
phenomena when systems respond strongly to specific frequencies present in their
environment.

Research in nonlinear dynamics and complex systems has further demonstrated that
interacting oscillatory systems can exhibit collective behavior, including synchronization.
Classical studies of coupled oscillators show that systems with different natural
frequencies may nevertheless develop partial or complete synchronization under suitable
coupling conditions [2].

These phenomena have been extensively studied in a wide range of contexts, including
physical, chemical and biological systems, suggesting that resonance, oscillation and
synchronization represent general dynamical mechanisms rather than isolated effects
restricted to specific domains.

The emergence of structures within such dynamical environments therefore naturally
leads to systems that both exhibit oscillatory dynamics and remain sensitive to dynamical
influences originating from their surrounding environment.

4. Principle of Dynamical Sensitivity

The observations discussed in the previous sections suggest that physical structures do
not exist independently of their dynamical environment. Instead, they emerge within it
and remain continuously embedded in the same underlying physical processes.



This work therefore proposes the Principle of Dynamical Sensitivity, which may be
formulated conceptually as follows:

Principle of Dynamical Sensitivity: Structures emerging within a shared dynamical
physical environment inherit sensitivity to its dynamical properties. This sensitivity
allows interactions mediated through resonance phenomena, excitation of dynamical
modes, energy transfer, or partial synchronization between systems across multiple
physical scales.

This sensitivity can be considered universal in the sense that all structures embedded in a
dynamical environment remain influenced by its dynamical properties, even when no
observable resonance or synchronization occurs.

Such sensitivity does not imply identical behavior across all systems. Individual
responses remain selective and depend on the coupling mechanisms, internal dynamics
and spectral characteristics of particular structures. Nevertheless, the shared dynamical
background provides the possibility for interaction whenever compatible dynamical
conditions arise.

In this sense, the Principle of Dynamical Sensitivity does not introduce a new physical
interaction. Rather, it provides a conceptual framework suggesting that known dynamical
mechanisms — including oscillation, resonance and synchronization — may represent
manifestations of a broader sensitivity shared by structures formed within the same
physical environment.

If the universe is considered as a single dynamical physical environment governed by
common physical laws and fields, the principle suggests that dynamical sensitivity may
be a general property of structures throughout the universe. Such a perspective does not
imply universal synchronization, but rather the potential for dynamical interaction
wherever compatible conditions emerge.

In its most speculative interpretation, this view raises the possibility that dynamical
interactions between systems may extend across widely different physical scales,
potentially influencing processes ranging from microscopic physical systems to large-
scale cosmic structures.

5. Consequences of Dynamical Sensitivity

Structures embedded within a shared dynamical physical environment remain subject to
its dynamical influences. If such structures possess internal degrees of freedom capable
of responding to external dynamical stimuli, interactions between systems may naturally
arise through various mechanisms of dynamical coupling.



5.1 Dynamical Coupling Between Systems

When two or more dynamical systems coexist within the same physical environment, the
fields and fluctuations present in that environment may act as mediating channels through
which interactions occur. Such coupling does not require direct mechanical contact
between systems; it may arise through shared physical fields, radiation, or other forms of
environmental influence.

In many physical systems, dynamical coupling manifests through the exchange of energy
or through modifications of the internal dynamical state of interacting systems. The
presence of coupling mechanisms allows systems to respond to external dynamical
influences originating from their environment or from other nearby structures.

5.2 Energy Transfer and Resonance Phenomena

One of the most common manifestations of dynamical coupling is resonance. When a
system is exposed to external oscillatory influences whose frequencies are compatible
with its internal dynamical modes, the system may exhibit an amplified response.
Resonance therefore represents a mechanism through which environmental dynamical
properties can influence the behavior of embedded structures [1].

Energy transfer mediated through resonant interactions is widely observed in physical
systems ranging from microscopic quantum processes to macroscopic mechanical
oscillators [1-3]. Such phenomena demonstrate how environmental dynamical properties
may influence the evolution and stability of physical structures.

5.3 Collective Behavior and Synchronization

In systems composed of multiple interacting oscillatory units, dynamical coupling may
give rise to collective behavior. Under appropriate coupling conditions, oscillatory
systems can exhibit partial or complete synchronization, where their dynamical states
become correlated over time [2].

Synchronization phenomena have been observed in many physical, chemical and
biological systems [1,2,3], including mechanical oscillators, chemical reaction networks,
neural systems and ecological populations. These phenomena illustrate how shared
dynamical environments can facilitate the emergence of coordinated behavior across
interacting structures.

Within the conceptual framework proposed in this work, such phenomena may be
interpreted as manifestations of the broader dynamical sensitivity shared by structures
embedded within the same physical environment.



6. Discussion

The conceptual framework proposed in this work builds upon a wide range of phenomena
that have been extensively studied across different scientific disciplines. Resonance
phenomena, oscillatory dynamics, synchronization and dynamical coupling are well
documented in physics, chemistry, biology and complex systems research [1-3,6,7]. The
present work does not aim to reinterpret these phenomena individually, but rather to place
them within a broader conceptual context.

6.1 Relation to Existing Research

Numerous studies have demonstrated that dynamical systems interacting through shared
environments may exhibit resonance, energy transfer or synchronization. Examples range
from coupled mechanical oscillators and nonlinear dynamical systems to biological
rhythms and collective behavior in complex systems.

These phenomena are usually investigated within specific domains and physical
mechanisms. However, the possibility that such behaviors reflect a broader dynamical
sensitivity shared by structures embedded within the same physical environment is rarely
formulated explicitly as a general conceptual principle.

The Principle of Dynamical Sensitivity proposed in this work attempts to provide such a
conceptual formulation. It connects previously observed phenomena within a unified
interpretative framework while remaining consistent with established physical theory.

6.2 Conceptual Implications

If structures emerging within a shared physical environment inherit sensitivity to its
dynamical properties, this suggests that interactions between systems may arise not only
from direct local forces but also from their common embedding within the same
dynamical background.

From this perspective, resonance, dynamical coupling and synchronization may represent
different manifestations of a broader class of interactions enabled by shared dynamical
conditions.

Such an interpretation does not imply the existence of previously unknown forces.
Instead, it highlights the role of environmental dynamical structure as a common
background through which known physical interactions may become coordinated across
different scales.



6.3 Limitations of the Proposed Framework

The Principle of Dynamical Sensitivity proposed here should be understood primarily as
a conceptual framework rather than a predictive physical theory. The present work does
not derive new equations or introduce new physical interactions.

Furthermore, the universality suggested by the framework refers to the presence of
dynamical influence rather than to identical dynamical behavior across systems.
Responses of individual systems remain strongly dependent on their internal structure,
coupling mechanisms and environmental conditions.

Consequently, the framework should be interpreted as a conceptual perspective linking
diverse dynamical phenomena rather than as a universal explanatory model for all forms
of interaction in physical systems.

7. Conclusion

This work proposed the Principle of Dynamical Sensitivity, a conceptual framework
suggesting that structures emerging within a shared dynamical physical environment
inherit a degree of sensitivity to the dynamical properties of that environment.

The framework builds upon well-established phenomena observed across multiple
scientific disciplines, including oscillations, resonance, synchronization and dynamical
coupling. These phenomena are widely documented in physical, chemical and biological
systems and represent general mechanisms through which dynamical systems interact.

The present work does not introduce a new physical interaction. Instead, it proposes an
interpretative perspective in which such phenomena may be understood as manifestations
of a broader dynamical sensitivity shared by structures embedded within the same
physical environment.

Within this perspective, resonance, energy transfer and synchronization can be
interpreted as observable expressions of interactions enabled by the shared dynamical
background of the universe.

The Principle of Dynamical Sensitivity therefore provides a conceptual link between
phenomena that are traditionally studied within separate scientific disciplines, suggesting
that they may represent different expressions of a common dynamical context.

While the framework presented here remains primarily conceptual, it may offer a useful
perspective for interpreting interactions between systems across multiple physical scales,
from microscopic dynamical processes to large-scale physical structures.



Future research may further explore how such dynamical sensitivity manifests in specific
physical systems and whether this perspective can contribute to a deeper understanding of
dynamical interactions across complex physical environments.
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