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Abstract: This paper investigates how the principles of dynamic symmetry (here also referred to as
‘Rattigan’s Edge’) offer a structural explanation for the arrow of time. The analysis draws on developments in
thermodynamics, quantum mechanics, and cosmology, as well as recent advances in the study of time-
reversal symmetry in open quantum systems. By tracing the emergence of temporal asymmetry from the
interplay between order and disorder, the paper demonstrates that the arrow of time is not a fundamental
given but a property arising from the dynamic structure of physical systems. The discussion integrates
historical and contemporary perspectives, including Eddington’s original formulation, Boltzmann’s statistical
mechanics, and modern quantum approaches, to show how dynamic symmetry provides a coherent and
adaptable framework for understanding time’s directionality.

From the earliest days of scientific inquiry, the question of time’s direction—the arrow of time—has
presented a fundamental puzzle. Arthur Eddington, in 1927, gave the concept its enduring name and
pointed to the increase of randomness, or entropy, as the only physical distinction between past and
future. While the equations governing the microscopic world, from Newtonian mechanics to the
Schrédinger equation of quantum theory, are largely indifferent to the direction of time, our
macroscopic experience is dominated by irreversible processes: a cup shatters but does not
reassemble, milk stirs into coffee but never separates spontaneously. This asymmetry, so vivid to
human perception and so central to the structure of the world, demands explanation.

Rattigan’s Edge offers a structural account of the arrow of time by focusing on the adaptive balance
between order and disorder. Rather than treating time’s direction as a primitive feature, Rattigan’s
theory proposes that temporal asymmetry emerges from the way systems negotiate stability and
fluctuation across scales. This negotiation is not static but ongoing, shaped by the structural
properties of matter and energy, and by the boundary conditions of the universe itself.

The thermodynamic arrow of time, grounded in the second law of thermodynamics, is the most
empirically robust of the various arrows identified by physicists. In an isolated system, entropy tends
to increase, and this increase is what gives time its apparent "one-way" direction. Eddington’s
insight was that the future is the direction in which disorder increases, and this remains the only
physical distinction between past and future recognised by physics. Yet, as Boltzmann and later
statistical mechanicians observed, the laws governing the microstates of particles are time-
symmetric. If one were to reverse the velocities of all molecules in a gas, the system would evolve
backwards, apparently violating the second law. The paradox is resolved, not by denying the
symmetry of the laws, but by recognising that the arrow of time arises from the statistical structure
of large systems and their improbable initial conditions.

Dynamic symmetry theory reframes this statistical structure as a dynamic negotiation. Entropy
increase is not simply the triumph of disorder, but a redistribution of order and disorder, with local
decreases in entropy—such as the formation of a crystal or the emergence of life—offset by greater
increases elsewhere. The arrow of time, then, is a structural feature of systems poised between
stability and fluctuation, where the ongoing interplay between microstates and macrostates gives rise
to directionality. In this view, the universe is not moving inexorably from order to chaos, but is



continually rebalancing, with complexity and structure arising from, and contributing to, the overall
entropy budget.

Recent work in open quantum systems has sharpened this perspective. It has long been assumed that
the Markov approximation, used to describe systems interacting with an infinite heat bath, breaks
time-reversal symmetry and thus explains the emergence of the arrow of time at the quantum level.
However, new research demonstrates that the Markov approximation does not, in fact, violate time-
reversal symmetry. Instead, the derived equations of motion—such as those governing quantum
Brownian motion and the Lindblad and Pauli master equations—are time-symmetric. These results
show that thermalisation can, in principle, occur in two opposing time directions, and that the
symmetry is only broken by the choice of boundary conditions or initial states (Guff et al., 2025).
The implication is that the arrow of time is not a consequence of the fundamental equations
themselves, but of the dynamic structure imposed by the environment and the system’s history.

This structural view is reinforced by the asymmetry between time and space in physical systems.
While space allows for translation in any direction, physical systems inevitably evolve over time,
not space. This asymmetry is not elemental, but arises from violations of discrete symmetries such
as time reversal (T), as observed in particle physics and accounted for in the standard model by the
Cabibbo—Kobayashi-Maskawa matrix. The violation of T symmetry in certain particle decays
provides a microscopic arrow of time, but even here, the directionality is a result of the system’s
structural properties and boundary conditions, not the underlying equations themselves (Roberts,
2023); (Vaccaro, 2016).

Boltzmann’s statistical mechanics remains a cornerstone of the structural approach to time’s arrow.
He argued that in a universe at thermal equilibrium, local fluctuations could lead to temporary
decreases in entropy, but that, statistically, systems evolve towards more probable (higher entropy)
states. The direction of time, then, is defined by the movement towards less probable states in the
past and more probable states in the future. This explanation is only meaningful if one already
assumes a flow of time, making the arrow of time both a product and a precondition of dynamical
evolution (Gotosz, 2021). Dynamic symmetry theory builds on this by highlighting the role of
structural feedback: systems are not passive recipients of entropy increase, but active participants in
the redistribution of order and disorder, with local structures emerging and dissolving in a continual
process.

The cosmological arrow of time, linked to the universe’s expansion, further illustrates the structural
nature of temporal asymmetry. The direction in which the universe expands is, by definition, the
direction of the future. The thermodynamic arrow is thought to be a consequence of the low-entropy
initial conditions of the early universe, and thus ultimately results from the cosmological set-up. As
the universe ages, the available free energy declines, and the universe heads towards a heat death, a
state of maximal entropy and minimal structure. Yet, even in this scenario, local fluctuations and the
emergence of structure are possible, so long as they are balanced by greater increases in disorder
elsewhere.

Quantum mechanics presents its own challenges to the structural account of time. The time-
dependent Schrodinger equation is time-symmetric, and stationary solutions (energy eigenstates)
evolve in time without changing their observable properties (MIT, 2012). However, the process of
measurement—wave function collapse—introduces irreversibility. Here, too, dynamic symmetry
offers a structural perspective: measurement is not a fundamental break in the laws, but a



redistribution of information and order across the system and its environment. The apparent collapse
is a structural transition, not an absolute event, and the arrow of time emerges from the system’s
interaction with its surroundings.

The radiative arrow of time, observed in the outward expansion of waves from a source, is another
example of structural asymmetry. While the wave equations accommodate both convergent and
divergent solutions, real-world conditions favour the increase of entropy associated with radiative
waves. Convergent waves require highly ordered initial conditions and are thus statistically
improbable. The arrow of time in this context is a manifestation of the structural constraints imposed
by the environment and the system’s history.

Throughout these examples, the structural perspective of dynamic symmetry theory remains
consistent: the arrow of time is not imposed from outside, nor is it a mere illusion. It arises from the
dynamic symmetry of systems negotiating the balance between order and disorder, stability and
fluctuation, across scales. The directionality of time is a property of the structure of physical
systems, shaped by boundary conditions, initial states, and the ongoing redistribution of entropy.

This approach also clarifies the relationship between the various arrows of time—thermodynamic,
cosmological, radiative, and quantum. Each is a manifestation of the same structural principle:
systems evolve in the direction that increases the overall disorder, but this evolution is not uniform
or featureless. Local decreases in entropy, the emergence of complexity, and the persistence of
structure are all possible, so long as they are compatible with the global trend. The arrow of time,
then, is not a straight line from order to chaos, but a path defined by the continual negotiation of
dynamic symmetry.

The structural perspective of dynamic symmetry theory has implications beyond physics. In biology,
the directionality of evolution and development reflects the same principles: local increases in order
(the formation of complex organisms) are made possible by greater increases in entropy elsewhere
(metabolic waste, heat dissipation). In cosmology, the emergence of galaxies and large-scale
structure is balanced by the overall increase in entropy of the universe. In technology, the
irreversibility of computation and information processing is a structural feature of physical systems,
not a limitation of the underlying laws.

Recent research in open quantum systems has demonstrated that time-reversal symmetry can be
preserved even in the presence of apparent irreversibility, so long as the equations of motion remain
time-symmetric (Guff et al., 2025). The breakdown of time-translation symmetry, rather than time-
reversal symmetry, is what gives rise to the observed directionality. This distinction reinforces the
structural account: the arrow of time is a property of the system’s structure and its interaction with
the environment, not a fundamental asymmetry in the laws themselves.

The sum-over-paths formalism in quantum mechanics, as explored in recent studies, further supports
this view. When time-reversal symmetry is obeyed, states of matter are localised in both space and
time, and equations of motion are undefined. When T symmetry is violated, states become
distributed over time, and the asymmetry between time and space emerges as a structural property of
the system (Vaccaro, 2016). The violation of discrete symmetries, such as time reversal, is thus not a
universal feature but a consequence of the system’s structure and boundary conditions.

In summary, Rattigan’s Edge provides a structural framework for understanding the arrow of time.
Temporal asymmetry is not a primitive feature of the universe, nor is it a mere artefact of human



perception. It is a property that emerges from the dynamic symmetry of systems negotiating the
balance between order and disorder, shaped by boundary conditions, initial states, and the ongoing
redistribution of entropy. The arrow of time is thus a structural consequence of the way physical
systems organise and reorganise themselves across scales, from the quantum to the cosmological.

This structural perspective not only resolves longstanding paradoxes in the foundations of physics
but also offers a coherent and adaptable framework for interdisciplinary research. By recognising the
arrow of time as a product of dynamic symmetry, we gain a deeper understanding of the emergence
of complexity, the persistence of structure, and the directionality of change in the universe.
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