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Abstract 
The goal of the Expansion-Defined Relativity paper has been to establish the foundations of 
Expansion-Defined Relativity. Because the framework treats time, gravity, and cosmic scale as 
emergent properties of spatial expansion, it also opens the door to potential new interpretations 
of longstanding questions.  It is several speculative interpretations of this type that are the 
subject of this appendix. 

1 Introduction 
Differential expansion can produce apparent acceleration, altered rotation curves, early-time 
compression, and large-scale structure without invoking new substances or modifying gravity. 
By grounding cosmic behaviour in the evolution of local time-rates, EDR attempts to provide a 
more intuitive physical interpretation and proposes a route by which several apparently 
disconnected effects emerge from the same single physical mechanism. 

These ideas are exploratory and require formal modelling. But by anchoring macro- and 
microscopic anomalies to a single mechanism, EDR provides a coherent architectural blueprint 
for re-examining the universe. Such future work may explore the following directions. 

2 Hypothesised Quantum-Scale Mechanism Underlying EDR 
The core principles of EDR do not depend on any specific underlying mechanism. The 
framework is defined as the coupling of expansion and the time-rate, the suppression of local 
expansion by mass-energy, and the resulting gradients that reproduce gravitational behaviour. 
However, it is natural to ask whether these rules arise from a deeper quantum-scale process. 
The following outlines one possible mechanism. It is a speculative hypothesis, and not required 
for EDR validity, but it illustrates how wave-mechanical behaviour at the smallest scales might 
emerge from EDR. 

At the quantum scale, a particle has no independent clock - its internal evolution is governed 
entirely by the local expansion rate. The particle behaves as a continuous wave structure 
embedded within a locally expanding spatial substrate. As local spatial extent increases 
through expansion, the particle must continually adjust its internal configuration. This 
adjustment follows a repeating two-step cycle: 

• Micro-stretch (“stick”) - expansion slightly overextends the particle’s wave structure. 

• Rapid relaxation (“slip”) - the wave structure reconfigures back to equilibrium once the 
overstretch becomes unsustainable. 

This cycle acts as a microscopic clock, with its frequency set by the local expansion rate. It 
provides a physical basis for why the local time-rate is driven by the local rate of expansion. 

A useful analogy is the interaction between a violin bow and a string: the bow’s continuous 
motion drives a repeating stick–slip pattern that sets the string’s vibration and harmonics. In 
EDR, the expansion field plays the role of the bow, and the particle’s wave structure plays the 
role of the string. Just as the slow drawing of a bow across a string stimulates rapid vibrations, 
harmonics, and sound waves, the EDR stick–slip mechanism drives rapid quantum evolution, 
motion, and light from even tiny increments of spatial extent. 
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Crucially, the stick-slip mechanism could also provide the microscopic process through which 
suppression physically manifests. It does not oppose motion through space; it only resists the 
generation of new substrate. Uniform motion experiences no friction. Expansion suppression is 
therefore a local stabilising effect resisting changes in realised spatial extent, not a viscous 
resistance to velocity. 

3 First and Second Laws of Thermodynamics 
It is hypothesised that the Laws of Thermodynamics are emergent properties of EDR, in 
particular: 

• The First Law of Thermodynamics (energy cannot be created or destroyed, only transferred 
or transformed) arises because bound systems settle into equilibrium with local expansion, 
so their internal energy becomes stable and effectively conserved. 

• The Second Law of Thermodynamics (entropy always increases) arises because expansion 
is monotonic and irreversibly increases accessible space, and any sequence of state 
changes in such a monotonically expanding environment cannot be undone, which makes 
entropy growth unavoidable. 

4 Symmetries with Standard Model 
EDR raises the possibility, albeit highly speculative and needing considerably more rigour, that 
some features of the Standard Model may emerge from deeper expansion dynamics. If cosmic 
expansion reflects an active physical process with internal structure, rather than simply a 
passive background effect, then certain particle properties may reflect stable patterns formed 
within that structure. 

In this picture, inertial mass could arise when a localised quantum state becomes stabilised 
within the surrounding expansion flow, resisting changes in state because it remains 
dynamically coupled to the underlying expansion pattern. Other interactions may similarly 
reflect different stable modes or phase relationships within the same expansion driven process. 

Under such a framework, electromagnetic, weak, and strong interactions could represent 
different manifestations of a common underlying dynamical structure expressed in different 
ways at different energy scales. The existence of three particle generations likewise may be 
suggestive of higher-order stability modes or harmonic structures within the same deeper 
mechanism. 

Similarly, it’s conceivable that quantum entanglement represents the manifestation of phase-
locked harmonics established between particles, providing a persistent link that appears as 
non-local state information until the harmonic structure is disturbed. Within the EDR 
framework, this frames entanglement not as a violation of locality, but as a signature of a 
deeper connectivity inherent in the spatial expansion process itself, appearing in quantum 
interactions as the non-local correlation of state information. 
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5 Baryon Asymmetry 
EDR also raises the possibility that the universe’s monotonic expansion may have contributed to 
the emergence of baryon asymmetry in the early universe. Within quantum field theory, matter 
and antimatter arise as excitations of underlying quantum fields. If the expansion-driven 
temporal structure proposed by EDR subtly influences these field dynamics under extreme 
early-universe conditions, it is possible that tiny symmetry-breaking effects could emerge 
between matter and antimatter evolution. 

In such a scenario, small differences in the stability, decay behaviour, or interaction rates of 
matter and antimatter states during baryogenesis may accumulate over time as virtual particle 
pairs continually form and decay within the rapidly evolving early universe, ultimately leaving a 
residual excess of matter. EDR therefore raises the possibility that cosmological expansion itself 
may contribute to the conditions required for baryon asymmetry, without necessarily invoking 
entirely separate symmetry-breaking mechanisms. 

6 Summary 
None of the ideas discussed in this appendix are required for the core validity of EDR. They are 
presented only as possible avenues for future exploration arising from the framework’s central 
coupling between expansion and time. Whether any of these speculative extensions prove 
physically meaningful will depend entirely on future mathematical development and 
observational consistency. 
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