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Abstract

The possibility that spacetime has the characteristics of a superfluid suggests that the relationship between velocity
and time may be modeled in terms of percolation theory, where time dilation corresponds to increasing fluid
viscosity. By equating superfluid percolation through a porous medium to conductance in a random resistor
network, it was previously shown that the Lorentz factor corresponds to a probability function describing a phase
transition to normal fluid. The current paper discusses how this novel linkage of momentum, time, and probability
may provide a means of resolving conflicts between quantum mechanics and relativity theory.
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1. Introduction

A number of recent studies have suggested that spacetime may have the properties of superfluids, which exhibit
quantum behavior at the macroscopic level, and may therefore provide a means of bridging the gap between
quantum mechanics and relativity (Liberati & Maccione, 2014; Volovik, 2013; Huang, Low, & Roh-Suan, 2012;
Bardeen, 1990). As previously shown by the author, the unique characteristics of superfluids may be incorporated
into a model of spacetime that involves percolation processes, where complex macroscopic phenomena emerge
from the random interaction of basic forces at lower levels of scale (Cantor, 2016). The concept is derived from
studying the random action of fluid-like materials as they migrate through a latticework of channels. The
distribution of connections between these channels determines the probability that they will become linked
together in a network that permits the fluid to percolate from one end of the lattice to the other (Bunde & Kantelhart,
2005). At a critical point in the evolution of the percolation system, a phase transition can occur, producing an
entirely new pattern of physical or chemical behavior (Sahimi, 2009).

The percolation system that was previously used to develop a superfluid model of spacetime is the random resistor
network, in which conducting bonds are indiscriminately disconnected (Cantor, 2016). In contrast to standard
percolation systems, where porous channels are added, the loss of bonds results in increasing resistance to current
flow, which eventually reaches a critical threshold involving a complete loss of conductivity (Redner, 2009). Using
the decrease in conductance to model changes in superfluid density, it was previously shown that the probability
of arandom bond being disconnected may be expressed in terms of the Lorentz factor, suggesting that time dilation
may correspond to a phase transition (Cantor, 2016).

Following a brief description of previous work that led to this finding, the current paper discusses the possibility
that this linkage of time and velocity to probability may provide a theoretical construct for resolving certain
conflicts between quantum mechanics and relativity theory.

2. The Lorentz Factor as a Probability Function

As shown by others, a 3-dimensional random resistor network may be used to model changes in fluid viscosity
resulting from the loss of conductance (Farago & Kantor, 2000; Huang, 1995; deGennes, 1976). We applied the
features of this network to model time dilation in terms of a phase transition, and the primary equations involved
in that process are reprised below (Cantor, 2016):

In a random-resistor network composed of uniform bonds, current density () may be expressed as:

J =PVt PV (1)
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where p,vsand p,v, are the density (p) and velocity (v) of the superfluid and normal fluid components, respectively,
and p, + p, is constant (Huang, 1995).

If the network channels are sufficiently small, v,= 0, allowing the normal fluid component to be removed from the
equation. Thus,

j=pV® )
where @ represents the electrostatic potential or pressure differential across the network.

Using Poiseuille’s law (Sutera & Skalak, 1993), the cross-sectional area (CSA) of the network bonds may be
related to the pressure differential,

A. ( pj _P.—P. 3)
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where A, is the CSA of the disconnected bonds at a given point, p,. is normal fluid density at the same point, 4; is
the total CSA of the network bonds, p, is the maximal normal fluid density, P, - P»is the pressure differential at
the given point, and Py, - Py is the maximal pressure differential.

The relative CSA of non-conducting bonds is a measure of the probability (p) that a random bond is disconnected,
and an equivalent probability is applicable to the relative density of normal fluid, which also depends on CSA of
disconnected bonds. Thus,

_A_p~ 4
p Ax pm‘ ( )

In accordance with Bernoulli’s principle, an inertial frame moving at different velocities through fluid spacetime
of constant density exhibits pressure changes based on the square of its velocity. Equation 3 may therefore be
expressed in terms of probability and velocity:

p== &)

Vv’
3. The Relationship between Probability Density and Level of Scale

The linkage of velocity, time, and probability, shown in equation 6, offers a new approach to characterizing
uncertainty for quantum scale interactions. The probability that a conducting bond is disconnected would have
increasing variability at decreasing levels of scale, and the movement of time would become discontinuous as the
number of bonds used to locally determine p approaches zero (Figure 1). Similarly, velocity (and therefore
momentum) becomes discontinuous and subject to increasing uncertainty.

For a specified frame velocity, the level of uncertainty may be expressed as the probability (a) that a given group
of bonds has the ratio of disconnected to total bond CSA predicted by the Lorentz factor, as shown in the
probability density function below:

[~ Fo(x)dx=1 (7
with x equivalent to:
Axp _ Axa ®
Ae As

AX . . . . AX{J . . .
wherejp is the predicted ratio of disconnected to total bond CSA and; is the actual ratio, which may also be
t t

expressed as:

$p1+pz+p3...pn
n

©

where p is the probability that random bonds within a uniform subdivision of the network are disconnected.
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Figure 1. As the number of intact (white) and disconnected (black) bonds used to determine p approaches zero,
both time and momentum become discontinuous

At increasing levels of scale, a approaches zero, and the probability curve begins to converge, producing a normal
distribution with an infinitely narrow spike. This decrease in a would be associated with the appearance of
continuity in both momentum and time (Figure 2).

4. Potential Limitations of the Model

It may be argued that the Lorentz factor expresses a precise relationship between time and motion, and is not an
appropriate measure of probability. However, the use of this factor as a determinant of probability only becomes
meaningful at the lowest levels of scale, where partitioning the network into increasingly smaller segments results
in a virtually random positioning of open and closed bonds (Figure 2). At this level, time and velocity are governed
by a process resembling that of throwing dice, thus providing a rationale for the expression of probabilities in
terms of the Lorentz factor.

Nevertheless, one could argue that these probabilities cannot be separated from the fixed properties of the network,
where (to pursue the analogy) the dice have already been thrown. While this may be the case at higher levels of
scale, it should not affect measurements of quantum events, where the degree of uncertainty would be similar to
that of unstructured activity.
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Figure 2. The probability that a random network bond is disconnected converges at increasing levels of scale,

where % is the predicted value
t

5. Other Approaches

While the application of fluid dynamics is an essential component of the current work, other theoretical approaches
also support probabilistic modeling of phase transitions. For various media, the critical exponent involved in
modeling such processes is 2, and may be expressed as:
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1/2

PP pxl (10)

P-
where p. is the critical probability at the transition point (Papon, Leblond, & Meijer, 2006; Annett, 2004). This
equation may also be used to model superfluid conductance (G ) in a random resistor network:

1/2

1-P

4

G o< (11

where substitution of v for p and ¢? for p. yields the Lorentz factor.

Another approach involves the movement of electrons through a 3-dimensional lattice, where there is loss of
Anderson localization with increasing scale, as follows:

g(L) ZO-Ld_z (12)

where g represents dimensionless conductance, L is the size of the network, d is the network dimension, and &
is conductivity (Lee & Ramakrishnan, 1985). As the scale increases, conductivity moves away from disorder, and
becomes consistent with Ohm's law, which is analogous to the appearance of continuity in the current model
(Chandrashekar & Busch, 2014; Lee & Ramakrishnan, 1985).

6. Conclusions

The novel use of a random resistor network to model superfluid spacetime may provide a framework for resolving
the dichotomy between relativity theory and quantum mechanics. The transition from wave-like properties of
matter to particle-based characteristics is a natural consequence of expressing the Lorentz factor in terms of a
probability function. The difference between the two states of matter thus becomes a question of scale, and the
convergence of the probability density function shown in equation 7 may account for the transition from wave to
particle behavior. Whether this theoretical construct can provide a new understanding of the physical universe will
require further investigation of the potential relationship between superfluid dynamics and the structure of
spacetime.
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