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Abstract

As a geometrical entity, directed time traditionally follows a one
dimensional path of pointlike elements, obeying the classical logic of
set theory. Modern mathematics allows more general forms of logic,
but time is often still considered a classical variable, which interpolates
the geometry of initial and final states of a physical system. How can
cosmological time be viewed as an emergent concept in geometrical
logic? Using quantum logic as a clue, we investigate local time steps
in algebras of finite collections of n measurement outcomes. A local
concept of observer time is implicit in the measurement question, but
cosmic time becomes a Hegelian measure of complexity of the observer.

Looking back in time at distant galaxies, we observe that each galaxy is
an individual, similar to, but not quite like any other galaxy. This is in con-
trast to our notion of indistinguishability for elementary particles on scales
that are small relative to our own, which occupies the privileged position
of being the middle scale in the observable universe, at least from our per-
spective. But there is no reason to assume that other kinds of observer will
estimate an age for the universe that agrees with ours. What we observe
here and now exists only in our constructed past.

In The Confessions, St Augustine takes the solipsist view that only the
present is real, in that the future and past are but personal constructions. To
view others, and all things in the world, as mere figments of our imagination
sounds pathological, until we intuit the necessity of creating other observers
with whom we can communicate, forgetting that they are but an image of
ourselves. But even such a personal universe demands time for the past to
move through the present into the future. How does this local time compare
to the time parameter in the equations of a classical cosmology?

Without numerous observations by a collective humanity, and a quan-
titative cosmology, our estimate of the age of the universe has no modern
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meaning. But cosmology itself evolves. We might attempt to imagine an ob-
server independent reality created from the superposition of quantum states
for an objective universe. But a personal universe cannot be observer inde-
pendent. My estimate of the age of the observable universe depends very
much on my Earth bound perspective. Fortunately, we can think about
these two notions of time without becoming bogged down in the complexi-
ties of the human mind, so long as our choice of local observable accounts
for changes in both the observed system and the observer.

The class of experimental question that we shall consider is that for
which a finite number of n quantitative local outcomes is possible from a
reproducible initial state. The familiar cases include spin up and spin down
(n = 2), and a certain classical outcome of known initial conditions at n = 1.
In a classical cosmology, for which a universal observer is usually assumed,
all experiments are of the type n = 1. That is, a local clock is tied to, for
instance, the position of a stationary observer on the surface of the Earth,
which itself moves according to the unique cosmic time evolution. For higher
n, however, a variety of possible local outcomes provides alternative classical
pasts, none of which are concretely verified by experiment, since the details
are beyond our knowledge. So a cosmology that accounts for measurement
processes cannot begin with prejudices about the geometry of space and
time. We ask instead what kind of constraints the nature of measurement
places on large scale observations.

To begin with, a definition of local measurement requires at least a time
step for the observer. However, as in the measurement of particle spin, this
time step need not be quantified beyond before and after. A time unit,
such as the second, is only applied within the context of large collections of
experiments.

But how does one now account for the required impact of cosmological
time on the observer? At least we can say that the observer learns from the
experiment, in that some information has been obtained about the particle
states. In other words, the more quantifiable experiments that an observer
carries out, the richer their knowledge about the constructed past and future.
This is a very Hegelian view of cosmic evolution, in which one’s estimate of
cosmological epoch depends upon the quality of one’s experimental skills. A
contemporary Earth electron, although seemingly sharing our space, is not
thought to share the same views of the cosmos. As an observer in its own
right, we need not assume that its estimate of cosmic epoch agrees with our
own.

Contrary to classical thinking, however, there is nothing contradictory
in this point of view. We cannot say what estimate of cosmic epoch a given
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electron would make, because we cannot even communicate with an elec-
tron in a language that discusses our conventions for time. Now observe
that the most basic property of observer type, to the best of our knowledge,
is physical size. And, indeed, a classical cosmological time is determined by
a cosmological scale in an expanding universe. This scale, like any measure,
is then assumed to be quantized. However, since these scales are not con-
sidered fundamental in any way, we must first consider a different hierarchy,
associated to the complexity of measurement and the parameter n. The
distance scales are supposed to be derived from the information content of
a specified collection of experiments, in terms of measurement algebras that
only deal with allowed quantum numbers for n outcome experiments.

An n outcome measurement defines an n dimensional space, V n, whose
unit vector basis corresponds to the outcome set. The choice of number field
determines other properties of the experiment. For example, the complex
number field defines a finite dimensional Hilbert space for ordinary quantum
measurement.

At n = 2, the spin space allows two other orthonormal basis sets, for the
two spatial directions orthogonal to the original choice. These three basis
sets are the eigenvectors of the Pauli spin matrices, σX , σY and σZ . They
satisfy the property of mutual unbiasedness, in that the inner product of
any eigenvector with an eigenvector from a different basis is always equal
in magnitude to 1/

√
n. For any prime n, or prime power, it turns out

that there exists n + 1 mutually unbiased bases for V n, provided that the
number field allows the required vector and matrix entries. At n = 2, one
already encounters the complex numbers with the σY entry i, the fourth
root of unity. But a fourth root of unity occurs in much smaller, even finite,
number fields. For general n, the operator entries [3] are given by those of
the quantum Fourier transform [4] and they require only up to 2n-th roots
of unity at most. With the addition of a zero, the minimum field required
is the finite field on n + 1 elements, if it exists.

This arithmetic structure is a quantum mechanical version of ordinary
arithmetic. Ordinals as cardinalities of basis sets are replaced by ordinals
as dimensions of measurement spaces. But the ordinals do not end with the
countable infinity ω, or larger transfinite ordinals. By treating the contin-
uum cardinality as a valid number, we see that it is in some way analogous to
Planck’s constant ~, since ~ appears in the inner product for continuum po-
sition and momentum operators. The variation of n is therefore interpreted
as a variation in ~ for the discrete phase space associated to the Fourier
transform. In fact, we set ~ = n − 1. The fixed value of ~ in ordinary
quantum physics reflects its universal use of n = 2 logic.
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The generalized logic described by higher values of n begins with the
following considerations for n = 1 and n = 2. At n = 1, there are two
possible matrix entries, namely 0 and 1. These are the Boolean truth values
of false and true, which are the allowed answers to the statement: the event
has occurred. In other words, the number 0 labels states before and the
number 1 labels states after. For a certain classical event, this is the only
possible distinction one can make with local time. For n = 2, the operator
σZ has three distinct entries, which form the three element field. In fact,
there are always n + 1 truth values in the first operator for dimension n.
These will be interpreted as n + 1 directions of time. So just as the three
Pauli operators are associated with spatial directions, for n = 2 one considers
questions with respect to three directions of time. On cosmological scales,
these three time directions are the spatial directions, since we only observe
the past.

There is another common choice of three time regions, namely now,
before and after. Locally, the ordered choice of times before, now and after
assumes an embedding of the two dimensional classical logic for two time
types. But this is simply the quantum arithmetic analogue of the ordinal
map taking 2 to 3. Note that n = 3 logic is already vastly complex, the aim
being to study tricategorical structures for arithmetic.

An ordered continuum of time would be constructed only from a contin-
uum of measurement dimensions. For the complex number continuum, this
is actually the structure of Pratt’s Chu space logic [5], which describes com-
plex Hilbert spaces with complex number indexed arrays. However, even
at n = 3 we have left the domain of ordinary quantum physics, and the
timeless quantum numbers replacing spin will be called rest mass [3][4].

The local measurement of rest mass relies on a Newtonian template for
the spacetime region of the experiment, but is it necessary to extend this
template directly to cosmological scales? A cosmology based on general rel-
ativity replaces particle mass with black hole geometries in such a way that
almost all scales form a continuous geometry, but this classical geometry is
not sufficient to describe particle interactions at small scales. Traditionally,
the transition between classical and quantum occurs in placing the observer
in a classical context, which is assumed to be the same for all observers. The
lifting of this assumption allows for an emergent classical geometry from the
interaction of many observer templates.

To reiterate, the simplest discretisation of scales is that indexed by the
number of possible measurement outcomes. In order to preserve some very
basic science, such as chemistry, this variation of ~ on cosmological scales
also requires the variation of the speed of light c.
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Since 1905, the assumed constancy of the speed of light has allowed a
unit for time to be derived from a unit for length, but we have no intention
of imposing our local rulers on the cosmos as a whole. In the varying c cos-
mology of Louise Riofrio [1], c decreases from infinity in the Big Bang era,
because c acts as a scale factor describing the Hubble expansion. Another
way of stating this is to say that the estimated total mass of the universe,
for a given local clock, is equivalent to a dual time variable, namely the cos-
mological time elapsed. This cosmology is, at present, in better agreement
[2] with the data than the very different standard ΛCDM cosmology. In
particular, there is no mysterious dark energy, and the two point angular
correlation function for WMAP 3, excluding points too close to the galac-
tic plane [2], is zero beyond an angle of roughly 60 degrees [1] due to the
assumed spherical geometry of expanding space.

A higher value for c in our past allows a richer spectrum of black hole
states which, as in stringy philosophy, simply add to the particle spectrum.
This has immediate observational consequences in that we are not surprised
to observe a large range of masses for older black holes. Closer to the present,
a low value of c restricts the creation of large black holes, a staggering
statement about the possibilities for future supergalactic collisions, often
assumed to allow the creation of new massive black hole states.

A decrease in gravitational entropy due to a falling c may be counterbal-
anced by the continual creation of new mass. However, this mass creation
is merely a necessary construct of our collective observations, which grow
richer as time passes. Viewing the cosmos as a construction of the quantum
mind is a difficult habit to form, but perhaps one which has finally found a
way to consider its consequences for actual observation.
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