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Dissertation Summary

Time and Ontology: A Study in the Foundations of Quantum Theory

This dissertation investigates the relationship between the ontology of fundamental physics
and the direction of time. I first develop an account that clarifies what it can mean for quan-
tum theory to distinguish past from future. I then show that if ordinary quantum theory does
distinguish a preferred direction in time, then this has consequences for the ontology of the
physical world. In particular, it requires substance to admit measurable properties not describ-
able in terms of spatial position alone. This is not a purely quantum phenomenon, and can
be shown to have an expression in classical mechanics as well. I illustrate a general template
for generating quantum systems that distinguish a preferred temporal direction in this way. Fi-
nally, I develop and then critique a precise account of “structural realism” about the ontology
of quantum physics.

My account of what it means for quantum theory to distinguish between past and future pro-
vides a philosophical and mathematical grounding for the standard concept of #me reversal. In
particular, I show how to build up the meaning of time reversal from successively stronger as-
sumptions. I begin with a bare assumption that time reversal preserves mutual incompatibility
or orthogonality between pure states, and point out that this severely restricts what time reversal
operators are available. I then show that in the presence of some plausible background assump-
tions, if there exists just one system at all that is time reversal /nvariant, then time reversal must
have an unusual property called “antiunitarity.”” I then show a way in which the unique transfor-
mation rules for the time reversal operator can be derived, whenever a “position observable”
is available.

With this account in hand, I then turn to the question of whether quantum theory does distin-
guish between past and future. I state and prove a precise sense in which, if all the measurable
properties of an ordinary quantum mechanical system are ultimately derivable from position,
then time in quantum mechanics can have no preferred temporal direction. In particular, I show
that when the position observable forms a complete set of commuting observables, Galilei in-
variant quantum mechanics is guaranteed to be time reversal invariant.

A natural question about this is whether it is a purely quantum result, or if it has a classical
expression as well. I confirm that the latter is in fact the case. I begin by showing how many
existing formulations of the time reversal invariance of classical mechanics are insufficient. 1
then show that some very bare conditions guarantee that Galilei invariant Hamiltonian mechan-
ics is time reversal invariant.

Given that a distinction between past and future seems has consequences for physical ontology,
another natural question is how to produce systems that have this property. 1 give a template
for generating such systems, and show that it captures several known examples of systems that
fail to be time reversal invariant. This template has the further advantage of being independent
of the particular symmetry group (Galilei, Lorentz, or other) of quantum theory.

In conclusion, I discuss the ontology of quantum mechanics in the context of scientific realism.
I show that vague ‘structural realist’ claims about realism in scientific theories can in fact be given
precise expression in the language of group theory and quantum mechanics. 1 then show the
price of this precision is an extremely inflated ontology that risks incoherence.



