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Note: This abstract is being submitted along with two related papers: one by Thomas
Barrett (Princeton -- presenter) and Hans Halvorson (Princeton); and another by Sarita
Rosenstock (Irvine -- presenter), Thomas Barrett, and myself. Our hope is to present the

three papers together, perhaps with other related work if appropriate, as part of a
symposium session.

A central theme in philosophy of physics has concerned how to understand the structure
associated with or posited by a physical theory. For instance, Stein (1965) and Earman (1989)
have shown how debates concerning substantivalism and relationism in Newtonian gravitation
can be recast as a question of whether a classical spacetime is endowed with certain geometrical
structure. Similarly, North (2009), Curiel (2013), and Barrett (2013) have debated whether one
should prefer a Hamiltonian or a Lagrangian formulation of classical mechanics, in part on the
basis of which formulation postulates more or less structure. One can understand recent debates
concerning interpretations of Yang-Mills theory (cf. Belot [1998, 2003], Healey [2007],
Arntzenius [2012]) along similar lines.

Discussions of structure are especially salient in the context of so-called “gauge
theories,” which are often described as positing excess structure, beyond what is needed to
represent a physical situation; this excess structure is associated with a class of “gauge
transformations” between apparently distinct models of the theory that are believed to represent
identical physical configurations. The archetypal example of a gauge theory is classical
electromagnetism, but many of our best physical theories—including general relativity,
Newtonian gravitation, and Yang-Mills theory—have also been described as gauge theories. Yet
the very notion of gauge presents significant conceptual puzzles: What does it mean to say that
some structure is unnecessary or “excess”? Can we formulate gauge theories in a way that
eliminates excess structure, and if so, what is the significance of such re-formulations?

Recent work by Halvorson, Barrett, and Weatherall (much of which will be presented in
this symposium) has attempted to develop new formal tools for studying scientific theories. One
application of these tools is in comparing the structure posited by scientific theories. Here | will
apply these tools to the questions of what makes mathematical structure “excess” structure, and
to what the relationship is between a formulation of a theory with excess structure and a
formulation without that structure.

The starting point for the analysis will be two representations of electromagnetism as
categories of models, one that explicitly mentions the “gauge structure” and one that is “gauge
invariant” in the sense that the purportedly excess structure never appears. It will turn out that
these theories are not equivalent as categories—indeed, the first posits “more structure”—unless
one supplements the first with additional arrows, corresponding to the gauge transformations
described above. | take this to be a way of recovering the standard way of speaking about gauge.
I will then show that Newtonian gravitation is a gauge theory in the same sense, but that general
relativity is not. I will conclude by turning to Yang-Mills theory, a generalization of classical



electromagnetism that has recently vexed philosophers. Though Yang-Mills theory is often cited
as the standard example of a gauge theory, | will argue that neither of the formulations
standardly discussed by philosophers are gauge theories in the sense that electromagnetism and
Newtonian gravitation are.
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