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Abstract

It is sometimes said that there are two ways of formulating Newtonian gravitation
theory. On the first, gravitating systems are modeled against the backdrop of a flat, 4-
dimensional smooth manifold that is generally taken to represent spacetime. The other
mathematical objects and equations invoked in this representation have suggested to
many people a physical picture according to which the distribution of matter in the
world gives rise to a gravitational field, the strength and direction of which causes bod-
ies to accelerate and thereby be deflected from inertial motion. The fixed spacetime
background plays a central role in this dynamical picture, as it grounds the distinction
between inertial motion and the effects of gravitational interactions. However, there
is also a second, lesser-known formulation of Newtonian gravitation that was initially
developed using the tools of modern differential geometry in the wake of Einstein’s gen-
eral theory of relativity: geometrized Newtonian gravitation theory or Newton-Cartan
theory. What would otherwise be characterized (on the standard understanding) as
the accelerative effects of the gravitational field are now encoded in a 4-dimensional
smooth manifold exhibiting curvature, which is taken to represent a spacetime pos-
sessing dynamical geometrical structure. Massive bodies are no longer understood as
being deflected from inertial motions by the gravitational field, but instead follow the
‘straightest’ trajectories in a curved spacetime in which the gravitational field has been
‘geometrized away’.

Are these two accounts of Newtonian gravitation theoretically equivalent? That is,
should they be understood as representing the same physical picture of the world? In
recent decades there has been a growing consensus amongst philosophers of physics that
these formulations are in fact theoretically equivalent. Drawing in part on an appar-
ent parallel with field- and potential-based formulations of classical electrodynamics, it
is argued that a comparable gauge symmetry exists within the standard formulation
of Newtonian gravitation theory that renders it best understood as a mathematically
overwrought reformulation of Newton-Cartan theory. In this paper, I reject this claim
of theoretical equivalence. I identify an important and overlooked way of thinking



about the classes of models associated with each formulation, grounded in the actual
history of dynamics, that suggests that they are best understood as encoding physically
distinct pictures of the world. In the process of developing this argument I pinpoint
exactly where the parallel with classical electrodynamics breaks down, and explain why
the interpretive implications of the gauge symmetry in the classical electrodynamical
potentials are rather different than the interpretive implications of the gauge symmetry
in the affine connection associated with the standard formulation of Newtonian gravi-
tation theory.

By way of conclusion, I then use this discussion to draw several more general morals con-
cerning the nature of theory interpretation and theoretical equivalence. In particular, I
claim (1) that there is an overlooked way in which relationships between formalisms can
play an important role in how they are best interpreted, and (2) that we shouldn’t expect
any formal criterion—such as the recently-popular notion of categorical equivalence—to
ever adequately capture our intuitive notion of theoretical equivalence.
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