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Dynamicists...



...versus geometricians



Cutting to the chase

The dynamical approach makes two central claims (Read
2020a):

1. Fixed background spacetime structures, such as the
Minkowski spacetime of special relativity (SR), or Newton’s
absolute space, are to be ontologically reduced to the
symmetries of the dynamical equations governing matter
fields.

2. No piece of spacetime structure, whether fixed or
dynamical (in the latter case, as in general relativity (GR))
is necessarily surveyed by physical bodies; rather, in order
to ascertain whether this is so, one must attend carefully to
the details of the dynamics governing the particular matter
fields which constitute physical bodies. (Butterfield 2007:
“Brown’s moral”.)



Cutting to the chase

The dynamical approach makes two central claims (Read
2020a):

1. Fixed background spacetime structures, such as the
Minkowski spacetime of special relativity (SR), or Newton’s
absolute space, are to be ontologically reduced to the
symmetries of the dynamical equations governing matter
fields.

2. No piece of spacetime structure, whether fixed or
dynamical (in the latter case, as in general relativity (GR))
is necessarily surveyed by physical bodies; rather, in order
to ascertain whether this is so, one must attend carefully to
the details of the dynamics governing the particular matter
fields which constitute physical bodies. (Butterfield 2007:
“Brown’s moral”.)



Cutting to the chase

The dynamical approach makes two central claims (Read
2020a):

1. Fixed background spacetime structures, such as the
Minkowski spacetime of special relativity (SR), or Newton’s
absolute space, are to be ontologically reduced to the
symmetries of the dynamical equations governing matter
fields.

2. No piece of spacetime structure, whether fixed or
dynamical (in the latter case, as in general relativity (GR))
is necessarily surveyed by physical bodies; rather, in order
to ascertain whether this is so, one must attend carefully to
the details of the dynamics governing the particular matter
fields which constitute physical bodies. (Butterfield 2007:
“Brown’s moral”.)



Spacetime and explanation

Let’s focus on the first of the above two points for now:

I Proponents of the dynamical approach maintain that the
spacetime structure of our world is what it is because of
the dynamical laws of nature and their symmetries.

I That is, the dynamical laws are (at least relatively)
fundamental, and spacetime structure is derivative; in this
sense, the view is a modern-day form of relationalism
(Pooley 2013, §6).

I Warning: the opposing geometrical approach, according to
which spacetime explains the behaviour of matter, isn’t
straightforwardly to be associated with substantivalism
(we’ll come back to this).
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Metaphysics of the dynamical approach

How, exactly, is the ontological reduction of fixed spacetime
structures to dynamical symmetries supposed to work, for
proponents of the dynamical view?

We’d like to put more metaphysical meat on the bones here.



Dynamical and spacetime symmetries

I Dynamical symmetries are transformations which preserve
the form of certain dynamical laws.
I Example 1: The Newton-Poisson equation includes the

Galilean transformations as symmetries.
I Example 2: Maxwell’s equations include the Poincaré

transformations as symmetries.

I Spacetime symmetries are transformations which preserve
a specified piece of geometrical structure.
I Example 1: The symmetries of Gailean spacetime are (no

surprises) the Galilean transformations.
I Example 2: The symmetries of Minkowksi spacetime are

the Poincaré transformations.
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Earman’s adequacy conditions

Famously, Earman (1989, p. 46) declared that spacetime
symmetries should match dynamical symmetries in any given
theory T :

SP1: Any dynamical symmetry of T is a spacetime
symmetry of T .

SP2: Any spacetime symmetry of T is a dynamical
symmetry of T .



Breaking the adequacy conditions

I Important motto: “More symmetry ↔ less structure”.

I SP1 means that there are some dynamical symmetries
which are not spacetime symmetries—so there is
undetectable spacetime structure. (Violates Occamist
norm—cf. (Dasgupta 2016).)

I SP2 means that there are measurable nonexistent
geometrical quantities. (Belot 2000, p. 571: “arrant
knavery”).
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Accounting for the adequacy conditions

So breaking the adequacy conditions is problematic—but why
do the adequacy conditions obtain?

I Geometrical approach: Spacetime explains why the
dynamical symmetries are what they are.

I Dynamical approach: Dynamical symmetries explain why
spacetime structure is what it is.
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Brown and Pooley on the geometrical approach

As a matter of logic alone, if one postulates spacetime
structure as a self-standing, autonomous element in
one’s theory, it need have no constraining role on the
form of the laws governing the rest of the theory’s mod-
els. So how is its influence supposed to work? Unless
this question is answered, spacetime cannot be taken
to explain the ... covariance of the dynamical laws.

From our perspective ... the direction of explanation
goes the other way around. It is the Lorentz covariance
of the laws that underwrites the fact that the geometry
of spacetime is Minkowskian. (Brown and Pooley 2006,
p. 84)
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Legitimate concerns

How, metaphysically, is the dynamical approach supposed to
work here? Can one in fact state dynamical laws, or
understand them as ‘obtaining’, without presupposing facts
about spacetime structure?



Metaphysics of laws of nature

Recall that there are two main classes of position in the debate
on the metaphysics of laws of nature:

1. Governing conceptions: Laws of nature (in some sense to
be articulated) constrain/explain the behaviour of matter.
(E.g.: Armstrong-Dretske-Tooley, Maudlin)

2. Non-governing conceptions: Laws of nature are (in some
sense to be articulated) codifications of the behaviour of
matter. (E.g.: Mill-Ramsey-Lewis)

Clear connections with the dynamical/geometrical debate.
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Huggett to the rescue

I In a 2006 paper, Huggett sought to generalise the MRL
approach to laws to spacetime structure: he called the
approach ‘regularity relationalism’.

I This seems to be exactly what proponents of the
dynamical approach need!
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Regularity relationalism
I Let our ‘Humean mosaic’ be a smooth four-dimensional

manifold with a field defined thereon.

I Smooth coordinate changes will generate distinct
mathematical representations of that Humean mosaic,
given using distinct coordinatisations of the field.

I It might happen that, among all such representations, there
is a subclass of coordinate systems which are such that

1. when the field is described using a member of the class, it
turns out that its values at spacetime points satisfy some
simple/elegant mathematical equation; and

2. the members of the class are related by a certain symmetry
group.

I If this is so, then the simple/elegant equation can be taken
as expressing a dynamical law for the world of this mosaic,
and the symmetry group of the law can be seen as
capturing the derivative, not intrinsic, spacetime structure
of the world.
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Regularity relationalism references

For more on regularity relationalism and the dynamical
approach, see Huggett (2009), Pooley (2013), Stevens (2020).



Summary so far

I We’ve seen how the dynamical approach, qua programme
of ontological reduction, is supposed to play out in the
context of theories with fixed spacetime structure, such as
SR: that is, as a form of regularity relationalism.

I We’ve also witnessed Brown and Pooley’s concerns about
the ability of spacetime to explain facts about the behaviour
of matter—contra the geometrical approach.

Let’s focus on this latter issue in more detail.
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Apparent problem cases for the geometrical view

Proponents of the dynamical approach cite many apparent
problem cases for the geometrical view, in which it seems that
spacetime structure does not constrain the behaviour of matter:

1. Newtonian gravity in Newtonian spacetime. (Read 2020a)
2. Ether theories. (Cheng & Read 2020)
3. The Jacobson-Mattingly theory. (Brown 2005)
4. Universally coupled massive scalar gravity. (Pitts 2019)
5. Clocks in Gödel spacetimes. (Menon et al. 2019)

Etc. etc. etc.
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Two kinds of problem case

These apparent problem cases fall into two categories (Read &
Menon 2019):

I Cases in which spacetime symmetries do not align with
dynamical symmetries. (A failure of the designated
structure to be theoretical spacetime.) [Cases (1)-(3).]

I Cases in which spacetime symmetries do align with
dynamical symmetries, but nevertheless in which rods and
clocks built from matter do not survey (i.e., read off
intervals of) the designated structure. (A failure of that
designated structure to be operational spacetime.) [Cases
(4), (5)]



Two kinds of problem case

These apparent problem cases fall into two categories (Read &
Menon 2019):

I Cases in which spacetime symmetries do not align with
dynamical symmetries. (A failure of the designated
structure to be theoretical spacetime.) [Cases (1)-(3).]

I Cases in which spacetime symmetries do align with
dynamical symmetries, but nevertheless in which rods and
clocks built from matter do not survey (i.e., read off
intervals of) the designated structure. (A failure of that
designated structure to be operational spacetime.) [Cases
(4), (5)]



Two kinds of problem case

These apparent problem cases fall into two categories (Read &
Menon 2019):

I Cases in which spacetime symmetries do not align with
dynamical symmetries. (A failure of the designated
structure to be theoretical spacetime.) [Cases (1)-(3).]

I Cases in which spacetime symmetries do align with
dynamical symmetries, but nevertheless in which rods and
clocks built from matter do not survey (i.e., read off
intervals of) the designated structure. (A failure of that
designated structure to be operational spacetime.) [Cases
(4), (5)]



Question

Are these apparent problem cases really so?

Let’s focus first on failures of the designated structure to be
theoretical spacetime.
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In defence of the geometrical view

I One might take the geometrical position not to be that a
certain piece of geometrical structure (e.g., the Minkowski
metric of SR) invariably constrains matter, whenever it is
present in a theory, to manifest its symmetries (a claim
which seems to be false, in light of the above cases) ...

I ... but rather to be a conditional claim: if one has matter
which couples to this piece of geometrical structure in
such-and-such a way, then that geometrical structure can
explain why the laws have the such-and-such symmetries.
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Maudlin’s geometrical view

... the fundamental requirement of a relativistic theory
is that the physical laws should be specifiable using
only the relativistic spacetime geometry. For Special
Relativity, this means in particular Minkowski space-
time. (Maudlin 2012, p. 117)



Qualified and unqualified geometrical approaches

This more nuanced version of the geometrical view is dubbed
by Read (2020a) the qualified geometrical approach, in
contrast with the straw man version of the geometrical view,
which is dubbed the unqualified geometrical approach.

Claim: the qualified geometrical approach is a perfectly
legitimate position to hold.
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Operational spacetime

What of issues regarding operational spacetime?

I Proponents of the qualified geometrical approach can
concede that failures of the designated structure to be
operational spacetime are possible...

I ... but can maintain that this doesn’t render illegitimate
using that structure to explain (say) the symmetries of the
laws.



Operational spacetime

What of issues regarding operational spacetime?

I Proponents of the qualified geometrical approach can
concede that failures of the designated structure to be
operational spacetime are possible...

I ... but can maintain that this doesn’t render illegitimate
using that structure to explain (say) the symmetries of the
laws.



Operational spacetime

What of issues regarding operational spacetime?

I Proponents of the qualified geometrical approach can
concede that failures of the designated structure to be
operational spacetime are possible...

I ... but can maintain that this doesn’t render illegitimate
using that structure to explain (say) the symmetries of the
laws.



Varieties of explanation

Let’s grant that, on the qualified geometrical approach, a given
designated piece of structure (e.g. the Minkowski metric) can
explain certain facts about the dynamical laws (e.g. the
symmetries of Maxwell’s equations).

Can we say more about the kind of explanation at play here?
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Constructive explanations

I One notion of explanation which is widely discussed in this
literature is that of a ‘constructive explanation’ (this is
derivative on Einstein’s distinction between ‘principle
theories’ and ‘constructive theories’ (Einstein 1919)).

I This is a sense of explanation in which phenomenological
effects are explained by reference to real (but possibly
unobservable) physical bodies.
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Types of explanation and the geometrical approach

I If a qualified geometrician is a substantivalist, then she can
offer constructive explanations of certain physical effects
exhibited by matter (“matter couples to this substantial
metic field; that explains why its laws have such-and-such
symmetries, and so in turn explains why we witness
such-and-such effects”).

I Otherwise, she cannot offer constructive explanations of
these effects.

I Even if the qualified geometrician does not hypostatise
spacetime, and so concedes that spacetime cannot offer
constructive explanations of the behaviour of matter, it is
not obvious that spacetime cannot still offer other kinds of
explanation. (Cf. Acuña 2016; Read 2020b).
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Non-constructive varieties of explanation

Here are some non-constructive kinds of explanation which a
non-substantivalist geometrician could still offer:

1. Structural explanations (Dorato & Felline 2010).
2. Unificatory explanations (Friedman 1974).

For more on these matters, see (Read 2020b).
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Summary so far

I We’ve seen how the dynamical approach, qua programme
of ontological reduction, can be understood as a form of
regularity relationalism.

I We’ve witnessed Brown and Pooley’s concerns about the
ability of spacetime to explain facts about the behaviour of
matter—but have now seen that the qualified geometrical
approach is immune from these critiques.

I We’ve also seen different senses in which spacetime might
be explanatory of facts about the dynamics, on the
qualified geometrical approach.
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The dynamical approach in general relativity

I Spacetime in GR is dynamical, its evolution being
governed by the Einstein equation.

I Thus Brown claims that there is no substantial conceptual
distinction between the metric field of GR and matter fields:
“Gravity is different from the other interactions, but this
doesn’t mean that it is categorically distinct from, say, the
electromagnetic field” (Brown 2005, p. 159).

I In this sense, Brown is a relationalist about GR, and counts
authors such as (Rovelli 1997) as allies.

I However, caution is needed here, for this is a very different
sense of relationalism to that discussed previously!

I In particular, in the context of GR—and in significant
contrast with his approach to theories such as SR—Brown
makes no claim that the metric field should be ontologically
reduced to properties of (the laws governing) matter fields!
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contrast with his approach to theories such as SR—Brown
makes no claim that the metric field should be ontologically
reduced to properties of (the laws governing) matter fields!
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Regularity relationalism and dynamical spacetimes

I Regardless of Brown’s own particular views, one might
wonder whether the ontological reduction aspect of the
dynamical approach can be carried over to GR.

I Answer: not straightforwardly. Regularity relationalism, for
example, relies on there being a privileged class of
coordinate systems in which the dynamical laws maximally
simplify. However, given the diffeomorphism invariance of
GR, no such coordinate systems exist!

I In GR, one does recover locally privileged coordinate
systems (see below), so one could locally apply regularity
relationalism—but it’s not obvious how to extend this to be
a compelling relationalism story of the metric field of GR in
its entirety.



Regularity relationalism and dynamical spacetimes

I Regardless of Brown’s own particular views, one might
wonder whether the ontological reduction aspect of the
dynamical approach can be carried over to GR.

I Answer: not straightforwardly. Regularity relationalism, for
example, relies on there being a privileged class of
coordinate systems in which the dynamical laws maximally
simplify. However, given the diffeomorphism invariance of
GR, no such coordinate systems exist!

I In GR, one does recover locally privileged coordinate
systems (see below), so one could locally apply regularity
relationalism—but it’s not obvious how to extend this to be
a compelling relationalism story of the metric field of GR in
its entirety.



Regularity relationalism and dynamical spacetimes

I Regardless of Brown’s own particular views, one might
wonder whether the ontological reduction aspect of the
dynamical approach can be carried over to GR.

I Answer: not straightforwardly. Regularity relationalism, for
example, relies on there being a privileged class of
coordinate systems in which the dynamical laws maximally
simplify. However, given the diffeomorphism invariance of
GR, no such coordinate systems exist!

I In GR, one does recover locally privileged coordinate
systems (see below), so one could locally apply regularity
relationalism—but it’s not obvious how to extend this to be
a compelling relationalism story of the metric field of GR in
its entirety.



The thin line between dynamical and geometrical
approaches

Recall our two points which we took to characterise the
dynamical approach:

1. Spacetime structure is to be reduced to facts about
dynamical symmetries.

2. No piece of geometrical structure has its chronogeometric
significance necessarily.

All parties should assent to (2): whether there are (say) stable
rods and clocks which read off intervals of (say) a metric field
depends on the details of the dynamics of matter fields.

But then, if Brown reneges on (1) in GR, is there really any
difference between the dynamical and geometrical approaches
in the dynamical spacetime context?
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Pooley’s concern

What, then, is at stake between the metric reifying re-
lationalist and the traditional substantivalist? Both par-
ties accept the existence of a substantival entity, whose
structural properties are characterised mathematically
by a pseudo-Riemannian metric field and whose con-
nection to the behaviour of material rods and clocks de-
pends on, inter alia, [facts about the dynamics of mat-
ter]. It is hard to resist the suspicion that this corner of
the debate is becoming merely terminological. (Pooley
2013, p. 63)
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Chronogeometric significance

Setting aside (1) and focussing on (2), there are questions
regarding how, exactly, the metric field of GR acquires its
‘chronogeometric significance’ (i.e., comes to be surveyed by
rods and clocks).

Here’s Brown’s answer:

chronogeometrical significance of the gµν field is not
an intrinsic feature of gravitational dynamics, but earns
its spurs by way of the strong equivalence principle.
(Brown 2005, p. 151)
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The strong equivalence principle

I The strong equivalence principle (SEP) states that, locally
in GR, dynamical laws recover their SR (and therefore
Poincaré invariant) forms.

I There are lots of delicate issues regarding making this
precise: see e.g. (Read et al. 2018) for discussion.
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Brown on chronogeometric significance

Given the SEP, Brown’s account of how the metric field of GR
comes to acquire its chronogeometric significance runs as
follows (Read et al. 2018, §4):

1. By the SEP, dynamical laws governing matter fields take
locally a Poincaré invariant form.

2. By the existence of Riemann normal coordinates, the
metric field of GR takes locally a Minkowskian form.

3. Therefore, dynamical symmetries coincide locally with
metric symmetries.

4. Therefore, the metric field (at least locally) comes to
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Concerns about Brown’s account

There are a number of concerns about Brown’s account of how
the metric field of GR acquires its chronogeometric
significance. Here are three:

I (1) and (2) above are not sufficiently well-defined.
(Weatherall 2020)

I The inference to (4) is too fast: it presupposes also the
existence of stable rods and clocks—in which case, why
bother with the SEP?

I There are other accounts of how the metric field acquires
chronogeometric significance—e.g., the appeal to
Ehlers-Pirani-Schild constructive axiomatics, which states
that, given the trajectories of massive and massless
particles, one can recover the metric. (Ehlers et al. 1972)
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The status of the strong equivalence principle

I Setting aside the connection between the SEP and
chronogeometric significance, one can ask of its
conceptual status in GR.

I There are no a priori restrictions on the behaviour of matter
in GR—so the SEP is best understood as an additional
input assumption in the theory.

I One might then ask whether one can explain the SEP by
looking to successor theories to GR: (Read 2019) answers
affirmatively by looking to perturbative string theory;
(Salimkhani 2020) answers affirmatively by looking to
(classical and quantum) theories of spin-2 gravity.
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Summary so far

To summarise our discussions of GR up to this point, we’ve
seen:

I How Brown reneges on the relationalist project (1) in the
context of GR.

I How this might lead one to worry that there is no clear
distinction between the dynamical and geometrical
approaches in that context.

I How Brown argues that the chronogeometric significance
in GR is inherited via the SEP—but that there are concerns
about this line of reasoning.

I That explaining the SEP in GR might require appeal to
some deeper theory.

Finally, let’s consider how the dynamical approach relates to
the project of spacetime functionalism.
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Spacetime functionalism

I propose that the spacetime role is played by whatever
defines a structure of local inertial frames. (Knox 2019,
p. 122)

I The idea behind spacetime functionalism is this:
‘spacetime’ is to be defined as whatever plays an
antecedently-designated functional role of spacetime.

I For Knox, that role is to ‘pick out a structure of local inertial
frames’—roughly, it’s for a structure to pick out the
symmetries of the dynamical laws governing matter.

I I.e., it’s for a structure to qualify as ‘theoretical spacetime’,
in the sense introduced earlier.
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Spacetime functionalism and the dynamical approach

I Whatever one makes of spacetime functionalism (see e.g.
(Baker 2020) and (Read & Menon 2019) for some critical
discussion), it’s clearly different from the dynamical
approach.

I Brown is not interested in defining ‘spacetime’: he’s
interested in (1) a novel form of ontological reduction, and
(2) when a given structure has chronogeometic
significance.

I Though related (especially to (2)), Knox’s work is distinct
from either of these. (Read & Menon 2019, §7).
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Conclusions
Today, we’ve done the following:

I Seen how the dynamical approach, qua programme of
ontological reduction, can be understood as a form of
regularity relationalism.

I Distinguished between qualified and unqualified
geometrical approaches, and seen different senses in
which spacetime might be explanatory of facts about the
dynamics, on the qualified geometrical approach.

I Seen the problems for the ontological reduction aspect of
the dynamical approach in GR.

I Thought about different ways in which the metric field of
GR might be said to acquire its chronogeometric
significance.

I Seen something of the differences between the dynamical
approach spacetime functionalism.
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To-do list

1. Extend the ontological reduction aspect of the dynamical
approach to GR.

2. Articulate the SEP with a sufficient level of mathematical
rigour to overcome the concerns of e.g. (Weatherall 2020).

3. Explore systematically the different ways in which the
metric field of GR might be said to acquire its
chronogeometric significance.
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James Read, “Geometrical Constructivism and Modal Relationalism: Further
Aspects of the Dynamical/Geometrical Debate”, International Studies in
Philosophy of Science, 2020b. (Forthcoming.)

James Read, Harvey R. Brown and Dennis Lehmkuhl, “Two Miracles of General
Relativity”, Studies in History and Philosophy of Modern Physics 64, pp. 14-25,
2018.

James Read and Tushar Menon, “The Limitations of Inertial Frame Spacetime
Functionalism”, Synthese, 2019. (Forthcoming.)



References V

Carlo Rovelli “Halfway Through the Woods: Contemporary Research on Space
and Time”, in J. Earman and J. D. Norton, (eds.), The Cosmos of Science,
Pittsburgh, PA: University of Pittsburgh Press, pp. 180-223, 1997.

Kian Salimkhani, “The Dynamical Approach to Spin-2 Gravity”, Studies in History
and Philosophy of Modern Physics, 2020. (Forthcoming.)

Syman Stevens, “Regularity Relationalism and the Constructivist Project”, British
Journal for the Philosophy of Science 71, pp. 353-372, 2020.

James Owen Weatherall, “Two Dogmas of Dynamicism”, 2020. (Unpublished
manuscript.)


	Introducing the dynamical approach
	Metaphysics of the dynamical approach
	Spacetime and explanation
	General relativity and relationalism
	Chronogeometric significance
	Spacetime functionalism
	Conclusions

