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1. The method of symmetry
Symmetry plays a number of central roles in modern physics. As the physicist Paul
Anderson famously remarked, “it is only slightly overstating the case to say that physics is the
study of symmetry” (1972, p. 394). Here I discuss just one role of symmetry: its use as a guide
to superfluous structure, with a particular eye on its application to metaphysics.
What is symmetry? Generally speaking, a symmetry is an operation that leaves its object
unchanged in a certain respect. Rotation by 90 degrees is a symmetry of a square piece of
paper, insofar as the paper’s extension through space is the same after the rotation as before.
But we will focus on symmetries of physical theories, not paper. Roughly speaking, these are
operations on possible physical systems that leave some aspect of the theory unchanged.
Which aspect? That depends: different symmetries preserve different aspects. But an important
class of symmetries are those that leave the dynamical laws of the theory unchanged; these are
known as dynamical symmetries.
For example, consider a theory that describes point particles with mass moving through
Newtonian spacetime. Suppose the dynamical laws describing their motions are Newton’s three
laws of motion and the inverse-square gravitational force law. In Newtonian spacetime there is,
in addition to a particle’s velocity relative to another particle, an additional quantity of its velocity
through space; a quantity that reflects how far it moved (in a direction) over an interval of time
independent of its motion relative to other particles.1 Call this its absolute velocity. Now, imagine
an operation that takes any possible world consisting of particles moving around in Newtonian
spacetime, and delivers another world just like the original except that, at any given time, every
particle is moving 1mph faster through Newtonian spacetime in a certain direction than it is in
the original. This operation—known as a uniform boost—leaves Newton’s laws unchanged: if
the original world satisfies those laws, the boosted world does too. (To verify this, note that
Newton’s laws relate the quantities of mass, distance at a time, and acceleration; and all these
quantities are preserved by a uniform boost.) Hence uniform boosts are dynamical symmetries
of this theory.
In truth, this is too quick: not every operation that leaves the laws unchanged counts a
“dynamical symmetry”. What other conditions must the operation satisfy? There is little
consensus on how the term is to be defined, but we do not need to settle this here. For a
uniform boost is a paradigm example of a dynamical symmetry of Newton’s laws, and every
definition of “dynamical symmetry” counts it as such. Other paradigm examples include uniform
spatial translations, uniform (time-independent) rotations round an axis, and uniform translations
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through time. Our discussion of dynamical symmetries can proceed for now on the basis of
these paradigm cases.2
I said that symmetry is used as a guide to superfluous structure. How? Call those quantities
that are unchanged by the dynamical symmetries of a theory the invariant quantities of the
theory. Other quantities are variant quantities. A uniform boost changes all the absolute
velocities in a system; hence absolute velocity is a variant quantity of the Newtonian theory
above. By contrast, the invariant quantities include acceleration, relative velocity, and the spatial
distance at a time: all these quantities are unchanged by the dynamical symmetries of the
theory.3 Then the core idea is that the variant quantities of a theory are superfluous to it.
What does this mean? For the purposes of mathematical physics, perhaps just this: that if
some part of the mathematical formalism of a theory encodes a variant quantity, it can be
regarded as physically insignificant and ignored. But for the purposes of metaphysics, the idea
is that the idea is that variance is a sign of unreality; a reason to think that the quantity is unreal.
For example, suppose we started off believing the little theory above, and then realized that
absolute velocity is one of its variant quantities. The idea is that this would be reason to
conclude that there is no such quantity as absolute velocity after all. To accept the conclusion,
one must give up the idea that particles move around in Newtonian spacetime and propose an
alternative theory of the structure of spacetime on which there is no quantity of absolute
velocity.4 In this way, considerations of symmetry can inform conclusions about the nature of
spacetime.
Metaphysicians should find this intriguing. For metaphysics is in deep need of method, and
what we appear to have here is a “method of symmetry”: take your best physics, find its
dynamical symmetries and hence its variant quantities, and argue that those quantities aren’t
real.5 If this method can teach us about the nature of spacetime, we might hope it could
generalize to other putative aspects of reality too. If a metaphysician proposes a theory on
which reality contains something X, and X can be shown to vary under a dynamical symmetry,
the method of symmetry would have us argue that there is no such thing as X after all.
But how exactly does the method work? And to what other kinds of cases can it be applied?
This chapter will survey various approaches to the method of symmetry.
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To be clear, there are formulations of classical physics in which rotational acceleration, but not linear acceleration, is
invariant. Knox (2013), for example, examines the symmetries of a theory like this. But the flat-footed theory I meant
to denote above implies that force-free bodies are unaccelerated in both linear and rotational respects, and is
therefore a theory in which both types of acceleration are invariant.
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See Ismael, this volume, for a description of one kind of spacetime structure that has no quantity of absolute
velocity: the Galilean structure. Of course, one would also need to re-state the laws using the resources of the new
theory of spacetime. For example, instead of saying that a body under the influence of no forces would either remain
at rest or else move at a constant velocity, the re-stated law would say that such a body would move inertially (where
inertial motion is defined in terms of the affine structure of Galilean space). One might then ask whether this is the
same law re-expressed, or a different law altogether, but that is just a verbal issue.
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To this end I focus on the case study of absolute velocity in classical physics. Why trouble
ourselves with such a tired and fictional example? Wouldn’t we be better off drawing
metaphysical lessons from a more realistic physics? Well yes, ultimately. But if our aim is to
clarify the method, this sanitized example is useful insofar as it abstracts from distracting
complications. This is no worse (and, perhaps, no better) than asking whether a white sneaker
confirms the hypothesis that all ravens are black. In neither case is any self-respecting scientist
interested in the example per se; the hope, rather, is that it illuminates the logic behind the
method.
2. Justifications
Let’s start by asking what justifies the method of symmetry. Suppose we discover that a
certain quantity is variant in what we think are the true laws of physics. Why is this a reason to
think that it’s not real? What is it about variant quantities that distinguishes them from invariant
quantities in this regard? At least three answers are found the literature: that variant quantities
are not objective, that they are physically redundant, and that they are undetectable. Let me
discuss each in turn.
The idea that invariant quantities are objective has long been associated with symmetry. As
Weyl put it, ‘objectivity means invariance’ (2007, chapter 5). This idea was revived by Nozick,
who proposed that ‘an objective fact is invariant under various transformations’ (2001, p. 76).
So, perhaps the reason to dispense with variant quantities is that they aren’t objective.
To assess this, we must ask what it means to say that something is ‘objective’. If it just
means that it’s real, then it is trivial that quantities that aren’t objective aren’t real! But then the
question is why we should think that variant quantities aren’t objective in this sense. That’s just
the question we started with; no progress has been made.
Another notion of objectivity is perspectival independence. To say that a quantity is objective
in this sense is to say that it has the same value from all perspectives, so that all observers
would agree in their measurements of it. Daston and Gallison (2007) argue that this concept
played a central role in the thinking of Weyl and other early twentieth century physicists. But
important as it may be, this conception of objectivity cannot be what justifies our method of
symmetry. The reason is that being objective in this sense doesn’t have much to do with being
invariant. True, velocity isn’t objective in this sense since observers moving at a constant
velocity relative to one another will disagree in their measurements of velocity: from their own
perspectives, each will claim to be at rest while the other moves. But by the same token,
acceleration isn’t objective in this sense either: if two observers are accelerating relative to
another, each will claim to be at rest from their own perspective while the other is accelerating!
It’s unclear, then, whether the concept of objectivity helps to justify the method of symmetry.
What we need is a definition of ‘objectivity’ that would apply to invariant but not variant
quantities, and which doesn’t just mean being real. I leave it as an open question whether such
a conception can be made out.
Turn now to the idea that the reason to dispense with variant quantities is that they are
physically redundant. Here again we must ask: redundant in what sense? One suggestion is
that variant quantities are explanatorily redundant in the sense that they make no difference to
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how a physical system evolves in time.6 The idea is tempting because invariant quantities do
make a difference: two systems that differ initially in the distances between particles would,
according to NCM, evolve differently over time because the gravitational forces would be
different. By contrast, the idea is, absolute velocity isn’t like that. Consider two possible physical
systems related by a uniform velocity boost. At any time t0 they differ in facts about absolute
velocity, yet at all subsequent times they agree on all invariant quantities including relative
positions, relative velocities, accelerations, masses and charges; hence the initial difference in
absolute velocity led to no difference later on. But as Sklar (1977, p. XXX) pointed out, this is a
mistake: at subsequent times the two systems differ regarding the absolute velocities of each
particle! Hence absolute velocity does make a difference to how the system evolves over time
after all. One might now say that subsequent differences in absolute velocity aren't real
differences, but of course that is the very conclusion we are trying to establish.
Another suggestion is that variant quantities are redundant in the sense that their specific
values make no difference to whether the dynamical laws hold.7 It is true that variant quantities
are redundant in this sense: the variant quantities are, by definition, those whose values can be
altered while preserving the truth of the dynamical laws. What is less clear is why this is reason
to think that such quantities aren’t real. Why should we dispense with a quantity, just because its
specific values don’t make a difference to whether the dynamical laws hold?
To be sure, anyone justifying the method of symmetry will at some point reach bedrock and
appeal to some basic epistemic principle such as induction, modus ponens, or what have you. It
would then be unfair to ask them to justify induction! But the principle “dispense with quantities
that don’t make a difference to whether the dynamical laws hold” isn’t epistemically basic in this
sense. It may be a sound epistemic principle, but if so our question is why.
One might answer that if a quantity is redundant in this sense, one can formulate an
alternative physics that makes no reference to the quantity. The latter, one might then say, is
preferable because it uses “less structure”. Compare Newtonian with Galilean spacetime: the
idea would be that the latter has less structure than the former and should be preferred on that
basis.8 This is some progress insofar as parsimony is, arguably, a basic epistemic principle. The
main challenge is to explain the notion of “less structure”; in particular, one must show that
“structure”, so understood, is what the epistemic principle of parsimony asks us to minimize. As
Barrett (2015) and others have argued, it is not clear that there is a notion that does the job.9
That leaves the idea that the reason to dispense with variant quantities is that they are
undetectable.10 The chief virtue of this approach is that the epistemic principle it rests on is
relatively basic and uncontroversial: namely, that in theory choice there should be a
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presumption against positing quantities that are undetectable. Of course, it may be impossible
to dispense with an undetectable quantity without sacrificing other theoretical virtues, in which
case one’s all-things-considered best theory may retain it. But the point remains that a quantity’s
being undetectable is at least a reason to prefer a theory that does without it, and that is all the
method of symmetry promised us. In what follows, then, I will focus on this approach.
3. From symmetry to undetectability
The main challenge facing this approach is to show that variant quantities are, in fact,
undetectable. The challenge is by no means trivial, but let me sketch one approach.
Consider absolute velocity. Why think it’s undetectable? Galileo famously pointed out that
physical systems related by a boost would look the same. On the inside, an airplane on the
tarmac looks and feels exactly like a plane flying smoothly. Of course, things would look different
if you looked outside. But the fact remains that if everything were uniformly boosted, including
the plane and its surroundings, things would look exactly the same even if you looked out the
window. To mark this point, let’s say that entire possible worlds related by a boost are
observationally equivalent.
Still, this doesn’t imply that absolute velocity is undetectable. If we can’t tell the difference
between boosted systems with the naked eye, maybe that’s just because our eyes aren’t
sensitive enough. Perhaps we could build a fancy measuring device that is sensitive to whether
it’s moving uniformly or at rest. But we can rule this out if uniform boosts are dynamical
symmetries of the actual laws. The key is that a measuring device is a physical object and is
therefore governed by those laws. So, suppose we built a device in the hope that it would
display “Rest” on a computer screen if its absolute velocity was zero, and “Moving” otherwise.
And suppose we turn it on and it displays “Rest”. Can we infer that it’s at rest? No! For consider
a uniformly boosted world, in which the absolute velocity of the device is different. If uniform
boosts are dynamical symmetries, the same laws are true in the boosted world. Hence the
boosted world represents how the device would behave, given the laws governing it, if its
absolute velocity differed. And yet the boosted system—by construction—is one in which the
device displays “Rest” when we turn it on. After all, a uniform boost preserves all the relative
positions of particles, and hence if the pixels on a screen display “Rest” then they’ll display the
same sign in the boosted system too. Hence the device would say “Rest” whatever its absolute
velocity was—hardly a “measuring device” to be proud of!11
This isn’t to say that we can’t measure velocity relative to other bodies. A car’s speedometer
is sensitive to it’s speed relative to the road in the following sense: given the dynamical laws
governing it, what it displays on its screen is a function of its velocity relative to the road. What
the argument purports to show is that, thanks to the symmetries of the laws, it’s impossible to
build a measuring device that’s sensitive to mere differences in absolute velocity.
This “symmetry argument” is no ordinary skeptical argument. The ordinary skeptic argues
that we can’t tell whether we are brains in vats or embodied in a world that is more-or-less as it
appears. One response is that so long as our minds are reliably connected to the world, our
belief that we are embodied may count as knowledge. Another response is that the hypothesis
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that we are embodied is a better explanation of our perceptions—simpler, more elegant, and so
on—and should therefore be favored on abductive grounds. Yet another response is that in
ordinary contexts, the standards for knowledge are sufficiently low that we turn out to know we
are embodied after all. But none of these are appropriate responses to the symmetry argument.
For one thing, the symmetry argument demonstrates that measuring devices, and by extension
our minds, are not reliably connected to facts about absolute velocity. And the competing
hypotheses—that our velocity is 1 mph in a certain direction, that it is 2 mph in that direction,
and so on—are all equally simple and elegant, so nothing can be said abductively in favor of
one hypothesis over the others. For the same reason, lowering the standards wouldn’t favor any
one of these hypotheses over the others. The symmetry argument is therefore much stronger
than an ordinary skeptical argument. No surprise that it is taken seriously by physicists such as
Feynman (1963, p. 15), who recognize that it is not just a philosopher’s puzzle.
The symmetry argument as stated concerns absolute velocity, but does it generalize to show
that any variant quantity is undetectable? The argument rested on three facts. First, that the
same dynamical laws obtain in the boosted world: without this it wouldn’t follow that the boosted
system represents how our “measuring” device would behave, given the laws, if its absolute
velocity differed. But this was guaranteed by the fact that uniform boosts are dynamical
symmetries of the actual laws. So this will generalize for any variant quantity: being variant
implies, by definition, that an operation that alters its values preserves the truth of the laws.
Second, the symmetry argument required that boosted physical systems are observationally
equivalent. Now, we cannot expect this to generalize. We cannot expect that two worlds related
by any dynamical symmetry of the laws will be observationally equivalent. At least, not given
what I’ve said so far: I said that a dynamical symmetry is an operation that preserves the laws,
and operations can do that while changing how the world looks.12 Still, I also said that merely
preserving the truth of the laws doesn’t suffice for being a dynamical symmetry. More conditions
must be added. To generalize the symmetry argument, then, one must show that these extra
conditions entail that systems related by a dynamical symmetry are observationally equivalent.
Whether this is true then depends on what definition of dynamical symmetry you work with.
But insofar as our aim is to develop the method of symmetry, the natural move is to reverse
engineer and stipulate that an operation counts as a dynamical symmetry only if worlds related
by the operation are observationally equivalent.13
Third, the symmetry argument required that the hypotheses that distinguish the boosted
worlds—that the device is moving at 1 mph to the north, that it is moving at 2 mph to the north,
and so on—are equally simple, elegant, common-sensical, and so on; more generally, that they
score equally well on every theoretical virtue. This is what distinguished the symmetry argument
from an ordinary skeptical argument. To mark this, let us call the competing hypotheses
“abductively equivalent”, and by extension let us call the boosted worlds abductively equivalent
too. Again, we cannot expect this to generalize: we cannot expect that two worlds related by any

12

As an example, just consider an operation that maps each physical system to the “null” system in which the laws
are true vacuously.
13

To be clear, this could involve building the condition of observational equivalence directly into the definition of
dynamical symmetry. Or it could involve providing some other condition—for example that the operation preserves
topological structure—which is then shown to imply this condition of observational equivalence. I will not decide
between these two approaches, but see Dasgupta (2015) for some considerations in favor of the former.
6

dynamical symmetry as I’ve defined the term so far will be abductively equivalent. But—again—
insofar as our aim is to develop the method of symmetry, the natural approach is to reverse
engineer and stipulate that that an operation counts as a dynamical symmetry only if worlds
related by it are abductively equivalent.14
Of course, if you started off with a fixed idea of what “dynamical symmetry” meant, this
reverse engineering may strike you as perverse. Given your definition, perhaps the argument
doesn’t generalize. Fine; there is no need to fight over terms. The fact remains that operations
on worlds that satisfy our three conditions—they map worlds to worlds (i) that agree on the laws,
(ii) that are observationally equivalent, and (iii) that are abductively equivalent—have the
following property: any quantity altered by such a transformation can be shown, by the
symmetry argument above, to be undetectable. Whatever we call these operations,
metaphysicians in search of method should find them intriguing!
One might argue that the latter two conditions are not needed after all. Go back to the
original definition of a dynamical symmetry as a transformation on systems that preserves the
laws. As David Wallace (forthcoming) emphasizes, it follows that a variant quantity is
“decoupled” from other quantities in roughly the sense that it has no dynamical effect on them.
Hence—by the symmetry reasoning above—we cannot rig up measuring instruments that
record the value of the quantity in the values of those other quantities, such as the relative
positions of pixels lit up on a screen or what have you. That’s already a strong lemma! But
there’s a gap between that and the conclusion that the variant quantity is undetectable. To
bridge the gap, we need a principle to the effect that any act of detection can be mediated by
invariant quantities. This needs argument, and it is not clear to me how it could go—at least, not
given the original definition of dynamical symmetry. In effect, the reverse engineering above
serves to bridge the gap.
There may of course be other ways of arguing that variant quantities are undetectable. But
for now let us run with the argument we have, which uses the engineered notion of symmetry
defined by the three conditions above. I will call these dynamical symmetries, though you are
free to substitute in another term if you wish.
4. Epistemic possibility
I said that a dynamical symmetry is an operation on possible worlds. But possibility comes in
many senses: metaphysical, epistemic, conceptual, logical, and others besides. What is the
relevant sense of possibility?
This question is easy to overlook if one studies symmetries mathematically. There, one
typically defines a mathematical space of models or states, and then defines a symmetry to be a
function on that space.15 Insofar as the space was mathematically well-defined, there is no
mathematical question of what entities the symmetry operates on. Still, our philosophical
question remains. For a model is just a bit of math, and philosophical conclusions concerning
detection or reality do not follow from math without interpretation. So the question remains as to
14
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what the models or states represent. The typical answer is that they represent possible worlds
or possible physical states; our question is what the relevant sense of possibility is.
Metaphysicians may naturally reach for the notion of metaphysical possibility. A uniform
boost would then be thought of as a function that maps a metaphysically possible world to one
that differs only in facts about absolute velocity.16
But a better candidate, I suggest, is the notion of epistemic possibility. On this approach, a
dynamical symmetry is an operation on epistemically possible worlds in roughly David
Chalmers’ sense of a (maximally specific) way the world could be for all we know apriori.17 I
know that London once hosted the Olympic games, but I don’t know that apriori; hence there is
an epistemically possible world in which London never hosted the games. Similarly, I know that
water is H20, but I don’t know that apriori; hence there is an epistemically possible world in
which water is not H20.
To see how this works, consider again the case of Newtonian spacetime. Even if Newtonian
spacetime isn’t real—even if we know it isn’t real—we don’t know this apriori. So there are
epistemically possible worlds in which spacetime is Newtonian. Since we can’t know apriori
what trajectories bodies make through Newtonian spacetime, there are many such worlds that
differ in the trajectories of bodies. Indeed, there are many such worlds that agree on all relative
motions and differ only in a uniform boost—after all, we cannot know a body’s absolute velocity
apriori. We can then understand a uniform boost to be a function on worlds like these: a function
that takes an epistemically possible world in which there is a well defined quantity of absolute
velocity and maps it to an epistemically possible world in which all the velocities are uniformly
transformed.
Epistemic possibilities have two advantages over metaphysical possibilities. First, our
method of symmetry uses dynamical symmetries to establish epistemic results about what we
can or cannot detect, and the framework of epistemic possibility is well-suited for this purpose.
Indeed, in this framework the argument (in section 3) that a variant quantity like absolute
velocity is undetectable can be seen, more generally, an argument that it is unknowable. Thanks
to being variant, it follows that there are epistemically possible worlds that differ in its value;
hence we cannot know its value apriori. What the argument in section 3 then establishes is that
we cannot know its value by observation either. Whatever reading the “measuring” device gives,
there are multiple epistemic possibilities in which different values of the quantity produce, by the
same laws, the same reading. Hence you cannot infer what the value of the quantity is from the
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reading.18 This last move assumes that multiple possibilities implies some kind of ignorance.
This assumption is trivial if the possibilities are epistemic, but unobvious if they are
metaphysical.
Second, there may not be enough metaphysical possibilities to make sense of dynamical
symmetries. Suppose absolute velocity is not real. And suppose that this is a necessary truth,
the idea being that some deep structural features of spacetime are necessary.19 Then there
won’t be metaphysical possibilities that differ only in a uniform boost, and so there won’t be a
function on metaphysical possibilities for a uniform boost to be. Yet we still want to say that
boosts are symmetries of NCM; indeed, that may be our reason for thinking that absolute
velocity isn’t real in the first place! Epistemic possibilities avoid the problem: even if there are no
metaphysical possibilities that differ in a uniform boost, there are many epistemic possibilities
that do.
5. Empirical Symmetries
The “method of symmetry”, as we now have it, is this. We take our best physics. We look at
its laws and find its dynamical symmetries and hence the variant quantities. We then argue that
those quantities are unknowable. And we take that as a reason to think that the quantity isn’t
real.
This last step should now be clearer. There is no claim that being unknowable logically
implies that the quantity isn’t real: after all, there are epistemically possible worlds in which it is
real, and these worlds are arguably logically possible too. For the same reason, this is not a
verificationist argument that talk of the quantity is meaningless. The idea is just that positing
undetectable quantities is a bad-making feature of a theory, so that theories that dispense with
the quantity are preferable in that respect. Of course, whether the latter theory is all-thingsconsidered preferable then depends on assessing its other virtues and vices, and much
argument might be had on that matter. Still, we have on our hands a principled method that
yields reasons for various metaphysical theses. In metaphysics, that counts for a lot!
But if this is our method, it arguably generalizes to a broader class of operations. To see this,
suppose that absolute velocity were not a variant quantity. To take a simple (albeit unrealistic)
example, suppose that color is a primitive property of bodies, and suppose there’s a dynamical
law to the effect that things take on a greenish hue when their absolute velocity is zero but not
otherwise. Uniform boosts would not then be dynamical symmetries because they don’t
preserve this law: they map worlds in which the law holds to worlds in which objects take on a
green-ish hue when they have some non-zero velocity instead. Absolute velocity, then, would be
an invariant quantity. Does this mean that we could measure whether something is at absolute
18
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rest by looking to see whether it is greenish? Unfortunately not. For if we see something
greenish, we can infer that its absolute velocity is zero only on the basis of a theory, namely that
green correlates with zero velocity. Contrast this with the theory that green correlates with some
non-zero velocity, say 5mph in a certain direction. If this theory were true, green would indicate
this non-zero velocity instead. But how could we ever tell which theory is true? All we would ever
see is that the bodies with a greenish hue are all at rest relative to one another, and moving
relative to other things. True, this means that if there are absolute velocities, one would be the
special one that correlates with green. The trouble is, there’d be no way of telling which one it is.
Or suppose there were a velocity-dependent force law. Suppose it implies, of a particular
system, that if its center of mass is at absolute rest then it’ll evolve one way, while if the velocity
is non-zero it’ll evolve differently. And suppose the difference between the two evolutions is
directly observable: a different pattern of ink on paper is produced in each case, say. In this
case, again, uniform boosts wouldn’t be dynamical symmetries, so absolute velocity would be
an invariant quantity. Can we then measure absolute velocity by observing how the system
evolves? No again, and for the same reason. We can only infer that a system exhibiting the first
pattern is at absolute rest on the basis of the theory that that pattern correlates with absolute
rest. Contrast this with a theory on which that pattern correlates with some non-zero velocity
instead. Both theories are consistent with what we’d see, namely that all systems that display
that first pattern are at rest relative to one another, and moving relative to systems that don’t.
But there’d be no way of telling what the absolute velocity of those former systems is.
The point is that measuring a quantity involves inferring its value on the basis of (i) a
measurement outcome, and (ii) the physical laws that generated that outcome.20 In section 3 we
assumed that we knew the laws; the problem was that the same outcome would be produced
regardless of what the value of the quantity was. Here the problem is that we can’t know what
the laws are in the first place.
With these fictional laws, then, absolute velocity would be unknowable even though uniform
boosts wouldn’t be dynamical symmetries of the laws. Still, boosts are symmetries of these laws
in a broader sense. For one thing, there’s an intuitive sense in which boosts preserve the “form”
of these laws. In the case of color, all boosted worlds have a law of the form ‘green correlates
with V’; they just differ on the particular velocity V. Indeed, theorists of symmetry often focus on
transformations that preserve form in something like this sense.21 But what exactly is form? For
our purposes, the important fact is that we can never know which of the various color laws
obtains. This requires that each law is abductively equivalent in the earlier sense. Consider the
range of color laws: that green correlates with absolute rest, that it correlates with velocity 1
mph in a certain direction, that it correlates with velocity 2 mph in that direction, and so on. The

20

This is a simplification: strictly speaking, one also needs information about the initial state of the measuring device.
Albert (2015) draws out the significance of this requirement, but I am bracketing it here for simplicity.
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See, for example, Brading and Castellani (2007, p. 1342).
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idea behind the argument above is that each law is equally simple, explanatory, and so on, so
that we can have no reason to believe one over the others.22
Thus, we can define the epistemic symmetries of a law just like dynamical symmetries with
the one exception that the transformed world isn’t required to have the same laws as the original
world, just abductively equivalent laws. Since any law is abductively equivalent to itself, it
follows that any dynamical symmetry is also an epistemic symmetry. But the reverse is not the
case: uniform boosts are epistemic symmetries of the color law, but not dynamical symmetries.
So the notion of epistemic symmetry is more general, and the idea would be that any quantity
that varies under the epistemic symmetries of the laws is unknowable.23
This then gives us a more expansive method of symmetry. We take our best physics, look at
its laws and find its empirical symmetries, and we argue that quantities altered by those
symmetries are unknowable. As before, we then take this as a reason to think that the quantity
isn’t real.
Note that this move to empirical symmetries hangs on our decision, in section 2, to think of
the method of symmetry as eliminating variant quantities because they’re undetectable. If we
had eliminated them because they’re physically redundant, this move to empirical symmetries
would not make sense. For in the color law above, absolute velocity is not redundant in any of
the senses surveyed there: it does make a difference to whether a body will take on the
greenish tinge; its values do make a difference to whether the law holds; and so on. I said in
section 2 that this justification of the method of symmetry faces problems anyway; my point here
is that if one justified the method this way, one would be restricted to using dynamical
symmetries. The move to empirical symmetries makes sense only if thinks of the method of
symmetry as eliminating undetectable quantities, for as we’ve seen these include those that are
variant under the empirical symmetries, not just the dynamical symmetries.
Using this method of empirical symmetry can require substantival revisions in physics.
Suppose we started out with a theory on which green correlates with absolute rest. Suppose we
then use the method of empirical symmetry and dispense with absolute velocity. We must then
revise our theory. We can no longer say that green correlates with any particular velocity.
Rather, we can only say that things that take on a greenish hue are all at rest relative to one
another, and are moving relative to things that don’t. This is a very different theory. For one
thing, on the original theory a body’s state of motion determines whether it takes on a greenish
hue, but on the revised theory this is not so. If we take a possible system in which two things are
at rest relative to one another, our revised theory doesn’t determine whether they’ll have the
22

One might conceivably say that the law that green correlates with absolute rest is simpler than the rest, and that
this is reason to believe it over the others. But if one says this, it’s hard to see why one wouldn’t also say that the
hypothesis that the center of mass of the universe is at absolute rest is simpler than any of its boosted alternatives.
But then boosted worlds aren’t abductively equivalent, and the argument that absolute velocity is unknowable in
section 3 wouldn’t go through. But it’s hard to take seriously the idea that we could know our velocity through space
on this basis! What this shows is that the sense in which the rest hypothesis is simpler is epistemically insignificant.
23

Note that by requiring that the laws are abductively equivalent, the result is that the kinds of transformations that
Reichenbach (1958, chapter 1) discussed, which map a world with a non-Euclidean geometry onto a world with a
Euclidean geometry and so-called “universal forces”, will not count as an empirical symmetry. True, this
transformation would, by construction, map worlds to observationally equivalent worlds. But it wouldn’t map worlds to
abductively equivalent worlds, for each hypothesis has different abductive virtues (the former is simpler, in one sense
of the term, while the latter is in some ways closer to pre-theoretic belief).
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greenish hue; it just determines that either both will or neither will. Thus we move from a law
that was deterministic in this respect to one that is not.24
This raises the question of whether the new theory would be all-things-considered better
than the old theory. True, the old theory had the vice of containing unknowable structure, but the
new theory is indeterministic. Is this a vice? If so, is it worth it? More generally, if the method of
empirical symmetry leads us to new physical theories with surprising features, will the new
theory be all-things-considered better?
This can only be settled on a case by case basis, based on a close examination of the rival
theories. But we can say this: we cannot object to the new theory on the basis of observation. In
the case of color, we cannot complain that we observed bodies behaving in the deterministic
manner described by the old theory. For the method of empirical symmetry shows that we
observed no such thing. It shows that we never saw that the greenish hue correlates with
absolute rest rather than any other velocity, we just saw that things with the hue are at rest
relative to one another. If we previously thought we had observed that green correlates with
absolute rest, that was based on a mistaken characterization of the observations—perhaps we
had a deeply ingrained belief that some reference body was in a state of absolute rest, so that
when we saw something at rest relative to it we mistakenly chalked that up to seeing it at
absolute rest. In any event, the point is that an objection to indeterminism cannot be based on
observation; it must be based on an apriori preference for deterministic theories.
More generally, the method of empirical symmetry assures us that the new theory is
empirically adequate if the old theory was, for the new theory dispenses only with quantities that
are undetectable. Thus, any surprising feature of the new theory cannot be said to be
inconsistent with observation; objections to the theory must instead proceed from apriori baises.
6. Metaphysical applications
I have outlined two methods of symmetry, one based on dynamical symmetry and the other
on empirical symmetry. Which method should we use? This depends on our purposes.
Philosophers of physics sometimes ask what the appropriate spacetime structure is for a
particular set of laws. For example, what is the natural spacetime structure for classical
Newtonian mechanics? In this case, dynamical symmetries are more appropriate. We want to
look at those worlds in which the laws obtain and see what structure we can dispense with.
Insofar as the method is to dispense with undetectable structure, we can think of us as asking:
conditional on these laws, what would be undetectable? Dynamical symmetries are perfectly
suited for this purpose.
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To be clear, the method of dynamical symmetry can also lead to a revision of physics. Newton’s original theory said
that bodies free of forces either remain at rest or continue moving at constant velocity. Taken literally, this must be
revised in the move to Galilean space-time, in which the notions of “rest” and “constant velocity” are not well defined.
But in this case the revision is less extreme, for Galilean space-time has enough structure to formulate laws with
similar properties as the original Newtonian laws (they will be deterministic iff the original laws were, for example).
This is to be expected with dynamical symmetries, since they are defined to preserve the truth of those original laws.
The point here is that, since an empirical symmetry is not required to preserve the truth of the law, dispensing with
empirically variant quantities may well result in dispensing with so much structure that similar laws are no longer
possible.
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But we may alternatively ask what spacetime structure is indicated by a certain class of
observations. Given the kind of observable phenomena there’d be in a Newtonian world, for
example, we may ask what we should believe about the structure of spacetime if we observed
those phenomena. In this case the empirical symmetries are more appropriate. We want to look
at the worlds that agree on those observational phenomena and ask what would be
undetectable, and in doing so it makes sense to consider worlds with different laws if we
couldn’t know which of those laws obtained.25
To the extent that metaphysicians engage with physics at all, the second question is the
more pertinent. They want to know what’s real. To this end the method of symmetry has them
ask which features are undetectable. But it would be odd to hear that as asking what would be
undetectable conditional on a particular set of laws, if we could never know that those laws
obtain! Thus, metaphysicians should be particularly interested in the method of empirical
symmetries.
What metaphysical questions might this method illuminate? Questions about the structure of
spacetime are most familiar. But if we use empirical symmetries, not dynamical symmetries, we
may be led to surprising conclusions. Consider classical Newtonian mechanics. And consider a
time dependent rotation: an operation that takes a physical system and puts it into constant
rotation over time around some axis. We know thanks to Newton’s bucket argument that this is
not a dynamical symmetry: if water in a bucket is flat, then according to Newton’s laws it would
go concave if spinning; hence a world that differs only in its state of rotation but not in the
concavity of water in buckets would violate Newton’s laws. This leads many commentators to
the view that the natural spacetime structure for Newtonian mechanics contains a notion of
absolute rotation.26 Still, one might argue that time-dependent rotations are empirical
symmetries of the theory. The thought would be that we don’t directly see that the concave
water is rotating; that what we see is that its rotating relative to water that remains flat. More
generally, we don’t directly see which particular state of rotation correlates with inertial effects;
we just see that bodies undergoing different inertial effects are rotating relative to one another.
Thus there are many possible theories consistent with the data: that no inertial effects correlates
with zero absolute rotation, that it correlates with a non-zero state of rotation R, and so on. If
these theories are abductively equivalent, then time-dependent rotations are empirical
symmetries and absolute rotation is unknowable after all. Of course, that is a big “if” (to put it
mildly!) and I won’t try to settle it here; the point is that for someone using the method of
empirical symmetry, this is the pertinent question.
The upshot is that if one asks what the natural spacetime structure for Newtonian
mechanics as it is standardly written, the answer might be that it must contain a notion of
absolute rotation. But if one asks what spacetime theory would be best confirmed if one lived in
a world with Newtonian observational phenomena, the answer might be the opposite.
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For an example of the distinction between these two questions, see Skow’s (2007) discussion of the difference
between a relationalist interpretation of Newtonian mechanics and a relationalist replacement. According to Skow,
Barbour (1999) proposes his relationalist theory as a replacement because he does not claim that it captures the
content of Newton’s theory, but rather that it’s what would be best confirmed by observation. By contrast, Skow is
interested in whether a relationalist theory can capture the content of Newton’s theory. Put like this, Barbour engages
with the second question in the text, and Skow with the first.
26

See for example Saunders (2013), Knox (2014), and Wallace (forthcoming).
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I’ve focused on symmetries that act on spatiotemporal quantities such as boosts and
rotations. But the same goes for symmetries that act on other quantities or fields (sometimes
called “internal symmetries”). These include operations that act on mass, charge, or the vector
potential of classical electrodynamics. As above, we should distinguish the dynamical from the
empirical symmetries. Suppose one of these operations is not a dynamical symmetry of some
theory as standardly written. What that means is that conditional on the theory we can detect
the quantity altered by the operation. But that leaves open the possibility that the operation is an
empirical symmetry, in which case we can’t detect the quantity because we can’t know whether
the theory is true.
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