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I INTRODUCTION

Earman and Norton have recently argued that substantivalism poses a threat,
not just to the truth of determinism, but also to its possibility (Earman and
Norton [1987]). The aim of this paper is to overcome this threat: I shall argue
that an attractive version of substantivalism can admit an attractive version of
determinism. To make my discussion self-contained, this Section describes the
background to the threat; and Section 2 describes it. Then I survey ways to
escape it, and advocate one of them. It turns out that the threat raises general
issues about determinism and substantivalism. It causes trouble for a common
definition of determinism; and it forces substantivalism to decide on a doctrine
about the 'transworld identity' of spacetime points—a matter on which
substantivalists are often silent (e.g., Butterfield [1984]). Section 3 considers
two definitions of determinism for spacetime theories: a common one, which is
violated just as Earman and Norton claim; and a less common one, extracted
from general relativity texts, which is not violated. Section 4 assesses these
definitions as explications of the basic idea of determinism. Urging the merits of
the second definition leads into the topic of transworld identity. I argue that in
order to escape fully from Earman and Norton's threat, we need either to be
essentialists (Section 5) or to deny that one and the same spacetime point can
occur in two worlds (Section 6). Maudlin [1988] has urged the first option; but
I prefer the second option. It fits the second definition of determinism better
than essentialism does; it also has other advantages unrelated to determinism.

Substantivalism is the claim that our physical theory commits us to the
existence of spacetime points, and perhaps to spacetime as the set or
mereological fusion of all the points. The popularity of this claim reflects the
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2 Jeremy Butterfield

rise of scientific realism from the mid-1960's onwards. For scientific realism
holds that one is committed to believing in the existence of those entities that
are ineliminably referred to or quantified over by one's best scientific theories.
And our best spacetime theories are almost always presented as quantifying
over spacetime points—with never a hint of how to eliminate such quantifica-
tion. As an aspiring scientific realist, I find this version of substantivalism
attractive.

Determinism is a feature of a theory. We shall consider only theories of
spacetime structure, and of matter fields in spacetime. Such a theory specifies a
set of models; each makes the theory true, but they differ among themselves in
other ways. Thus each model comprises a manifold and various geometric
objects on it—metric and matter fields, and connections; the objects obeying
the laws of the theory (partial differential equations). But the models differ
among themselves in other ways, in particular on initial and boundary
conditions. Thus these models represent physically possible worlds, according
to the theory. (I will discuss later whether we can take the models to be such
worlds.) The basic idea of determinism is this: a spacetime theory is
deterministic if any two of its models that agree on the physical state at one
time agree on the physical state at any other time. This idea needs to be made
precise: 'agree on the physical state' needs to be spelt out in terms of
diffeomorphisms and geometric objects, and 'at a time' needs to be spelt out in
terms of time-slices defined by the spacetime's temporal structure; see Section

3 for details. For the moment, note only that the idea can be generalized: the
spacetime regions on which the physical states are determined and on which
they do the determining, need not be respectively, the entire spacetime and a
time-slice. So one gets various precise formulations of determinism: the notion
of determinism will be weaker the larger the region on which one assumes
agreement, and the smaller the region on which agreement is implied.

Earman and Norton's threat is essentially that a substantivalist must make a
distinction, which physics does not see and which rules out determinism. The
threat arises from the fact that spacetime theories have pairs of models, the two
models within a pair agreeing on a region of spacetime, but differing elsewhere.
In the practice of physics, such pairs can often be regarded as representing the
same physically possible world; and when they cannot be so regarded, one of
course concludes that determinism, in the sense of determination by data on
that region, fails for the theory concerned. But, say Earman and Norton, a
substantivalist must regard any two such models as representing distinct
physically possible worlds; and must therefore deny determinism at a stroke.
Furthermore, the threat is a strong one in the sense that even very weak
formulations of determinism are supposed to be ruled out: the region of
agreement can be very extensive—all of spacetime less a small 'hole'.

One response is of course to let determinism fail. And Earman and Norton
have no special brief to defend determinism in spacetime theories. Indeed
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The Hole Truth 3

Earman's masterly recent book details the ways in which determinism fails in
such theories ([1986]; Chapters 3,4,10). But Earman and Norton hold that if
determinism fails 'it should fail for a reason of physics' ([1987]; p. 524)—of the
kind detailed in Earman's book. So what is wrong with substantivalism is not
simply that it rules out determinism, but that it does so at a stroke for a wide
class of theories—and furthermore without affecting the predictions of the
theories.

I agree with this stance: and so I must face the threat.

2 THE THREAT

To spell out the threat, I shall first state a piece of mathematics and then
Earman and Norton's interpretative claims.

Assume we have a spacetime theory whose models comprise a manifold and
various geometric objects, <M,Oj>. Recall that a diffeomorphism d on M is a
smooth 1-to-l map from M onto M; and that d induces a 'drag along' map d* on
the geometric objects. Thus the map d on points induces a map on curves, and
so on directional derivatives i.e. vectors, and so on other tensors; this induced
map is written d*. For example, suppose one drags a metric h by d, and
according to h the distance between points p and q is A (for there to be a unique
distance, one takes p and q close enough to be connected by a unique geodesic).
Then, according to the dragged metric d*(h), the distance between points d(p)
and d(q) is X. Similarly for dragging geometric objects other than a metric. In
short, the image-points have the properties and relations to one another,
according to the dragged geometric objects, that the argument-points have,
according to the original geometric objects.

Assume also that our theory satisfies an 'active' version of general
covariance as follows:

(GC) If < M,Oj > is a model, and d is a diffeomorphism of M onto M, then the
dragged along tuple <M,d*(0i)> is also a model.

Now on any manifold M, and any neighbourhood H (for 'hole') of M, there are
arbitrarily many diffeomorphisms of M onto M that are identity outside H and
differ from identity within H. Thus given a spacetime theory satisfying (GC),
and a model of it, we can obtain arbitrarily many other models. We do so by
smoothly sliding the geometric objects around within a hole, and having this
sliding join smoothly the edge of the hole.

We can picture the way a diffeomorphism d, that is identity outside a hole H,
acts on a model to produce another. Cf. Figure 1. p is outside H and d sends p to
itself; within H, d maps q to r, r to s etc. Thus if q is distance 2 from p in the given
model, r is distance 2 from p in the new model. Similarly, s is distance 1 in the
new model, inheriting this property from its pre-image.
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Jeremy Butterfleld

Figure 1

I turn to Earman and Norton's interpretative claims. There are three:

(a) spacetime theories obeying (GC) form a wide and important class
([1987]; p. 517-8);

(b) substantivalism regards two models related by a 'hole diffeomorphism'
as representing distinct physical possibilities ([1987]; pp. 521-2);

(c) determinism is a matter of a single physical possibility being determined
by the specification of the geometric objects on some region that is less
than the whole manifold (determinism being weaker, the larger the
region).

It follows that substantivalism rules out at once even very weak determi-
nisms for all such theories. (The argument is essentially Einstein's famous 'hole
argument'; it played an important role in his search for general relativity. For
the history, see Earman and Glymour [1978]; Stachel [1980]; Norton [1984];
Torretti [1983]; pp. 163-8; Norton [1987]: Butterfield [1987]; §4.)

Thus the basic idea of the threat is this: substantivalism holds that spacetime
points can occur in different physical possibilities with a permutation of each
other's properties and relations, and it thereby rules out determinism: for it
allows there to be a permutation off the determining region, with no
permutation on the determining region. Clearly (a) and (b) are crucial in
supporting the first statement here, about what substantivalism holds. And in
responding to the threat, I shall accept (c) and question only (a) and (b). I shall
question them in Section 4 onwards; in fact Sections 5 and 6 will each describe
a way to deny the statement. Before that, I shall discuss the definition of
determinism, although not in a way that questions (c): see Section 3.

Let me first set aside one strategy for responding to the threat: it saves
determinism by being austere about physical reality. It comes in two varieties:
instrumentalism ('Vienna') and constructive empiricism ('Princeton'). Vienna
holds that the only claims of our spacetime theories that need interpretation as
about physical reality are the strictly observational claims, and two models
related by a hole diffeomorphism as in Figure 1 are representations of the same
observable reality—say, because observable reality is a matter solely of
spacetime coincidences of objects. (Something like this seems to have been one
of Einstein's early reactions to the hole argument; cf. Earman and Glymour
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The Hole Truth 5

[1978], pp. 273-6; Norton [1987]; §4.) Vienna faces problems of principle and
problems of detail: how, for example, can one make sense of spacetime
coincidences except in terms of intersecting supports for matter fields? These
problems prompt one to adopt Princeton: the only claims of our spacetime
theories that we need to believe are the strictly observational claims, so
substantivalism is false, and determinism is allowed for. I shall ignore this
strategy, in both its varieies: a scientific realist will not want to have such a
short way with the threat.

3 DETERMINISM IN TERMS OF MODELS

There are two aspects to the reconciliation of substantivalism and determi-
nism: technical and philosophical. The technical aspect concerns the fact that
the threat (as presented by Earman and Norton, and by Einstein) does not use
an exact definition of determinism. So perhaps there is an exact definition that
is not violated by a pair of models related by a hole diffeomorphism. In this
Section, I shall argue that this is indeed so. Although such a pair violates a
common definition of determinism, they do not volate another definition that
can be extracted from general relativity. Furthermore, in several cases where
the verdicts of the common definition as to whether determinism holds or fails
are intuitively right, the second definition makes the same verdicts.

The philosophical aspect concerns whether this definition can claim to be as
good a definition as the more common one. If not, the technical victory will
seem hollow. This aspect relates closely to Earman and Norton's claims (a) and
(b); I take it up in Section 4.

Turning to the technical aspect, note first that a theory's satisfying active
general covariance, (GC), amounts to its treating metric structure, as coded by
metric fields and connection, on a par with matter fields. The theory constrains
them only by requiring them to satisfy field equations, just as for matter fields.
They are not to be postulated ab initio on the manifold and held fixed in every
model of the theory. For example, suppose one of our theory's models has as its
manifold R4, with the standard connection, D say; thus according to D, the
unique geodesic between (0,0,0,0) and (1,0,0,0) passes through (j,0,0,0). Let
the model be < R4, D, Oi > . Now suppose that there is some non-standard
connection, D', on R4, and other geometric objects Oi', such that the tuple
<R4,D',0i'> satisfies the field equations. Then by Earman and Norton's
assumptions, this tuple is to count as a model of our theory, notwithstanding
the fact that it uses a non-standard connection on R4.

General relativity prompts this way of treating metric structure. The reason
lies in the existence of non-isometric models. Thus we say that two models
< M,O| > and < M',0/ > are isometric if there is a diffeomorphism d between
their manifolds such that those of the Oi that code the first model's metric
structure (the metrics and connection) are dragged by d* to coincide with the
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6 Jeremy Butterfield

corresponding objects among the CV: for all image-points, d(p), we have
d*{Oi)(dp)) = 0{(d(p)). We call such a diffeomorphism an isometry. (An isometry
that also drags the other geometric objects, the matter fields, of the first model
to those of the second, is called an isomorphism. We can consider such maps
on a single model < M.Oj > ; in that case we speak, respectively, of a metric
symmetry, and of a symmetry.) Now, in general relativity, the metric structure
is affected by matter, and the global topology need not be that of R4. So general
relativity has non-isometric models; indeed, it has non-diffeomorphic models.
And unless any two models of one's theory are isometric, one cannot write
one's theory as postulating a single manifold plus metric structure, the same in
every model—a fixed canvas on which matter fields get painted. On the other
hand, in most classical and special relativistic theories, metric structure is not
affected by matter and it is usual to assume that the global topology is that of
R4. So all models are isometric; and accordingly such theories can be presented
as having a single manifold and metric structure (in all cases, R4 with the
standard connection); thus symmetries are emphasised and the freedom to
make hole diffeomorphisms is suppressed. (Indeed, they usually are presented
in this way.)

This Section will show that whether all of a theory's models are isometric is
closely related to whether the common definition of determinism is suitable for
it. Thus I shall first state the common definition (deriving from Montague
[1974], and Earman (most recently, [1986], p. 24)). Earman describes how
this common definition suits some familiar spacetime theories that postulate a
single manifold and structure, the same in every model; that is to say, it applies
to them and in so far as one has intuitions about whether these theories are
deterministic, its verdicts are intuitively right. However, it does not suit
theories satisfying (GC), in particular general relativity: it is automatically
violated by models related by a hole diffeomorphism. I shall then give a second
definition, which suits theories satisfying (GC): it is not violated by such
models. In the case of the familiar single-manifold-plus-structure theories, this
definition is weaker than the first; but for most of these theories, it in fact makes
the same verdicts as the first definition. That is to say, it does not rule as
deterministic those familiar theories, that the first definition rules indetermi-
nistic. To that extent, an advocate of the second definition can explain the
attraction of the first.

I do not claim that Earman and Norton's position turns on advocacy of the
first definition. Their paper does not define determinism precisely; and they are
well aware that the first definition does not suit theories satisfying (GC).
Indeed, we shall see below that the second definition is similar to one that
Earman himself suggests when he discusses the violation of the first definition
by Leibnizean spacetime—a violation that is similar to the violation by (GC)-
theories. However, Earman may think that a substantivalist is committed to
the first definition as the correct explication of determinism in terms of models.
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The Hole Truth 7

If that were so, substantivalists who believe general relativity, or any theory
satisfying (GC), would indeed rule out determinism at a stroke. But I shall deny
that it is so.

There is another benefit from examining these definitions of determinism. It
is easy to get the impression that avoiding the threat is a matter simply of the
idea that since the field equations of a theory are powerless to pick out one
model from a set of isomorphic replicas, the uniqueness of solutions associated
with determinism should only be 'upto isomorphism'. And this impression is
false. We shall see that the first definition makes solutions unique only upto
isomorphism in a precise sense; but it is violated by models as in Figure 1—so
avoiding the threat, involves more than just this idea of 'only upto
isomorphism'. My claim will be that it involves the second definition of
determinism.

The first definition is easy to motivate. We want determinism to mean that
agreement on regions of a certain kind (typically sandwiches or slices) forces
agreement elsewhere. But there is no meaning to a vector or tensor at a point
in one manifold being the same as a vector or tensor at a point of another
manifold. So we spell out agreement in terms of a diffeomorphism dragging the
geometric objects in one model into coincidence with the geometric objects of
the other. To require that any diffeomorphism giving local agreement also
gives global agreement will be too strong: the definition would be violated by
paradigm deterministic theories like electromagnetism in Minkowski space-
time. The natural weakening for single-manifold-plus-metric-structure theor-
ies is to require that the isometries giving local agreement also give global
agreement.

We would also like to cover the case of a theory (like general relativity) not
all of whose models have manifolds that are diffeomorphic to one another. The
natural tactic is to make the statement conditional on the existence of a global
diffeomorphism between the models' manifolds, and on the manifolds
containing regions of the right kind—and if the regions do not exist,
determinism will be vacuously and harmlessly true; and to require this
diffeomorphism to drag into coincidence whatever "absolute" geometric
objects there are (metrics and connection in single-manifold-plus-metric-
structure theories). Thus we write:

Dml A theory with models < M,O| > is S-deterministic, where S is a kind of
region that occurs in manifolds of the kind occurring in the models, iff:
given any two models <M,Oi> and <M',CV> and any diffeomor-
phism d from M onto M', that drags any absolute objects on M into
those on M', and any region S of M, of kind S:

if d(S) is of kind S and also d*(Oi) = CV on d(S), then:
rf*(Oi) = Oi' throughout M'.

(Montague and Earman (ibid.) give similar definitions.)
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8 Jeremy Butterfield

Note that the regions need not be submanifolds (slices are not). And as it
stands, the definition does not require that the kind of region we are concerned
with be solely a matter of the regions' differential structure and geometric
objects; though if the kind is preserved under diffeomorphism, the condition
above that d(S) be of kind S will be conveniently satisfied automatically.

However for the discussion of determinism as uniqueness of solutions, it is
best to assume that the kind is preserved under diffeomorphism. Once we
assume this, we can see how this definition makes the uniqueness of solutions
associated with determinism hold only 'upto isomorphism': roughly speaking,
if < M,Oj > and < M'.CV > are models of the theory matching on a region and
so everywhere, so also is any pair of models isomorphic to these two. To be
precise, suppose that <M,Oj> and <M',Oi'> obey the following condition:

(t) each contains at least one region of the right kind, and there are
diffeomorphisms d between M and M', and for any such region S on M we
have: any such diffeomorphism d satisfying d*(O[) = 0 / on d(S) also satisfies
<f(Oi) = Oj' everywhere.

Then it follows that if <N,Pi> and <N',Pi'> are isomorphic respectively to
<M,Oj> and <M',Oi'> then <N,Pi> and <N',Pi'> also satisfy the above
condition (t). (This follows immediately from the kind of region being
preserved under diffeomorphism; to prove it, think of making the diagram of
maps between the four manifolds commute.)

Dml gives intuitively right verdicts about whether determinism holds, for
some familiar theories postulating a single manifold and structure. Namely,
theories using a classical spacetime with or without absolute rest, and theories
using Minkowski spacetime; where the regions S are time-slices, or thin
sandwiches, across the manifold. For details, cf. Earman ([1986], pp. 23-40;
58-61), or Butterfield ([1987], pp. 15-17).

However, Dml is violated by a theory with two models related by a hole
diffeomorphism; and thus by any (GC)-theory. For let <M,0i> and <M,CV>
be related by a hole diffeomorphism d which is identity on S—as extensive as
you like. The identity map i on M is a diffeomorphism between the models with
i*(0j) = 0i' on S; while i*(Oi)#CV in the hole, M-S. And since there are no
absolute objects that i is required to drag into coincidence, i is a counterexam-
ple to Dml. This vindicates the point made above that avoiding Earman and
Norton's threat is not simply a matter of making solutions unique only 'upto
isomorphism': Dml does that, but is violated by such pairs of models.

But we should not conclude that any (GC)-theory is indeterministic, in every
decent sense of that word. Some general relativity texts discuss the initial value
problem for general relativity—which has no single manifold for its models
and which satisfies (GC); and they prove a 'uniqueness upto isomorphism'
result, suggesting that determinism in some decent sense holds good. And
indeed, one can extract from these texts a definition of determinism, similar to
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The Hole Truth 9

Dml, according to which general relativity is deterministic. (This sense will
apply equally well to formulations of special relativity satisfying (GC), since
special relativity is the special case of flatness; and we shall see that it also
applies to (GC)-formulations of classical spacetime theories.) For the details of
extracting this definition from general relativity, see Butterfield ([1987], pp.
17-19, 26-9). The definition is:

Dm2 A theory with models < M,Oj > is S-deterministic, where S is a kind of
region that occurs in manifolds of the kind occurring in the models, iff:
given any two models <M,Oj> and <M',Oj'> containing regions S, S'
of kind S respectively, and any diffeomorphism a from S onto S':

if a*(Oj) = Oi' on a(S)=S', then:
there is an isomorphism fi from M onto M' that sends S to S', i.e.
P*(Oi) = Oi' throughout M' and /?(S) = S'.

This differs from Dml in two ways. First, the diffeomorphism a assumed to
exist (i.e. given by the antecedent) need not be global; it need only be defined on
S. Secondly, the (global) isomorphism /? that the consequent asserts to exist
need not extend a; that is, it need not agree with a on a's domain. Thus even if
the diffeomorphism a is given as global, Dm2 does not reduce to Dml, with its
single diffeomorphism in antecedent and consequent. In this case, Dm2 is
weaker than Dml, since its consequent replaces reference to a by an existential
generalization. Indeed, we cannot require that /? extend a, on pain of having
Dm2 violated by a pair of models related by a hole diffeomorphism; i.e. on pain
of having Dm2 rule any (GC)-theory indeterministic. For given one model, the
identity map i on it is global, so that if /? extends i, then fi = i, and Dm2 reduces
to Dml and is violated by such a pair of models. However, as it stands, Dm2 is
not violated by such models and thus allows (GC)-theories to be deterministic.

I thus claim that Dm2 is the general definition of determinism implicit in
modern presentations of general relativity's initial value problem; and more
generally, is suited to (GC)-theories. There are two further points in its favour.
First, I described above how Dml makes solutions unique only upto
isomorphism. One can check that Dm2 has a similar property. That is, if a pair
of models satisfies the weaker variant of (|) obtained in the obvious way by
existential generalization, then so does another pair of models given as
isomorphic to the first two.

Secondly, if we apply Dm2 to familiar single-manifold-plus-structure
theories, it very often makes the same verdicts as Dml. Thus an advocate of
Dm2 can in a sense explain the attractions of Dml. Thus one can check that
Dm2 and Dml agree about determination by the state on a slice or a sandwich,
for theories using classical or Minkowski spacetime (Butterfield [1987], pp.
29-30).

I agree that there are other less familiar single-manifold-plus-structure
theories that Dml rules indeterministic, and Dm2 rules deterministic. One
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i o Jeremy ButterfieM

example—Leibnizean spacetime—is relevant to us. For in discussing it,
Earman suggests a definition of determinism very close to Dm2. Leibnizean
spacetime is, in short, classical spacetime without absolute rest and without a
connection. This means that whatever laws governing matter one adds, there
are metric symmetries that are identity upto time t = 0 and differ from identity
thereafter: for example, one can smoothly 'turn on' a rotation after t = 0. Now,
the following condition is compelling: if d is a metric symmetry of a model
<M,Oj>, then <M,d*Oj> is also a model, i.e. satisfies the theory's field
equations; (for the argument, cf. Earman [1986], p. 26). This implies that Dml
will fail, even in the weak form in which the entire past before t = 0 determines
the future. For given a model, we can apply a smoothly turned on rotation to
produce another dragged-along model (with the same manifold). Dml fails
because the identity map on the manifold will give matching of the regions
ts?O, but not of t > 0 (Earman [1986], pp. 24-9; Stein [1977], pp. 5-6).
However, Dm2 need not fail; for with the existential generalization in its
consequent, it does not require the global match to be given by the same map
as was initially picked for the match on region S (in the example, by the identity
map)—the global match can be given by the symmetry itself. And indeed
Earman writes down a special case of Dm2, with the map a global and S the
absolute simultaneities (ibid, p. 53, fn. 1).

Earman goes further. He claims that if Leibniz was confronted with the
violation of Dml by theories using his preferred spacetime structure, he would
object that Dml presupposes substantivalism. More precisely, Leibniz's
rejection of substantivalism would make him hold that isomorphic models
(perhaps even with manifolds built from different sets of points) are 'just
different modes of presentation of the same physical reality' (ibid., p. 28). And
so Leibniz would not regard the above violation of Dml—by a pair of models
related by an isomorphism—as a violation of determinism, in the intuitive
sense of the determination of a single physical possibility by the physical state
on a region. Earman also hints that for Leibniz, Dm2 is better in this regard
(ibid., p. 53, fn. 1). And certainly Dm2 will not be violated by a pair of
isomorphic models with an isomorphism matching regions of kind S.

Nevermind the historical accuracy of Earman's claims about Leibniz. (I for
one would not question this.) Certainly, Dml does presuppose substantivalism
in the above sense; and Leibniz's point here clearly leads in to Earman and
Norton's threat. On the other hand, it is far from clear that Dm2 escapes
substantivalism. Like Dml, it quantifies over points. And its existential
generalization over isomorphisms looks like some kind of freedom to match or
identify points across models, rather than a freedom from commitment to
points.

So far I have urged the merits of Dm2, while only discussing models.
Questions remain about whether Dm2 is as good a definition as Dml. In
particular, does it explicate the basic idea of determinism as faithfully? I shall
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The Hole Truth I I

assume that the basic idea of determinism is that a single physically possible
world is specified by the physical state on a certain region of spacetime: given
the state on the region, there is only one physical possibility (c/. claim (c) of
Section 2). Since the two definitions are cast in terms of models <M,Oj>
rather than possible worlds, this assumption means that I need to consider the
relation between models and possible worlds: see Section 4.

Of course, some are suspicious of possible worlds, and will deny that we
should cast determinism in terms of them. Determinism is to be simply a
feature of the class of models, in logicians' sense, of a precise formulation of a
spacetime theory: a feature of technical interest, since it relates to the existence
and uniqueness of solutions. This position is in effect another strategy
('Harvard') for responding to the threat. It promises to save substantivalism by
being austere about possibility: if determinism is a purely technical feature, a
scientific realist should presumably allow it to fail when it is threatened by
substantivalism.

I cannot endorse this strategy, since I do not share its austerity about
possibility. But for those who do, the discussion above remains pertinent: even
if determinism is a purely technical feature, it is worth seeing how it can be
defined so as not to be violated by a pair of models related by a hole
diffeomorphism.

4 MODELS AND WORLDS

This is not the place to defend possible worlds. For a recent account of their
usefulness in analysing or explicating philosophically interesting notions, and
of the debate about their nature, cf. Lewis [1986]. Suffice it to say here that in
the present application of possible worlds, as in so many others, we can very
largely remain neutral on the debate about their nature; in particular, about
whether Lewis' controversial realism is right.

To respond to the threat and reconcile substantivalism with determinism
cast in terms of worlds, I need to address three questions. What is the relation
between models and worlds? And once determinism is cast in terms of worlds,
is Dm2 as good a definition as Dml? (If not, the technical victory of Section 3
will be hollow.) And what should a substantivalist say about the transworld
identity of points? The discussion of each question will lead into the next. I shall
treat the first two questions in this Section; the third in Sections 5 and 6. A
word of warning: this Section will emphasis the basic idea of determinism as
the state on a region specifying a single physically possible world. But I do not
claim that how well the definitions Dml and Dm2 explicate this idea is the
only yardstick for assessing them. A definition may bring theoretical gains
which mere than make up for some conflict with the basic idea. Indeed, we
shall see an example in Section 6. The position I advocate there makes the basic
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12 Jeremy Butterfield

idea automatically true, in a trivial way, while Dm2 is not. No worries: overall,
Dm2 is the best definition.

I need to distinguish between physically possible worlds, and models (tuples)
that purport to represent them. This will not prejudge the debate about realism
concerning possible worlds: it may be that possible worlds are ersatz objects, it
may be that they are set-theoretic tuples. But even if this is so, we can ask about
the relation of representation between tuples of the kind, <M,Oj>, that occur
in discussion of spacetime theories and physically possible worlds. In partcular,
Earman and Norton's threat means we must consider whether this relation is
one-one, or one-many (some tuple represents more than one world), or many-
one (some world is represented by more than one tuple), or many-many (both
one-many and many-one).

We need to set aside one issue bearing on this question: the issue of whether
the physics expressible in terms of geometric objects on spacetime determines
all the facts about a physically possible world. To say Yes is to espouse a strong
determinationist physicalism—strong because all the facts are not only
determined by physics, but by spacetime physics. To say No means that in
general one tuple <M,Oj> represents different physical possibilities: so the
representation relation is not one-one, but is one-many (it may also be many-
one). To simplify discussion, I shall set aside this issue; that is, I shall write as if
the answer is Yes.

Having set aside the issue of physicalism, it follows that any response to the
threat must address the following question. (It is a special case, convenient for
us, of Earman and Norton's 'Leibniz equivalence' ([1987], p. 522)):

(Same?) Suppose given a theory and 2 isomorphic models <M,Oj> and
< M',Oi' > , with the same base-set. That is, M and M' are built from
the same set of points, and there is a diffeomorphism d of M onto M',
dragging the Oj into the (V (all objects, not just metric fields). Note
that these models may differ on which properties and relations
(coded by the objects) are 'painted' on which points of the common
base-set; cf. Figure 1. Does each model represent the same physically
possible world?

How one answers this question will affect whether one allows or rules out
determinism for spacetime theories satisfying (GC). The situation is broadly as
follows.

If we answer Yes to (Same?), then hole diffeomorphisms from a manifold
onto itself do not threaten determinism. That is, they do not threaten the basic
idea of determinism: that a single physically possible world is specified by the
facts on a certain region of spacetime. For answering Yes to (Same?) implies
that only one world is at issue, and there is thus no prospect of two worlds
disagreeing on a hole.

If we answer No to (Same?), there are two options. First, (Each): We say that
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The Hole Truth 13

in general each of the two models represents a different physically possible
world. If we say this, the basic idea of determinism will be violated by two such
models. Secondly, (One): We say that at most one of the two models represents a
physically possible world. Sections 5 and 6 will each provide a reason for
option (One). For the moment note only that (One) blocks the inference from
answering (Same?) by No, to the violation of the basic idea of determinism. For,
just as on the Yes answer, there is at most one world at issue, and thus no
prospect of two worlds disagreeing on a hole.

Earman and Norton say in effect that the practice of physics is to answer Yes
to (Same?) ([1987], p. 522, fn. 1). They also say that substantivalism must
answer No; and they take this to mean (Each)—they ignore the second option,
(One) (c/. their claim (b), in Section 2).

I agree with the first claim. To be precise, physics texts do not usually
distinguish models and physically possible worlds. But the more careful
modern texts of general relativity do so, and they answer Yes. Indeed, they go
further: any two isomorphic models, regardless of whether their base-sets are
the same, both represent the same world. The base-sets can even be disjoint
(Hawking and Ellis [1973], pp. 56, 227-8; Sachs and Wu [1977], p. 27; cf.
Leibniz at the end of Section 3).

I also agree with Earman and Norton that substantivalism must answer No.
For belief in points implies belief that a possible world fixes its population of
points and their properties and relations; so models distributing such
properties and relations differently simply cannot both represent the same
world. (So I admit that there is a clash between the practice of physics, and the
position I favour; but I shall hold that this clash is less bad than one facing
Earman and Norton.) But of course I deny that substantivalism must endorse
(Each). It can endorse (One); and besides, I shall argue that it has good reason
to do so, quite apart from securing the possibility of determinism.

But before arguing for (One), I should assess the merits of Dml and Dm2 as
explications of the basic idea of determinism. Since these definitions are cast in
terms of models, assessing their merits requires us to consider the relation
between models and worlds; and thus to consider the various answers to
(Same?). I shall now argue that whether we answer Yes or No to (Same?), Dm2
is a better explication of the basic idea that Dml.

Suppose we answer Yes; and suppose that, like the*physics texts (and like
Leibniz), we go further and say that any two isomorphic models, even with
disjoint base-sets, represent the same world. Then determinism must be a
matter of the state on a region specifying an isomorphism class of models of the
theory. We must surely interpret this as: if the state on a region is given as the
'same' in any two models of the theory, then the models are isomorphic. At first
sight, this last can be made precise either as Dml or as Dm2; so that this Yes
answer can accept both definitions as explicating the basic idea. However, we
remarked above that since answering Yes to (Same?) makes two models
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14 Jeremy Butterfield

related by a hole diffeomorphism represent the same world, this answer should
suffice to prevent hole diffeomorphisms threatening determinism, defined in
terms of worlds—there is only one world at issue. Yet Dml is violated by such
models. So this Yes answer should prefer Dm2 as explicating the basic idea. (A
similar point holds for the position that answers Yes to (Same?), but does not
'go further'; for Dml is violated by models built on the same base-set.)

So if we answer Yes to (Same?), Dm2 is preferable to Dml. I have no brief to
defend the common definition Dml; so I see here no problem for the Yes
answer, though champions of Dml might do so.

There is however a problem facing this Yes answer, that relates to the
distinction between models and worlds; or rather, a challenge. If isomorphic
models represent the same possible world, each model has redundancy in the
way it represents. The membership of the base-set, and the way the properties
and relations are distributed among these members, are an artefact of the
representation. (Contrapositively. If they are not an artefact, then specifying a
world involves specifying a base-set and a distribution of properties on it—so
that one must answer No to (Same?).) So one faces a challenge: rewrite
spacetime theories so as to eliminate the redundancy: that is, give a direct
account of worlds, and show that the models in an isomorphism class arise as
equivalent representations of a single world. And if one rises to this challenge,
a definition of determinism in terms of worlds, that is very different from Dml
and Dm2, should be forthcoming. (A parallel challenge faces the position that
answers Yes to (Same?), but does not 'go further': its equivalent represen-
tations are isomorphic models with a common base-set.)

Earman and Stachel, who both answer Yes to (Same?), have risen to the
challenge. Earman has explored one approach to rewriting our theories
without reference to spacetime points [1977,1987]. And Stachel has explored
another more conservative approach ([1985], §6). Stachel retains points, but
eliminates the redundancy by incorporating the arbitrary choice, of which
point is the locus of a given physical point-event, into the representation of the
event; thus each event is represented by a map sending points of the manifold
to sets of geometric objects. I believe that both approaches may well be
workable; but to save space, I shall concentrate on Earman's more radical
approach. (I shall also ignore the approaches of Manders [1982] and Mundy
[1983], which I believe unsatisfactory.)

Since isomorphic models should turn out to be equivalent representations,
using spacetime points, of a single physically possible world, Earman has to
recover differential manifolds as representations of another notion. He
suggests that this might be done satisfactorily, using Geroch's [1972] idea of
an Einstein algebra. Geroch shows that the construction of geometric objects
(first, directional derivatives and so on up) on a differential manifold can be
done with only an initial reference to the points; thereafter one can refer
always to the algebra of smooth scalar fields on the manifold. Diffeomorphic
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The Hole Truth 15

manifolds will have isomorphic algebras. Earman therefore suggests that we
take as our fundamental object the algebra, in abstraction from its represen-
tation as smooth scalar fields on a manifold. These representations will be non-
unique, determined only upto isomorphism of spacetime models < M,Oj >, just
as one would want. Determinism is then to be formulated in terms of a
subalgebra determining the algebra; and thus formulated, determinism will be
saved from the threat of the hole argument.

This approach may be workable. Let me say in its defence that it does not
require one (that is, a scientific realist) to believe that the world is an abstract
algebra! One takes the elements of the algebra as non-abstract, as physical
entities that can be thought of as scalar fields, once one picks a manifold so as
to give a representation. Thus the proposal posits a collection of what-nots that
are like scalar fields; and posits a very richly structured collection of such—
recall that in a representation with a manifold, for every region, no matter how
small or gerrymandered, there is a scalar field with that region as support. The
proposal is thus a sophisticated relative of the mereological constructions of
points, associated with authors like Whitehead and Tarski; they construct
points satisfying e.g. Euclidean geometry, in terms of a richly structured
collection of extended regions of space, e.g. the spheres with all radii and all
centres. I think that a scientific realist should by and large be sceptical of such
constructions: trading in all the points for all the regions, or all the spheres,
seems to me to be no great gain—there is no greater warrant for believing in
such a richly structured collection of regions, than for believing in all the
points. But I agree that Earman's approach has an important difference: the
threat suggests that believing in points rules out determinism, so that the trade
is worthwhile in this case, even if the familiar mereological trade is not.

However, this approach certainly clashes with the practice of the textbooks,
with their explicit and frequent quantification over points. I submit that this
clash is sharper than the clash between the textbooks answering Yes to
(Same?) and substantivalism having to answer No. (I would say the same
about Stachel's clash with the practice of the textbooks, though it is smaller
than Earman's.)

What if we answer No to (Same?)? Is Dml or Dm2 to be preferred? The
situation is a little complicated, since answering No yields two options. (Each):
Each of the two models related by a hole diffeomorphism represents a world;
and (One): At most one of the models represents a world. (Each) implies that
the basic idea of determinism is ruled out by any theory which has such pairs of
models. Since Dml is violated by such pairs of models, and Dm2 is not, an
advocate of (Each) will prefer Dml over Dm2. But of course I reject (Each):
substantivalism must answer No, and should not rule out determinism at a
stroke. So it must endorse (One).

On option (One), the merits of Dml and Dm2 are as on the Yes answer to
(Same?). (One) means that at most one world is at issue, so that models related
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16 Jeremy Butterfield

by a hole diffeomorphism should not threaten determinism; but Dml is
violated by such models; so Dm2 is to be preferred. As before, I have no brief to
defend Dml; and so do not regard this result as an argument against (One).

We can at last attack the question: can substantivalism justify (One)? I think
there are two ways to do so: essentialism and denying transworld identity. I
shall argue that the latter has advantages quite independent of determinism;
and that it can accommodate Dm2 more easily than essentialism.

5 ESSENTIALISM

The basic idea of essentialism is to justify (One) by individuating the points by
some of the fields. Thus essentialism holds that some models fail to represent a
world, because they are not faithful to the essential properties and relations of
some of their points: such models 'paint' points with properties or relations
that are impossible for them, like 'being a poached egg' is impossible for Hubert
Humphrey. In order justify (One), essentialism must rule out as 'faithless' all
the models related by a hole diffeomorphism to a model that is given as faithful
(as representing a world). So it must attribute to points a sufficiently rich
collection of essential properties and relations: rich enough that a hole
diffeomorphism applied to a faithful model gives a faithless one. Now, since a
hole diffeomorphism 'moves' all the geometric objects, i.e. shuffles all those
properties and relations of points in the hole, that are coded by geometric
objects, essentialism can get a rich enough collection by choosing one or more
geometric objects. The properties and relations coded by any such object are
shuffled by a hole diffeomorphism; so assuming the given distribution was
essential, the new distribution is impossible and the new model faithless.

A particular version of essentialism has already been advocated: Maudlin
[1988] has advocated essentialism about the metric field and connection. That
is, he is a substantivalist who replies to Earman and Norton's threat by
claiming that points have their metrical properties and relations (as coded by
the metric field and connection) essentially. Thus if r is in fact distance 1 from p,
as in Figure 1 's first model, then it could not be some other distance—and
Figure 1 's second model does not represent a genuinely possible world. I shall
discuss the advantages, and then the disadvantages, of metrical essentialism;
we shall see that the situation for other versions of essentialism is analogous.

Maudlin defends metrical essentialism in two ways. First, he urges that it is
plausible, quite apart from offering an escape to Earman and Norton's threat.
He points out that there are strong hints of metrical essentialism in Newton,
and in Einstein's emphasis, in his later discussions of the hole argument, on
points being distinguished only by reference to the metric field; (cf. Maudlin
[1988], pp. 29-30,41-2; Norton [1987]: §6.) He also points out that Earman
and Norton's use of diffeomorphisms in posing their threat means that they
concede to the substantivalist the right to be essentialist about points'
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The Hole Truth 17

topological and differential properties and relations ([1988], p. 31). For
diffeomorphisms preserve these; and if one took them to be accidental rather
than essential, one could avoid all the technicalities of diffeomorphisms and
instead simply use an arbitrary permutation of the points to produce a new
possibility. As before the permutation would be the identity map outside the
hole, and differ from identity within the hole. Thus Maudlin urges that
substantivalists should take more properties and relations to be essential than
Earman and Norton concede: metrical, as well as topological and differential
ones. And this makes it clear that Maudlin's essentialism is modest: the set of
metrical properties is about the smallest set of properties, including topological
and differential ones, whose being essential enables one to escape from Earman
and Norton's threat (cf. his fn. 34).

Secondly, Maudlin addresses arguments against metrical essentialism, that
are implicit in Earman and Norton. Thus Earman and Norton make the point
at the start of Section 3 above: that active general covariance, (GC), involves
treating metric structure on a par with matter fields, and they go on to give
reasons for such a treatment. I think that as regards all but one of these
reasons, Maudlin succeeds in showing that the reason fails if one is an
essentialist ([1988], pp. 32-5; 38-40). I shall spell out one of Maudlin's
successful replies: namely, his reply to what Earman and Norton call the 'acid
test of substantivalism, drawn from Leibniz'. This reply will illustrate
essentialism (though I shall express it in my terminology, and will expand it
somewhat).

Earman and Norton consider Leibniz's question: if everything in the world
were translated three feet East, would we have a different world? They take it
that substantivalists must answer Yes to this; and that their hole diffeomor-
phism is the counterpart of Leibniz's translation, so that substantivalists must
deny 'Leibniz equivalence: diffeomorphic models represent the same physical
situation' ([1987], p. 11). And they take this to mean that substantivalists
must choose option (Each): (cf. their claim (b) of Section 2).

The basic idea of Maudlin's reply is to deny that the hole diffeomorphism is
the counterpart of Leibniz's translation. He points out that we should
distinguish two methods of producing one model from another by having a
diffeomorphism drag along geometric objects: (i) it drags along all geometric
objects; and (ii) it drags along only the matter fields, and is not applied to the
metrics and connection. Thus by method (i), we produce <M,<f*Oi> from
<M,Oj>, just as in Section 2. But by method (ii), writing the given model as
< M,g,D,0i > , g the metric or metrics, D the connection, Oj the matter fields, we
produce < M,g,D,d*Oj > . Maudlin then claims that while Earman and Norton's
hole diffeomorphisms are examples of (i), Leibniz had in mind method (ii).
Furthermore, in method (i), the spatiotemporal properties and relations of
points are in general altered so that a metrical essentialist can rule the
produced model to be faithless and to not represent a possible world; but in
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18 Jeremy Butterfield

method (ii), only the properties and relations coded by matter fields are altered,
and the metrical essentialist can perfectly well answer Yes to Leibniz's
question—i.e. say that the produced model represents another possible world.

I should add three details to this reply. (1) The distinction between methods
(i) and (ii) is obscured by the example of spatial translation in a classical (or
Minkowski) spacetime. For in these spacetimes, spatial translation is a metric
symmetry, so it drags the metrics and connection into coincidence with
themselves. But that is no trouble for Maudlin: he will hold that since the
essential metrical properties are preserved, the produced model represents
another possible world.

(2) The claim that for method (ii), the substantivalist can and should answer
Yes to Leibniz's question—we would have a different world—needs slight
qualification, if as usual matter is represented by fields. For method (ii) does not
always give some points different properties and relations. Usually it does; and
the substantivalist then has every right to say we get a different world. But
there will be exceptions, when the dragging along of matter fields produces a
model that is identical with the given model. That is to say, in some cases the
diffeomorphism drags each matter field of the given model into coincidence
with itself. (Such a diffeomorphism is called a symmetry of the matter fields; cf.
the analogous notion of a metric symmetry, introduced in Section 3.) Thus
take Leibniz's example of translation three feet East, defined as a map on a
classical (or Minkowski) spacetime: the exceptional models are those whose
matter fields are periodic in the direction East, with a period that divides three
feet—think of how dragging by three feet a scalar field, that has a period of l-j
feet, drags the field into coincidence with itself. (Even this qualification falls
away if we take matter to have an identity that is not expressed by equality of
values of fields.)

(3) The model produced by method (ii) is in general not only different from
the given model; it also is not a model of the theory. That is, it does not satisfy
the theory's field equations. Here, Leibniz's example is atypical: it is a special
feature of classical and Minkowski spacetime that spatial translation of a
solution will produce another solution. The reason lies in the fact that in these
spacetimes, spatial translation is a metric symmetry; and in the requirement,
mentioned on p. 9-10, that a metric symmetry applied to a model of a theory
should produce another model of it.

I said there was one reason, that Earman and Norton give for their treatment
of metric structure on a par with matter fields, that Maudlin does not
successfully rebut. This reason concerns the possibility of non-isometric
models (cf. p. 5, at the start of Section 3). They in effect make three points
([1987], pp. 518-9, 522, fn. 2; cf. also Earman [1987], p. 19). First, they
concede that if all the models of the substantivalist's theory are isometric, then
the substantivalist can write his theory as postulating a single manifold plus
metrics and connection, the same in every model; this will be a fixed canvas on
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The Hole Truth 19

which matter fields get painted, and (GC) will fail. (As mentioned on p. 6, this is
how classical and special relativistic theories are usually presented.) Secondly,
they say that if such a theory has metric symmetries—as it usually does—then
their threat can nevertheless be resurrected (p. 522, fn. 2). Thirdly, they point
out that our current best theory, general relativity, has pairs of models that are
non-isometric, indeed non-diffeomorphic. They conclude that if one's substan-
tivalism is based on scientific realism about general relativity, one cannot
avoid (GC) and its concommittant treatment of metric fields on a par with
matter.

Maudlin in effect agrees with the first and third points (he would deny the
second). That is, he admits that his essentialism cannot handle a theory with
non-isometric models. For his essentialism concerns only the actual world's
points. He claims only that the actual points have their metrical properties and
relations to one another essentially, so that a possible world containing the
actual points must be isometric to the actual world. Accordingly, Maudlin
briefly suggests that the substantivalist should handle a theory with non-
isometric models, by denying transworld identity for the points concerned and
instead using counterparts: a point in a world that is not isometric with the
actual world is not identical with any actual point, but at best a counterpart of
it ([1988], pp. 37-8).

Non-isometric models thus prompt Maudlin to say that some possible points
are not identical with any actual point. In Section 6, I will expand this
suggestion arguing for a more radical denial of transworld identity: any point
is an inhabitant of just one possible world. But before doing that, let us see
whether a metrical essentialist can respond to Earman and Norton's argument
about non-isometric models, while retaining transworld identity of points, i.e.
while having every possible point be an actual point. I shall argue that this
position is implausible, thus lending some support to Section 6.

Since this position takes every possible world to use the same population of
points, viz. the actual points, it must relativize the essential properties of each
point to an isometry class of models. Thus this position not only says, as
Maudlin does, that within the isometry class of the actual world, the only
models that represent possible worlds are those (i) whose manifold has as its
base-set of points, the actual points; and (ii) which give each point the same
metrical properties and relations to other points as it has in the actual world.
This position makes a similar claim about any isometry class of models of the
theory: for each class, it assumes there is some favoured way in which the
metrical structure characteristic of the class is to be 'painted' on the actual
points, and it rules as faithless all models that do not have this painting. That is,
it says that the only models of the class that represent possible worlds are those
(i) whose manifold has as its base-set, the actual points; and (ii) which give
each point the same metrical properties and relations as it has in the assumed
favoured model. In other words, this position holds: given a metric structure
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20 Jeremy Butterfield

permitted by one's theory, there is a physically possible world with the actual
points as its base-set, with the given structure painted on the actual points, and
such that all models in the isometry class of this world, that do not have the
same base-set and the same painting of metric structure on them, are faithless.

This position may be technically workable: in particular, every model of
every familiar theory has continuously many points (Geroch [1968], p. 1743),
so that the actual points will be numerous enough to serve as the points of any
world. But I reject it, for two reasons. First, it is strange to relativize essential
metrical properties to an isometry class. For it amounts to saying that the
metrical properties of an actual point can be otherwise than they actually are,
but only if the point is embedded in a non-isometric structure; so a point can
only alter its metrical properties if all the others also alter them radically
enough to give a non-isometric structure—'you can alter only if everyone
alters radically'.

Secondly, there is a problem of silence. The position entails that there are
facts of the matter that it does not decide. That in itself does not refute a
position; but I think there are too many such facts in this case. Thus, the
position, and our other background beliefs, are silent about which is the
favoured way to paint a metric structure, non-isometric with the actual world,
onto the actual points. You might say that there is a natural choice for the
favoured painting: it is to be the one that makes points' metrical properties as
close as possible to their actual properties. 'Close' needs to be made precise; but
that can probably be done, by choosing weightings for the various metrical
properties. I reply: making it precise probably involves choices, e.g. of
weightings, that we can only see as arbitrary—which is just my point: the
position posits facts about which we have no beliefs. Furthermore, however
you make 'close' precise, the problem of silence will arise again because of the
existence of metric symmetries. Thus if a metric structure has a symmetry,
there will be at least two ways to paint the structure on the actual points,
which will be tied for first equal according to any precise criterion of closeness.
For given one painting, I can apply the metric symmetry to define another
equally close painting. (And one can't say it's vague what is the favoured
painting: vagueness is semantic indecision and if a question is posable in a part
of our language where no expressions are vague, it cannot have a vague
answer. I owe this point to Lewis [1986], pp 212-13).

So far I have discussed only essentialism about metrical properties: first
Maudlin's version, and then a version that relativizes essential properties to an
isometry class. But we can now see that the problems facing essentialism—
Maudlin's problem with models non-isometric with the actual world, and the
new version's problems of implausibility and silence—will carry over to other
choices of essential properties. Thus suppose we choose some of the geometric
objects, Ok say, as coding points' essential properties. Then we can define an Ok-
isomorphism, on analogy with an isometry: a diffeomorphism that drags the
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( \ from one model into coincidence with the corresponding objects (V in
another. In general, a theory will have models that are not Ok-isomorphic with
the actual world; and this will give an analogue to Maudlin's problem. If we
want to respond to this problem, while making the actual points serve as the
points of any world, we must relativize the essential properties to Ok-
isomorphism classes, and for each such class assume a favoured painting of the
Ok-structure on the actual points. This will give problems of implausibility and
silence again. (Agreed, there is one consequence of including matter fields in
the Ok that code essential properties, that many (including perhaps Einstein)
have found attractive. Namely, including some matter fields in the Ok implies
saying No to Leibniz's question, i.e. saying that the model produced by spatial
translation does not represent another possible world, but is faithless. For the
translation alters some points' properties that are coded by the chosen matter
fields (setting aside symmetries of these fields); but these properties are just as
essential as metrical ones.)

One choice for the Ok deserves special mention: the choice of all the
geometric objects Oj. This choice faces the problems above, if anything more
severely than other versions. For the Ok-isomorphisms are now just the
isomorphisms, and the isomorphism classes are smaller than the Ok-
isomorphism classes given by other choices of Ok- So there are many
isomorphism classes: and our theory is bound to have models not isomorphic
with the actual world, giving Maudlin's problem; and if we respond to this
problem by relativizing, we have many values of the relativization parameter.

So much by way of presenting the problems facing essentialism. Those
problems make one tempted by haecceitism ('Los Angeles'). I take this to be the
proposal that there can be 'bare identity' of points between possible worlds,
irrespective of how they are painted: more precisely, there are facts of the
matter about which points are in which physically possible worlds, although
these facts cannot be stated in any condition involving properties of points, no
matter how subtle or complex. (For some precision about how the conditions
must be required to avoid the use of identity, see Adams [1979], pp. 6-9.)
However one construes possible worlds and 'transworld identity', this proposal
is tempting. For it promises to solve essentialism's problem of silence about
which way to paint the actual points with a non-actual distribution of
properties. In effect haecceitism makes a virtue of silence: it holds that there are
no rules—points are flexible and can be the same, painted with what properties
you like.

However, haecceitism surely cannot reconcile substantivalism and determi-
nism. For substantivalism must answer No to (Same?), and haecceitism must
surely endorse (Each)—at least for some pairs of models; and thus the basic
idea of determinism will be ruled out for (GC)-theories. (And as a consequence,
Dml will be preferred to Dm2 as an explication of determinism.)

A haecceitist may reply: 'I agree that I have to endorse (Each). But I am
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perfectly willing to rule out the basic idea of determinism, with its sentitivity to
the 'underlying identity' of points. For I am content to save the possibility of
determinism, in some weaker sense that disregards the identity of points. Two
such senses are made precise, in terms of models, by Dml and Dm2. Since the
latter can hold for (GC)-theories, I prefer it to the former. Thus I am content to
save the possibility of Dm2 for such theories. And note that my account
meshes quite well with the practice of the physics textbooks. Admittedly, I
answer No to (Same?), while they answer Yes (p. 13); but I quantify over
points, am a substantivalist, and save a textbook definition of determinism.
What more can you want of a No answer to (Same?)?'

I say: 'I want to save determinism as a matter of worlds, not mere models.
And denying transworld identity shows how to get what I want.'

(Even if one is willing to rule out determinism, there are other problems with
haecceitism. For recent general argument against 'transworld identity',
especially 'bare identity', cf. Lewis ([1986], Chapter 4, especially Section 4). I
shall only mention a problem specific to points. Haecceitism is apparently
committed to two possible worlds differing only in the transposition of two
points. More precisely, two models < MA > and < M,(V > represent different
possible worlds even if there are points p, q e M, such that the map that is
identity on M—[p} and transposes p and q is an isomorphism of the models.
That seems to be a distinction without a difference.)

6 DENYING TRANSWORLD IDENTITY

What we seek is a non-essentialist justification for answering No to (Same?)
and endorsing (One). And more specifically, for taking Dm2 as an explication
of determinism as a matter of worlds—thus improving on haecceitism. Saying
that no point is in two worlds will give us this. It clearly justifies (One): if one
model in Figure 1 represents a world, then the other cannot since it contains
the first model's points. And we shall see that in the definition of determinism it
justifies taking matching (of regions in the antecedent; of whole worlds in the
consequent) as a matter—not of the identity of spacetime points and structure,
but—of isomorphism as expressed in terms of diffeomorphisms.

Lewis is the great denier of transworld identity: that is, he holds that no
object occurs in any two worlds. He of course accepts that possible worlds
provide the truth-conditions of modal discourse. So he offers counterpart
theory for treating de re modal sentences, e.g. 'Hubert Humphrey might have
won the election': in some world there is a counterpart of Hubert Humphrey
who wins. That is, it is this counterpart's winning that makes true the
sentence, i.e. constitutes the actual Humphrey's modal property. Counterparts
are picked out by similarity. What properties make for similarity varies from
case to case, depending on the meaning of the sentence, so that there are many
counterpart relations. In general, counterparts need not be exactly similar in
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any respect, and often the relevant respects are mostly extrinsic to the objects.
In particular, matching origins is often relevant: 'Had my early years gone
differently, I might have been a carpenter' is made true by an other-worldly
person very similar to me in origin and suitably different in later life. Also, what
counts as a relevant property is often vague, since the meaning of de re modal
sentences is often vague. Note also that a world can contain more than one
counterpart of a given object; this makes it easy to make sense of 'I might have
been twins'.

This is not the place for an account or defence of counterpart theory—so
ably given by its inventor (Lewis [1968]; [1973], pp. 39-43; [1986], Chapter
4). Let me only join Lewis ([1986], pp. 194-97) in two points. First, in
rebutting the idea that counterpart theory cannot accommodate the intuition
that it is Humphrey himself, our Humphrey, who might have won. Counter-
part theory says: indeed, it is. The question is how another world can represent
de re, concerning our Humphrey, that he wins. Secondly, Lewis goes on to say
that the intuition that our Humphrey must be part of the other world sits ill
with taking possible worlds as ersatz objects; for example, if a possible world is
some kind of maximal consistent set of sentences, then Humphrey is no part of
a possible world. I agree and conclude that ersatzers had better endorse
counterpart theory. Lewis goes on to argue that modal realists should also do
so: ibid. p. 168 f. It follows that whatever view you take on the debate about
Lewis' realism, counterpart theory is plausible if not compelling.

I propose that we deny transworld identity to points: any point is a part of
just one possible world. (It is of course a set-theoretic constituent (member, or
member of a member, o r . . . ) of many base-sets, and so many manifolds, and so
many models.) Similarly for mereological fusions of points, i.e. spacetime
regions. This will clearly secure (One). It remains to apply counterpart theory
to points and regions. This will involve a discussion of determinism, and lead
finally to an advantage of counterparts over essentialism, independent of
determinism.

The application of counterpart theory is straightforward. The main
difference from the general situation will be that similarity being vague and
often extrinsic does not arise for us. A precise notion of similarity (intrinsic for
regions, largely extrinsic for points) is captured by the idea of isomorphism for
spacetime regions. Indeed, isomorphism captures, for spacetime theories,
Lewis' recent idea of duplication. Lewis advocates this idea as one application
(among many) of a distinction among properties. Lewis construes properties in
terms of his ontology of possible worlds and possible objects, each confined to
its world: any class of possible objects is a property. Intuitively, the class is the
property's extension across all the worlds. He distinguishes an elite minority of
natural properties, whose sharing makes for resemblance, which are relevant
to the causal powers of objects, and which it is the business of science to
discover; the countless throng of other properties are unnatural. (He similarly
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distinguishes natural and unnatural relations.) This distinction is contentious;
in particular, Lewis holds that a property is natural or not, once and for all—
not relative to a world or a theory. He urges the distinction by appeal to its
beneficial consequences: a single distinction turns out to have many useful
applications [1983].

I do not need Lewis' distinction. But it is worth describing how he uses it to
analyse the idea of duplication and thereby to offer a general definition of
determinism in terms of worlds. For although his definition is not intended for
spacetime theories, it is remarkably like Dm2 which I extracted ([1987], pp.
17-29, 26-9) from Hawking and Ellis: a happy agreement. And his definition
will bear upon counterpart theory for points.

We are all familiar with approximate duplication, e.g. when we make a
xerox. And we have the idea of a more perfect duplication, e.g. in temperature
or chemical composition. Indeed, physics teaches us that individual atoms of
the same isotope or elementary particles of the same kind (in the same
quantum state) are perfect duplicates. But countless properties would not be
shared by perfect duplicates: we have words for some of them—perhaps our
two atoms have different owners. Thus it seems that duplication is a matter of
shared intrinsic properties. But how to analyse 'intrinsic'? Lewis urges that
although some intrinsic properties are not natural (e.g. 'cubical or charged or
liquid'—intrinsic since its disjuncts are), all natural properties are intrinsic. So
duplication is analysed: any two objects are duplicates iff (1) they have the
same natural properties; and (2) their parts can be put into correspondence in
such a way that corresponding parts have the same natural properties and
stand in the same natural relations ([1983], pp. 355-8; [1986], pp. 61-3).
(Maybe (2) is redundant; it depends on whether some properties concerning
how a thing is composed are natural.)

Lewis then defines determinism (of the future by the past) as follows. He says
that two worlds diverge iff some initial segment of one is a duplicate of some
initial segment of the other, but the whole of the one is not a duplicate of the
whole of the other. And a theory is deterministic iff no two divergent worlds
both make it true (conform perfectly to it) ([1983], pp. 359-60).

Lewis' definition of determinism is remarkably like Dm2. Indeed, in
accordance with substantivalism and our physicalist limitation to the
properties and relations coded by geometric object, let us assume (i) worlds
have manifolds M, M' equipped with geometric objects Oit 0 / , . . . ; and (ii)
the properties and relations coded by these objects are the natural ones. Then
Lewis' definition of duplication will mean that spacetime regions are duplicates
iff they are isomorphic: Lewis' existential quantification over correspondences
of the parts becomes quantification over diffeomorphisms.) We can now make
Lewis' definition equivalent to Dm2, by generalizing from determination by
the past to determination by a region S. Thus let us say that two worlds diverge
off S iff: (1) they both contain regions S, S' of kind S; and (2) there is a
diffeomorphism a:S->S' with a*(O0 = CV on a(S) = S'; and (3) there is no global
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isomorphism 0:M->M' with /?*(Oi)=CV and 0(S) = S'. (Notice that in (3), 0 is
not required to extend a; so (3) is a strong denial, and divergence off S is a
strong notion.) And let us say that a theory is S-deterministic if no two worlds,
diverging off S, both make it true. This is plainly equivalent to Dm2.

Lewis points out that his definition of determinism does not require the
denial of transworld identity. Indeed not: it, like Dm2, is neutral on transworld
identity. But to secure (One), I want to deny such identity. So I have a choice of
terminology. I can use 'counterpart'; and so connote no transworld identity
(correct), and similarity being vague (incorrect) and extrinsic (incorrect for
regions). Or I can use 'duplicate'; and so connote commitment to Lewis'
distinction (incorrect), neutrality on transworld identity (incorrect), and
similarity being precise and intrinsic (correct). I prefer the first option.

So I want to define counterparthood for points and regions in terms of
isomorphism of regions. Recall first that although we can directly compare the
values of scalar fields at two points in two manifolds, we cannot do so for
vectors and tensors. Such a comparison has to be made relative to a
diffeomorphism of the manifolds, or a class of them: each diffeomorphism d
drags geometric objects at p to geometric objects at d{p). If the dragged objects
at d(p) coincide with the originals, we can say that p and d(p) are counterparts
relative to the diffeomorphism d. If we have coincidence of this kind on a class
of diffeomorphisms that agree in their value for p, we can say that p and this
value are counterparts relative to the class. The counterpart relation will be
more stringent the wider the class of diffeomorphisms. Similarly, we can say
that two regions are counterparts relative to a diffeomorphism (or a class of
them) under which the regions are isomorphic.

Thus for worlds to be isomorphic under d, is for each point p in the first world
and its image d(p) to be counterparts relative to d. And for worlds to match on a
region S (S a region in one world) by the diffeomorphism d, in the sense of the
definitions Dml and Dm2, is for S and d(S) to be counterparts relative to d;
equivalently, for the points in S to be counterparts under d of their images d(p).
So we can now spell out Dml and Dm2 in terms of counterparts; I shall speak
of points' counterparts—the gloss in terms of regions is similar. Dml says that
any global mode of comparison relative to which the points in a region of kind
S are counterparts of their images, is one relative to which any point is a
counterpart of its image. Similarly, Dm2 says that if a local mode of
comparison is one relative to which the points in a region of kind S are
counterparts of their images, then there is a global mode of comparison relative
to which any point is a counterpart of its image.

It is now clear how counterpart theory justifies taking the matching of
worlds as a matter of isomorphism, without regard to the underlying identity
of points. No point occurs in two worlds, so isomorphism is all that matching
can mean.

We can also see why counterpart theory can accommodate Dm2 more
easily than essentialism—or any doctrine of transworld identity—can. If we
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believe that a point can occur in two worlds, we are bound to think that
matching of worlds on a region can be given a strong sense: the very same
points with the very same properties and relations to each other. And if we are
given a pair of worlds that match on a region in this strong sense, then we are
bound to think that the only sense of global matching that can be relevant to
judging whether determinism is upheld or violated by this pair is a sense that
extends the given match—and thus respects the identity of the points of the
region. That is, the global diffeomorphism between the worlds must extend the
identity map on the region. Dml incorporates this requirement; Dm2 does
not—and we saw (p. 9) that it cannot do so, on pain of being violated by hole
diffeomorphs, and so ruling all (GC)-theories indeterministic. Thus essentia-
lism has a problem accommodating Dm2. On the other hand, counterpart
theory has no such problem: if a point cannot occur in another world, but can
only have counterparts there, the counterpart provided by the given match on
a region has no special privileges over other counterparts.

To sum up, I hold that counterpart theory provides the best justification for
answering No to (Same?) and endorsing (One)—thus reconciling substantiva-
lism and the possibility of determinism for (GC)- theories. It saves determinism
as a matter of worlds. And it readily accommodates the definition Dm2, which
is needed for (GC)- theories to be deterministic.

An objection: You said that the basic idea of determinism is that a single
physically possible world is specified by the facts on a certain region of
spacetime. But your counterpart theory makes determinism something else: a
matter of global similarity of worlds, under a certain mode of comparison,
being induced by similarity of regions. Moreover, these modes of comparison
can be chosen very freely: any diffeomorphism will provide one.

I reply: I agree that this is a disadvantage of my proposal. But I think it is a
small one. Because as mentioned above, counterpart theory for all kinds of
objects is plausible. And counterpart theory together with substantivalism
imply that the basic idea above is automatically true, in a trivial way. For if no
object inhabits two worlds, then picking out just one object suffices to specify a
possible world. And for a substantivalist, the spacetime points are among the
objects, and any physical fact on a region of spacetime involves picking out a
spacetime point. Thus the basic idea of determinism is trivially true, whatever
the details of one's spacetime theory. Thus if determinism is to be non-trivial, it
should be formulated in other terms: comparison and matching are the
obvious terms to use.

You might object: 'But you have been so fearful of automatically ruling out
determinism at a stroke; so why are you not equally fearful of ruling it in at a
stroke?' Again, I agree that there is a disadvantage. But recall the word of
warning at the start of Section 4 (p. 11)—that in assessing definitions of
determinism, their explicating the basic idea is not the only merit to be
considered. To be sure, it is one merit. That is why Section 4 argued that
although Dm2 is not violated by hole diffeomorphs, we should try to justify
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(One). We have seen that there are two possible justifications: essentialism,
which is implausible, and denying transworld identity. Thus the search to
justify (One) ends by ruling in the basic idea. Agreed, that is a disadvantage.
But the main point is that although the basic idea is ruled in, there is a precise
definition which is not ruled in (nor ruled out), and which—as we have seen—
meshes well with the denial of transworld identity. In short, I am content to
rule the basic idea of determinism in or out, if this seems best overall and
provided that a corresponding precise definition used by the textbooks is not
also ruled in or out. And Dm2 satisfies this.

Can we define a counterpart relation, that is not relative to a diffeomorphism
or a class of them? I think not—there must be a mode of comparison, and that
requires a diffeomorphism. But sometimes there is a natural class, so that one
intuitively suppresses it. The obvious case is the class of all isomorphisms
between two worlds: it is natural to say that a point is the counterpart of all its
images under the various isomorphisms; and again, a similar remark applies to
regions.

This brings out a final point: an advantage of counterpart theory
independent of the issue of determinism. It relates to the remark that a world
can contain more than one counterpart of a given object ('I might have been
twins', p. 22). Thus using the class of all isomorphisms, a suitably homo-
geneous world will in general contain many points that are counterparts of a
given point in another world; and similarly for regions. In extreme cases, there
are pairs of worlds such that every point in one world is a counterpart of every
point in the other: e.g. a pair of empty constant-curvature worlds with
diffeomorphic global topology—such as empty flat classical spacetime; again,
similarly for regions. (Furthermore, symmetries of a world can be described in
terms of Lewis' recent idea that an object can be the counterpart of another
object in the same world; see Lewis 1983a). This many-many counterpart
relation seems to me far preferable to essentialism. For it accommodates the
intuition that in Leibniz's thought-experiment about translating the material
contents of the universe three feet East, we must also identify the points
according to the matter that inhabits them, so that the translation does not
produce another world. It accommodates this intuition by the fact that the
counterpart relation 'tracks' the fields. On the other hand, it does not face the
three problems of essentialism, described in Section 5—one of which prompts

counterparts anyway.1 „ . . „ . . .
University of Cambridge

1 This paper owes a great deal to the writings of John Earman. For comments on previous
versions. I am very grateful to audiences at Cambridge. Dubrovnik. Toronto, and Western
Ontario; and especially to Tian Yu Cao. John Earman, David Lewis. John Norton, Michael
Redhead. Paul Teller and Roberto Torretti. My discussion of essentialism has profited greatly
from Maudlin's [1988].
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