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Worlds and Times

Ulrich Meyer

Abstract There are many parallels between the rolgpo$sible
worlds in modal logic and that ofimesin tense logic. But the
similarities only go so far, and it is important to note where the
two come apart. This paper argues that even though worlds and
times play similar roles in thenodel theorie®f modal and tense
logic, there is no tense analogue of the possible-waaltysis

of modal operators. An important corollary of this result is that
presentisntannot be the tense analogueactualism

1 Introduction

In English, tense modifiers like “always” or “sometimes” function in a
similarly adverbial manner as “necessarily” and “possibly,” and sym-
bolic logic naturally represents them in terms of sentential operators.
But the similarities go beyond these syntactical features. The operators
“always” and “sometimes” also obey the same axioms as “necessarily”
and “possibly” do in the modal system S5, and many of the formal re-
sults of modal logic carry over directly to the case of a simple tense
logic.2

A prominent example of these similarities are model theories for
tense and modal logic. Suppose we are given a language of propo-
sitional modal logic with logical constantsr”, ‘ v’, and ‘=’, and the
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2 Ulrich Meyer

usual supply of atomic sentence symbols. For sake of brevity, | will
not use the second modal operatot, ‘whose work is already done by
‘=0—". Amodel for this language is a tripl&1 = (Q, @, @), consisting

of a set of “possible worldst2, an elementr of Q chosen as “actual
world,” and a “true at"-relation @ between sentences of the language
and elements of2. With ‘¢’ and ‘¥’ ranging over sentences of the
language andv/ and ‘w’' ranging over elements @, the relation @ is
required to satisfy:

@ VYT, w) iff either @, w) or @, w).
@ ¢, w) iff it is not the case that @(w).
@((ae™,w) iff @(p, v) for all worldsv € Q.

A sentence of our language is said to be true in a madglist in case
it is true at its actual world:

@ istrue in(Q, a, @) iff @(e, @). (2)

This definition then permits us to prove a soundness and completeness
theorem for S5:

(1)

¢ is a theoremtft ¢ is true in all models.

3)

In particular, a sentence of forimy™ is a theorem if and only i is
true in all worlds in all models.

Both the language and the model theory can be adopted in their
entirety for the purpose of a simple tense logic. In principle, we could
just call the various elements byfiirent names, but such notational
frugality would make it hard to keep the two cases separate. Let me
therefore introduce dierent symbols for the tense case. Insteadigf *

I will use ‘@’ to symbolize “always,” and | will use= @ =’ to express
“sometimes.” Models for tense logic will be triple®l = (®, 7, @)
where @ is a set of “times,”n is an element ofd chosen as the
“present,” and @ a “true at’-relation between sentences and elements
of ®. This gives us the following translation manual:

Modal Logic S5| Formalism| Formalism| Simple Tense Logi¢
necessarily O o] always
possibly| -oO- - G- sometimes
possible worlds Q C] times
actual world a T the present
true at a world @ @ true at atime

Using this manual to rewrite the proof of (3) then yields a tense version

of the soundness and completeness theorem.
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These parallels have led many to believe that thereaasggnificant
differences between tense and modal logic, and that everything we can
say about one equally applies to the other. In fact, most textbooks
treat tense logic as a mere afterthought of modal logic. To the extent
to which they discuss tense logic at all, it is usually to investigate the
logic of additional tense operators like’*(“in the past”) or ‘F’ (“in
the future”), which have no modal analogue.

However, even forth’ and ‘@', tense and modal logic are not as
similar as they are made out to be. The two cases are only parallel
as long as we use the model theory for the purpose it was originally
designed for: to characterize theorems. But we often have occasion
to talk about thentendedmodels of tense and modal logic, and they
raises quite dferent issues. An intended model would characterize all
truths, not only the theorems.

The axiomatic systems and model theories fordnd ‘@’ might be
the same, but they behave quit&eiently with regard to their intended
models. In the modal case, we can give a reductive “possible worlds”
analysis of &’ in terms of the intended model of modal logic. My
aim here is to show that this eliminability is a special feature of this
particular operator that does not extend to other cases:

1. The tense operator® cannot be eliminated in favor of the in-
tended model of tense logic. That s, there is no “times” analysis
that mirrors the possible-worlds analysis of.

2. On an “actualist” construal of the intended model, the actuality
operator &’ does not admit a possible-worlds analysis, either.
(The modal realist, it turns out, is slightly betteff.p

In relation to its intended modelz' is much more similar to®’ than

it is to ‘0’. We shall see that it is a mistake to think of other times as
analogous to the possible worlds in the intended model of modal logic.
If anything, other times are more similar to the actual world.

2 The Possible-Worlds Analysis

The primary reason for choosing the above notion of a model is that
it yields the soundness and completeness theorem (3)calié the
elements of) “possible worlds,” and the elements ©f“times,” but

that was just for cuteness’ sake. As far as the logician is concerned, the
worlds and times in his models could be cans of chicken soup, prime
numbers, or whatever. For a satisfactory model theory, there only need
to beenoughsuch “worlds” around to yield (3); wha&tindsof objects

they are is irrelevant since all the logical work is being done by the
constraints (1) places on the relation @.
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Not everybody agrees with such a modest understanding of our
model theory. Many authors are impressed by the intuitive appeal
of the possible-worlds picture, and argue that it provides a reductive
analysisof the modal operators. Amongst all the models, they claim,
there is one that is special: thetendedmodel M* = (Q*, a*, @)
of modal logic. So far, we have only talked about what is true in a
model, but this qualification can be dropped fot*. A statement is
true simpliciter just in case it is true in the intended model:

pistrue ff ¢ is true in M* (4)
With (1) and (2), this entails:
o is true If @ (¢, w) for all w e Q° (5)

The contention is that this biconditional constitutes a reductive analy-
sis of the modal operatory’. To say that a claim is necessarily true
would thus mean that it is true in all possible worlds, and to say that it
is possibly true would mean that it is true in some such world.

The proposal (5) would eliminate modal operators in favor of the
possible worlds in the intended model, and one might worry that this
makes the account hostage to ontological fortune. The truth of (5) re-
quires that there are enough possible worlds in the intended model.
If there were too few of them then we would count some claims as
necessary that are merely contingent. Moreover, for it to count as an
analysis, (5) need not only be true, but necessary. So we also require
assurance that there would still be enough possible worlds in the in-
tended model even if things were radicallfffdrent from what they
actually are.

Advocates of the possible-worlds analysis usually address these
concerns in either of two ways:

1. Actualists[17] claim that the worlds in the intended model are
abstract “ways the world might have been.” Actualists disagree
amongst themselves about the precise nature of these possible
worlds, but the underlying strategy is the same. There are said
to be enough such abstract “ways” around to ensure the mate-
rial adequacy of the proposal, and since abstract objects exist
necessarily, this also guarantees the necessity of (5).

2. Modal Realist$10] believe that ours is just one of a vast number
of equally concrete worlds that are causally separated from one
another. The actual world is “us and our surroundings,” and to
make claims about what is possible is to report what is going
on in other possible worlds. The modal realist’'s response to the
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ontological fortune worry is to insist that heliscky. He claims

that there are enough of his concrete possible worlds to ensure
the truth of (5). Since the number of worlds does not depend
on which of the worlds is ours, and since (on the realist’s view)
being true according to all these concrete worlds is what makes
a claim necessary, this then also guarantees the necessity of (5).

| am more sympathetic to actualism than to modal realism, but that is
not a view | want to argue for here. In what follows, | will give two
parallel arguments: one for the actualist, and one for the realist.

If we adopt either the actualist or the realist proposal, then the in-
tended model of modal logic is a witness to the truth of:

W,: There is a mod€lQ, a, @) such that, necessarilyy iff @ (e, W)
for all w e Q.

This is a remarkable result, but it was never the purpose of our model
theory to provide such a “special” model. Model theory aims to char-
acterize theheoremsof a system of modal logic, and its success at
doing so is the result of a jointi@rt of all the models. By contrast, (5)
and W, are only concerned with what is happening in one particular
model. Their aim is to characterize &luths of form "o¢™, not only
the theorems. There are many necessary truths that are not theorems
of any system of logic, such as the truths of mathematics, or meta-
physically necessary claims. Such claims fall outside the purview of
our model theory, but they do form part of what the possible-worlds
analysis of &7’ is concerned with.

In the claim W, the existential quantifier has wide scope, and it is
important to distinguish it from its narrow-scope variant:

Ng: Necessarily, there is a mod@, a, @) such thatiy iff @ (e, w)
forallw e Q.

While W, entails N,, the converse is not true. The latter merely
says that we can always find a model such that every true sentence
of form "oy is true in that model. But that can be achieved by choos-
ing radically diterent models in dierent circumstances. For Mo

be true, there needs to be one model that works under all possible
circumstances—independently of what the facts are.

The reason we can move so easily from a characterization of the
theorems of modal logic to a characterization of all modal truths is
that—at least according to S5—claims of typmy™ are only true if
they are themselves necessary. Theorems of S5 and truths of form



6 Ulrich Meyer

TO¢™ thus have the same modal status. That is not true if we use dif-
ferent sentential operators instead:

Actually, ¢ Always, ¢ Sometimesy (6)

A claim can be actually true, or always true, or sometimes true, without
being necessarily so. This makes for a significaffiedence. Even
though we can provide a model theory for the operators in (6), it turns
out that they permit no analogue of the possible-worlds analysis of the
modal operatorcy’.

3 The Actuality Operator

Let me add another sentential operator to our language: an actuality
operator ©' that is used to make claims not about ways the world
might have been, but about the way it actually is. Such an operator is
always eliminable in propositional modal logic, where the workaf ‘
is already done by unmodalized senterfc8sit the use of unmodal-
ized sentences has the drawback of hiding the actuality operator in the
formalism so that it is easily overlooked. The purpose of introducing
‘O’ is to make this operator more conspicuous.

Given that"O¢™ would just be a glorified way of saying the defi-
nition (2) and the claim (4) yield:

TogpTis true it @ (¢, ") (7)

This is superficially similar to the possible-worlds analysis (5), but the
difference is that (7) is not necessary and cannot be used as an analysis.
To prove this, we need to give two arguments: one for the actualist,
and one for the realist. According to the actualist, the actual werld
in the intended model is an abstract object. It must be distinguished
from our world283, which is the mereological sum-total of all objects
that actually exist. Our worl@3 containsthe actual world along with
all the other worlds in the intended model, but it also contains many
concrete objects besides: sticks, stones, donkeys, etc. It is these con-
tingent parts ofB3 that determine which of the elements®f correctly
describes the way things actually are. By assumptiois this world,
but a diferent element of2* would play this role if things i3 were
different from what they actually are. So even though (7) might be
true, it is not necessary.

According to the modal realist, the actual woadin the intended
model is a concrete object thabincideswith 23. Unlike the actualist,
the realist also believes that there are things—namely other possible
worlds—that are not contained . But these dierences have no
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impact on the status of (7). If we did not live @i, but in some other
possible world, then it would no longer be true that a claim is actually
true if and only if it is true ine*. Instead, a claim would be actually
true justin case itis true in the other world. Hence (7) is not necessary.

A different world would have to be chosen as actual world depend-
ing on how things are i} (actualist), or where in logical space we
live (realist). Hence there is no model—whether intended or not—
such that, necessarily, a claim is true if and only if it is true in the
actual world of that model. The following claimfalse

W,: There is a modekQ, o, @) such that, necessarilypy iff
Q@(p, @).
We could of course make our choice of actual world depend on what
the actual facts are, but that would mean choosingtargint model in
different circumstances, and would only yield the narrow-scope claim:

No: Necessarily, there is a modg?, a, @) such thaty iff @ (e, @).

This is an important dierence between the actuality operator and
the necessity operator, for it was only the wide-scope claimtht
opened the door to a possible-worlds analysisof *

The apparent source of our problem is that we are using a proper
name a*’ that rigidly picks out the actual world of the intended model.
By doing so, we fail to appreciate that our choice of actual world
should vary according to what the actual facts are. To fix this prob-
lem, we could introduce an actualifyredicate‘ A’ that applies to a
possible world inQ* if and only if that world correctly describex
(actualist), or coincides with us and our surroundings (realist). Instead
of (7), we could then propose:

O™ is true It @ (¢, W) for thew € Q* such thatA(w). (8)

If the intended modeM* is well-chosen then* is the element of)*
to which the actuality predicate in fact applies. But if thing&imwere
different (actualist), or if we lived in some other world (realist), then a
different world would be thé-world. Unlike our earlier attempt (7),
the revised proposal (8) is necessary.

With the aid of the actuality predicate, we thus get something quite
similar to the (false) wide-scope claimidV

WA: There is a modelQ, @, @) such that, necessarilygyp iff @ (p, w)
for thew € Q such thatA(w).
But this does not bring us any closer to a possible-worlds analysis of

the actuality operator. To say that a world is thevorld is to say that
it either correctly describe® (actualist), or coincides with us and our
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surroundings (realist). That is, according to both the actualist and the
modal realis®

A(w) if and only if Yo(@" (¢, W) D Op). (9)

The trouble is that this reintroduces the very operator that we are trying
to get rid of in (8). On pain of circularity, we cannot analyze claims
about what is actually the case in favor of what is true inAhsorld
because we need to appeal to such claims in order to specify which
possible worlds the world to which A’ applies.

One might hope to do better by adopting David Lewis’s “indexical”
analysis of actualit§,but this expectation is only partially borne out.
One constraint on the actuality operator is what Peter van Inwagen
[18] calls the “weak theory” of indexicality. This is the condition that,
according to any possible world, a claimg is actually true if and
only ifitis true inw:

For allw e Q*, @ (Op, W) iff @ (¢, W) (10)

But even though every possible workpresentstself as being the ac-
tual world, the vast majority of them are lying. Only one of them cor-
rectly describeql (actualist) or coincides with us and our surround-
ings (realist), and for an analysis we need to be able to tell which world
thisis. What we are trying to analyze is not the notion of being actually
trueaccording to some worldut the notion of being actually true, and
(10) tells us nothing about that.

The modal realist can do better than (10). He can claim that an
utterance of Op™ expresses elierent propositions when uttered in dif-
ferent possible worlds. If uttered in wond the proposition expressed
by "0 is true if and only if @, ¢), but it would express a fier-
ent proposition if uttered in a fierent world! This proposal yields an
analysis of the actuality operator, albeit one of a rathecdknt flavor
than the possible-worlds analysis of the necessity operator.

To pick out the actual worl@* in the intended model, the modal
realist just needs tpoint at it, because, on his view, the actual world
is the concrete object made up of him and his surroundings. But if the
actualist does this, he is pointing®8t, and his view is that the actual
world o* is distinct from23. The token-reflexivity of&’ is therefore of
no use to the actualist. For him, the problem of determining the actual
extension of A’ is not to identify2, but to specify which abstract way
the world might have been correctly descril8sand there seems to
be no way of doing that without appealing to the notion of what is
actually true. Hence the actualist cannot give an indexical analysis of
the actuality operatd.
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4 Metaphysical Priority

At this point, the actualist might want to go back to (8) and simply
propose to takeA’ as conceptually primitive. Since he would already
be assuming the notion of a way the world might have been, adding
the actuality predicate seems to make littl&atience to the overall
ideological cost of the proposal. But the actualist cannot do this. As |
want to argue now,A’ is inadmissible as a primitive in an analysis of
the actuality operator.

To make this point, | need to bring up an issue that | have so far ig-
nored. Up to now, | have tacitly assumed that all we need for a reduc-
tive analysis is some necessary biconditional. That is not quite right.
For an analysis, the proposed analysans also needsneetaphysi-
cally prior to, and be whatnakes it the case thathe analysandum
obtains. Admittedly, these are dark notions, but the fact that itfis di
cult to make them precise should not detract from their importance.

For example, an appeal to metaphysical priority is needed to distin-
guish between the following two proposed analyses:

Al: PersonX is a bacheloif and only if X is an unmarried man.
A2: AgentX’s ®-ing att maximizes the pleasyymin balancé and
only if X is morally required tab att.

Both aim to provide an analysis of the underlined expression, but only
the first succeeds. Proposal Al is a good analysis because, in addi-
tion to the biconditional’s being necessary, being an unmarried man
is also whatmakesone a bachelor. Not so for the second proposal.
Opponents of utilitarianism will already deny the necessity of the bi-
conditional, but even a committed utilitarian ought to reject A2 as an
analysis because it gets things backwards. If anything, it is an action’s
effect on the pleasufigain balance thanhakest morally required, not

the other way around. The utilitarian’s view is the converse of A2, and
there seems to be no way of explaining th&etence between him
and the “inverse utilitarian” A2 without appealing to something like
the notion of metaphysical priority.

In this sense, the actualist version of the possible-worlds account
(5) is indeed a strong candidate for an analysismof ‘We usually
motivate possibility claims by sketching an alternative way the world
might have been, and a convincing case can be made that these “ways”
are metaphysically prior tor’. Being true according to some such
world is arguably what makes it the case that a claim is possible. Note
also that it is this feature that would distinguish the intended model
of modal logic from the many other models that bear withess to the
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truth of W. For example, there are models whose worlds are prime
numbers that have the required features. Since prime numbers exist
necessarily, such models would yield necessary biconditional of the
same form as (5). The reason they do not count as analyses is that a
sentence’s bearing a cleverly constructed @-relation to some numbers
is not what makes it the case that it is possibly true.

To return to the case of the actuality operator, consider again the
proposal (8). The underlying biconditional might be necessary, but
as a proposed analysis it is as bad as inverse utilitarianism. To say
that some abstract object’s beiAgs what makes it the case that the
contingent parts ofB are the way they are just gets things backwards.
What is actually true is what makes it the case that a given element
of Q* is actual. The contingent features ¥ determine the actual
extension of the actuality predicate, and not the other way around.

The actuality predicate iessbasic than the actuality operator and
cannot be used as an analysans notion in a reductive analysis. There
might be interesting connections between what is actually true and
what is true according to various possible worlds, but there is no re-
ductive analysis of®’ in terms of what the actualist regards as the
intended model of modal logic.

This ineliminability is not much of a problem becausg is not
much of amodal operator. Unlesg itself already contains other
modalities, to say thap is actually true does not say anything about
merely possible cases. Unlike claims involvimg,‘claims involving
only ‘O’ pose no challenge to the actualist’s contention that nothing
exists that is not actual. But while the ineliminability of the actuality
operator might be a mere curiosity in the modal case, the points made
here become crucial in the case of tense logic.

5 Tense Operators and Times

In the previous two sections, | have noted a number fhégnces be-

tween the necessity operatar ‘and the actuality operatoo’. Turn-

ing now to tense logic, one would expect similaffeliences between

‘m’ and the present tense operat®’ ‘(“it is now the case that”),

but one would also expect there to be an accountzbthat mirrors

the possible-worlds analysis afi”. This latter expectation is disap-

pointed, and it is at this point that times and worlds part company.
Tensed discourse is clearly meant to be about what is happening

in the time series, and one naturally assumes that the intended model

(0%, r*, @*) of tense logic is the one constituted by attual timeqas

opposed to what some modslls “times”). Suppose we take this as
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the intended model and let us consider the tense analogue of (5):
Tmeis true if @ (¢, t) forallt € @ (11)

Before even discussing this proposal, one might demand an account of
what sort of things the times in the intended model are, but let me pass
over this question here. On any view about the metaphysics of time, it
will be acontingentmatter what is true at any given time, and hence it
will be a contingent matter what is true at all times. Past, present and
future could all have beenftierent from what they actually are, and it
is possible for a claim to be always true without being necessarily so.
Hence the biconditionals in (11) are true without being necessary, and
cannot be taken as an analysis of the tense operator.

If the facts were dferent from what they actually are, we would
either have to chose aftirent set of time®, or a diferent relation
@, or both, in order to keep (11) true. But there is no model—whether
intended or not—that correctly characterizes all truths of formp™
under all possible circumstances. The followindalkse

W,: There is a model®, r, @) such that, necessarilgy iff @(p, t)
forallt € ©.

Of course, in any possible world, a claim is always ttherejust in
case it is true at all timem that world But by picking a diferent
model in each possible world, we merely get the narrow-scope claim:

Ng: Necessarily, there is a mod@, =, @) such thatzy iff @(e,t)
forallt € ©.

Hence the intended model of tense logic dnesdo for the tense op-
erator @’ what the intended model of modal logic does fai.*

However, one might think that a tense analogue of the possible-
world analysis can be had by a slightlyfférent route. The actualist
eliminated the modal operatan”in favor of abstract ways the world
might have been, and one could propose a similar strategy in the tense
case. The idea would be to eliminate the tense operatan ‘favor
of abstract “ways the present might have been.” But while every way
the world might have been qualifies as a possible world for the pur-
poses of modal logic, not every way the present might have been is a
time. At best, times are ways the preseats is, or will be, and not
every way the present might have been is of this kind. Some possible
presents never happen. This means that if we used the set of all pos-
sible presents as the intended model in (11) then the resulting account
would not even be materially adequate: a claim can be false at some
possible present but true at all time. Any contingently true claim of
form "@e™ would thus be counted as false on such a proposal.
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We could try to circumvent this problem by introducing a predicate
‘T’ that applies to all and only those possible presents thairaesin
a given possible world:

By if and only if @(p, t) for all t € ® such thatTl (t) (12)

This would then yield something close to the (false):W

WI: There is a model®, n, @) such that, necessarilyyp if and only
if @(p,t) for all t € ® such thafl (t).

But suppose we asked what makes it the case that a possible present
is a time. The obvious answer is that possible present is a time just in
case anything that is true according to it is sometimes true:

T(t) if and only if Vo (@(p, ) > — & =) (13)

Provided there are enough propositions expressible in our language
to distinguish amongst all possible presents, this correctly identifies
all times. But it also reintroduces the very tense operator that we are
trying to eliminate in (12), thus making our analysis circular.

Nor are matters helped by using more fine-grained tense operators,
such as theP’, * N’, and ‘F’ mentioned above. In terms of these oper-
ators, we could say that a possible present is a time just in case it is a
past, present, or future time:

T(t) iff Vo(@(p, 1) D Pp) V Yo(@(p, t) D Nep) V Yo(@(p, t) D Fy)

But if we adopted this proposal then we would be unable to get rid of
‘P’, “N’, and ‘F’. We would be no closer to a reductive analysis of all
tense operators.

The friend of (12) might propose to tak&™as primitive, but we
cannot do that for the same reason we could not takas primitive
in the case of the actuality operator. What actually did, does, or will
happen is what makes it the case that a given “possible present” is
a time, and not vice versa. To say that some abstract object’s being
determines what is happening in the time-series gets things backwards.
The predicateT’ is less basic than then tense operator we are trying
to analyze in (12).

The present tense operatd\’ is indeed similar to the actuality op-
erator ©’, but so are P’, ‘F’, and ‘@’. To pick out past, present, and
future times amongst all possible presents, we need to employ the very
apparatus of tenses that we are trying to eliminate, and we cannot get
rid of these tense operators for the very same reason that we could not
get rid of the actuality operator in the modal case (when construed the
actualist’'s way).
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POSSIBLE WORLDS POSSIBLE PRESENTS
actual world times

We are often told that the present is the tense-analogue of the actual
world, and that other times are similar to merely possible worlds. That
seems to be a mistake: whatsimilar to possible worlds are possi-
ble presents; other times are more similar to the actual world. It is
a contingent matter which possible presents are times, just as it is a
contingent matter which possible world is the actual world.

The view that the intended model of modal logic is made up of ab-
stract ways the world might have been provides a way of accepting
modal claims as true while upholding the thesis that there are no non-
actual objects—that is why the view is called ‘actualism’. An impor-
tant corollary of the discussion here is that there is no tense analogue
of this. A prospectivgpresentistannot reconcile an acceptance of past
tense claims with a rejection of non-present objects by claiming that
such claims are really about presently existing abstracta. The apparent
commitment to a past object in “Caesar crossed the Rubicon” cannot
be eliminated in the same way in which the actualist can eliminate the
apparent commitment to a non-actual objects in “There might have a
talking donkey.” Those who claim that presentism is either trivial (be-
cause it merely says that past object do not exist now) or untenable
(because it denies that Caesar crossed the Rubicon) thus cannot be si-
lenced by pointing out that presentism is the temporal analogue of the
non-trivial thesis of actualism. Actualism has no temporal anal8gue.

6 Conclusion

The tense operators’ obeys the same axioms as the modal operator
‘0’, and the same model theory can be used for both of them. But
important diterences emerge when we turn to thieendedmodels of
tense and modal logic. The modal operaior ¢an be eliminated in
favor of the possible world in the intended model of modal logic, but
the tense operator’ cannot be eliminated in favor of the times in the
intended model of tense logic: while (4) is necessary, its tense ana-
logue (11) is not. With regard to its intended model, the tense operator
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‘©’ behaves more similar to the actuality operatot, ‘as shown by the
fact that both W and W, are false while W is true.

=

Notes

Prior [14]. Evans [2] and Higginbotham [5] disagree with this adverbial
view, but let me ignore their objections. | want to make a point about
tense logic itself; whether tense logic is a plausible account of how tense
works in ordinary language is not a question | want to address here.

Prior [13]. There are comparable similarities between S4 and a
“Diodoran” tense logic that uses the operators “it will always be the
case that” and “it will sometimes be the case that.” For more details
on S4 and related cases, see Prior [12], Dummett and Lemmon [1] and
Hughes and Cresswell [7, ch. 7].

For a proof, see Hughes and Cresswell [7, ch. 6].

Hazen [3]. The situation is flierent for quantified modal logic, where
the actuality operator is often ineliminable when it occurs within the
scope of other modal operators, as in: “There could be something that
does not actually exist.” Adding an actuality operator to a system of
gquantified modal logic thus increases its expressive capacity. For details,
see Hodes [6], Hazen [4], and Segerberg [16]. The role of the actuality
operator in modal logic is similar to the case of “now” in tense logic,
which is discussed in Prior [15] and Kamp [8].

Here | am tacitly assuming that enough propositions can be expressed
in our language to distinguish between all the possible worldQ*in
Otherwise, there might be more than one world that satisfies the right-
hand side of the biconditional in (9).

See Lewis [9] and [10, sec. 1.9].

On this view, the actuality operator is “token-reflexive” in a similar way
as the temporal modifier “now.” The proposition expressed by an ut-
terance of “John is hungry now” at timds true if and only if John is
hungry att.

Stalnaker [17] argues that the indexical analysis of actuality is a se-
mantic thesis that can be separated from the metaphysical disagreement
between the actualist and the realist about the nature of possible worlds.
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The considerations presented here suggest that this is only true if we
think of the indexicality of actuality in terms of the weak theory (10).

9. For more on this issue, see Meyer [11].
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