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Abstract: Nolan (this volume) describes a pair of cases in which an 

infinite number of clowns are apparently able to conjure up whatever 

they like simply be forming the right intentions. His is the latest 

contribution to a growing literature that uses so-called ‘New Zeno’ 

cases to argue for surprising philosophical conclusions about (inter 

alia) infinity, motion, causation, ability, the laws of physics, or the logic 

of counterfactuals. In this response, it is argued that New Zeno cases - 

Nolan’s clown cases included -  are not, on reflection, all that puzzling, 

and the thought that there are deep philosophical lessons to be learned 

from them has been largely overstated. The reasons for this turn out to 

have interesting parallels in the literature on the consequence 

argument for incompatibilism about free will and the grandfather 

paradox for time travel.    
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Nolan (this volume) describes two cases involving an infinite number of clowns, each of 

whom intends to place balloons in a room at a different time after 12pm so long as a certain 

condition is satisfied. In the first case, it follows from the premise that every clown fulfils their 

intention (together with some further innocuous-looking assumptions) that there are balloons 

in the room at every time after 12pm, and no clown put them there. This is supposed to be 

“puzzling” (p.1),1 but “not altogether unfamiliar” (p.3), at least to those already acquainted 

with the literature on so-called ‘New Zeno’ cases.2 In the second case, however, it follows from 

the premise that every clown fulfils their intention that there is an ice cream mountain across 

the street, or (by tweaking the content of the clowns’ intentions accordingly) that the galaxies 

were smoothed out of the way millions of years ago. This, according to Nolan, is “absurd and 

 
1 Page references are to Nolan’s draft, archived here: https://philpapers.org/archive/NOLSIT.pdf, unless 

indicated otherwise. 
2 Cases like these were first described by Benardete (1964), but went largely undiscussed until Priest 

(1999) and Hawthorne (2000) reignited interest in them. 

https://philpapers.org/archive/NOLSIT.pdf
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strange”; and so, “the potential situations involving these sorts of series are much stranger 

than we might have realized” (p.6).3 We thus face a dilemma: either the clown cases aren’t 

possible, in which case we learn that “some forms of physically realised actual infinities 

conceal something impossible that the clown cases bring out” (p.6); or the clown cases are 

possible, in which case we learn that a suitably configured infinite series of agents can have 

“marvellous powers” (p.5) that seem entirely “disconnect[ed]” (p.7) from the powers of the 

individual agents themselves. 

 

As we’ll see, Nolan is certainly not alone in thinking that there are deep philosophical lessons 

to be learned from New Zeno puzzles, including ones about infinity, motion, causation, 

ability, and the logic of counterfactuals. By contrast, we will argue that New Zeno puzzles – 

Nolan’s clown cases included – are not, on reflection, all that puzzling, and there are in fact 

no deep philosophical lessons to be learned from them.4 In §1, we carefully reconstruct 

Nolan’s arguments and make some preliminary remarks about their structure. In §2, we argue 

that the puzzles have nothing in particular to do with infinity, Zeno-series, or supertasks. In 

§3, we argue that the cases don’t show that the clowns described have any special causal 

powers, for reasons which have echoes in the literature on the consequence argument for 

incompatibilism about free will. In §4, we argue that the puzzles do not show that the clowns, 

either individually or jointly, lack the ability to fulfil their intentions. In §5, we argue more 

generally that although the puzzles can be characterised in terms of a jointly inconsistent set 

of premises, there need not be a uniform answer to the question of which premise to reject, 

for reasons which have echoes in the literature on time travel and the grandfather paradox; 

this entails that there is no general lesson to be learnt from the puzzles. Finally, in §6, we 

demonstrate how our discussion in earlier sections undermines some of the lessons that other 

authors have hoped to draw from New Zeno cases concerning causation, the logic of 

counterfactuals, and the laws of physics.  

 

§1 The Clown Cases Reconstructed  

In this section, we begin (§§1.1–1.2) by reconstructing Nolan’s reasoning about his two clown 

cases in a way that is relatively faithful to his own presentation. We then describe an 

alternative (and, we think, more illuminating) way of deriving the same conclusions, which 

 
3 It is worth noting at the outset that this insight is not original to Nolan: Uzquiano (2012), in particular, 

describes a very similar case in which the assumption that every one of an infinite number of agents 

fulfils their intentions entails something seemingly unconnected to the powers of the agents considered 

individually (in his example, that there is world peace at 1pm).  
4 Our lines of argument are sympathetic to the discussion of the puzzle in Yablo (2000) and Uzquiano 

(2012), and at least some of our comments can be seen as elaborations on their ideas.  
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goes via consideration of a third more general case (§1.3). Substantive discussion of the 

philosophical significance (or lack thereof) of these results will be delayed until later sections. 

 

§1.1 The First Case 

Suppose a countable infinity of clowns – call them clown1, clown2, and so on – each has the 

ability to conjure up balloons arbitrarily quickly. Clown1 forms the firm intention to place 

balloons in the room at 12:30pm, if there are not already balloons there by then; clown2 forms 

the firm intention to place balloons in the room at 12:15pm, if there are not already balloons 

there by then; clown3 forms the intention to place balloons in the room at 12:07:30pm, if there 

are not already balloons there by then; and so on for all the other clowns. According to Nolan, 

the assumption that each clown acts on their intention entails that (i) there are balloons in the 

room at every time after 12pm and (ii) no clown placed them there. 

 

To reconstruct the reasoning here, let us introduce some simple formalism. Let tn be 
1

2𝑛
 hours 

past 12pm. (Note that this means that t1, which is 12:30pm, is the latest time in the puzzle: as 

the index increases the times go earlier.) Next, let ‘Bn’ stand for the claim that there are balloons 

in the room at tn; let ‘PBn’ stand for the claim that clownn places balloons in the room at tn; and 

let ‘In’ stand for the sentential operator ‘clownn intends that’. The following premise follows 

directly from Nolan’s description of the case (with the quantifier ranging over natural 

numbers): 

 

 Intentions1: ∀n In (¬Bn → PBn) 

 

Now let’s also introduce the assumption that each of the clowns fulfils their intention, which 

we can state as follows (with the first quantifier ranging over natural numbers and the second 

quantifying into sentence position):5 

 

 Fulfilment: ∀n ∀p(In(p) → p) 

 

These two assumptions together entail the following:6 

 
5 To make the principle more plausible, one can restrict the antecedent to just the intentions mentioned 

in the puzzle. 
6 It might be objected that a conditional intention to φ if p is not the same as an intention that the material 

conditional ‘p → one φs’ be true, and in particular, that such an intention is not fulfilled if p is false 

(rather, the question of whether to fulfil it simply doesn’t arise in the first place). But as it turns out, not 

much turns on this complication. If one wanted, one could derive Conditional Placing1 via the following 
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 Conditional Placing1: ∀n (¬Bn → PBn) 

 

By itself, Conditional Placing1 does not entail the two advertised conclusions, namely:7 

 

 Permanent Balloons: ∀n Bn 

 Never Placed: ∀n ¬PBn 

 

To get there, we need three additional assumptions, not all of which are made explicit in 

Nolan’s presentation. The first is the following: 

 

 Placing Produces Balloons: ∀n (PBn+1 → Bn) 

 

That is, we assume that if clownn+1 places balloon at tn+1 the placing is sufficiently quick to 

ensure the balloons appear by tn, and sufficiently stable to last at least until tn.8  

 

The second thing we must assume is that each clownn will only place balloons in the room at 

tn if there aren’t already balloons there by then.9 For notice that Conditional Placing1 is trivially 

satisfied if every clownn places balloons in the room at tn – in this scenario, there are (an infinite 

number of) balloons in the room at every time after 12pm, but there is no mystery about who 

put them there (all the previous clowns did). There are various ways to enhance the informal 

story of the case so as to derive this additional assumption. One option is to assume that if 

 
alternative route: Let ‘In(φ │ p)’ stand for the claim that clownn intends to φ if p; Conditional Placing1 

then follows from the following two claims: 

 

Intentions1*: ∀n In(place balloons │ ¬Bn) 

No Failures: ∀n ∀φ ∀p ((In(φ │ p) ˄ p) → clownn φs) 

 

For the most part, it won’t matter for our purposes whether Conditional Placing1 is derived via Intentions1 

and Fulfilment or via Intentions1* and No Failures; since the former approach is simpler, we will continue 

to use it in what follows. Thanks to Annina Loets and Nathaniel Baron-Schmitt here. 
7 Strictly speaking, Permanent Balloons doesn’t quite say that there are balloons in the room at every time 

past 12pm, just that there are balloons at every one of the times indexed in our formalism. For simplicity 

of notation, though, we will ignore this complication.  
8 We assume here that each clown takes a positive, albeit arbitrarily short, time to produce balloons at 

tn. If one prefers to imagine the case so that all balloon placing is instantaneous (as Nolan initially 

appears to do), then one would more naturally state Only Place if Empty as ∀n(PBn → ¬Bn+1) and adjust 

the rest of the argument accordingly. 
9 Although Nolan doesn’t make this assumption explicit, he implicitly relies on it when he presupposes 

(on p.3) that if clownn places a balloon in the room he must have been facing an empty room at tn. 
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there are already balloons in the room, a clown isn’t able to place any more (e.g. perhaps the 

balloons placed take up the only space in the room and stop any further balloons from being 

placed). Another option is to assume that each clown has an additional intention to only place 

balloons in the room at tn if there aren’t already balloons there by then, and then use Fulfilment 

to derive this assumption. Whichever way we fill out the details, we will need the following 

claim: 

 

 Only Place if Empty: ∀n (PBn → ¬Bn) 

 

The final thing we must assume is that balloons cannot disappear once placed. For notice that 

all our assumptions thus far are still consistent with violations of both Permanent Balloons and 

Never Placed. For example, suppose that no clown earlier than clown1 places any balloons and 

there are balloons in the room at all times until 12:20pm. (Thus far this is trivially consistent 

with all our assumptions: the antecedents of all relevant conditionals are false). At 12:20pm, 

which falls in between t2 and t1, the balloons suddenly disappear. Clown1 then faces an empty 

room and, in accordance with Conditional Placing1, places balloons (let us suppose this placing 

takes one minute, so balloons reappear in the room at 12:31). Permanent Balloons is violated 

because there are no balloons at t1, and Never Placed is violated because clown1 places balloons 

at t1. Hence we also need the following claim: 

 

 Balloons are Forever: ∀n (Bn+1 → Bn) 

 

We’re now in a position to prove our two conclusions:  

 

Claim 1a: Conditional Placing1, Placing Produces Balloons, Balloons are Forever, and Only Place if 

Empty jointly entail Permanent Balloons.10 

 

Proof: Let k be any natural number. We start with the supposition: 

 

(i) ¬Bk   (supposition) 

(ii) ¬Bk+1      (from (i) and the contrapositive of Balloons are Forever) 

(iii) PBk+1       (from (ii) and Conditional Placing1 instantiated with n = k+1) 

(iv) Bk         (from (iii) and Placing Produces Balloons) 

 

 
10 In fact, the proof of this claim doesn’t rely on Only Place if Empty. We build it into the claim, though, 

as we will need it for our alternative proof in §1.3.  
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But (iv) contradicts our supposition (i), so the supposition is rejected, i.e. we derive: 

 

(v) Bk          

(vi) ∀n Bn  (from (v), by universal generalisation) • 

 

Claim 1b: Conditional Placing1, Only Place if Empty, Placing Produces Balloons and Balloons are 

Forever jointly entail Never Placed. 

 

Proof: Let k be any natural number. We start with the supposition: 

(i) PBk       (supposition) 

(ii) ¬Bk   (from (i) and Only Place if Empty) 

(iii)    Bk      (from Claim 1a and universal instantiation) 

 

(ii) is the negation of (iii). Hence we may derive the negation of our supposition:  

(iv) ¬PBk  

(v) ∀n ¬PBn (from (iv) by universal generalisation) • 

 

Claims 1a and 1b might seem surprising at first. On the face of it, they seem to imply that an 

infinite number of agents could have the power to produce balloons merely by forming the 

right conditional intentions. As Nolan notes, his case is not unlike others in the literature on 

the basis of which some have concluded that an infinite number of agents could – again, 

apparently just by forming the right intentions – stop a man in his tracks (Benardete 1964), 

assassinate someone (Hawthorne 2000), or produce rabbits in magicians’ hats (Lauraudogoitia 

2010). This is all very puzzling. But, well, infinity is puzzling. Perhaps the fact that an infinite 

number of clowns could produce balloons apparently out of thin air is just another one of 

those oddities of infinity that we must learn to live with.  

 

This attitude, however starts to look a lot less tenable when we consider Nolan’s second 

puzzle. 

 

§1.2 The Second Case 

Suppose again that there are a countable infinity of clowns, but this time each clownn forms 

the firm intention to place balloons in the room, if there is no ice cream mountain across the street 
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at 12pm and no previous clown has placed balloons in the room.11 In other words (where ‘Q’ stands 

for the claim that there is an ice cream mountain across the road at 12pm): 

 

 Intentions2: ∀n In ((¬Q ˄ ∀m>n ¬PBm) → PBn) 

 

Notice that Intentions2 differs from Intentions1 not merely by including the conjunct about an 

ice cream mountain, but also by incorporating a weaker condition concerning balloons (not 

that there aren’t any balloons in the room, but merely that no previous clown has placed any 

there). 

 

Intentions2 and Fulfilment together entail: 

 

 Conditional Placing2: ∀n ((¬Q ˄ ∀m>n ¬PBm) → PBn) 

 

We must also assume the analogue of Only Place if Empty, which says that each clown will only 

place balloons in the room if no earlier clown has:12 

 

 Only Place if First: ∀n (PBn → ∀m>n ¬PBm) 

 

We can now prove the following claim:  

 

Claim 2: Conditional Placing2 and Only Place if First jointly entail Q. 

 

Proof: We start with the following supposition: 

 

 
11 An additional complication is that, in Nolan’s presentation, each clownn forms the intention to place 

balloons in the room if there is no ice cream mountain across the street at tn and no previous clown has 

placed balloons in the room; in other words, the part of the condition relating to ice cream mountains 

is relativized to times in the series. The conclusion is then that for all times n, there is an ice cream 

mountain at tn (call this Permanent Ice Cream). This timed-indexed version of the puzzle makes the proof 

a little more cumbersome but doesn’t essentially change anything about the puzzle. Let Intentions2* be 

the claim ∀n In ((¬Qn ˄ ∀m>n ¬PBm) → PBn). One can prove that Intentions2*, Fulfilment, and Only Place if 

First entail Permanent Ice Cream in precisely the same way as our second proof of Claim 1a in §1.3 below, 

replacing Bn with Qn. In any case, Nolan’s later case in which the galaxies were smoothed out of the 

way millions of years ago takes the simpler form presented in the main text. 
12 Again, while Nolan does not make this assumption explicit, he implicitly presupposes it when he 

says that “for each clown C, it could not be C that placed the balloons, since there were others clowns 

associated with earlier times who would already have put balloons in the middle of the room before C 

could act” (p.4). 
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(i) ¬Q   (supposition) 

 

Now let’s make a further supposition (where k is any natural number): 

 

(ii) ∀m>k ¬PBm  (supposition) 

(iii) ∀m>k+1 ¬PBm  (from (ii), given that {m: m>k+1} ⊂ {m: m>k}) 

(iv) PBk+1  (from (i), (iii), and Conditional Placing2 instantiated with n = k+1) 

 

But (iv) contradicts (ii). So continuing to assume (i), we can derive:  

 

(v) Ǝm>k PBm   

 

Let j be an arbitrary natural number that witnesses (v); then: 

 

(vi) PBj   (from (v)) 

(vii) ∀m>j ¬PBm  (from (vi) and Only Place if First) 

(viii) ∀m>j+1 ¬PBm (from (vii), given that {m: m>j+1} ⊂ {m: m>j}) 

(ix) PBj+1  (from (i), (viii), and Conditional Placing2 instantiated with n = j+1) 

 

But (ix) contradicts (vii). So we may derive the negation of our initial supposition, i.e.: 

 

(x) Q • 

 

Again, it’s tempting to interpret Claim 2 as saying that an infinite number of clowns could 

produce an ice cream mountain merely by forming the right conditional intentions. This 

potentially makes Nolan’s second case even more puzzling than the first, insofar as the power 

the clowns apparently have together (making ice cream mountains appear) is entirely 

unrelated to the superhuman powers they have individually (producing balloons really fast).  

 

Notice, however, that nothing in the proof of Claim 2 depends on how ‘Q’ is interpreted. As 

Nolan himself notes, we could equally interpret ‘Q’ throughout as standing for the 

proposition that the galaxies were smoothed out of the way millions of years ago, and thereby 

conclude that the clowns can affect the structure of the cosmos millions of years before any of 

them were born. But really, the point is more general than that.13 On reflection, we can 

 
13 This point is clearly appreciated by Uzquiano (2012: 262). 
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interpret ‘Q’ as standing for any proposition whatsoever – including necessary falsehoods! – and 

Conditional Placing2 and Only Place if First would jointly entail that proposition.14  

 

This suffices to see that something deeper must have gone wrong in our thinking about these 

puzzles. Clearly, no plurality of people can make necessary falsehoods true, no matter how 

many of them there are (and no matter how strong-willed they are, or how good they are at 

placing balloons really quickly). That an infinite number of clowns could make 2+2=5 is 

assuredly not one of those oddities of infinity we must learn to live with. 

 

§1.3 A Third Case 

To better understand what has gone wrong here, it will be worth seeing how claims 1a and 2 

can be derived from a third, more general result. This time, suppose each clownn simply forms 

the intention to place balloons in the room at tn if no previous clown has placed any balloons 

there. In other words: 

 

 Intentions3: ∀n In (∀m>n ¬PBm → PBn) 

 

Intentions3 and Fulfilment together entail: 

 

 Conditional Placing3: ∀n (∀m>n ¬PBm → PBn) 

 

We can now prove the following: 

 

Claim 3: Conditional Placing3 and Only Place if First are jointly inconsistent. 

 

We obtain a proof of Claim 3 simply by combining lines (ii) to (ix) of the proof of Claim 2, 

above.  

 

Once we see that Claim 3 is true, we can also see more clearly why claims 1a and 2 are true as 

well. Begin with Claim 2. Since ‘¬Q’ in Conditional Placing2 is not bound by the quantifier, 

Conditional Placing2 is equivalent to the following:  

 

(i) (¬Q ˄ ∀n(∀m>n ¬PBm)) → PBn 

 

 
14 On p.5 Nolan says: “in fact, the clowns could use this method to ensure almost anything they 

wanted”. If this were indeed a method of ensuring Q, the qualification ‘almost’ would be redundant.  
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But since (φ ˄ ψ) → χ is equivalent to ¬φ ˅ (ψ → χ), (i) is equivalent to:  

 

(ii) Q ˅ ∀n(∀m>n ¬PBm → PBn) 

 

And (ii) is simply a disjunction of Q and Conditional Placing3. But by Claim 3, Conditional 

Placing3 and Only Place if First are inconsistent. So Conditional Placing2 and Only Place if First 

entail Q, i.e. Claim 2 is true. 

 

Things are only a little bit trickier with Claim 1a. We start with the following lemma: 

 

Lemma: Balloons are Forever, Only Place if Empty, and Placing Produces Balloons jointly entail 

Only Place if First. 

 

Proof:  

(i) PBn    (supposition, for conditional proof) 

(ii) Ǝm>n PBm    (supposition, for contradiction) 

(iii) PBk, for some k>n  (from (ii), by Existential Instantiation)   

(iv) Bk-1, for some k s.t. k-1≥ n (from (iii) by Placing Produces Balloons) 

(v) Bn     (from (iv) and Balloons are Forever) 

(vi) ¬PBn   (by (v) and Only place if Empty) 

 

(vi) contradicts (i), so we can reject our supposition (ii):  

(vii) ∀m>n ¬PBm 

(viii) PBn → ∀m>n ¬PBm  (from (i) and (vii) by conditional proof) 

(ix) ∀n(PBn → ∀m>n ¬PBm) (from (viii) by universal generalisation) • 

 

Next, notice that the contradiction we proved in Claim 3 follows even if we start with the 

following weaker assumption (where w is any arbitrary natural number): 

 

Conditional Placing3*: ∀n>w (∀m>n ¬PBm → PBn)  

 

Claim 3*: Conditional Placing3* and Only Place if First are jointly inconsistent. 

 

The proof of Claim 3* proceeds exactly as the proof for Claim 3, except that we suppose that 

k≥w. (Note that the two applications of Conditional Placing3 in the proof are ones in which we 

instantiate it with a number greater than k, so Conditional Placing3* is applicable.) 
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From Claim 3*, we can prove Claim 1a as follows. Given that φ → χ entails (φ ˄ ψ) → χ, 

Conditional Placing1 trivially entails (where w is again some arbitrary natural number): 

 

(i) ∀n>w ((¬Bn ˄ ∀m>n ¬PBm) → PBn) 

 

But since ∀x((Fx ˄ Gx) → Hx) entails ∀xFx → ∀x(Gx → Hx), (i) entails:  

 

(ii) ∀n>w ¬Bn → ∀n>w(∀m>n ¬PBm → PBn) 

 

Which is equivalent to:  

 

(iii) Ǝn>w Bn ˅ ∀n>w(∀m>n ¬PBm → PBn) 

 

But (iii) is just the disjunction of Ǝn>w Bn and Conditional Placing3*, which by Claim 3* is 

inconsistent with Only Place if First. Thus (given Lemma), Conditional Placing1, Balloons are 

Forever, Only Place if Empty and Placing Produces Balloons jointly entail Ǝn>w Bn. But recall that 

w was arbitrary; thus, for every time, there is a time earlier than it at which Bn is true, which 

together with Balloons are Forever, entails ∀nBn. Thus Conditional Placing1, Balloons are Forever, 

Only Place if Empty and Placing Produces Balloons jointly entail Permanent Balloons; i.e. Claim 1a 

is true.  

 

Stepping back from the details, the point this. In our third, simpler case, the clowns form 

intentions that are jointly inconsistent, and hence can’t all be fulfilled (assuming Only Place if 

First). In Nolan’s two cases, the clowns form intentions that are jointly inconsistent unless some 

extraneous condition is met, so the assumption that they fulfil these intentions entails that this 

extraneous condition is met, whatever the condition. Seen in this light, Nolan’s two cases are 

really variants of the same underlying puzzle. 

 

This much established, let us finally turn to our substantive remarks.  

 

§2 Not about Infinity  

It is natural to think that Nolan’s puzzles essentially rely on the fact that there are an infinite 

number of clowns. Nolan appears to reinforce this impression when he says (perhaps 

ironically), “And to think [the clowns] would not have unlocked these marvellous powers, 

the solutions to so many of the world’s ills, without contemplation of the infinite and the 
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application of our conceptions of the infinite to sequences of time” (pp.5-6). Cases with a 

similar structure to Nolan’s are frequently described as ‘paradoxes of infinity’,15 or as puzzles 

which “take advantage of the peculiarities of infinity” (Laraudogoitia 2010: 451). Nolan ends 

his paper with the suggestion that there may be something to learn from these cases about the 

possibility of “physically realised actual infinities” (p.6); some go further and argue directly 

on the basis of such cases against the possibility of actual infinities (Hansen 2011), infinite 

causal chains (Pruss 2018: ch.3), or an infinite past (Tisthammer 2020).  

 

By contrast, we think that once the puzzles are reconstructed in the manner described in the 

previous section, it’s clear that they have nothing in particular to do with infinity (or Zeno-

series, or supertasks), and there is nothing particularly interesting about the nature of infinity 

to be learned from them. Here is a series of completely mundane cases with essentially the 

same structure as Nolan’s clown cases, none of which involve infinity.  

 

(a) A single clown with contradictory intentions 

Begin with a case involving a single clown: clown1. Our single clown forms the following 

intention: 

 

Intentions4: Clown1 intends that: 2+2=5 

 

Together with Fulfilment, Intentions4 entails that 2+2=5. Nothing is particularly puzzling here: 

no clown can both form the intention that 2+2=5 and succeed in fulfilling it.  

 

Now suppose that we add an extraneous disjunct e to the clown’s intention:  

 

Intention5: Clown1 intends that: (e ˅ 2+2=5) 

 

Together with Fulfilment, Intentions5 entails e. Again, nothing is particularly surprising about 

this. Holding fixed the claim that the clown has this intention, then if e is false, clown1 does 

not fulfil their intention. If e is true (whether because clown1 caused it to be true or because it 

happened to be true for independent reasons) then clown1 trivially fulfils their intention.  

 

Perhaps though this case is not sufficiently analogous to Nolan’s clown cases because each (in 

this case the only) individual intention in Intentions4 is individually inconsistent: no clown can 

 
15 See, e.g., Bacon (forthcoming), Caie (2018), Huemer (2016). 
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fulfil such an intention, irrespective of what any other clown intends or does. So, let us 

consider another case which avoids individually inconsistent intentions.   

 

(b) Two clowns with intentions that are individually consistent, but jointly inconsistent 

Consider two clowns: clown1 and clown2. Clown1 intends for there to be exactly four balloons 

in the room at 12pm. Under normal circumstances, clown1 has no problem ensuring that her 

intention is fulfilled. The clown enters the room a little before 12pm; if there are no balloons 

in the room, clown1 blows up four balloons; if there are two balloons in the room, clown1 

blows up a couple more; if there are five balloons in the room, clown1 pops one of them. You 

get the idea. Similarly, under normal circumstances, clown2 has no problem ensuring that by 

12pm the room contains exactly three balloons.  

 

But now assume the following: 

 

Intentions6: Clown1 intends that: there will be exactly four balloons in the room at 

12pm and clown2 intends that: there will be exactly three balloons in the room at 12pm.  

 

Together with Fulfilment, Intentions6 entails a contradiction. There is still nothing particularly 

puzzling about this. Holding fixed that Intentions6 is true, Fulfilment must be false.16  

 

And of course, as above, we can have a variant of the argument with an extraneous claim. 

Take any claim e, and assume:  

 

Intentions7: Clown1 intends that: (e ˅ there will be exactly four balloons in the room at 

noon) and clown2 intends that: (e ˅ there will be exactly three balloons in the room at 

noon).  

 

As should by now be familiar, Intentions7 and Fulfilment entail e. Again, nothing is particularly 

puzzling about this.  

 

 
16 Yablo (2000: 151) makes a very similar point about Benardete’s puzzle: “If there's a paradox here, it 

lies in the difficulty of combining individually operational subsystems into an operational system. But 

is this any more puzzling than the fact that although I can pick a number larger than whatever number 

you pick, and vice versa, we can’t be combined into a system producing two numbers each larger than 

the other?” 
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One might complain that this case is still not sufficiently analogous to our original: in this case 

each clown’s intention concerns the arrangement of balloons in the room at the very same time. 

It is thus not surprising that their attempts to fulfil their respective intentions might clash. 

Perhaps what’s special about the original case is that each clown intends to place balloons at 

a different time (if at all).17 

 

This feature too, though, can be reconstructed with only two clowns.  

 

(c) Two clowns with inconsistent intentions to place balloons at different times 

Suppose that we now have two clowns, with the following intentions:  

 

Intentions8: Clown1 intends that they place a balloon in the room at 12pm if and only 

if clown2 places a balloon in the room at 1pm.  

Clown2 intends that they place a balloon in the room at 1pm if and only if clown1 does 

not place a balloon in the room at 12pm.  

 

Intentions8 is inconsistent with Fulfilment: if both clowns place balloons or neither clown does 

at their respective times, clown1’s intentions are not fulfilled; on the other hand, if one clown 

places balloons and the other doesn’t, the clown2’s intentions aren’t fulfilled. This time, 

however, clown1’s balloon placing takes place at a different time to clown2’s (if they take place 

at all). And as above, if we construct a variant of Intentions8 except with an extraneous disjunct 

e, it – together with Fulfilment – will entail e.  

 

One might complain that this case is still not analogous to our original: after all, in the original 

case, all the relevant conditions that feature in the antecedent of clownn’s intentions refer to 

events prior to tn. So they could presumably know whether or not the conditions have been 

fulfilled. But the same, one might argue, is not true about clown1 in case (c): clown1’s decision 

whether or not to place the balloons at 12pm depends on what clown2 does at 1pm: how can 

clown1 know whether or not the relevant condition will be fulfilled?  

 

It’s worth noting first that, if we allow ourselves a bit of outlandish metaphysics (though no 

more outlandish than infinitely many clowns blowing balloons at arbitrarily short intervals), 

we can make case (c) exactly analogous to the original clown cases: suppose clown1 sees what 

 
17 c.f. Hansen (2011: 57) on Yablo’s point from the previous footnote: “I can be prevented from fulfilling 

my intention of picking the higher number by someone (Yablo) acting after me. That is not the case for 

[Benardete’s] gods. For each given god, it is irrelevant to his purposes what the succeeding gods do.” 



15 

 

clown2 does at 1pm, and armed with that knowledge uses a time machine to go back an hour 

to decide whether to place a balloon in the room at 12pm (observed by clown2, who armed 

with that knowledge decides whether to place a balloon in the room at 1pm (observed by 

clown1, who…)). In this version of the case, each clown knows via direct perception what the 

other clown does at the relevant time, just as in Nolan’s cases. 

 

But in fact, no such outlandish metaphysics is needed to make the case. Anyone who is not a 

sceptic about knowledge of the future in general can acknowledge that on some variants of 

the case clown1 could know at 12pm whether clown2 will place a balloon in the room at 1pm 

(perhaps clown1 knows clown2 is out of town, or terrible at placing balloons, or perhaps clown2 

told clown1 that they’ve recently taken a solemn oath to place balloons in rooms at every 

opportunity, or…). Indeed, adjusting our current actions based on future events is an entirely 

mundane phenomenon (if Alex and Ofra are co-organising a party, Ofra might decide not to 

stop by to buy bagels at 12pm, because Alex is going to do that at 1pm...).  

 

We conclude, then, that nothing about Nolan’s puzzles depends in any interesting way on 

there being infinitely many clowns. Similar arguments can be reconstructed with no more 

than two clowns. Arguably the only role infinity plays in the original sense of puzzlement is 

purely dialectical: because we are not used to reasoning with infinity, the fact that Intentions3, 

Fulfilment, and Only Place if First are contradictory is just a little harder to immediately see, 

and hence it is just a little harder to notice that the case is really not substantially different 

than that of a single clown forming the intention to either have an ice cream mountain or have 

2+2=5.18 

 

§3 No surprising causal powers 

It’s worth emphasizing at this point that Claims 1a, 1b and 2 are merely entailment claims. 

What Claim 1a says, for example, is that the fact that every clown fulfils their intention in 

Nolan’s first case, together with some further assumptions, entails that there are balloons in 

the room at every time after 12pm. But as noted above, it’s tempting to infer from this a 

stronger claim: that the clowns made it the case that there are balloons in the room without 

actually placing them there, just by forming the right conditional intentions. Nolan’s choice 

 
18 It’s also instructive to compare case (c) with Yablo’s paradox (Yablo 1993), and its relation to the 

original Liar paradox. Yablo’s insight was that the original paradox wasn’t really about self-reference 

or circularity, because it could be reconstructed in a non-circular fashion (as long as we use infinitely 

many sentences). The claim here is that the puzzle isn’t really about infinity, because it can be 

reconstructed using finitely many sentences (as long as we use some circularity.) 
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of language seems designed to encourage this inference – for example, he describes the 

balloons which must be present if all the assumptions are true as having been “produced” by 

the clowns, who have thereby performed a “marvellous trick”; and he describes them as 

having “marvellous powers”, and even as having “uncovered the secret to omnipotence”. One 

finds similar claims throughout the literature on New Zeno cases.19 

 

The discussion in the previous section should make us suspicious of any such inference, 

however. Suppose you form the intention that either you will win the lottery or 2+2=5. The 

claim that you fulfil your intention entails that you will win the lottery. But no-one would take 

this as evidence that you can determine the outcome of the lottery just by forming the right 

intention. Even if you do happen to win the lottery, and your intention is thereby fulfilled, it 

would be a mistake – a particularly flagrant example of mistaking correlation for causation – 

for you to claim any responsibility for your new-found wealth. Rather, winning the lottery is 

simply a necessary condition of my intention being fulfilled, given that it is impossible that 

2+2=5.20 As discussed above, however, this case is really no different from Nolan’s – the 

conjunction of Intentions2, Fulfilment and Only Place if First is equivalent to the disjunction of 

Q and a logical contradiction. This ensures that Intentions2, Fulfilment and Only Place if First 

jointly entail Q (e.g. that there is an ice cream mountain on the other side of the street). But it 

doesn’t follow from this that the clowns have any kind of power to make it the case that Q is 

true. Maybe Q happens to be true, in which case the clowns all trivially fulfil their intentions 

(and can also trivially satisfy Only Place if First by not placing any balloons). But it would be a 

mistake for the clowns to claim any responsibility for the ice cream mountain on the other 

side of the street, just because they happened to form intentions which can only all be fulfilled 

if there is one. 

 

 
19 The inference from an entailment claim to a causal claim is evident already in Benardete’s original 

presentation: “It is clear that this infinite sequence of mere intentions…logically entails the consequence 

that the man will be arrested at point A; he will not be able to pass beyond it, even though not a single 

wall will in fact be thrown down his path. The before-effect will be described by the man as a strange 

field of force blocking his passage forward” (Benardete 1964: 259-60).  
20 c.f. Uzquiano (2012: 260-3): “Since the truth of a pure mathematical proposition, for example, cannot 

be causally influenced by physical events…you could make the truth of one be a “before-effect” 

…without being causally necessitated by them…In cases in which there is no causal influence from the 

series of hypothetical events to the before-effect, the latter is rather a necessary condition for the 

hypothetical events to obtain”. Oddly, though, Uzquiano continues to assume that there is a causal 

influence going on in the original New Zeno cases, which leads him to wonder what “the difference [is] 

between such cases and cases in which no causal influence is exerted by the open-ended sequence of 

events that follow” (ibid.). By contrast, we prefer to interpret this point as a reductio of the inference 

from entailment claim to causal claim in the first place.  
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This same basic fallacy has echoes in other philosophical debates too. As an instructive 

example, consider the so-called ‘consequence argument’ for incompatibilism about free will 

(van Inwagen 1983). Let L be the conjunction of all the laws of nature and let P be a proposition 

describing the fundamental state of the universe at some time in the distant past. Finally, let 

A be some action that you didn’t perform, but intuitively could have performed (like raising 

your arm a second ago). The claim that you performed A, together with determinism, entails 

that the conjunction of L and P is false. Proponents of the consequence argument infer from 

this that an ability to do A must therefore amount to an ability either to change the past (i.e. 

make P false) or break the laws (i.e. make L false). Since you can do neither, you couldn’t have 

acted otherwise than you actually did. 

 

There are (at least) two problems with the consequence argument. The first is that it doesn’t 

follow from the fact that something falsifies a conjunction that it falsifies either of the conjuncts. 

There are possible worlds where you perform A and P is true (ones where L is false); and there 

are possible worlds where you perform A and L is true (ones where P is false). The claim that 

you perform A only entails that one of L or P is false. Thus your ability to raise your arm doesn’t 

amount to an ability either to change the past or break the laws; at best, it only amounts to an 

ability to make it the case that either the laws are different or the past is different.21  

 

Still, though, one might reasonably wonder whether anyone has the ability to make it the case 

that either L or P is false (even granting that this doesn’t require either making L false or 

making P false). After all, it might be argued, whether L&P is true just isn’t the sort of thing 

that is up to you, or that you (or anyone else) has any choice about. But here we encounter the 

second, more fundamental problem with the consequence argument. The fact that some 

proposition is false in every possible world where you raise your arm doesn’t imply that, in 

any of those worlds, the raising of your arm made that proposition false, or that it is any sense 

up to you whether that proposition is true. For one thing, 2+2=5 is false in every world where 

you do anything at all, and yet in none of those worlds does your action make it the case that 

2+2=5 is false, nor is it up to you whether 2+2=5 is true. Similarly, although L&P is false in 

every possible world where you raise your arm, in most (perhaps all) such worlds, your arm-

raising doesn’t make L&P false; one of L or P just happens to be false. 

 

 
21 Something like this point is made by Gallois (1977), Horgan (1985), and McKay and Johnson (1996). 

For suggestions on how to repair the argument to avoid this problem, see Finch and Warfield (1998) 

and van Inwagen (2000). 
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Seen in this light, all the consequence argument shows is something we should have known 

already: that whether we perform some action can depend, in part, on circumstances beyond 

our control.22 It’s a necessary condition on you playing the piano right now that there’s a piano 

in the room. So does it follow that if you play a piano on some occasion, you must somehow 

have made it the case that there’s a piano in the room? Of course not; maybe there just 

happened to be a piano there, and you decided to play it. Doing something a necessary 

condition for which is that p be true is not the same as making it the case that p is true.  

 

The same is true in Nolan’s clown cases. The cases seem puzzling because they seem to require 

crediting the clowns with incredible powers to make ice cream mountains appear or to change 

the positions of the galaxies billions of years ago. But no such incredible conclusions follow. 

All that follows is something we must accept anyway (and, as discussed in the previous 

section, for reasons entirely unrelated to infinity): that whether we perform some action can 

depend, in part, on circumstances beyond our control. It’s a necessary condition on the clowns 

fulfilling their intentions in Nolan’s second case that there is an ice cream mountain on the 

other side of the street. But this doesn’t mean that on the occasions where the clowns do fulfil 

their intentions, they make it the case that there is an ice cream mountain on the other side of 

the street.23  

 

§4 No surprising lack of ability  

Consider again Nolan’s second case, but this time suppose that Q happens to be false – there 

isn’t an ice cream mountain on the other side of the street. It follows from ¬Q – together with 

Only Place if First and Intentions2 – that Fulfilment is false. It’s tempting to conclude from this 

that the clowns are somehow unable to all fulfil their intentions when Q is false.24 This is 

puzzling, because the individual intentions don’t seem all that difficult to fulfil in such cases 

– all each clown has to do is place balloons in the room (something which, by assumption, 

they’re very good at doing) if no previous clown has (something which seems simple enough 

for them to find out).  

 

 
22 Vihvelin (2022) comes to a similar conclusion. 
23 Though of course, some occasions on which they fulfil their intentions could be ones where they did 

cause the ice cream mountain to appear (e.g. one of the clowns could have arrived at 11:30am to put 

the ice cream mountain there).  
24 Even those with broadly deflationary attitudes towards New Zeno puzzles occasionally seem 

tempted by this conclusion: “at least some of the [clowns] will have to face up to their inability to fulfil 

their intentions” (Uzquiano 2012: 261); “the [clowns] are forced to face up to their inability to carry 

through on their promises” (Yablo 2000: 151).  
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The puzzlement here really only arises if one fails to distinguish the possession of an ability 

from the exercising of it. All that follows from ¬Q, Only Place if First, and Intentions2 is that some 

clown doesn’t fulfil their intentions, not that they weren’t able to. There are many things that 

we’re able to do but, for whatever reason, don’t do. Suppose Bill didn’t pick up his daughter 

from nursery yesterday. Trivially, there are facts which entail that he didn’t pick up his 

daughter from nursery yesterday – for example, the fact that he didn’t pick up his daughter 

from nursery yesterday, the fact that either he didn’t pick up his daughter or 2+2=5… and so 

on. Does it follow from any of this that Bill wasn’t able to pick up his daughter yesterday? Of 

course not. Maybe he was able to, but simply forgot, or lost track of time, or decided he would 

rather go to a knitting class instead.  

 

The same is true of our clowns. Suppose ¬Q, Only Place if First, and Intentions2 are all true. 

From this it follows that some clown fails to fulfil their intention – they fail to place balloons 

in the room despite being faced with a situation where ¬Q and no clown before them has 

placed balloons in the room. Call one such clown ‘Bozo’. Was Bozo able to fulfil his intention 

on this occasion? Nothing in the setup of the case tells us anything either way. Maybe he 

wasn’t – he’s pathologically afraid of balloons, he was temporarily paralyzed, he got his hands 

tangled up in his infinitely long handkerchief. Or maybe he was, but simply forgot, or lost 

track of time, or chose to fulfil some other, conflicting intention instead. No interesting 

conclusions about Bozo’s abilities can be derived from the case as described. 

 

One might grant this point, but insist that there remains a puzzle when we contrast the 

abilities of each individual clown with their joint abilities. When we consider one individual 

clown – such as Bozo – our assumptions (¬Q, Only Place if First, and Intentions2) don’t entail 

that he doesn’t fulfil his intentions: there are possible worlds (maybe even close ones), where 

all these assumptions still hold, and where Bozo does fulfil his intention (and it’s some earlier 

clowns which don’t). And the same is true of every other individual clown. By contrast, there 

is no possible world where ¬Q, Only Place if First, and Intentions2 are all true and every clown 

fulfils their intention. One might argue, then, that there is a lingering puzzle about why the 

clowns aren’t all or jointly able to fulfil their intentions. 

 

In response, we want to argue there remains a sense in which the clowns are all able to fulfil 

their intentions, even when Q is false. It’s a necessary condition on exercising one’s ability to 

play the piano that there is a piano in the room. But that doesn’t mean that there isn’t a natural 

sense in which one retains the ability to play the piano, even when there is no piano around. 

Exactly the same is true of our clowns. It is a necessary condition on the clowns exercising 
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their joint ability to all fulfil their intentions that there is an ice cream mountain on the other 

side of the street (assuming Only Place if First). But that doesn’t mean that there isn’t a natural 

sense in which they retain that ability even when there happens not to be an ice cream 

mountain on the other side of the street.25 

 

Here is a final analogy to help illustrate the sorts of abilities we think the clowns have in 

Nolan’s cases. Imagine that A and B have both learnt their respective parts to Hallelujah 

Junction, a piece for two pianos. There is, however, only one piano in the room. Are A and B 

both able to play their respective parts of Hallelujah Junction? There are at least two senses in 

which they are. First, each of them is able to walk up to the piano and play their part on this 

particular piano (even holding fixed that there is just one piano). Second, they are able to each 

play their part together with the other one: they’re both competent piano players, they’ve 

learnt their parts, they’ve practiced playing it together. In this latter sense of ‘able’, it’s true 

that A and B are able to play Hallelujah Junction even in situations where there is no piano in 

the room; all that’s required is that, given the opportunity, they would succeed in playing it. 

What they aren’t able to do is both play their parts to Hallelujah Junction on the same piano at 

the same time. What we have argued in this section is that the abilities of the clowns to fulfil 

their intentions in Nolan’s cases are no more limited, and no more puzzling, than the abilities 

of A and B to play their respective parts to Hallelujah Junction when there is just one piano in 

the room. 

 

§5 No Uniform Resolution 

In §3 we argued that Claims 1a, 1b and 2 are merely entailment claims, not causal claims. We 

can therefore restate them as inconsistency claims. For example, Claim 2 is equivalent to the 

claim that Intentions2, Fulfilment, Only Place if First and ¬Q are jointly inconsistent. Granting 

that all we have is an inconsistency claim, it is tempting to ask how this inconsistency should 

be resolved: does the puzzle show that the clowns cannot form such intentions? Or that the 

clowns cannot fulfil their intentions? Or that such New Zeno cases are impossible?  Or?... 

 

 
25 It might be argued that an ability has to be an ability to do something, but the clowns don’t perform 

any kind of joint action when their intentions are trivially fulfilled because there just happens to be an 

ice cream mountain there already. If one is minded to think this way, one could alternatively consider 

clownn’s ability to ensure that their intention is fulfilled, where ensuring that p is a complex action 

consisting of first checking to see whether p is true already, and if it isn’t, making it true. Our argument 

above can then be used to show that the clowns have the joint ability to ensure that all their intentions 

are fulfilled.  
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This question betrays a false presupposition: we should expect no such uniform resolution. 

What the inconsistency tells us is merely that in each possible world (at least) one of the 

following must be true: the clowns did not all form the relevant intentions; or they did not 

fulfil all their intentions; or some clown placed balloons in spite of not being the first to do so; 

or Q is true. But there is no reason to assume that it is the same disjuncts that are true in every 

world. The puzzle thus does not teach us that it’s impossible for the clowns to form these 

intentions: there are some possible worlds where the clowns form the relevant intentions but 

do not fulfil them. Nor does the puzzle teach us that it’s impossible for the clowns to form and 

fulfil these intentions: there are some possible worlds where the clowns do form and fulfil 

their intentions, but where Q is true. And so on.  

 

A similar observation applies not just to the question of which of these disjuncts is true at each 

world, but also to why it is true. Consider any world in which Intentions2, Only Place if First, 

and Fulfilment hold. We know that any such world must be a world in which Q is true, i.e. 

there is an ice cream mountain across the street. Why is there an ice cream mountain and how 

did it get there? Different answers can be true in different cases: in one case, clown57, anxious 

to ensure everyone’s intentions are fulfilled, rushed in at 11:58am to place an ice cream 

mountain there. In other cases, the clowns just got lucky: an ice cream mountain was left over 

from a previous birthday party and it was cold enough for it not to melt. And for all we know, 

in some worlds, the clowns really do have magical powers to make ice cream mountains 

appear out of thin air, and succeed in exercising that power.  

 

Similarly, consider any world in which Intentions2, Only Place if First, and ¬Q are true. We 

know any such world is one in which Fulfilment fails: some clown is faced with the situation 

where there is no ice cream mountain and no earlier clown has placed balloons, and yet they 

fail to fulfil their intention to place balloons. In fact, we know that it must be an infinite number 

of clowns – there must be some k such that for all n>k, clownn failed to place balloons in the 

room despite being faced with a situation where there is no ice cream mountain and no earlier 

clown placed balloons. What is preventing all these clowns from placing balloons before tk? 

There is no reason to suppose any uniform answer to this question either. To see this, consider 

again case (b) from §3, where clown1 intends for there to be exactly four balloons in the room 

at 12pm and clown2 intends for there to be exactly three balloons in the room at 12pm. 

Trivially, one of the clowns will fail to fulfil their intention. Suppose it’s clown2; what 

prevented them from fulfilling their intention? Clearly there needn’t be any uniform answer 

here – maybe clown1 managed to sneak an extra balloon into the room at the last minute, or 

without clown2 noticing; maybe clown2 tried to pop clown1’s fourth balloon, but their pin 
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wasn’t sharp enough; maybe clown2 was simply inattentive, or asleep, or drunk. Different 

explanations will be true in different possible worlds. But we do know that one thing did not 

happen: it’s not the case that both clowns succeeded in fulfilling their intentions, as that’s 

logically impossible. 

 

The same is true of the clowns  in Nolan’s case. Maybe every clownn>k suffered from a sudden 

bout of balloon-placing-anxiety. Or perhaps they were too hungover to bother trying to place 

any balloons.26 Or perhaps they falsely assumed some previous clown had already placed 

balloons. Or perhaps some combination of all of these explanations, different ones for 

different clowns. Our description of the relevant world is massively underspecified. But we 

do know that one thing did not happen: it’s not the case that every clown fulfilled their 

intentions. Assuming ¬Q and Only Place if First, that’s logically impossible. 

 

This point has parallels with the literature on time travel and the grandfather paradox (Lewis 

1976). Suppose Tim goes back in time, intent on killing his maternal grandfather as a young 

man. We know he will fail – Grandfather must have survived to give birth to Tim’s mother 

for Tim to have been born in the first place. But suppose Tim has prepared meticulously: he 

has a gun which he keeps well-maintained, he has spent long hours in target practice, he 

knows Grandfather’s daily walk to work off by heart…what exactly is stopping Tim from 

killing Grandfather – the Logic Police?!27 

 

Again, it’s a mistake to expect a uniform answer to this question. Maybe Tim’s gun jammed; 

maybe he slipped on a banana peel; maybe Grandfather happened to stay home that day; or 

maybe Tim just had a change of heart. The story is underspecified on this point. (Time travel 

stories often are.) But we know one thing that did not happen: it’s not the case both that 

Grandfather survived to give birth to Tim’s mother and that Tim succeeded in killing him. 

That’s logically impossible.  

 

Perhaps just one of these unlucky events wouldn’t be so unremarkable. But suppose Tim tries 

over and over again to kill Grandfather. The first time his gun jams; the second time he slips 

on a banana peel; the third time Grandfather stays home sick; the fourth time his gun jams 

again; and so on. Doesn’t this series of coincidences cry out for an explanation? Not 

necessarily. Maybe an inhabitant of such a world would be justified in concluding, at a certain 

 
26 One must assume they are not familiar with Parsons’ (2004) eleatic hangover cure. 
27 c.f. Yablo (2000:150): “Does it follow that there is nothing to stop the [clowns] from fulfilling their 

intentions as a group? Logic stops them.” 
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point, that there is some hidden conspiracy at work. But the evidence could simply be 

misleading; after all, improbable coincidences do happen.28 And the story of Tim is set up to 

guarantee that if he tries many times to kill Grandfather, a series of coincidences will happen 

– that’s just what is entailed by the fact that Grandfather survives.  

 

The same is true of Nolan’s clowns. Suppose Q is false (i.e. there isn’t an ice cream mountain 

across the street) and Only Place if First is true. Suppose also that the clowns all sincerely and 

conscientiously try to fulfil their intentions. The first time they try, every clown before t25 falls 

asleep; the second time, every clown before t2471 forgets where they left their balloons; the third 

time, every clown before t16392 is too busy checking to see if an ice cream mountain has 

appeared to remember what they are supposed to do; the fourth time, a slightly different 

minor misfortune befalls every single clown; and so on. On its face, such a series of 

coincidences might seem in need of explanation. But there needn’t be an explanation. The case 

is simply set up to guarantee that if the clowns try multiple times to all fulfil their intentions, 

some (infinite) series of coincidences will happen – that’s just what’s entailed by ¬Q and Only 

Place if First. 

 

§6 No metaphysical surprises 

In this final section, we want to use the insights gained above to critique three attempts to 

leverage New Zeno cases into arguments for surprising metaphysical conclusions: 

Hawthorne’s (2000) argument against the ‘change principle’; Bacon’s (forthcoming) and Caie’s 

arguments for non-standard logics of counterfactuals; and Arntzenius’s (2006) argument that 

reality is ‘smooth’. Our conclusion in each case will be that, while there might be good 

independent arguments for such views, New Zeno cases provide limited or no additional 

evidence for them.  

 

§6.1 Hawthorne on The Change Principle 

Hawthorne (2000) introduces several variants of the New Zeno puzzle, and argues that they 

should lead us to reach a number of surprising conclusions concerning the metaphysics of 

contact and causation. The most dramatic of these appears in his discussion of the assassins 

puzzle: consider a countable infinity of assassins, and let the times be marked as in our 

previous puzzles. Hawthorne makes the following assumptions: (i) each assassin will attack 

 
28 Responding to this worry, Elzein (ms) gives the real-life example of Fidel Castro, who according to 

Cuba’s former counterintelligence chief was the subject of no fewer than 634 separate assassination 

attempts, involving everything from poisoned diving suits, booby-trapped conches, and exploding 

cigars, as well as straightforward mafia-style execution endeavours; all failed. 
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Bob at tn if Bob is not dead by then; (ii) any such attack will successfully kill Bob before the 

(temporally) following time in the series; (iii) assassinn will not attack Bob at tn if Bob is already 

dead by then; (iv) once Bob is dead he doesn’t become alive.  

 

Using these assumptions Hawthorne proves that (v) Bob will be dead at every time after 12pm 

and yet (vi) no assassin attacks him. Hawthorne takes this to show that “the fusion of assassins 

cause the assassination of Bob, even though no individual assassin causes the assignation of 

Bob” (Hawthorne 2000: 630); and moreover, adding the assumption that no assassinn moves 

or undergoes any change other than attacking Bob at tn, Hawthorne maintains that this claim 

yields a “big metaphysical surprise” (ibid.) – that we must reject the following principle: 

 

The Change Principle: If x is the fusion of y's and y's are individually capable only of 

producing effect e by undergoing change, then x cannot, (without the addition of some 

non-supervening causal power), produce effect c without undergoing change.  

 

In order to integrate our discussion of this case more smoothly with our previous remarks, we 

start by noting that Nolan’s first balloon case is a notational variant of Hawthorne’s assassin 

case: let Bn be the claim that Bob is dead at tn and let PBn be the claim that assassin attacks Bob 

at tn. Conditional Placing1, Only Place if Empty, Placing Produces Balloons, and Balloons are Forever 

correspond to Hawthorne’s assumptions (i)-(iv) respectively. And the conclusions Permanent 

Balloons and Never Placed correspond to Hawthorne’s conclusions (v) and (vi). Phrasing the 

puzzle using Nolan’s clowns, if we add the assumption that no clownn moves or changes other 

than in order to place balloons at tn, then according to Hawthorne, Nolan’s clown case should 

similarly lead us to reject The Change Principle.  

 

Now to our critical remarks. First, as we argued in §3, Hawthorne is too quick to interpret the 

case as showing that the fusion of clowns has caused there to be balloons at every time after 

12pm. The assumptions of the case merely entail that there are balloons at every time after 

12pm, not that these balloons were produced by the clowns (or their fusion). It is thus not 

obvious that the case has any bearing at all on The Change Principle. 

 

Still, one might think that the rejection of The Change Principle is warranted if we add to the 

case an additional assumption: that there will be no balloons at any time tn unless caused to 

appear either by clowns or fusions of clowns (call this No Balloons Unless Caused). We maintain 

that rejecting The Change Principle is still the wrong lesson to draw from the puzzle.  At most, 

Hawthorne’s reasoning shows that there is no possible world in which Conditional Placing1, 
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Only Place if Empty, Placing Produces Balloons, Balloons are Forever, No Balloons Unless Caused, 

and The Change Principle are all true. For each possible world, at least one of these six claims 

must be rejected: rejecting The Change Principle is just one out of these six options.  

 

Let us make the further (and plausible) assumption that if The Change Principle is true at all, 

then it’s necessarily true. This would show that if there is any world in which the other five 

assumptions are all true, then The Change Principle is not only possibly false, but also actually 

false. In other words, we must either reject The Change Principle or reject the claim that all other 

five assumptions are compossible. But if we are antecedently strongly disposed to accept The 

Change Principle (Hawthorne himself claims it has “a rather deeper hold on us” and that 

rejecting it is “scarcely thinkable” (Hawthorne 2000: 630-631)), why ought we resolve this 

dilemma by opting for the first rather than the second disjunct?  

 

Indeed, the choice  to resolve this dilemma by rejecting The Change Principle looks especially 

odd once we recognise that there are many close variants of the puzzle that arise even if we 

reject The Change Principle. Most notably, as Claim 3 shows, Conditional Placing3 is already not 

compossible with even one of our assumptions – Only Place if First. It is hard to see why the 

composability of Conditional Placing1 with our other assumptions might be so much better 

motivated than that of Conditional Placing3, that in order to save it, we must reject an otherwise 

central metaphysical principle.  

 

To be clear, we take no stance here on the plausibility of The Change Principle. Perhaps one has 

independent reasons to reject it.29 Our point is more general: take any metaphysical principle 

P that you are independently motivated to accept. Assume our first puzzle entails that either 

P is false or there is no possible world in which all of the assumptions of the first puzzle are 

true. There is no reason to prefer a resolution of this dilemma that opts for a rejection of P, 

and given that there are close variants of the first puzzle in which we should reject that the 

variant assumptions are compossible, there are some provisional reasons to prefer a rejection 

of the latter. The New Zeno puzzle is thus not a good reason to draw surprising metaphysical 

conclusions about the nature of causation – it is, put simply, dialectically inert with respect to 

these debates. 

 

 
29 In his discussion of another variant New Zeno puzzle, Hawthorne proposes that we resolve the 

puzzle by rejecting a different metaphysical principle, which he dubs ‘The contact principle’ 

(Hawthorne 2000: 626). However, in that case, he does provide entirely independent – and to our mind 

compelling – reasons to reject the principle. (See our discussion in §6.3 below.)  
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§6.2 Caie and Bacon on Counterfactual Logic 

Caie (2018) and Bacon (forthcoming) discuss a counterfactual variant of our first case, and each 

argue that the puzzle should lead us to prefer certain logics of counterfactuals. Interestingly, 

although their arguments revolve around similar considerations, they reach almost entirely 

opposed conclusions.  

 

Abstracting away from some of the details and translating their discussion into the clown case, 

here is our own reconstruction of the dialectic.30 Following Bacon, we start by phrasing the 

clowns’ intentions as a little stronger than in our original formulation (this means we don’t 

need Placing Produces Balloons as a separate premise):31   

 

Intentions9: ∀n In (∀m>n ¬Bm → Bn) 

 

Assuming Fulfilment, we get:  

 

Conditional Placing9: ∀n (∀m>n ¬Bm → Bn) 

 

It is easy to prove that Conditional Placing9 entails that there will be some balloons in the room 

at some time past noon.32 As should by now be clear, this conclusion does not show that it is 

impossible for the clowns to have and fulfil the above intentions: all it shows is that they only 

do so in worlds where there are balloons in the room (and of course, in any such world their 

intentions are trivially fulfilled). 

 

However, Caie and Bacon consider a slightly different construal of the puzzle, one involving 

counterfactual rather than material conditionals.33 Suppose that instead of merely assuming 

that the clowns fulfil their intentions, we make the stronger assumption that by forming the 

intentions, the clowns acquire the disposition to place balloons in the room when there aren’t 

already some there and this in turn entails the following counterfactuals:  

 
30 Both authors use Benardete’s example with Gods placing walls, but that argument has exactly the 

same structure as the first clown case: the claim that the man reaches 1/n is the analogue of the claim 

that there are no balloons in the room at tn; the claim that a God places a wall at 1/n corresponds to the 

claim that clownn places balloons at tn; and the claim that the man never reaches any point past 0 

corresponds to Permanent Balloons. 
31 Caie sets up the assumptions of the puzzle a little differently – these differences do not matter for the 

gist of the dialectic.  
32  In fact, it entails the stronger claim that for every time tn there will be some balloons in the room at a 

time earlier than tn. If we also assume Balloons are Forever, then Permanent Balloons follows.  
33 As Caie (2018: 22) notes, the construal in terms of counterfactuals seems implied by Bernadete’s (1964) 

original presentation.  
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Counterfactual Placing1: ∀n (∀m>n ¬Bm □→ Bn) 

 

The first important observation (stressed by Caie) is that since counterfactual conditionals 

entail their material analogues34, Counterfactual Placing1 entails Conditional Placing9, and hence 

can only be true in worlds where there are balloons in the room. This results in the following 

dilemma:  

 

Caie’s dilemma: One of the following must be true:  

(a) Counterfactual Placing1 is metaphysically impossible; 

(b) Counterfactual Placing1 is metaphysically possible, but only true in worlds where there 

are balloons in the room.  

 

The second and more surprising observation is that on many familiar and plausible-looking 

logics of counterfactuals, Counterfactual Placing1 is inconsistent not just with the claim that 

there are in fact no balloons in the room, but with the claim that it’s (counterfactually35) possible 

for there to be no balloons in the room.36 This is significant, because the claim that that it’s 

possible for there to be no balloons in the room seems like an undeniable truth (remember that 

such possibilities include ones in which the clowns don’t form the relevant intentions or there 

aren’t even any clowns around!). Indeed, it seems that we should take this possibility to be 

metaphysically necessary. But if the possibility of no balloons is both metaphysically 

necessary and inconsistent with Counterfactual Placing1, we can conclude that Counterfactual 

Placing1 is metaphysically impossible (horn (a) of Caie’s dilemma). 

 

Both authors, however, note that there are some logics of counterfactuals on which 

Counterfactual Placing1 and the possibility of no balloons are after all consistent. One of these 

is the logic generated by Lewis’s (1973) original semantics, i.e. without the limit assumption. 

 
34 This holds on any logic of counterfactuals under discussion in this section (including Bacon’s logic 

discussed below). Caie (2018: n.4) mentions two accounts of counterfactuals which reject this 

entailment, but even there, the counterexamples involve embedded counterfactuals, which are not at 

issue in the current case. 
35 A claim P is counterfactually possible (also called ‘counterfactually consistent’) just in case ¬(P □→ 

¬P). For the remainder of the discussion we will refer to this simply as ‘possibility’. (The distinction 

between metaphysical and counterfactual possibility, if there is one, is not at issue in our discussion.) 
36 Caie and Bacon each prove this inconsistency using somewhat different principles of counterfactual 

logic. Both agree, however, that the inconsistency claim follows from prima facie plausible principles, 

and both accept that it is true on some familiar semantics for counterfactuals – e.g. Stalkaner’s (1968) 

similarity semantics, or Lewis’s (1973) similarity semantics with the limit assumption. 
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Bacon (who rejects Lewis’s logic on independent grounds), also develops an alternative and 

more revisionary account of counterfactuals which also supports the consistency claim (call it 

‘Bacon’s logic’).37  

 

So far, we have described the main points of agreement between the authors. To recap: we 

must choose between (a) and (b) above; on many logics of counterfactuals (call them 

‘inconsistency logics’), Counterfactual Placing1 is inconsistent with the possibility of no balloons 

and hence (a) follows; but on some logics of counterfactuals (call these ‘consistency logics’), 

Counterfactual Placing1 is consistent with the possibility of no balloons, which leaves scope for 

(b) to be true.  

 

The two authors, however, draw radically different conclusions from these agreed points. 

Caie maintains that (b) is highly unattractive and should be rejected (more on why in a 

moment). While he acknowledges that (a) might also seem prima facie unattractive, he claims 

that this horn becomes much better motivated if we adopt an inconsistency logic: given such 

logics, we have independent reasons to resolve the dilemma in favour of horn (a). Caie thus 

argues that the dilemma should be resolved by maintaining that Counterfactual Placing1 is 

impossible, and moreover this gives us (at least an abductive) reason to prefer inconsistency 

logics over consistency ones.  

 

Bacon, by contrast, argues that (a) is highly unattractive and should be rejected (more on why 

in a moment). Since inconsistency logics force us to accept (a), he argues that the puzzle should 

lead us to prefer consistency logics. In short, Bacon argues that Counterfactual Placing1 is 

possible, and that this give us reasons to prefer consistency logics over inconsistency ones. 

More specficially, it forms one central motivation for adopting Bacon’s own (consistency) 

logic. 

 

Who is right? We argue that both authors are wrong, in the following sense: neither Bacon’s 

arguments against (a) nor Caie’s arguments against (b) are compelling. Moreover, both fail 

for similar reasons. 

 

Begin with Bacon. His thought is that there are possible cases in which each of the clowns 

forms the relevant intention, is resolved to fulfil it, is extremely good at placing balloons if 

 
37 See Bacon (forthcoming), §4. The key to Bacon’s logic is to deny the principle he called Disjunction: 

A□→C, B□→C ˫ A˅B□→C 
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there aren’t any at in the room, and so forth. Moreover, these facts are sufficient to make all 

relevant counterfactuals true. As Bacon puts it (translating his remarks into the clown case): 

 

[A] glass securely wrapped in bubble wrap has the disposition to break...even though it would not 

break if dropped: this disposition has been masked. But what is playing the role of bubble wrap in 

this case? It is not as though the [clowns] have their hands tied behind their back, or there is 

something else preventing their dispositions from manifesting as counterfactuals. If the first 

[clown] were the only [clown] to exist, and he were to form the relevant disposition, then we surely 

would want to assert the corresponding counterfactual. Likewise, if he were accompanied by 

finitely many similarly dispositioned [clowns]. What is it about having infinitely many similarly 

dispositioned [clowns] that masks the dispositions? [...] [T]hat there could be infinitely many 

[clowns] with the counterfactual properties – [clowns] with untied hands, and the actual potential 

to [place balloons] – that seems evidently possible. (Bacon forthcoming: 8-9). 

 

A central problem with this reasoning is that it disastrously overgenerates. We can see this by 

considering the counterfactual variant of our third case. Assume that each clown forms the 

intention to place balloons at tn if and only if no previous clown has placed balloons (this time, 

we simplify by packing Only Place if First into the clown’s intentions):  

 

Intentions10: ∀n In (∀m>n ¬PBm ↔ PBn) 

 

Exactly parallel considerations to those that Bacon relies on, might tempt us to think that there 

are at least possible cases in which the clowns firmly form these intentions and thereby ensure 

the truths of the corresponding counterfactuals:38  

 

Counterfactual Placing2: ∀n(∀m>n ¬PBm □→ PBn) ˄ ∀n(Ǝm>n PBm □→ ¬PBn)   

 

After all, it seems that it should be possible for each clown to form the relevant intention 

(what’s stopping them from doing so?), to be highly resolved to fulfil it (why not?), to be 

excellent at detecting whether or not any previous clown has placed balloons (how hard can 

that be?), to place or refrain from placing balloons if they so wish (after all, their hands aren’t 

tied) and so on. Yet we know that in this case, appearances are misleading: since 

counterfactuals entail their material analogues, Counterfactual Placing2 entails Conditional 

Placing3 and Only Place if First, which by Claim 3, entail a contradiction. Thus despite any 

appearances to the contrary, Counterfactual Placing2 is metaphysically impossible.  

 
38 To forestall any worries about backtracking counterfactuals, we formulate the counterfactual 

analogue of Only Place if First using the contrapositive of the original principle.   
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To be clear, the fact that Counterfactual Placing2 is impossible does not entail that Counterfactual 

Placing1 is impossible as well. Our point is merely that the type of considerations that Bacon 

uses to defend the possibility of Counterfactual Placing1 seem to apply just as much to 

Counterfactual Placing2, and are hence highly suspect. 

 

Furthermore, our discussion in previous sections suggests some more direct reasons to be 

suspicious of Bacon’s reasoning. We do not need any dramatic assumptions for Counterfactual 

Placing1 to fail (e.g. that the clowns’ hands are tied behind their backs): in some cases their 

hands might be tied; in others they might be very sleepy; in others they mistakenly think there 

already are balloons in the room, and so on. Nor does the failure of Counterfactual Placing1 

demonstrate that the clowns lack the ability (or ‘actual potential’ to use Bacon’s words) to 

place balloons. 

 

Now for Caie’s reasons for rejecting (b), the claim that Counterfactual Placing1 is possible, but 

only true in worlds where there are balloons in the room. Here is what he says (again 

translating the discussion to our case throughout):39  

 

 [I]t is hard to see why, if the intentions of the [clowns] and their general efficacy do not 

themselves suffice to ensure that [Counterfactual Placing1] holds, the addition [of balloons in the 

room], causally unconnected to the intentions of the [clowns] that arise on or before [noon], 

should, together with those intentions, suffice to ensure that [Counterfactual Placing1] holds 

(Caie 2018: 26). 

 

The problem with this argument is that what (b) demands is merely that the existence of 

balloons in the room is a necessary condition for Counterfactual Placing1 to hold: nothing in the 

logic demands that these balloons (together with the clowns intentions) are sufficient to ensure 

Counterfactual Placing1.40 It is entirely consistent with all we’ve said that some (perhaps most) 

worlds where the clowns form the relevant intentions and there are balloons in the room are 

ones in which Counterfactual Placing1 nevertheless fails, as long as there are at least some 

worlds where both claims are true. In some cases where Counterfactual Placing1 is true, there 

 
39 It is worth noting that on Caie’s way of laying out the assumptions of the puzzle, the counterfactual 

claim entails not just that there are some balloons in the room, but that there are permanent unplaced 

balloons.  
40 Caie does consider and reject a slightly weaker sufficiency claim, where the balloons and intentions 

are sufficient, provided there are causal laws that mean whenever the clowns have the relevant 

intentions, those intentions somehow cause there to be permanent unplaced balloons in the room 

(perhaps caused by the fusion of clowns – as in Hawthorne’s (2000) proposal). But we need not accept 

even this weaker sufficiency claim in order for the necessity claim to be true.  
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might be completely unrelated casual factors that secure its truth: perhaps in one such world 

the clowns had undergone strict training on how to stick to their intentions in spite of 

adversity, in another they underwent brain surgery that makes them better at sticking to their 

intentions, etc.41 Perhaps in other cases, the balloons are causally relevant to the truth of 

Counterfactual Placing1 (maybe upon seeing the balloons in the room, each clown remembers 

their intention and is now extra resolved to fulfil it…). Either way, we see no reason to think 

there can’t be some balloonful worlds in which Counterfactual Placing1 is true.  

 

We conclude therefore that for all Caie’s and Bacon’s arguments show, both the claim that 

Counterfactual Placing1 is metaphysically impossible, as well as the claim that it is possible but 

only true in worlds in which there are permanent unplaced balloons, are entirely feasible 

options. We might well have independent reasons to accept or reject particular logics of 

counterfactuals, and these in turn might help adjudicate Caie’s dilemma. But the puzzle does 

not itself motivate the adoption of either consistency logics (as Bacon argues) or inconsistency 

ones (as Caie does). New Zeno puzzles do not in themselves teach us anything about the logic 

of counterfactuals.   

 

§6.3 Arntzenius on Smoothness 

Arntzenius (2006) uses an example structurally analogous to Nolan’s first clown case to argue 

that the world is smooth, meaning (roughly) that the functions which describe the state of the 

world at a time, together with all their (finite) derivatives, are continuous. The case involves 

an infinite number of billiard balls placed at x = 1, x = ½, x = ¼, and so on (each billiard ball in 

the series is half the diameter of the previous one, so they all fit into a finite space). A further 

billiard ball – call it Moving Ball – is approaching the collection ‘from the left’, i.e. from x < 0. 

An argument similar to our proof of Claim 1a, above, can be used to show that Moving Ball’s 

leading edge will not go beyond x = 0, even though there is nothing at x = 0 to stop its progress. 

According to Arntzenius, this shows that “the simple law which says ‘change motion if and 

only if in contact with another ball’ is inconsistent with the above initial condition”; but, he 

continues, “it seems absurd that such a natural law would impose such constraints on initial 

conditions” (Arntzenius 2006: 9). Instead Arntzenius suggests resolving the puzzle by 

appealing to a more fundamental assumption about the physics of our world, namely that 

reality is ‘smooth’, and in particular, that the mass density function of the universe is 

 
41 Why doesn’t such training or brain surgery suffice to make Counterfactual Placing1 true in any worlds 

where there aren’t any balloons? We know that in each such world, something will go wrong along the 

way (in one world, some clown fails to show up to training; in another the brain surgeon falls asleep, 

and so on…). Cf. our discussion of the Grandfather Paradox in §5.  
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continuous. This assumption is violated by the case above, since it’s not the case that as x tends 

to 0, the value of the mass density function tends to the value it has at x = 0 (instead it oscillates 

more and more wildly, never ‘settling’ on a particular value).  

 

It’s worth noting that Arntzenius’s conclusion is more limited in scope than the ones we 

discussed in the previous sub-sections: even if Arntzenius is right that the laws of physics 

should not constrain the initial conditions in the way required, this claim is surely not a 

metaphysically necessary one, so at most this puzzle would teach us something only about 

worlds that are physically possible or at least sufficiently physically similar to ours.  

 

That being said, we do not think the puzzle compels us to accept smoothness even in 

physically similar worlds. This is because, on reflection, there are several alternative solutions 

available to Arntzenius’s puzzle. One, already present in Hawthorne (2000), involves thinking 

more carefully about what ‘contact’ means in the context of systems like the one Arntzenius 

describes. Consider the fusion of all the balls in the series – call it Fusion. Despite having a 

finite volume, Fusion has an ‘open surface’ – its exact spatial location doesn’t have an 

‘outermost’ layer of points (for every point s in the region, there is a point t in the region such 

that t’s x co-ordinate is less than s’s). So what is it for an object with an open surface (like 

Fusion) to ‘come into contact’ with an object with a closed surface (like Moving Ball)? It cannot 

mean that there is overlap between the outermost layers of both objects, since (by definition) 

one of them doesn’t have an outermost layer. Plausibly, then, it suffices for an open surface to 

come into contact with a closed surface that there is no unoccupied space between them 

(Hawthorne 2000: 626). But then it follows that Moving Ball does come into contact with 

Fusion, even though it doesn’t come into contact with any individual ball in the series.42  

 

Supposing this is correct, let us take another look at Arntzenius’s argument. Arntzenius claims 

that it is implausible that a “simple” and “natural” law like ‘change motion if and only if in 

contact with another ball’ should rule out any initial conditions. But on reflection, this is quite 

a strange law, given that there are things (like Fusion) that it is possible to come into contact 

with without coming into contact with any ball. A more natural law would be ‘change motion 

 
42 One complication here is that, if the mass-density function of the universe is continuous, then 

presumably all objects must have open surfaces, including Moving Ball. According to Hawthorne (2000: 

626), an open surface contacts another open surface if and only if there is no more than a line’s breadth 

of unoccupied space between them. Hence, if Moving Ball has an open surface, it will actually come 

into contact with Fusion before any part of it reaches x=0. But this complication won’t matter for our 

purposes, since it is still the case even if Moving Ball has an open surface that it will come into contact 

with Fusion before coming into contact with any ball.  
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if and only if in contact with another object’; and this law is perfectly compatible with the initial 

conditions of Arntzenius’s case, since (assuming what we say above about the nature of open-

closed contact) Moving Ball comes into contact with Fusion when it reaches x = 0. 

 

Even setting aside this point, though, it is controversial whether laws of nature and initial 

conditions really are as independent in practice as Arntzenius thinks they ought to be. For 

example, Frisch (2004: 701) points out that there is “a wide class of intuitively physically 

reasonable initial conditions [for which] the Maxwell-Lorentz equations have no global 

solutions” meaning that, contrary to first appearances, “there are no electrodynamically 

possible worlds in which any of these initial conditions hold”. And as Norton (1992) shows, 

there are initial conditions in Newtonian Mechanics that are incompatible with the laws, in 

the sense that the forces between particles are undefined. Abstracting away from particular 

examples, laws typically take the form of (partial) differential equations; and plugging a set 

of ‘initial conditions’ into an arbitrary differential equation will only rarely produce a unique 

set of solutions. There can be more than one such set of solutions, in which case the purported 

law is indeterministic; or there can be no such set, in which case the initial conditions are 

incompatible with the purported law. Seen from this perspective, then, it’s not clear that we 

can rule out incompatibilities between laws and initial conditions a priori any more than we 

can rule out indeterminism a priori. 

 

To be clear, we take no stance here on the claim that reality must be ‘smooth’ in Arntzenius’s 

sense. There may well be good independent reasons to endorse it. Our point is just that 

Arntzenius’s argument is less compelling than it might appear at first blush, because there are 

several other potential solutions to the puzzle which don’t rely on the assumption that reality 

is smooth.  
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