
The Sorites Paradox [reference 1] below is taken from ref 1 my notes are in yellow highlight

The sorites paradox (in the literature the paradox is written with a lower case 's')  is the name given 
to a class of paradoxical arguments, also known as little-by-little arguments, which arise as a result 
of the indeterminacy surrounding limits of application of the predicates involved. For example, the 
concept of a heap appears to lack sharp boundaries and, as a consequence of the subsequent 
indeterminacy surrounding the extension of the predicate ‘is a heap’, no one grain of wheat can be 
identified as making the difference between being a heap and not being a heap. Given then that one 
grain of wheat does not make a heap, it would seem to follow that two do not, thus three do not, and
so on. In the end it would appear that no amount of wheat can make a heap. We are faced with 
paradox since from apparently true premises by seemingly uncontroversial reasoning we arrive at 
an apparently false conclusion.

This phenomenon at the heart of the paradox is now recognised as the phenomenon of vagueness. 
Though initially identified with the indeterminacy surrounding limits of application of a predicate 
along some dimension, vagueness can be seen to be a feature of syntactic categories other than 
predicates. Names, adjectives, adverbs and so on are all susceptible to paradoxical sorites reasoning 
in a derivative sense.

These puzzles of antiquity are now more usually described as paradoxes. Though the conundrum 
can be presented informally as a series of questions whose puzzling nature gives it dialectical force, 
it can be, and was, presented as a formal argument having logical structure. The following argument
form of the sorites was common:

1 grain of grain does not make a heap. 
If 1 grain of grain does not make a heap then 2 grains of wheat do not. 
If 2 grains of grain do not make a heap then 3 grains do not. 
… 
If 9,999 grains of sand do not make a heap then 10,000 do not. 
10,000 grains of sand do not make a heap. 

The argument certainly seems to be valid, employing only modus ponens and cut (enabling the 
chaining together of each sub-argument which results from a single application of modus ponens). 
These rules of inference are endorsed by both Stoic logic and modern classical logic, amongst 
others.

Moreover its premises appear true. Some Stoic presentations of the argument recast it in a form 
which replaced all the conditionals, ‘If A then B’, with ‘Not(A and not-B)’ to stress that the 
conditional should not be thought of as being a strong one, but rather the weak Philonian 
conditional (the modern material conditional) according to which ‘If A then B’ was equivalent to 
‘Not(A and not-B)’. Such emphasis was deemed necessary since there was a great deal of debate in 
Stoic logic regarding the correct analysis for the conditional. In thus judging that a connective as 
weak as the Philonian conditional underpinned this form of the paradox they were forestalling 
resolutions of the paradox that denied the truth of the conditionals based on a strong reading of 
them. This interpretation then presents the argument in its strongest form since the validity of 
modus ponens seems assured whilst the premises are construed so weakly as to be difficult to deny. 
The difference of one grain would seem to be too small to make any difference to the application of 
the predicate; it is a difference so negligible as to make no apparent difference to the truth-values of 
the respective antecedents and consequents.

Yet the conclusion seems false. Thus paradox confronted the Stoics just as it does the modern 
classical logician. Nor are such paradoxes isolated conundrums. Innumerable sorites paradoxes can 
be expressed in this way. For example, one can present the puzzle of the Bald Man in this manner. 
Since a man with one hair on his head is bald and if a man with one is then a man with two is, so a 
man with two hairs on his head is bald. Again, if a man with two is then a man with three is, so a 
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man with three hairs on his head is bald, and so on. So a man with ten thousand hairs on his head is 
bald, yet we rightly feel that such men are hirsute, i.e., not bald. Indeed, it seems that almost any 
vague predicate admits of such a sorites paradox and vague predicates are ubiquitous.

As presented, the paradoxes of the Heap and the Bald Man proceed by addition (of grains of sand 
and hairs on the head respectively). Alternatively though, one might proceed in reverse, by 
subtraction. If one is prepared to admit that ten thousand grains of sand make a heap then one can 
argue that one grain of sand does since the removal of any one grain of sand cannot make the 
difference. Similarly, if one is prepared to admit a man with ten thousand hairs on his head is not 
bald, then one can argue that even with one hair on his head he is not bald since the removal of any 
one hair from the originally hirsute scalp cannot make the relevant difference. It was thus 
recognised, even in antiquity, that sorites arguments come in pairs, using: ‘non-heap’ and ‘heap’; 
‘bald’ and ‘hirsute’; ‘poor’ and ‘rich’; ‘few’ and ‘many’; ‘small’ and ‘large’; and so on. For every 
argument which proceeds by addition there is another reverse argument which proceeds by 
subtraction.

Curiously, the paradox seemed to attract little subsequent interest until the late nineteenth century. 
In the neo-Hegelian tradition Marxist philosophers like Plekhanov (1937: 114) [1908] cited the 
paradox as evidence of the failure of “customary” logic and in favour of the ‘logic of contradiction’.
Thus some Marxists theorists sought to establish the triumph of the dialectic. Meanwhile, in Anglo-
American philosophy formal logic once again assumed a central role and with its classical 
formalisation came problems for Frege and Russell in dealing with the underlying phenomenon of 
vagueness. It and the associated sorites paradox were declared beyond the scope of logic and so no 
challenge to it. Since the demise of the ideal language doctrines of Russell and Frege in the latter 
half of the twentieth century (see section 3.1 below) interest in the vagaries of natural language, and
the sorites paradox in particular, has greatly increased.

Its Paradoxical Forms

Any resolution of the paradox is further complicated by the fact that they can be presented in a 
variety of forms and the problem they present can only be considered solved when all forms have 
been defused.

Conditional Sorites  ( [●,○] )
A common form of the Sorites paradox presented for discussion in the literature is – Let ‘F’ 
represent the soritical predicate (e.g., ‘is bald’, or ‘does not make a heap’) and let the expression 
‘an’ (where n is a natural number) represent a subject expression in the series with regard to which 
‘F’ is soritical (e.g., ‘a man with n hair(s) on his head’ or ‘n grain(s) of sand’). Then the sorites 
proceeds by way of a series of conditionals and can be schematically represented as follows:

Conditional Sorites 
Fa1 

If Fa1 then Fa2 

If Fa2 then Fa3 

… 
If Fai-1 then Fai 

Fai (where i can be arbitrarily large) 

The commutator [●,○] involves the predicates in pairs of “start i.e. uncounted-(●○) heaps/non-
heaps” and “end i.e. counted-(○●) non-heaps/heaps” respectively and represents the conditional 
sorties form of the paradox. 

Whether the argument is taken to proceed by addition or subtraction will depend on how one views 
the series. The (top) weft ●↔◒↔○ string  represents the subtraction series (less grains or less 

s

○●◒
●○◒

Start End

  start – end = duration 
(●○) – (○●) = duration
           [●,○] = duration
           [●,○] = i◒
             Δ●Δ○ ≥ ◒/4π

Sorites Paradox



hairs), the (bottom) woof ○↔◒↔● string represents the addition series (add grains or add hairs). 

Barnes (1982) states conditions under which any argument of this form is soritical. 

Initially, the series <a1,…,ai> must be ordered; for example, scalps ordered according to number of 

hairs, heaps ordered according to number of grains of sand, and so on . 

Clearly the (top) weft ●↔◒↔○ string  represents the subtraction series (less grains or less hairs), 
the (bottom) woof ○↔◒↔● string represents the addition series (add grains or add hairs). And the 
ordered series <a1,…,ai> is identified 1:1 (one-to-one) with ↔◒↔ (not including the endpoints) in 

both directions respectively. 

Secondly, the predicate ‘F’  [●,○] must satisfy the following three constraints: (i) it must appear true
of a1, the first item in the series “start i.e. uncounted-(●○) heaps/non-heaps”; (ii) it must appear 

false of ai, the last item in the series “end i.e. counted-(○●) non-heaps/heaps”; and (iii) each 

adjacent pair in the series, an and an+1, must be sufficiently similar as to appear indiscriminable in 

respect of ‘F’—that is, both an and an+1 (this indiscriminable pair is represented by ↔◒↔ (not 

including the endpoints) in both directions respectively) appear to satisfy ‘F’ [●,○] or neither do. 
Under these conditions ‘F’ [●,○] will be soritical relative to the series <a1,…,ai> (≡↔◒↔ in both 

directions) and any argument of the above form using ‘F’ [●,○] and <a1,…,ai> (≡↔◒↔ in both 

directions) will be soritical.

In recent times the explanation of the fact that sorites arguments come in pairs (the top subtraction 
series and the bottom addition series) has shifted from consideration of the sorites series itself and 
whether it proceeds by addition or subtraction to the predicate involved. It is now common to focus 
on the presence or absence of negation in the predicate (the commutator [●,○] contains both the 
positive/negative series within one structure), noting the existence of both a positive form which 
bloats the predicate's extension and negative form which shrinks the predicate's extension. With the 
foregoing analysis of the conditions for sorites susceptibility it is easy to verify that ‘F’ (uncounted) 
will be soritical relative to <a1,…,ai>  (bottom series) if and only if ‘not-F’ (counted) is soritical 

relative to <ai,…,a1> (top series), thus verifying that for every positive sorites there is an analogous 

negative variant. The Hamiltonian of the sorites is one structure that contains the conditional sorties 
as its commutator equation [●,○] and its duration is i◒.  

The key feature of soritical predicates [●,○] which drives the paradox, constraint (iii) (this 
constraint i.e. the indiscriminable pair represented by ↔◒↔ (not including the endpoints) in both 
directions respectively), is described in Wright (1975) as “tolerance” and is thought to arise as a 
result of the vagueness (Δ●Δ○ ≥ ◒/4π) of the predicate [●,○ involved. Predicates such as ‘is a heap’ 
(●) or ‘is bald’ (○) appear tolerant of sufficiently small changes in the relevant respects—namely 
number of grains or number of hairs. The degree of change between adjacent members of the series 
(Δ● or Δ○) relative to which ‘F’ is soritical [●,○] would seem too small to make any difference to 
the application of the predicate ‘F’ (●) or (○). Yet large changes (Δ●Δ○) in relevant respects will 
make a difference (≥ ◒/4π), even though large changes are the accumulation of small ones (↔◒↔) 
which don't seem to make a difference. This is the very heart ([●,○] = i◒) of the conundrum (Δ●Δ○ 
≥ ◒/4π) which has delighted and perplexed so many for so long.

Mathematical Induction Sorites
One variant replaces the set of conditional premises with a universally quantified premises. Let ‘n’ 
be a variable ranging over the natural numbers and let ‘∀n(…n…)’ assert that every number n 
satisfies the condition …n…. Further, let us represent the claim of the form ‘∀n(if Fan then Fan+1)’ 



as follows:

∀n(Fan → Fan+1) 

Then the sorites is now seen as proceeding by the inference pattern known as mathematical 
induction:

Mathematical Induction (MI) Sorites 
Fa1 

∀n(Fan → Fan+1) 

∀nFan 

So, for example, it is argued that since a man with 1 hair on his head is bald and since the addition 
of one hair cannot make the difference between being bald and not bald (for any number n, if a man
with n hairs is bald then so is a man with n+1 hairs), then no matter what number n you choose, a 
man with n hairs on his head is bald.

Line-drawing Sorites 
Yet another form is a variant of this inductive form. Assume that it is not the case that for every n, a 
man with n hairs on his head is bald, i.e., that for some number n, it is not the case that a man with 
n hairs on his head is bald. Then by the least number principle (equivalent to the principle of 
mathematical induction) there must be a least such number, say i+1, such that it is not the case that a
man with i+1 hairs on his head is bald. Since a man with 1 hair on his head is bald it follows that 
i+1 must be greater than 1. So, there must be some number n (= i) such that a man with n hairs 
counts as bald whilst a man with n+1 does not. Thus it is argued that though a1 is bald, not every 

number n is such that an is bald, so there must be some point at which baldness ceases. Let ‘∃n(…

n…)’ assert that some number n satisfies the condition …n…. Then we can represent the chain of 
reasoning just described as follows:

Line-drawing (LD) Sorites 
Fa1 

~∀nFan 

∃n≥1(Fan & ~Fan+1) 

The Mathematical Induction (MI) and the Line-drawing (LD) Sorites represent the full rotation 
symmetries of the bottom half (MI) and the top half (LD) respectively of the Hamiltonian's 
commutator [●,○] which has in total two full rotation symmetries (equivalent to a spin-½ ) for each 
half of the Hamiltonian of Sorites Paradox. It is a commonly held belief that a spin-½ structure is 
impossible to imagine in space-time for example Markus Ehrenfried states this attitude as (see this 
link) “The electron is a spin-1/2 particle, and now things become strange: a spin-1/2 particle needs 
two full rotations (2x360°=720°) until it is again in the same state. There is nothing in our 
macroscopic world which has a symmetry like that. Common sense tells us that something like that 
cannot exist, that it simply is impossible. Yet that's how it is”.  
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The grains of sand ◒ have one full rotation symmetry (spin-1). That is the whole 
structure of the Hamiltonian imbues (that is saturates) its endpoints [●,○] (spin-½) 
and quanta ◒ (spin-1) with symmetries throughout the cycle of the duration of 
Sorites paradox. .  

The ASU (A=the past, S=the present & F=the future) matrix shows “the paths of all histories” of “a 
heap”, “a non-heap” and “the grains”; and represents when Mathematical Induction fails and where 
in the sand we draw the line for consistent counting of numbers. As can be seen in the matrix we 
have six black (observable) balls and six white (unobservable) balls each with spin-½ symmetry and
six observable (mixed) balls with spin-1. These symmetries are obtained from the Hamiltonian 
structure above. Clearly an event has spin-½ endpoints with spin-1 grains. It is well known within 
space-time we have six unobservable quarks (spin-½ ), six observable leptons (spin-½ ) and 
messenger bosons (spin-1) which act as the forces connecting these particles. That is if Sorties 
Paradox is sound then the failure of MI implies that events have eighteen invariants within time as 
indicated. Of course the above matrix is a picture of superposition. Again it has been imagined that 
superposition cannot be pictured in a consistent manner within space-time. As can be seen below 
the expectation values of the ASU matrix is picture of “the paths of all histories” of all events.  

Huw Price in his book Time's Arrow and Archimedes' Point: New Directions 
for the Physics of Time shows that superposition can be illustrated using “an 
informal analogy which is often used to illustrate the consequences of 
superposition The story asks us to imagine a shell game, in which we are 
allowed to turn over any two of three up-turned cups. Whenever we do so, we 
always find one black stone and one white stone. Can this result be explained 
in terms of some prior distribution of stones among the three cups? A little 
thought shows that it cannot be. The distribution would need to place one and 

only one stone under each cup, for we never find more or less than this. Each stone would have to 
be either black or white, for we never find any other colour. So there would have to be at least two 
stones of the same colour, which contradicts the face we always find stones of different colours. … 
A large literature has grown up seeking ways to evade these no hidden variable theorems … the 
requirement that the model account for the result of any possible measurement, the results predicted
by the underlying state for a given measurement M should not depend on what other measurements 
are made in conjunction with M. (In terms of the shell game analogy, this amounts to the 
requirement that the apparent colour of the stone we find under a given cup does not depend on 
what other cup we turn over at the same time.) This assumption turns out to be essential.”  

As can be seen by observing the ASU matrix we can see the invariants that act as the black and 
white balls (which are leptons and quarks respectively recall all matter in the universe is built from 
a small number of fundamental spin-½ particles) and the bosons which are the messenger particles 
of force (all forces are mediated by particles which have integral spin). As Markus Ehrenfried states
spin is the main difference between 'force-particles' and 'matter-particles'.
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Also as can be seen local events have a spin-2 symmetry concerned with the rearrangement of the 
heaps grain micro-states from the cycle before and a global virtual spin-2 symmetry . As Markus 
Ehrenfried states Nobody has yet seen the particle which mediates the gravitational force, the 
graviton, so it is not listed here. There are theories which predict that the graviton will have a spin 
of 2 

How to solve the Sorites paradox 
Now obviously, given that sorites arguments have been presented in these three forms, “the sorites 
paradox” will not be solved by merely claiming, say, mathematical induction to be invalid for 
soritical predicates. All forms need to be addressed one way or another. (See Priest (1991) for yet 
another interesting form the paradox might take, a form which makes explicit the paradox's 
dependence on condition (iii) mentioned above and presents the argument as proceeding by 
substitutivity of identicals. And see Weber and Colyvan (2010) for a proposal for a fully general 
form of the paradox, a general topological characterization of the paradox.)

One would hope to solve the paradox, if at all, by revealing some general underlying fault common 
to all forms of the paradox. No such general solution could depend on the diagnosis of a fault 
peculiar to any one form. On the other hand, were no general solution available then “the sorites 
paradox” will only be adequately addressed when each of its forms separately have been adequately
dealt with. This piecemeal approach holds little attraction though. It is less economical than a 
unified approach, arguably less elegant, and would fail to come to grips with the underlying 
unifying phenomenon which is considered to give rise to the paradoxes, namely vagueness. A logic 
of vagueness, be it classical or otherwise, ought to be able to defuse all those paradoxes that have 
their source in this phenomenon.

Responses

The various responses to soritical reasoning can be most easily catalogued by focussing on that 
form most commonly discussed in the literature—the conditional form. As with any paradox, four 
responses appear to be available. One might:

1. deny that logic applies to soritical expressions. 

According to this response the problem cannot legitimately be set up in the first place. On the other 
hand one might accept that the sorites paradox constitutes a legitimate argument to which logic 
applies and deny its soundness by:

2. denying some premise(s),
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or

3. denying its validity.

Finally, seemingly as a last resort, one might embrace the paradox and

4. accept it as sound.

Embracing the Paradox

A final option is to simply embrace the paradox. (See Dummett (1975), Wright (1975).) Conditional
sorites paradoxes are, contrary to appearances, sound. For example, no amount of grains of sand 
makes a heap. This initial claim in favour of a universal type (4) response immediately runs into 
difficulty, however, with the realisation that, as noted at the outset, such paradoxes come in pairs. 
There are negative and positive versions depending on whether the soritical predicate is negated or 
not. To accept all sorites as sound requires assent to the additional claim that, since one grain of 
sand makes a heap, any number do. A radical incoherence follows since there is a commitment to all
and any number both making a heap and not making a heap. Similarly, everyone is bald and no-one 
is; everyone is rich and no-one is, and so on.

The problem is that the soundness of any positive conditional sorites undercuts the truth of the 
unconditional premise of the corresponding negative version, and vice versa. Unless one is prepared
to countenance the almost total pervasiveness of contradictions in [the language of the logic], it 
seems that not all sorites can be sound. Unger (1979) and Wheeler (1979) propose a more restricted 
embrace. Following dissatisfaction with responses of type (1) and (3) one accepts the applicability 
and validity of classical norms of reasoning. Nonetheless, dissatisfaction with responses of type (2) 
considered so far—rejecting some conditional premise—leaves open the possibility of either 
rejecting the unconditional premise or accepting it and, with it, the soundness of the paradox. What 
is advocated is the soundness of those sorites which deny heapness, baldness, hirsuteness, richness, 
poverty, etc. of everything—a type (4) response—and the corresponding falsity of the unconditional
premise of all respective positive variants of the argument—a type (2) response. Terms like ‘heap’, 
‘bald’, ‘hirsute’, ‘rich’ and ‘poor’ apply to nothing. It is admitted that they apply to everything if 
they apply to anything, but the all-or-nothing choice is resolved in favour of the latter option. (See 
Williamson (1994) Ch. 6.)

As can be appreciated if Sorites Paradox is sound then Mathematical Induction cannot be used as a 
basis for any mathematics that describes objects within time's grip. Local events are considered as 
one block with event endpoints made up of spin ½ particles held together by bosons of integer spin. 
Also local events have an “entropy” spin-2 symmetry and if the universe is considered as one event 
then all local events can be considered to be controlled by a global spin-2 symmetry.

Sorites Paradox is the fundamental interaction that explains why we have the basic particles of 
nature.  



What is the past, the present and the future? And what is the “now”
As can be seen below the universe as a whole has a virtual spin-2 symmetry that coordinates all the local grains of sand 
events by a local-cyclic spin-2 symmetry (which counts the micro-states) in coordination with the cycle before and 
after. So for local location-movement events it will appear that energy-time has three divisions (due to the three 
symmetries ℂℝℕ in 1:1 relationship with CPT) for the duration of a sand-glass event. The past (a global virtual before), 
the present (a global now event which seems to count local grains of sand everywhere via entropy in location-
movement) and the future (a global virtual after). It will appear that “the global now” is in constant-movement yet does
not have location-movement. Also “this global now” has zero duration as compared to past and the future which can be 
any length of duration in time. This “global now” can be changed (warped) by the global spin-2 symmetry. The 
“onwards” march of change is due to the “failure of mathematical induction”, since there are no grains of sand that are 
in 1:1 relationship for the “onwards” journey of duration,  i.e. the 1:1 is empty but does explain why we the experience 
of constant change for the “now”.
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A continuous Sorites variable (for example tallness is a continuous sorites variable) can be constructed as shown below. This procedure obtains a continuous Sorites manifold.  

As can be seen the continuous version of Sorites Paradox involves a huge scale change from d  to the limits ◒ < | and } > . The constraints guarantee that the continuous version leads 
to the discrete Sorites within time's grip. 
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