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Abstract.

It 1s my intention in this thesis to demonstrate that there exists a clear and
explicit formal relationship between the seemingly exclusive descriptions of
spatio-temporal and purely temporal continuity, and further, that this
relationship manifests itself within our most fundamental understanding of /e
physical world itself, namely; within our understanding of the identity, diversity
and re-identification of material bodies (Book 1). It may therefore be claimed
that behind that cultural understanding which leads us to imagine that the
physical world is located 1n both space and time, whereas our thoughts and
feelings are located in time alone, there lies a formal logical framework, or an
explicit formal description of how being in space and time relates to being in
time alone — leading us to wonder, perhaps, whether these two things are really
as distinct as we might at first imagine.

That I should then go on (albeit without a formal methodology) to apply to this
analysis a philosophical interpretation of Bergson’s conception of the
relationship between the intuition and the intellect (Book 2) is of lesser
importance — indicating as it does little more than my own philosophical
Inclinations. However, something will be gained, 1 hope, from this further
exercise. Along the way it will allow me to clarify a number of technical points
of which the general philosopher may be unaware; for example the
unobservable nature of numerical identity and re-identification, the importance
of the principle of special relativity to the topic of mind and the technical
difficulties of claiming that mental events are “in time’ at all.

Notwithstanding these latter points, however, the intentions of this work are
predominantly analytical and are adequately described as an attempt to
consolidate spatio-temporal and purely temporal description under a unified
logical framework.



1 Introduction.
1.1 A Question Which Has about It at Least the Form of Epistemological
Query?
If S is an individual who knows, or believes, or thinks, or who finds it
convenient in certain circumstances to accept, that the world 1s one of matenal
bodies moving about in space and time, then we may be tempted to ask how S
may come to ‘see’ the world in this way, or to ask what is necessary and
sufficient (either for S or the world) in order that S should arrive at this view:
Q1. How does S know (or believe, or think) that the world 1s one of
material bodies moving about in space and time?

That this question should be of genuine interest to the philosopher or the
psychologist, or that it should form the basis of wide ranging academic
investigations (or indeed that it should be of interest to anyone other than S)
relies upon the rarely emphasised assumption that S is not alone in holding this
view. We assume, in posing Q1, that S could in fact be any one of us, or more
formally perhaps, we say that S is a variable within a range or set of individuals
(including me and you)'. But if this ‘range of individuals’ is determined upon
the basis of their ‘knowing’ something (or believing something, or thinking
something — in this case; believing or thinking the world to be one of materal
bodies moving about in space and time), and if we both believe (or “know’) this

range to exist and believe (or ‘know’) ourselves to be a member of 1t, then the

very possibility of this ‘range of individuals’ (or the possibility of our

' S € {G ] G knows (or believes or thinks) that the world is one of material bodies moving
about in space and time}.



knowledge of 1t and membership within it) presupposes the more
characteristically epistemological question:
Q2. How does S know that T knows that the world is one of distinct
material bodies moving about in space and time?°
In other words, how do I know that you, or indeed anyone else, also knows the

world to be of this nature?

The question Q2 therefore necessarily accompanies Q1 if it 1s to be assumed
that Q1 is a question of interest to anyone other than S, or if it is to be assumed
that S is in some sense a variable amongst a range of individuals’. In claiming
that Q2 necessarily accompanies Q1 I mean to suggest, not only that Q2 should
be answerable 1n order to justify the variable status of S (and thus make Q1 of
interest to more than one individual) but that our ability to answer Q2, or the
extent to which we could possibly answer Q2, determines the nature of Ql
itself. In other words, if we were to ask what exactly 1s 1t that S knows 1n
knowing the world to be one of material bodies moving around in space and
time, we should need to divide our answer into two categories. Firstly, that
element of S’s knowing the world to be one of material bodies 1n space and time
which is private to S and unknowable to T (if indeed there exists such an
‘element’), and secondly, that element of S’s knowing the world to be one of
material bodies in space and time which can equally be known by T (again, 1f

indeed there should exist such an ‘element’). Only in as much as Q1 may

. Q2 is a question which we might equally ask if our concerns were to lie with establishing
an understanding of the methods of an empirical science based upon S’s view.

> In Q2 both S and T are variables within the same range of individuals. If we define the set of
ordered pairs B = {(H,I) | H knows that I knows (or believes or thinks) that the world is one of

material bodies moving around in space and time}, then (S,T)eB.



address the second of these categories may S genuinely be a variable within a
range of individuals, and S may only be genuinely variable within this range of
individuals to the extent that this second category defines’. Thus Q1 is in fact
itself restricted (in 1ts answer) purely to aspects of S’s understanding falling
within this second category. In as much as S may also have aspects of
understanding which fall within the first of these categories, S 1s no longer a
variable within a range or set of individuals — and thus these ‘elements’ of S’s
knowing the world to be one of material bodies in space and time cannot be the
subject of Q1, nor any answer which we might propose 1n response to Q1. Any
deferral or avoidance in addressing Q2, or any attempt to suggest that Q2 is
somehow secondary to Q1 (or in some sense follows from, or i1s ‘begged by’;
Q1) must unavoidably leave Q1 somewhat ambiguous (a fuller exposition of
this epistemological position — a position which is central to the methods of this

current thesis — is outlined 1n Appendix II).

It 1s, of course, tempting to 1gnore this argument and claim that regardless of
whether or not S is to be treated as a variable it is still perfectly sensible, for any

given individual S, to ask how S knows P. My argument 1is firstly, that this is

* The formal nature of this relationship between Q1 and Q2 can be captured in the following
terms:

a/ S knows P.

b/ If S i1s a varable: A={G| G knows P), SeA.
¢/ S1 knows that S knows P.

d/ If S1 and S are vanables: B={(H,I) | H knows I knows P}, (S1, S)eB.
Terminate the regress:

e/ If the 1¥ projection of B, i.e. {J|(J, K)e B} is the set A and the 2™ projection of B, i.e.
{M | (L, M)eB} is also the set A (as is the case in asking Q1 and Q2)
then B itself may be defined as the Cross Product of the set A, 1.e. B= {(H,I) | HEA, IeA} =
AxA. Finally:
f/ If S is a variable then A exists. If A exists then AxA exists. Thus A is defined such that:
SeA A (S1, S)e AxA and thus A 1s defined such that both a/ amd ¢/ are consistently
accommodated. a/ is therefore inseparable for ¢/ if b/ and d/ apply.

9



disingenuous; since we are only interested in such questions in the first place
because we believe that S is a variable (or could in principle be anyone of us),
and secondly, that by employing any general term or terms in our answer to this
question, or in citing any general terms in the nature of S’s knowing P, we must
once again reinforce the variable status of S. Neither Q2 nor the variable status

of S may be 1gnored in addressing ourselves to Q1.

Unfortunately, an answer to Q2 (in the sense that it is informally and somewhat
ambiguously stated here) is likely to be extremely difficult to formulate. In our
everyday lives, of course, we more or less accept a solution by way of its being
the simplest explanation. If we see other people acting as though and talking as
though they perceive the world in a way similar to ourselves, then the simplest
solution is to assume that they do indeed perceive the world in a qualitatively
similar fashion. Such a process is, however, unlikely to stand up to the
philosophical scrutiny required to establish an epistemological criterion of S’s
knowing that T knows that the world 1s one of distinct material bodies moving
about 1n space and time. For example, although S may observe T acting as
though T knows the world to be one of material bodies moving around in space
and time, if S ‘knows’ the world to be of this nature, then could S observe T
acting in any other way (particularly if, as may or may not be the case, part of
S’s ‘knowing’ this arises from observing T acting as though T ‘knows’ this)?
Thus while Q1 may seem to be a perfectly sensible question to ask, it is in fact a
question which sits uncomfortably, although necessarily, with a question (Q2)
for which we have no immediate epistemological criterion for its solution. We

therefore need, I would suggest, to ask QI in a slightly different way, or to

10



replace Q1 with a different question of S knowing something which sits more

comfortably with the question of S knowing that T knows something.

The method of arriving at this ‘slightly different’ version of Q1 i1s, of course, to
firstly find a relevant question referring to S knowing that T knows something
(a relevant re-working of Q2 perhaps) for which we feel that a strict
epistemological criterion for its solution 1s possible. I intend to propose the
following:
Q3. If S knows that there are n (rather than n+1 or n-1) material bodies
moving about within a given region space over some given interval of
time, then how does S know that T knows that there are n (rather than
nt+1 or n-1) material bodies moving about within this same region of
space at this same time?’
So why should we believe that an epistemological criterion for the solution of
Q3 is any more likely to present itself than an epistemological criterion for the
solution of Q2? The answer to this is that we may formulate it with respect to
something which, in theory at least, is independent of what either S or T
perceive the world to be like. In addressing Q3 we may refer to the properties
of a consistent integer arithmetic — an arithmetic whose properties may, in
theory at least, be enumerated quite independently of what S and T know about

the world (or independently of S and T’s ‘knowing’ the world to be one of

material bodies moving about in space and time). For example, we may

> It could of course be argued that if we had to hand a criterion of § knowing that T knows
there to be n (rather than n+1 or n-1) material bodies moving about within a given region of
space over some given interval of time, then it would not be unreasonable to assume that we
had also developed a criterion for answering Q2 in certain circumstances and to a certain
quantifiable degree — since if S knows that T knows there to be n matenial bodies moving about
within a given region of space over some given interval of time (rather than n+1 or n-1), then
surely S must also know that T knows (to a certain quantifiable degree) the world to be one of
material bodies moving about in space and time?

11



develop the system of ordinal numbers from an axiomatic set theory and derive
their arithmetic properties directly. Moreover, we may consider the principles
employed in the application of this integer arithmetic to what S and T ‘know’
the world to be. For example, in my own understanding of the material bodies
which I perceive to be around me I generally think that two such objects cannot
be at the same place at the same time, or that one such object cannot be at two
places at the same time — and it i1s principles such as these that allow me to
count objects (and add to and subtract from their number) in accordance with
an abstract integer arithmetic. These additional ‘applying principles’ are not
themselves part of the integer arithmetic of S (or T) but are principles (about S
or T’s understanding that the world is one of material bodies moving about in
space and time) via which the properties of this arithmetic are applied fo the

world and revealed.

Consider, for example, that S claims that there are three tea-cups upon a
particular table at a particular time and that T agrees with S. From this
corroboration alone nothing can be deduced about S’s knowledge of what T
knows. If however S removes one of the tea-cups and claims that there are now
only two, and if T agrees, or if S adds another tea-cup and claims that there are
now four, and if T agrees, then the combination of these corroborations indicate,
although perhaps only partially in this limited case, the common application of
both a consistent integer arithmetic (for we may independently determine what
both S and T mean by ‘two’, ‘three’ or ‘four’) and a common set of applying
principles (such as two tea-cups cannot be at the same place at the same time

and one tea-cup cannot be at two places at the same time).

12



Of course, the simple set of corroborations discussed above do not, In
themselves, amount to much; they do not, in themselves, justify that a common
integer arithmetic and common set of applying principles are at play between S
and T. However, we may imagine that over many such corroborations and over
many different conditions and circumstances (in the empirical justification of
the theories of classical vector mechanics for example), that S may, in effect,
test the properties of T’s integer arithmetic and the principles by which these are
applied to the world and find them to correspond to the properties of S’s own.
Thus S may establish (to a certain degree limited, perhaps, by the logical nature
of the arithmetic itself) that S and T share a common integer arithmetic and that
S and T apply the properties of this arithmetic via common principles (for if T,
unlike S, did not ‘know’, for example, that two objects cannot be at the same
place at the same time, then we should expect to be alerted to this fact via
differences in the counting claims of S and T). There 1s then no certainty in the
epistemological solution to Q3; simply an increasing and repeated corroboration
which leads us to believe that S may know that T knows that there are n material
bodies moving about within a given region space over some given interval of
time. In other words, no matter what is going on inside T’s head, no matter how
different T’s understanding of the world is from S’s, S may corroborate that in
some sense both S and T apply a similar integer arithmetic via a common set of

applying principles.

Now perhaps it may be argued that a suitable criterion for Q2 (a criterion of S's

knowing that T knows that the world is one of material bodies moving about in

13



space and time) may be formulated by not dissimilar methods; that by an
increasing and repeated corroboration of statements between S and T, S may
somehow come to know (independently of Q3) that T represents the world in a
qualitatively similar fashion (as indeed we actually do in our everyday lives).
My argument 1s simply that it 1s extremely unlikely that we could rigorously
formulate and express the criterion thus developed — and since this doubt exists,
and since no such doubt (or at least a lesser doubt) exists in connection with the
epistemological criterion of Q3, then it is to Q3 rather than Q2 that any serious

investigation of these matters should be directed — at least in the first instance.

Let me then recap. We (philosophers, psychologists, physicists, biologists) may
well want to ask Q1 [How does S know (or believe, or think) that the world is
one of material bodies moving about in space and time?]. There may well be, of
course, many different motives behind asking this question, and equally no
doubt, many methods of addressing it. All of these ‘motives’ and ‘methods’,
however, unavoidably assume (except via unacceptable construction) that S is
not alone in this view, or that S 1s a variable amongst a range of individuals
(including you and me) — otherwise philosophers, psychologists, physicists and
biologists would not be interested in asking it (and universities would certainly
not be interested in funding research for it). It is possible to argue, of course,
that as a question about S (an individual) it stands in its own right. But this is
not really how the question is asked (and to pursue this particular line of
argument is disingenuous). It 1s asked specifically in the sense that S 1s a
variable — and if it is asked in this sense then Q1 must be necessarily associated

(even if we choose to ignore it) with the epistemological question Q2. My

14



argument is that Q2 is simply too difficult to answer in a strict epistemological
sense; it is unlikely (although I could of course be wrong) to have an explicit
criterion. A much better question, in the sense of the availability of an
epistemological criterion, i1s Q3 [If S knows that there are n (rather than n+1 or
n-1) material bodies moving about within a given region space over some given
interval of time, then how does S know that T knows that there are n (rather
than n+1 or n-1) material bodies moving about within this same region of space
at this same time?]. So if we can actually arrive at an answer to this question (as
an epistemological exercise), but cannot arrive at an answer to Q2 in equally
rigorous terms, or if we can only answer Q2 (in some quantifiable sense) by

recourse to Q3, then let us ask Q3 and (for the moment at least) forget about Q2.

We arrive then, via this somewhat torturous route, at that question which bears
to Q3 the relationship that Q1 bears to Q2. or that question which (now that Q2
is to be rejected) must replace Q1:

Q4. How does S know that there are n (rather than n+1 or n-1) material
bodies moving about within a given region of space over some given interval
of time?°

This is essentially the question which (with some slight modification discussed
below) will concern me in this current thesis. It 1s a question which we may at
first address purely via analysis — for we may transform the claim that S

‘knows’ there to be n material bodies within a given region of space over a

given interval of time into the claim that S ‘claims’ there to be n such objects (as

® This is a question which is not the concern of establishing an epistemological understanding of
the methods of empirical science (since this is already contained in the answer to Q3) but a
question about S and T themselves, or at the very least perhaps, a question about the types of
theories that S and T might put forward for empirical testing.

15



part of an intersubjective corroboration perhaps), and having expressed Q4 in
terms of a statement formulated by S we may ask what 1s it exactly that is being
claimed. Thus I shall be concemed initially with the analysis of statements (or
that statement formulated by S) pertaining to there being n matenal bodies

moving about within a given region of space over some given interval of time

(Book 1).

However, it should be emphasised that, given the route by which we have
arrived at the question Q4 (the need for a strict criterion for Q3), it is not in any
sense a trick question. There 1s nothing hidden within it. It simply asks how S
knows that there are n (rather than n+1 or n-1) material bodies moving within a
given region of space over some given interval of time; how S knows that there
are three rather than four, or four rather than five — for 1t is only this number,
and its relation to a common arithmetic, which may be intersubjectively
corroborated. It does not ask what material bodies are, nor what space and time
are, nor what it 1s to be moving in space and time. In other words, we may
express Q4 as: given that S knows the world to be one of material bodies
moving around in space and time (regardless of whether or not T knows this
also), how does S know that there are n (rather than n+1 or n-1) material bodies
moving about within a given region of space over some given interval of time

(because we can know that T also knows this — to some quantifiable degree)?

Now, of course, anyone, be they philosopher, psychologist, physicist, biologist,
or whatever, may ask whatever question they wish — and if they can answer it to

their own satisfaction, then all well and good (and if they can get funding to

16



answer it, then even better). My opinion, however (and 1t is, of course, only an
opinioh), 1s that the question Q1 [How does S know (or believe, or think) that the
world is one of material bodies moving about in space and time?] 1s not a
question which we should, at the outset at least, be asking; or at least not if S 1s
intended to be a variable amongst a range of individuals (it may be of interest to
S but 1t is not of interest to T). The question Q4 1s as close as we may come to
addressing Q1. Simply because ‘S’ in Q4 may be a legitimate variable amongst a
range of individuals (because we can have an epistemological criterion for Q3)
whereas ‘S’ cannot be a legitimate variable amongst a range of particulars in Q1

(because we have no epistemological criterion for Q2 except that which we have

for Q3).

1.2 Re-identification, Continuity and the Infinitesimal Interval.

Although I have therefore presented at least some justification for the question
which is to concern me in this theses, I am not yet in a position to outline the
analytical claims which I shall make regarding this question (Book 1), nor the
philosophically speculative interpretations of these ‘claims’® which I shall
consider later (Book 2). For whereas until now I have been content to simply
pass over the expression “moving about in space and time” (1n the formulation
of Q1, Q2, Q3 and Q4) I shall not be able to precede further (in a discussion of
this analysis) until I have a presented to the reader a more accurate description
of what this expression means. Thus while I hesitate to burden the reader so
soon with a description of the infinitesimal interval and the derivative, so
important is this topic to this current work (and to an understanding of this

introduction) that its inclusion at this stage is unavoidable. Let me then, as
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briefly as possible, introduce the important relationship between our
understanding of continuity (or more specifically ‘continuous motion’) and the
formal nature of infinitestimal terms — for it is upon the basis of an
understanding of this relationship, as much as anything perhaps, that the

analytical claims of this thesis depend.

Unless it can be argued that Kinematic concepts are either reducible to, or
derived from, Dynamic concepts’, then Kinematics (the analysis of mechanical
systems in terms of the concepts of position, time, velocity and acceleration)
must capture a description of the continuous re-identification of material bodies
(the numerical re-identification of material bodies over continuous spatial and
temporal intervals). For we cannot conceive of velocity, in any classical sense,
except in terms of the velocity of a single entity, nor can we conceive of
acceleration except in terms of the acceleration of that which is accelerated and
which remains the same throughout the acceleration. The concepts of velocity
and acceleration are therefore inseparable form our understanding of the
continuous numerical re-identification of material bodies. If then our description
of spatial and temporal continuity, or at least that description which is free of
the seeming absurdities and infinite regresses of Zeno, 1s one which employs the
denivative and the definite integral (as described in Appendix I), then this
‘description’ must 1tself be based upon the description of the re-1dentification of
material bodies over infinitesimal spatial and temporal intervals; for the
derivative 1s nothing more than the finite ratio of infinitesimal terms, and the

definite integral i1s nothing more than the finite sum of the infinite addition of

’ This would be Kant’s view for example.

18



infinitesimal terms. The description of numerical re-identification over
infinitesimal intervals is therefore central to Ehe formal description of the
Kinematic concepts of velocity and acceleration - and thus to the description of
the cardinality (total number) of moving bodies within some designated region

of space.

This 1s not to suggest, of course, that the infinitesimal is in some sense a real
characteristic of the world — that infinitesimal intervals in some sense exist
independently of our own chosen analysis of movement. They almost certainly
do not. The infinitesimal interval is a product of logical analysis alone; it is the
recognition that an infinite regress lies at the heart of the analysis of continuity
(Zeno) and that this infinite regress must be terminated in order to reach a
conclusion or avoid logical absurdity. The infinitesimal exists, in as much as it
‘exists’ at all, in order that we may consolidate our understanding of continuity
with our understanding of logical analysis. The infinitesimal interval is simply
the point at which we decide to stop regressing. Nor should we believe that we
have some understanding of the infinitesimal beyond purely its logical role in
the analysis of continuity (its logical role in the construction of the derivative or
defimte integral). To say that an infinitesimal term is nether finite nor Zero but
‘tends towards Zero’ 1s to say nothing at all. To say that the infinitesimal is
indivisible 1s equally uninformative (although it does exhibit certain important
characteristics of indivisibility). The infinitesimal is a term described solely by
its logical operations (operations designed solely to facilitate the termination of
the infinitely regressive analysis of continuity); firstly, that the ratio of two

infinitesimal terms may yield a finite result (and in this operation may ‘mimic’
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the properties of finite magnitudes and numbers), and secondly, that they vanish
when taken in product with finite terms (and in this operation may ‘mimic’ the
properties of Zero), or as Leibniz put it: “quantities infinitely small such that
when their ratio is sought, they may not be considered zero but which are
rejected as often as they occur with quantities incomparably greater” (Kline
1980. p 137). 1t is in this latter operation, of course, that the infimtesimal term
plays its most important role in the termination of infinitely regressive
arguments. For if the infimtesimal exhibits the properties of Zero when taken in
product with a finite term (1.e. remains itself the same, as in 0 x 5 = 0), then the
infinitesimal has no properties of finite division. It may be taken in ratio with
another infinitesimal term but may not be taken in ratio with a finite one. You
cannot have half an infinitesimal, or a quarter of an infinitesimal — although one
infinitesimal may “‘mimic’ the property of being half the magnitude of another,
or a quarter of the magnitude of another. Thus 1f the infinitesimal interval is
‘indivisible’ in this somewhat technical sense (not submitting to finite division),
then you cannot carry on an infinitely regressive argument across it. If the same
arrow is claimed to be re-identiﬁed over an infinitesimal interval of space and
time, then, in terms of analysis at least, there 1s no sense 1n asking 1f it was also
somewhere ‘in-between’ these locations; for there is no ‘in-between’ these
locations (the infinitesimal does not submit to finite division) and thus any

infinite regression is terminated.

That we should look upon the infinitesimal as some kind of ‘sleight of hand’ on
the part of the logician and the mathematician is perhaps understandable.

Equally, the accusation that the infinitesimal is simply a response to, rather than
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a solution of, the paradoxes of Zeno may be legitimately made (no doubt). Yet
it must be admitted that these paradoxes themselves arise only because there are
things which we “know darn well to be the case” (that a body may move from A
to B for example) but which logic will allow us to approach only via an infinite
number of steps. It is then perhaps to the genius of Newton and Leibniz that we
are indebted for placing what we ‘know darn well to be the case’ above the
sterile necessities of logic, or more likely perhaps, for having drawn our
attention to the absurdity of explaining physical continuity in terms of the
properties of real numbers®. It is not that the infinitesimal is real, or corresponds
in some way to a characteristic of the world, but that our own concept of the
continuous re-identification of material bodies (what we call “‘motion’) 1s real —
or real to us. The formal properties of the infinitesimal term (most notably its
resistance to finite division) is therefore to be treated within this thesis as no
more than a formal representation of our intuitive and familiar i1deas about
continuity — or the sense in which these ‘intuitive and famihar ideas’ are
consolidated with our (no doubt equally intuitive and familiar) ideas about the

logical consistency of arguments.

My task then, as I see it here, is to address the question Q4 [How does S (or T)
know that there are n (rather than n+1 or n-1) material bodies moving about

within a given region of space over some given interval of time?] 1n terms of

 The application of the arithmetic of real numbers to physics depends solely upon the
emergence of finite terms (whose properties are like those of real numbers) 1n the denvative and
the definite integral, and so long as the principles of physics may yield these finite terms the
physicist has little need to scrutinise the infinitesimal itself. And yet surely 1t cannot be the case
that physics is really secure in relying upon the derivative and the definite integral (the finite
ratio of infinitesimal terms and the finite sum of the infinite additton of infinitesimal terms
respectively) unless it has, within its conceptual armoury as it were, some understanding of what
the infinitesimal actually is; and where else should we look for this ‘understanding’ than in the
concept of motion itself — that concept which relies primanly upon an understanding of what 1t
is to re-identify a material body over infinitesimal intervals of space and time?
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this understanding of the relationship between things “moving about” and the
infinitesimal term (or between things “moving about” and our intuitive and
familiar 1deas about continuity). As such, the actual question rwhich I shall
address 1s not Q4 (as stated in the previous question) but a question from which
Q4 may itself be constructed via the methods of integration:

Q4a. How does S (or T) know that there are n (rather than n+1 or

n-1) material bodies moving about within a given region of space

over some given infinitesimal interval of time?
If we should be capable of finding a solution to this question, then we should
have equally answered Q4; since Q4 may be re-captured from Q4a simply by
the integration of infinitesimal terms over finite regions — as we do all the time,
for example, in the apblication of the principles of classical mechanics (which

are 1nvariably expressed i1n terms of first and second order differential

expressions) to real world (finite) situations.

1.3 A Summary of the Analysis of Lockean Cardinality
(A Summary of Book 1).

We have ammived then, finally, at that question which we may submit to the
methods of analysis. For we may analyse the statement (formulated by S):
“There are n (rather than n+1 or n-1) material bodies moving about within a
given region of space over some given infinitesimal interval of time” and may
reveal, in formal terms, what it 1s exactly that 1s being claimed within this

statement.

Of course, in the analysis of any statement we may find nothing essentially

new; merely a logical clarification of what 1s already held within it. In this
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case, however, I feel that what we may reveal about S’s statement via analysis
is of such importance to an understanding of Q4a, that not only shall I dedicate
three sections of this thesis to its analysis alone (Sections 2, 3 and 4), but I shall
take the risk of presenting a summary of this analysis at the outset. And while it
may appear premature to summarise such an analysis before its full derivation
has been presented to the reader, in this case I feel that a far greater
understanding of my concerns will result form its early presentation and

summary.

In addressing Q4a via the methods of analysis (Book 1 of this thesis) I shall in
fact do little more than address those identity and diversity relationships which
together both indicate and justify the value of n. When we come to consider
material bodes, however, we are confronted with various 1dentity and diversity
conditions which must somehow be consistently accommodated in order to
arrive at our common understanding of this number. Firstly, we have (for
historical reasons and perhaps due to a slight informality in our consideration of
material objects) what we might call the “identity and diversity properties of
material bodies at a given time”. These are those principles to which I have
already referred, namely; that rwo objects cannot be at the same place at the
same time and that one object cannot be at two places at the same time (two
principles which I shall later refer to as “Locke’s Principles” and whose nature
will be explored more fully in Section 2). Secondly, we have what we might
more commonly refer to as “re-identifications” — the all too common
understanding that the same material body may be re-identified over finite

intervals of space and time (as when, for example, I claim that the tea-cup which
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1s currently upon my desk 1s -the same fea-cup that was on the draining board in
the kitchen this morning). Finally, we have that peculiar relationship between
re-identification and spatial and temporal continuity which we call motion
(roughly speaking, we feel that the tea-cup that was on the draining board in the
kitchen this morning can only be re-identified as the tea-cup that is currently
upon my desk if it has somehow ‘moved’ between these two locations along
some sort of continuous spatial and temporal path). Put simply then, in order to
break down a cardinality claim concerning material bodies we need to take
account of the various senses 1n which we say that one 1s the same as another or
different from another - ‘identity and diversity’ relationships which are an
accommodation of the ‘identity and diversity properties of material bodies at a
given time’ with ‘re-identification over space and time’ via our concept of
‘motion’ (this topic, together with 1ts philosophical implications, is covered

fully in Section 3).

1.3.1 Identity and Diversity ‘at a given time’ and Re-identification Over Space
and Time

In addressing the topic of the identity and diversity of materal bodies, whether
‘at a given time’ or over finite regions of space and time, we may do little more
(in terms of analysis) than define a class of names appropriate to our

understanding of these relationships.
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We may capture the re-identification of material bodies over finite intervals of

space and time in the three part conjunction of terms’:

P(a) = P(b) A T(a) #T(b)Aa=Db ()
where ‘a’ and ‘b’ are temporary names applied in accordance with two
principles [which ensure the transitivity of the identity relationship cited in (i)];

the first being a principle of identity'’ and the second being a principle of

diversity'' :
P(a)=P(b)A T@@)=T(b) >a=b ...LP.1a
P(a)#P(b)AT(@)=T(b) >a#b ...LP.2a

I shall later refer to these principles as “Locke’s principles of Identity and

diversity” (see section 2).

1.3.2 Continuity and re-identification.
The relationship between re-identification (over space and time) and continuous

motion may be captured by firstly formulating (1) for the small but finite spatial

and temporal intervals 0P, and 0T, v:

P(a) = P(b)+ 8P, A T(2) =T(b)+ 6Tap A2 =Db . . (ii)

” The object which is temporarily named ‘a’ is at a different position [P(a) # P(b)] and a

different time [T(a) #T(b)] from that object which is temporarily named ‘b’, and ‘a’ and ‘b’ are
two names for one and the same object [a = b].

' If that object which is temporarily named ‘a’ is at the same position and time of that objects
which is temporanly named ‘b’, then ‘a’ and ‘b’ are two names of one and the same object (a
claim which we might usually express as: two objects cannot be at the same place at the same

fime).

'UIF that object which is temporarily named ‘a’ is at a different position from that object which

is temporarily named ‘b’ at the same time, then ‘a’ and ‘b’ are not names for one and the same
object (a claim which we might usually express as: one object cannot be at two places at the

same fime).
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and then allowing the third conjunction (A) of this expression to become an
inference (in the sense that the symbol “—” occurs in the definitions LP.1a and
LP.2a) 1n the limit as 8T, tends towards zero, or as 8P,y /6T, becomes the

instantaneous velocity of a material body in the limit as 8T,y tends towards

Zero:

P(a)=P(b)+dP,, A T(a)=T(b)+dT,, — a=b ...LP.1b
where dP,y,/ dT,,=Lim 0P,y /0Ty,
Here then we see the role of the infinitesimal term in the formation of logical
arguments (we have employed it in the process of transitioning from a mere

statement to a principle or definition), and we note that as dP,, and dT, vanish

in LP.1b we arrive at the expression LP.1a.

The equivalent continuous form of LP.2a (or an expression which becomes
LP.2a as its infinitesimal terms vanish) suffers from the fact that it requires an
isolated infinitesimal term, and at the outset we must note that there exists
nothing within our understanding of thie motion of material bodies which might
lead us to believe that such ‘isolated’ (or non-quotiented'?) infinitesimal terms
are possible or meaningful. We may overcome this problem, however, by
formulating it 1n relation to two instances of LP.1b in which an infinitesimal
term may be defined in terms of the first order derivative of position with
respect to time of a material body:

P(a)=P(a’)+dP,,» A T(a)=T(a’)+dT,,» — a=a’
P(b)=P(b’)+dPyr A T(b)=T(b’)+dTpp — b=b’

'2 An infinitesimal term which is defined otherwise than via a derivative, or otherwise than in
terms of the ration of two infinitesimal terms.
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and
P(a) # P(b’) A T(a)=T(b’)+dT, — azb’ ...LP.2b

and where dTp = dT, = dTh .
Again we note that as dT.» becomes zero in LP.2b we obtain LP.2a, i.e. that

LP.2a and LP.2b are logically continuous.

1.3.3 Cardinality.

If the cardinality (total number) of a collection of entities is n, then we must
account for n instances of the reflective, symmetric and transitive relationship of
identity (=), and Y4(n’-n) instances of symmetnc but non-transitive relationship
of ‘difference’ (#)". Having formulated the identity and diversity principles of
material bodies over a vanishing temporal interval (LP.1b and LP.2b) we may
then say that the claim that there are n material bodies within a given region of

space over such a given temporal interval requires n instances of LP.1b and

Y4(n’-n) instances of LP.2b.

For the set of objects al, a2, a3, . . ., an, we may express this as:

a/ P(al)=P(al’)+dPa1a; AT(al)=T(al’)+dTy; 1> —> al=al’ | ¢

b/ P(a2)=P(a2’)+dP.2 . AT(a2)=T(a2’)+dT 242> = a2=a2’ >- instances

.. of LP.1b

c/ P(an)=P(an’)+dean= /\T(an)=T(an’)+dTan,an= —> an=an’ |

d/ P(al)#P(a2’) AT(al)=T(a2’)+d T, .2» > alz#a2’ Yo(n*-n)

e/ P(al)#P(a3’) AT(al)=T(a3’)+dT,) .3 —> alza3’ _ Instances
of LP.2b

f/P(an-1)#P(an’) AT(an-1)=T(an’ )+dT ;.1 o —> an-1zan’

1 For n objects we may consider n’ relationships of identity and distinction between them, Of
these n’ relationships, n will refer to the identity of each object with itself. thus leaving n’-n
relationships of distinction. However, since the relationship of ‘difference’ is symmetric (but not
transitive) half of these relatxonshjps are redundant, and thus the total number of distinction
relationships will be ¥(n*-n).
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We note that due to the definition of LP.2b (its necessary relation to at least two
instances of LP.1b) and the transitivity of the diversity relationship (or that for
each pair of distinct objects within the system there must exist at least one
symmetric diversity statement of the form LP.2b) all infinitesimal temporal

terms in a/-f/ are equal.

Given the equality of infinitesimal temporal terms in a/-f/ the following
condition is true of a/-f/.
S: Inm P(M)=P(M’)+dPp m A T(m)=T(m’)+d Ty, oy > m=m’
T(ax)=T(m) A T(ax’)=T(m’) forall xin 1,2, 3, .. ., n.
where m may be any of the objects al, a2, a2, . . ., an or any other object whose

continuity principle is captured by LP.1b. Substituting this term in a/=f/ then

gives:

0/ I P(m)=P(m’ }+dPy m A T()=T(m’)+dT e — m=m’

al/ P(al)=P(al’)+dP,1.1° A [T(al)=T(m) A T(al’)=T(m’)}—> al=al’
bl/ P(a2)=P(a2’)+dPy .2 A [T(a2)=T(m) A T(a2’)=T(m’)]— a2=a2’

;:i/ i’(an)=I;(an’)+(.iPman-/; [T(an); T(m)'/\ T(an;)=T(m’)]—> an=an’

d1/ P(al)#P(a2’) A [T(al)=T(m) A T(a2’)=T(m’)]— al#a2’
el/ P(al)#P(a3’) A [T(al)=T(m) A T(a3’)=T(m’)]— al#a3’

fI/  P(an-1)#P(an’) A [T(an-1)=T(m) A T(an’)=T(m’)]—> an-1an’

This gives an expression of those relationships required to claim that there are n
material bodies (rather than n+1 or n-1) within a given region of space over an
infinitesimal interval of time which is itself defined from the first order
derivative of position with respect to time of the object m (this expression is

derived fully in Section 4).
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We now make the important step of recognising that 0/-f1/ is not a necessary
and sufficient form (or that it contains terms and expressions which contribute
nothing to the determination of a cardinality statements). The term
P(m)=P(m’)+dP,, .+ 1n 0/ plays no active role in the actual expression of the
cardinality statement. Firstly, we note that: (a) The spatial terms in a/-c/ are
vanishing (infinitesimal) and the meaning of a/-c¢/ 1s dependent upon these terms
being vanishing. (b) That the spatial terms in d/-f/ are finite and the meaning of
d/-f/ is dependent upon these terms being finite. (¢) That we cannot substitute a
finite, or non-vanishing, spatial term [P(m)#P(m)] for a vanishing one
[P(m)=P(m’)+dP,,,v], nor a vanishing spatial term for a finite one, without
losing the meaning of either a/-c/ or d/-f/. Thus while we may make a common
temporal substitution S in a/~f/ (as in 0/-f1/) we cannot make a common spatial
substitution within a/-f/. The condition P(m)=P(m’)+dP,» (in 0/) therefore
plays no role in the construction of al/-f1/ (the cardinality statement itself). It 1s
not substituted within al/-f1/, and could not be alternatively employed as a
substitute within a/-f/ (because a/-f/ will not submit to a common spatial

substitution).

In other words, all that the term P(m)=P(m’)+dPy,,, does is (in conjunction with
T(m)=T(m’)+d T ) ensure that the common temporal infinitesimal term dTp, gy
is well defined (in this case via the first order derivative of position with respect
to time of the object m) and that in being ‘well defined’ as an infinitesimal s not

therefore subject to finite division and is thus suitable for the inferential term

(—) employed in 0/ to fl/. The actual determination of those relationships
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required to claim that there are n material bodies within a given region of time
over a given infinitesimal interval only require that a valid infinitesimal interval
be supplied - how it is defined is irrelevant to these relationships themselves. In
other words, those relationships required to claim that there exists n material
bodies within a given region of space over a given infinitesimal interval are

formally independent of the spatial properties of the reference object m.

As such we may equally formulate 0/-f1/ with the omission of the condition
P(m)=P(m’)+dP, ., providing we replace the inference in 0/ with a conjunction,

1.e.

01/  Fmm TM)=T(M’)+dTmm A m=m’

al/ P(al)=P(al’)+dPs . A [T(al)=T(m) A T(al’)=T(m’)]— al=al’
bl/ P(a2)=P(a2’)+dPs2 .2 A [T(a2)=T(m) A T(a2’)=T(m’)]—> a2=a2’

;:i/ .P(an)=].3;(an’)+<;iPan,an~/; [T(an)‘= T(m)‘/\ T(an;)=T(m’)]-—> an=an’

dl/ P(al)#P(a2’) A [T(al)=T(m) A T(a2’)=T(m’)]—> ala2’
el/ P(al)#P(a3’) A [T(al)=T(m) A T(a3’)=T(m’)}— al#a3’

i‘l./ i’(an-l);éP(an’)./\ [T(ar-1-1)=T(}r1) A Tian’)=T(m’)]—> an-1#an’

The sufficiency of these expressions (to capture those relationships required to
claim that there are n matenial bodies within a given region of space over a
given infinitesimal interval) remains unchanged — providing that dT,, o, 1s still a
valid infinitesimal and exhibits the property of resistance to finite division. The
necessity of them, however, arises in eliminating the possibility of an
interpretation of 01/ in terms of a single instance of LP.2b —1.€. an interpretation
which would involve an undefined isolated temporal infinitesimal. We might
say that 0/ 1s a classical interpretation of the necessary and sufficient form 01/,

or that 0/ 1s an interpretation of 01/ in which the infinitesimal temporal reference
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(dTm ) 18 defined 1n the first order derivative of position with respect to time of

a classical material body.

Of course, the expressions 01/-f1/ will always stand in need of interpretation to
ensure the validity of the infinitesimal reference term dT,,, (that the this term
exhibits the properties of an infinitesimal interval — most importantly; a
resistance to finite division in the sense discussed 1n section 1.2) but does not
insist that this infinitesimal reference term be defined via the first order
derivative of position with respect to time of a matenal body. If there should
exist other equally valid ways of defining such a term, then these ‘other equally

valid ways’ would do as well for the formal definition of cardinality statements.

In summary then, the analysis of the question Q4a reveals to us the wholly
unremarkable fact that if you say that there are n material bodies within a given
region of space over a given infinitesimal interval of time, then you have to say
what ‘given infinitesimal time’ you are talking about. What is important,
however (and indeed so important, in my opinion, that I shall require to dedicate
three whole sections of this thesis to demonstrating it rigorously) is that there 1s
nothing in the formal structure of those relationships required to claim that there
are n such material bodies which in any way demands that this ‘infinitesimal
temporal interval’ is defined from the first order derivative of position with
respect to time of a matenial body. As long as dTy, 1s ‘supplied’, and ‘supplied’
as a legitimate infinitesimal term possessing the properties (of resistance to
finite division) that an infinitesimal term must possess, then these relationships

can be fully realised and n can be claimed.
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It must therefore be admitted that this analysis leads us directly to two questions
more immediately suited to a doctoral thesis in philosophy than the analysis of
statements itself. Firstly, it begs the purely logical question of whether an
infinitesimal temporal interval can be legitimately defined (i.e. maintaining the
properties of an infinitesimal term) other than in terms of the first order
derivative of a continues function of position and time, or other than in terms of
the motion of matenal bodies. Secondly (and this is where the philosophy
comes In, or where the analytical concerns of Book 1 of this thesis must give
way to the philosophical concerns of Book 2) it begs the question of whether
there exists, within any established, accepted, or even merely muted philosophy,
an understanding of time within which an infinitesimal temporal interval may be

defined otherwise than in terms of the motion of material bodies.

The second of these questions must, of course, stand in need of a positive
response to the first; since if an infinitesimal temporal interval defined
otherwise than 1n terms of the first order derivative of position with respect to
time of a material body i1s simply logically impossible (or if 01/ has one and
only one legitimate solution - that solution held in 0/), then no legitimate
philosophy of time may posit such terms. It is essential then, at the outset, that I
should argue that isolated (or non-quotiented) infinitesimal intervals are at least
logically possible, or that it i1s possible to define an infinitesimal temporal term
otherwise than with respect to the first order derivative of position with respect
to time of a matenal body. As I shall demonstrate in the next sub-section of this

introduction, however, it is perfectly logically feasible to define an isolated
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infinitesimal temporal term, and further, that we already know how to do it from

my previous discussions on motion.

1.4 The Logic of Isolated (non-quotiented) Infinitesimal Temporal Terms.

The analysis that I shall outline and summarise here i1s more naturally, perhaps,
the topic of Book 2 of this thesis — since it concerns more than simply the
analysis of question Q4a itself. However, it not only justifies those purely
philosophical questions that I shall address in Book 2 (in attempting to address
the “How” part of Q4a), but points the way to these questions themselves — it
does not therefore sit uneasily between my concerns of analysts (Bookl) and
philosophical speculation (Book 2) but occupies instead a central role 1n the
method by which I shall pass between these concerns. I should re-emphasise,
however, that in addressing the question of isolated (or non-quotiented)
infinitesimal temporal terms I am not necessarily addressing a question about
the world or ourselves (I shall argue later that it does indeed refer to something
about ourselves but, at this stage, this need not concern us). At this stage, or for
the purpose of this introduction, I am simply interested 1n demonstrating that
such terms are logically possible and, if indeed they are possible, in considering

how this may guide us 1n the philosophical concemns of Book 2 of this thesis.
Let us firstly then remind ourselves about the importance of the infinitesimal

term (and its property of resistance to finite division) in the description of

motion.
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I have previously argued that the three-part conjunction of terms involved in the

claim of the re-identification of a material body:

P(a) = P(b)+ 0P,p A T(a) =T(b)+ 6Tap Aa=Db V)
is continuous with that ‘principle’ which determines the transitivity of identity
relationships expressed in terms of what 1 have called ‘temporary names’
(Locke’s first principle LP.la: P(a)=P(b) A T(a)=T(b) — a=b) under the

condition:

P(a)=P(b)+dP,, A T(a)=T(b)+dT,p, —> a=b ...LP.1b
where dP,p,/ dT,p,=Lim 0P,y /0T, 4.
0T v—0
In this case then, 1t 1s the logical properties of the infinitesimal (its resistance to

finite division) which allows us to move from the third conjunction (A) of (ii) to

the inference (—) of LP.1b.

As a logical exercise only we may therefore equally define an infinitesimal
temporal term from the description of purely temporal re-identification
statements, 1.e. statements which claim the re-identification of an entity over
time without any reference whatsoever to spatial terms (and whether or not such
‘re-identification statements’ correspond to anything in reality 1s irrelevant to

the concerns of this sub-section).

Suppose, for example, that we were to claim that the object temporarily named
m (and I make no assumption as to what object, or even what type of object, m
may be) is re-identified as the object which is temporally named n and that the

time of m is not the time of n:
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T(m) # T(n) A m=n ... ()
The validity of this statement is then dependent upon a principle (referring to
the application of such temporary names) which ensures the transitivity of the
identity relationship (m=n) cited in (iii). By analogy to LP.1a, we might (as a

logical exercise only) posit the principle:

T(m)=T(n) > m=n ... (1v)
We may then (by analogy to the formulation of LP.1b) introduce a continuity

term firstly by expressing (ii1) in terms of the small but finite temporal interval

OTmn:

T(m)=T(n)+dTmn Am=n
and then defining a principle (which is logically continuous with the principle

(iv)] in the limit as 8T, tends towards Zero:

T(m)=T(n)+dT,, > m=n (V)

o Y 14.
Where dTy,, 1S STLT _}?Tm,n

In this case then the infinitesimal term dTy,, is defined at the point of transition
from (1v) to (v) — the transition from a conjunction of terms to the inference of
one term from another (Just as it occurs and is defined in the description of the

motion of material bodies) in the temporal continuity of m and n".

'* This expression of the limit as 5T,,, ‘tends towards Zero’ is not ideal. Normally we would
stmply interpret 1t as Zero. In this case, however, I use it merely as a convenient notation to
indicate that (v) should really be expressed:

Lim T(m)=T(n)+oT,, > m=n

'* It is obvious that the expression T(m)=T(m’)+d T, — m=m’ can apply neither to the case
where m and m’ are matenial bodies, nor to the case where T(m) and T(m’) are times in the
sense of the measured times of the physicist. The properties of this expression are also rather
abstract (and the implications of applying it as a solution to 01/ are somewhat complex) and thus
[ shall leave any further discussion of it until Book 2 of this thesis.
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We have therefore defined a temporal infinitesimal term (dT,,, — a term which
exhibits the logical properties of an infinitesimal, 1.e. a resistance to finite
division) other than in terms of the first order derivative of position with respect
to time of a material body. Thus we may claim, in purely logical terms at least,
that the necessary and sufficient expression 01/ (arising in the analysis of
Lockean Cardinality statements) is not restricted purely to the classical
interpretation 0/ - and thus, with some relief perhaps, my analysis of Lockean

Cardinality statements 1s not trivial.

Really this 1s all I need to say to summarise the topics of Book 1 of this thesis
(whose concerns lie solely with the analysis of statements - those statements
formulated by S). However, it will undoubtedly leave the reader somewhat
unclear about my intentions if I do not, even at this early stage, give some
indication of the solution to Q4a which I hope to develop in Book 2. Let me
then return briefly to tHat question which is to concern me throughout this work.
Given the question Q4a:

Q4a. How does S (or T) know that there are n (rather than n+1 or

n-1) material bodies moving about within a given region of space

over some given infinitesimal interval of time?
then we may claim (via the methods of analysis alone) the following to be a
perfectly logically acceptable, although only partial, answer (which i1s no doubt
simply one logically acceptable answer among several):

S (or T) knows that there are n (rather than n+1 or n-1) material

bodies moving about within a given region of space over some

given infinitesimal interval of time because S (or T) has reference
fto, or equally ‘knows’ about, purely temporal re-identification
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statements of the form I(m)=T(n)+oI,, A~ m = n which are
themselves  dependent  upon a  continuity  condition

I(m)=1T(n)+dl,,, = m = n where dT,,,is &1y in the limit as 61, ,

‘tends towards Zero’,
Or, if I were to be brave enough to make an as yet unjustified leap (but one
which I shall attempt to justify in Book 2 of this thesis):

S (or T) knows that there are n (rather than n+1 or n-1) material

bodies moving about within a given region of space over some

given infinitesimal interval of time because S (or T) is, in part, or in

some aspect of S associated with §’s knowing things, itself a thing

persisting through time alone with no spatial properties (whether

actually or only seemingly so to S).
It should be evident to the reader by now that it is my intention to argue that our
ability to formulate cardinality statements (or our ability to ‘see’ the world in
terms of material bodies moving about in space and time) 1s dependent upon our

recognition of ourselves as temporally persistent entities — that we can ‘feel time

passing’ in some peculiar way.

In moving from the analytical claims of Book 1 to the philosophically
speculative arguments of Book 2; I am therefore interested in philosophies 1n
which S (a thing that can ‘know things’ about the world) is itself, in part at least,
“a thing persisting through time alone with no spatial properties (whether
actually or only seemingly so to §)”. And there is no point in my pretending to
the reader that I do not intend to claim that this is consciousness, or that the

condition T(m)=T(n)+dT,, — m = n is not a property of measured time, as the

physicist might measure it, but a property of phenomenological time: time as

experienced by consciousness.
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But this need not concern us in Book 1 of this thesis and, as a claim, is best laid

to one side for the moment.
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Book 1 - An Analysis of Identity, Diversity
and Re-1dentification Statements.

The Formal Properties of the Identity, Diversity and Re-Identification of
Material Bodies over Infinitesimal Spatial and Temporal Displacements.
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2. The Lockean Principles of Identity and Diversity.

2.1 Identity, Diversity and Locke

Before we can address ourselves to the topic of re-identification across the
infinitesimal interval (Chapter 3) we must firstly acquaint ourselves with the
properties of the identity and diversity of material bodies ‘at a given time’; for
while neither experience nor measurement may reveal to us the non-extended
instant and the non-extended point, these 1deas nonetheless play an important

role (at least historically) in our understanding of identity.

Two seemingly intuitive principles, both found 1n Locke’s treatment of “Identity
and Diversity”, underlie our counting of material objects. The first 1s the

principle that two objects ‘of the same kind’ cannot be at the same place at the

same time: “For we never finding, nor conceiving it possible, that two things of

the same kind should exist in the same place at the same time, we rightly
conclude that whatever exists anywhere at any time, excludes all of the same
kind, and is there itself alone” [Locke (1690) XXVII, Pringle-Patterson (1934)].
In the “Identity of Substances” (XXVII 2) Locke informs us that we have “but
three sorts of substance: 1 God. 2. Finite intelligences. 3. Bodies” and that
“though these three sorts of substances, as we term them, do not exclude one
another out of the same place, yet we cannot conceive but that they necessarily
each of them exclude any of the same kind out of the same place”. Here then,
Locke seems to be using the expression “of the same kind’ t0 mean either of the

type “God”, “Finite intelligences”, or “Bodies”'®. It is in this sense, or in the

16 He does not therefore use the term “kind” in the sense of the contemporary expression “sortal predicate”

(Wiggins 1980 ch 3), or as a concept by which we may count the number Fs (e.g. donkeys, cats, chaus, or
tables) within a given region of space at a given time; since if he did, then there is nothing within the first
principle which excludes a table and a chair being at the same place at the same time. Equally, in claiming
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sense 1n which “Bodies” constitute a “kind”, that Locke’s principle is most
clearly applicable to the concerns of, say, classical mechanics — for within this
science we do not distinguish the kinematical or dynamical properties of
“Bodies” upon the basis of their sortal predicate or the peculiarities of their
intrinsic properties. There is not, for example, a mechanics of chairs and a
separate mechanics of tables; simply a mechanics of material objects, or

“Bodies”, in general.

At one level we may consider Locke’s first principle to be a practical
descriptive principle — one applying, in this case, to the simple fact that we may
identify objects by different methods. For example, when Strawson asks “When
shall we say that a hearer knows what particular is being referred to by a
speaker? ” (Strawson 1959. p17) he suggests that that we may employ linguistic
means to i1solate a particular within a given range of particulars which are
themselves 1solated by a “demonstrative identification” — that the hearer may
“pick out by sight or hearing or touch, or can otherwise sensibly discriminate,
the particulars being referred to” (Strawson 1959. pl8). It 1s therefore
concetvable that two different speakers may make a hearer know that they each
refer to the same particular by different demonstrative identifications and by
different linguistic means (or by the use of different words to isolate the
particular to which they refer within the range of particulars which they have
demonstrably identified). In this sense then we may think of Locke’s first

principle as defining a rule regarding different identifications which relate to the

!

that material bodies constitute a ‘kind’, and in relating this kind to his principles of 1dentity and diversity,
we may consider Locke’s principles to constitute a ‘criterion of identity’ for matenal objects in general
(see entry under “‘Identity, criterion of” in the Oxford Companton to Philosophy (Ed Honderich T, 1995).
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same place and time, i.¢. if we identify x by one method and y by another, and if
we should then learn that x and y are at the same place at the same time, then

Locke’s first principle informs us that we must claim that ‘x is y’.

Yet the first principle i1s not without a metaphysical heritage (for we may
legitimately ask about the origin of this ‘rule’ within our understanding and it is
not unreasonable that this ‘origin’ may lead us into metaphysical matters), nor is
it treated purely descriptively by Locke. Within the Cartesian tradition, for
example, 1t arises from the argument, or ‘Law’, of contradiction (Smith 1963, p
409). If the essence of matter is spatial extension (if the essence of a material
thing 1s to be extended in space), as Descartes had claimed it to be, then it is
seemingly contradictory to assume that two material bodies may occupy the
same place at the same time — since they would then be of the same essence and
thus no longer be distinct. This was, however, unacceptable to both Kant and
Leibniz; both of whom espoused the view that the characteristics of matter
cannot be deduced from extension alone and must instead entail a dynamic
element (or an element which cannot be reduced purely to the description of
places, times, velocities and accelerations). Most importantly, in order to
maintain his empirical theory of knowledge, Kant was forced to reject Cartesian
mathematical extension as the ‘essence’ of matter (i.e. a mathematical property
which can be directly grasped by the mind without recourse to the contribution
of the senses) and with it, of course, he was forced to reject the application of
the ‘Law of Contradiction’ in the formulation of what I refer to here as “Locke’s

First Principle”. Realising perhaps that the description of motion is itself
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impossible without this “first principle’ "’

Kant then proposes that we re-instifute
this principle, not from the Law of Contradiction, but from a dynamic
metaphysics of matter. For Kant, two matenal bodies cannot be at the same
place at the same time since matter possesses a dynamic ‘force’ or ‘power’ to
resist penetration (Kant 1786) — thus establishing (together with Letbniz
perhaps) a philosophical tradition within which the topics of identity, diversity

and re-1dentification are forever intimately linked with dynamic (as opposed to

. . o\ 1
purely kinematic) issues .

Locke 1s not then alone in supposing a metaphysical intention for his first
principle rather than a merely descriptive one, or 1n presenting an intention
which goes beyond the simple practical interpretation discussed earlier —
“Another occasion the mind often takes of comparing, is the very being of
things, when, considering anything as existing at any determined time and
place, we compare it with itself existing at another time, and thereon form the
ideas of identity and diversity” [XXVII.1]. In effect, Locke is keen to define for
us what it 1s to be a material body, or more accurately perhaps, what it is to be a
single material body (to be counted only once in any act of counting). This is

more clearly seen, however, with respect to his second principle.

Locke’s second principle is that one object cannot be at two places at the same

time: “When we see anything to be in any place in any instant of time, we are

7 Kant treats the ‘essence of matter’ to be movement. Matter is that which moves or can be
moved. Only via movement, argued Kant, may matter effect the senses and thus be known by us
as appearances.

'® The overriding kinematic nature of the analysis presented in Book 1 of this thesis therefore
stands in need of justification with respect to this Kantian position.
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sure (be it what it will) that it is that very thing, and not another, which at that
same time exists in another place, how like and indistinguishable soever it may
be in all other respects” (XXVII 1). It 1s in the formulation of this second
principle that Locke is making a more obviously metaphysical claim — since if
objects at different places at the same time must be different regardless of
whether they are otherwise indistinguishable, then particularity is not to be
determined upon the basis of intrinsic properties alone (or that an object, or a
substance, is to be considered as something more than simply its properties).
Traditionally, however, this metaphysical position 1s challenged by Leibniz in
the principle of the “Identity of Indiscernibles”. For Leibniz, diversity goes
beyond mere spatial and temporal properties and must constitute instead an
internal principle of distinction [“it is not true that two substances may be
exactly alike and differ only numerically, solo numero” - Discourse on
Metaphysics (Hollis 1973 p284)] - and thus while Leibniz does not deny that
Locke’s second principle may be a practical aid to deciding that two objects are
‘different’ (or may help us to “distinguish things which are not easily
distinguished in themselves”), he argues that the diversity of such objects
actually entails something more than simply simultaneous spatial separation.
Likewise, Zimmerman describes the idea (which he attributes to Locke) of “a
mysterious substratum, an unreachable kernel that bears properties but is not

itself a property” as “metaphysics af its most gratuitous and pernicious”

(Zimmerman 1998).

Whether, in addressing Locke’s principles, we should really consider ourselves

to be addressing a metaphysical problem 1s, of course, a difficult question to
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answer. Certainly the idea that spatial and temporal position are alone sufficient
to characterise the diversity of material bodies goes back as far as St Aquinas.
However, when treated as a metaphysical problem, Russell has argued that this
position may be reduced either to ‘Identity of Indiscernibles’ of Leibniz, or to
the belief (which Russell assumes to be the view of most modern empiricists “if
they took the trouble to have a definite view”) that numerical diversity is
ultimate and indefinable (Russell 1948). The topic is therefore perhaps more
naturally epistemological. For example, when Popper asks for “something like a
sufficient condition, i.e., a criterion of difference or non-identity of material
bodies, or bits of matter” (Popper 1957), he resorts in the end to the claim
(equivalent, at least in form, to Locke’s 2™ principle) that “Two qualitatively
undistinguishable material bodies or bits of matter differ if they occupy at the
same time different regions of space”. Yet even here we are led to propose (as
does Bobik) that question which most naturally arises in connection with
Locke’s principle (and Popper’s epistemological formulation of it); “why are
different regions of space different? Are different regions of space to be
distinguished by different individuals; or are different individuals to be
distinguished by different regions of space?” (Bobik 1963) — a question which is
most naturally pertinent, perhaps, to Kant’s treatment of identity and diversity in

the Analytic of Principles.

When Kant addresses himself to the question of identity and diversity in the
Analytic of Principles he informs us that “When an object is presented to us
several times but always with the same internal determinations (qualitas et

quantitas), it, if an object of pure understanding, is always the same, not several
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things, but only one thing (numerica identitas); but if it is an appearance, it is
not a matter of comparing concepts, and although everything may be the same
as far as concepts are concerned, the difference of place of appearance at the
same time is a sufficient ground for asserting the numerical difference of the
object (of sense)” (Politis 1997 pp 117-8). But 1n what sense does Kant claim
that “difference of place of appearance at the same time” constitutes a
“sufficient ground for asserting the numerical difference of the object”, or in
what sense, or upon what basis, does Kant claim that one object may not be at
two places at the same time? The answer it would seem, or so Kant would have
us accept, lies in the inherent diversity of places in space: “for one part of
space, although it may be perfectly similar and equal to another, is still outside
it, and for this reason alone is different from the latter, which is added to it to
make up a greater space. It follows that this must hold good of all things that
are in the different parts of space at the same time, however similar and equal
one may be to another” (Politis 1997 pp 117). In other words, Kant asks us to
accept that the origin of numerical diversity of objects (of which we may only
know via “appearances’) lies in the numerical diversity of the places which
they occupy at the same time. Thus our understanding of the diversity of places
(at the same time) must in some sense precede, or be more fundamental than,
our understanding of the diversity of objects themselves — and thus the

pertinence of Bobik’s question of “why are different regions of space

different?”.

I shall not, however, treat Locke’s principles as metaphysical definitions of the

identity and -diversity of material objects. Nor do I wish to engage in
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metaphysical speculation as to the question of what it is for two particulars to be
distinct (and in this much my adoption of the term “Locke’s Principles” is
merely 1n line with common convention and does not imply my equal adoption
of Locke’s conception of material bodies). My own position with regards to
these principles 1s (admittédly) somewhat contradictory. For I shall treat them in
both a relatively pragmatic sense; in claiming that they refer primarily to our
own psychological inclinations to individuate experience, and a more rigorous
formal sense; 1n claiming that they are either the logical pre-requisite for, or the
logical consequence of (but in either case necessarily associated with), the

ability to formulate numerical re-identification statements for material bodies.

Why then should I adopt two so seemingly different positions with respect to

these principles?

One need not venture far into the common discussion of Locke’s principles to
be confronted with those questions (or type of questions) which throw doubt,
not necessarily upon these principles themselves, but upon our ability to apply
them clearly and unproblematically to all objects and object types. For example,
can two clouds be at the same place at the same time, or can two waves be at the
same place at the same time? Similarly, one need not venture too far into the
technical philosophical literature to discover that the rigorous application of
these principles may itself seemingly lead to contradiction and absurdity — for
example in the classical problem of the ‘Ship of Theseus’ (see Section 6.5).
Finally, one need not delve too deeply into the theories of modern physics to

discover that these principles themselves start to fail, or become un-helpful in
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the description of physical systems, as we move away from the typical
conditions and physical scales of our everyday experience (as discussed in

section 2.3 below).

In short, we need to consistently address Locke’s principles in two ways.
Firstly, in a relatively pragmatic sense, or a sense in which the question of their
violation is not critical (or where the violation of these principles, as 1n
considering it possible for two clouds to be at the same place at the same time,
is not necessarily detrimental to our understanding of the identity, diversity and
re-identification of certain objects). Secondly, we require a formal perspective
upon these principles; a consideration of the rigorous application of these
principles to a class of objects and problems where their violation would lead us
to radically re-think our opinions on the identity, diversity and re-1dentification

of these objects.

These two ways of considering Locke’s Principles (the ‘pragmatic’ and the
‘formal’) correspond to the cases where we are respectively uncertain and
certain as to whether we can unproblematically re-identify objects over space
and time. For example, the claim that the cloud which is currently above my
head is the same cloud that was just above the Eastern horizon at 10 o’clock
this morning is likely to be subject to a number of irritating questions which
may, in extreme cases, lead us to doubt the validity of the claim itself. For
example, when is a cloud the same cloud despite its change of shape and mass?
When does a cloud become fog or fog become a cloud? Where does the cloud

go when it is bumnt off by the Sun? We might suspect then that things like
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clouds will not only have a complicated criterion of re-identification but may
well, in some circumstances, or under some arguments, violate Locke’s first

principle.

Equally, however, when I claim that the tea-cup which is currently upon my
desk is the same as the tea-cup that was on the draining board in the kitchen
this morning 1 feel there to be no ambiguity in what is meant by this claim (even
if it should turn out to be false). I mean that the same tea-cup has moved
continuously from the draining board in the kitchen to my desk. In this case, not
only does a criterion of re-identification clearly present itself, but the claim that
two tea-cups could actually be at the same place at the same time seems highly
contradictory to my understanding of the 1dentity, diversity and re-identification

of such objects.

We therefore require a ‘pragmatic’ approach to Locke’s principles for things
like clouds and waves (for sometimes we may like to claim that two clouds or
two waves may be at the same place at the same time) and a ‘formal’ approach
for things like tea-cups (for we may never wish to admit that two tea-cups may

be at the same place at the same time).

The first of these (and unavoidably a somewhat weak philosophical position) is
to reformulate Locke’s principles in a somewhat protected form (or in a form
protected from those occasional questions which at once seem intuitively clear
but which nonetheless challenge our ability to apply the first principle). For

example:

49



If there is sufficient reason, or inclination upon our part, to

individuate those qualities which we observe at the position pl1 at

time t1, or to assign to these qualities a single name ‘a’, and if there

1s sufficient reason, or inclination upon our part, to individuate

those qualities which we observe at the position p2 at time t2, or to

assign fo these qualities the single name ‘b’, then if t1 1s (or seems

to us to be) numerically identical to t2 and p1 is (or seems to us to

be) numerically 1dentical to p2, then we will often, although not

necessarily universally, be inclined to say that ‘a 1s numerically

identical to b’ (Locke’s first principle). If, on the other hand, t1 is

(or seems to us to be) numerically 1dentical to t2 but pl 1s not (or

seems to us not to be) numerically identical to p2, then we will

often, although not necessarily umversally, be inclined to say that

‘a 1s not numerically identical to b’ (Locke’s second principle).
These principles arise then (or at least are treated as such above), not as the
result of a metaphysical principle of identity and diversity, but as a result of
those ‘sufficient reasons’, or ‘inclinations upon our part’, to individuate those
qualities at a place and time and assign to them a single proper name (that there
may be reasons well enough for us to have such ‘inclinations’, and that these
‘inclinations’ may themselves be described in scientific, philosophical and

evolutionary terms will be discussed later).

With respect to this somewhat convoluted definition the reader might well
object that it 1s qualified too strongly, or that i1t’s provisos may eliminate from
my discussion all violating situations. It does not 1nsist that Locke’s principles
apply to all situations (even those of our most common experience and
understanding) nor even that there be any more to spatial and temporal
simultaneity than our own belief in such situations. In short the reader may feel
that I have been too timid in my definition, or that I have defended it so strongly
from attack that, in effect, it says nothing of interest. To some extent this is

indeed the case. For Locke’s principles are interesting simply because they
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describe for us a ‘norm’ or a typical situation. The idea that two objects cannot
be at the same place at fhe same time, or that one object cannot be at two places
at the same time, is a kind of useful rule of thumb by which we make sense of
the world and can successfully .interact with it. Of course it is possible to
question these rules. Can two clouds be at the same place at the same time? Can
two waves be at the same place at the same time? Equally, of course, it is
possible to be lead towards absurdity by their strict application — as, for
example, in the problem of The Ship of Theseus (which I shall consider in
section 6). But to concentrate upon these exceptions at the expense of the
‘norm’ 1tself, or to develop a philosophy of individuation which insists upon
accommodating these exceptions with the ‘norm’, 1s to mistake the methods of
philosophy with theory of empirical science. Certainly the need for consistency
requires us to accommodate exceptions when they contradict the ‘norm’ itself -
just as we must reject an accepted scientific theory (the ‘norm’ in this case)
when contrary empirical evidence arises (the ‘exception’). But this 1s only if we
accept the ‘norm’ to be incompatible with its exceptions. My somewhat
pragmatic formulation of Locke’s principles above is intended simply to express
them as a ‘norm’, or to express them simply as a typical response to more or
less typical situations. Thus formulated they do not deny the possibility of their
own violation and thus are not incompatible with their own exceptions. The
philosophy of individuation should (in my opinion) start, not with the
metaphysical interpretation of Locke’s principles and ultimately their rejection
upon the basis of exceptions and logical absurdity, but with the recognition that
these principles, first and foremost, serve a purpose; and that purpose 1s to allow

us to make sense of the world by separating one thing from another in order that
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we may 1nteract successfully with it. Locke’s principles are not, in this sense,
immutable truths about the world (truths which must be rejected when found to
stand 1n contradiction to certain know facts — ‘exceptions’) but are instead a
more or less useful guide to our own inclinations (inclinations which have their
origin in our evolution); a way of allowing us to arrive at a judgement and act in
accordance with it. Locke’s principles are neither true nor false. They are either
useful or un-useful depending upon the situation 1n which they are applied (I
shall discuss later those situations in which Locke’s principles become un-
useful). Locke’s principles are applied “offen, but not necessarily universally”,
and 1t 1s to the fact of their being applied “offen” rather than “not necessarily
universally” that our attention should be drawn. Likewise any sort of
metaphysics of identity and diversity (when applied to material bodies) need
only concern me if it 1s demonstrably the case that these ‘sufficient reasons’, or
‘inclinations upon dur part’, require an explanation in terms of an ontology of
material objects - and any such ontology of material objects, or any such
attempt to define their identity independently of our own ‘inclinations’ to

individuate them, 1s to be strongly opposed in this work.

In addition to this ‘pragmatic’ and somewhat psychological approach I also
adopt a more rigorous formal position with respect to Locke’s principles.
Effectively, I would suggest that whenever it is claimed that ‘a is 6°, where a 1s
at a different position and time from b, it is necessary, in order that this
statement be meaningfully formulated, that both a and b are the type of objects
to which Locke’s principles rigorously apply. This is not, of course, in anyway

contradictory to the pragmatic treatment of these principles outlined above; for
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it 1s a position with respect to the formal properties of re-identification
statements, and 1s thus pertinent only when those ‘inclinations on our part’ are
such as to lead us to formulate such re-identification statements. The exact
nature of this formal position with respect to Locke’s principles will be covered
fully 1n section 2.4 when we come to consider the formal symbolic '
representation of these principles themselves. However, for the sake of

completeness, I shall briefly outline this position here.

In claiming, say, that the tea-cup which is currently upon my desk is the same
(numerically the same) as the tea-cup that was on the draining board in the
kitchen this morning, the important point is the use of the word ‘same’. In this
case a numerical identity i1s implied to exist between the tea-cup which is
currently upon my desk and the tea-cup that was on the draining board in the
kitchen this morning. However, numerical identity is not without 1ts own
identifiable properties, most importantly; its retlectivity (a 1s @ and b 1s b), its
symmetry (if a is b then b is a) and 1ts transitivity (if @ 1s b and b 1s c then a is
c). Transitivity, in this case, 1s dependent upon a property of the relationship
between objects and names. Put simply, if either a, b or ¢ could be the names of
more than one numerically distinct object, then the transitivity rule would not
apply. In other words, the name “a’ may refer to one and only one numerically
distinct object, the name ‘b’ may refer to one and only one numerically distinct
object, and the name ‘c’ may refer to one and only one numerically distinct
object — otherwise it would be possible that a i1s » and b 1s ¢ but a 1s not ¢. So

when I claim that the tea-cup which is currently upon my desk is the same as

the tea-cup that was on the draining board in the kitchen this morning, and
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when I intend, by the formulation of this statement to use the word ‘same’ to
imply a numerical identity, I must equally imply that the names ‘the rea-cup
which is currently upon my desk’ and ‘the tea-cup that was on the draining
board in the kitchen this morning’ are each names which can be the name of
only one (numerically distinct) object. In other words, I must imply that there
may only be one tea-cup where the tea-cup which is currently upon my desk 1s,
and only one tea-cup where the tea-cup that was on the draining board in the
kitchen this morning was — and thus in simply formulating the statement in the
first place (and regardless of whether the statement 1s true or false) I must
implicitly suggest that tea-cups, at least, are the types of things which rigorously
adhere to Locke’s first principle (that two objects, of the same kind, cannot be at
the same place at the same time). This then 1s the sense in which I suggest that
Locke’s principles (or more accurately the first principle) is a logical pre-
requisite for, or a logical consequence of (but in either case necessarily
associated with), the ability to formulate a numerical re-1dentification claim for

matenal bodies.

I shall not therefore be concerned with the metaphysics of material objects; with
the metaphysics of their particularity or diversity, their relationships to qualities
(whether these qualities be universals or not), nor with whether such objects are
more than their qualities and relations or nothing more than their qualities and
relations. In fact I shall admit no individuation to material objects except that
which we ourselves 1mpose in our ‘inclinations’ to individuate them — and if,
like Locke, we equate identity with existence [as i1s equally a position within

Logical Metaphysics (Benardete 1989)], then I shall admit no existence to these
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objects except in relation to our own ‘inclinations’ to individuate them. I do not,
however, adopt this as a philosophigal position, nor as one arising from an
analysis of traditional and contemporary metaphysics. For regardless of the
ontology of reality, or regardless of whether material objects actually exist
independently of our concept of them, we must still address the question of how
we come to represent the world 1n the way that we do (or how we come to
individuate and characterise it in the way that we do) — and as we shall see 1n
the following section, this latter question has aspects which are quite

independent of metaphysical or ontological considerations.

2.2 The Epistemological Status of Locke’s Principles

If justification be sought for my current approach to Locke’s principles, or if
justification be required for separating an ontology of identity and diversity
from the study of our own °‘inclinations to individuate’ and their formal
properties (as though we could treat the subject of identity and diversity, at least
for material objects, not as a topic of metaphysics but as a topic of our own
psychology), then we might do little better than to inquire as to the empirical, or

synthetic, nature of Locke’s first principle (Popper 1959 p39).

2.2.1 The Empirical (or otherwise) Nature of Locke’s First Principle.

If we take Locke’s first principle to be a principle concemning what it is to be a
material body in the first place, or what it is for such a material body to be
possessed of a singular identity (to be counted only once in any act of counting),
then we may certainly question if this principle is synthetic. Whatever the

numerical identity, or individuality, of a material object may be, or whatever we
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may imply by the term (metaphysically), we are entitled to ask if this
‘individuality’ is itself an observable property. In other words, can experience

reveal to us the individuality of a material body?

At one level it seems relatively trivial to claim that we cannot observe, or
measure, or detect, the numerical individuality of a material thing, nor can we
observe that one material thing has been numerically re-identified as another,
nor that one material thing 1s numerically continuous over time. Neither pure
experience nor pure sensation would seem to reveal to us the identity of external
material objects'’. For example, Zimmerman (1997) claims that “All we observe
or detect are the properties of things, and a particular substance is nothing
more than a bundle of properties”. Personally, I take this to mean that we may
observe and detect properties and qualities at places and times, but that our
inability to observe a “mysterious substratum, an unreachable kernel that bears
properties but is not itself a property” 1s synonymous with our inability to
observe or detect the numerical individuality of a particular. However, we must
treat such a claim with considerable caution. If individuality were to be
understood in terms of an ‘bundle of properties’, and if the diversity of
individuals is then guaranteed by the Principle of the Identity of Indiscernibles,
then it may be claimed that this ability to distinguish one individual from

another (upon the basis of experience) must itself infer the individuality of that

'” My labouring of the term ‘material’ is intended to avoid possible philosophical problems with
claiming that all types of identities are actually non-observable. My claim here is merely that
the identity of a persistent material object 1s unobservable. As to whether the identities of such
things as properties and relations, for example, are observable, I shall not inquire. Nor shall ]
inquire into what we mean by the term ‘observation’ (for example, in the question of whether a
genuine observation must entail the conscious direction of the mind upon a subject within
experience — and thus, in effect, an individuation). My claim is simply that in its most
embryonic form, or in the form or pure sensation, experience cannot contain or immediately
reveal to us the identity of a material object.
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which is distinguished from something else”. My own opinion, however, is that
we cannot anyway assume that a ‘bundle of properties’ is itself observable.
Certainly the properties themselves may be observable (may be revealed to us
via pure sensation), but their collection into a ‘bundle’ is not. Of course,
experience may lead to our attention being drawn to a collection of properties
(for example if they all seem to occupy an isolated region of space and time)
and this process of ‘being led’ to a collection of properties is no doubt important
to the way in which we represent experience to ourselves. But again this is a
process of representation. Experience itself does not reveal that these properties

are in fact a ‘bundle’.

Similarly, in Leibniz’ principle of the “Identity of indiscernibles” we are
presented with the claim that if every intrinsic non-relational property of A 1s
also every intrinsic non-relational property of B, then A is the same as B (or
A=B). In other words, 1n enumerating every possible observable property of an
object we exhaust all observable means of detennining identity or diversity —

since identity itself (pure particularity) is not itself observable®!. Surely, if

0 However, the Principle of the Identity of Indiscernibles (which, it might be claimed,
guarantees the diversity of different ‘bundles of properties’) is not itself an observable property.
We may observer different ‘bundles of properties’ perhaps (although I would deny even this)
but we may not observe that they are therefore distinct individuals. We may go on to represent
these ‘bundles’ as distinct individuals if we also, as part of this representation, employ the
Principle of the Identity of Indiscernibles, but this is representation. It is perception, not
experience. Equally, if it were the case that the Principle of the identity of Indiscernibles were a
metaphysical principle, then surely the same 1s true. If we represent to ourselves two ‘bundles of
properties’ as being distinct, then this cannot be upon the basis of experience (pure sensation)
alone. It must employ a representation which itself employs a principle (not necessanly the
Principle of the 1dentify of Indiscernibles).

L 1 do not mean to directly support Leibniz’ principle, nor Zimmerman’s ‘Bundle Theory’,
merely that the possibility of their formulation is itself sufficient to demonstrate that identity is
not an observable. Most importantly, Leibniz’ “identity of indiscernibles’, or the very possibility
of this theory as a legitimate philosophical position (one that i1s not to be immediately
abandoned upon the grounds of absurdity) must itself be proof that identity 1s not a directly
observable property.
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numerical diversity were observable then there would be no need for
philosophical debate about the respective merits of Locke’s second principle
and Leibniz’ ‘Identity of Indiscernibles’ — since the matter could be settled on
purely empirical grounds This, of course, is a point which could equally be
made about a great deal of contemporary philosophy of identity and
individuation. For example, could we really accept as genuine the respective
philosophical positions of Sortal Dependency and Sortal Relativity (Wiggins
1980), and the philosophical debate between the proponents of each, if it were
nothing more than a matter of mere observation which could settle this debate?

Numerical 1dentity is simply not an observable property.

Even if we were to admit for the moment that qualitative identity, diversity and
re-identification were observable properties of material bodies (and I would
deny even this), still we should find it difficult to justify in any strict
philosophical sense that numerical identity, diversity and re-identification are
likewise observable. Suppose it were possible that A and B were alike in all
their observable properties (i.e. they are qualitatively identical) but that at any
given time A was at an observably different place from B. Of course, given
these observations, our instinct is to claim that A and B are numerically distinct
— since one object cannot be at two places at the same time (or so we are
inclined to think). But what is it that we have observed which corresponds to
this numerical diversity? We have observed two qualitatively identical bodies
and we have observed that they are at different places at the same time. We have
not observed that one object cannot be at two places at the same time since this

1s merely a principle; not something which 1s itself at a place and a time and

m
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which can atfect our senses (and I shall shortly argue that it is not an empirical
principle). If then this principle 1s required in addition to, or to be applied to the
interpretation of, these observable properties of A and B in order to arrive at the
judgement of their numerical diversity (over and above their qualitative
identity), then In what sense may we claim their numerical diversity to be

observable?

Similarly, 1n the observation of the continuous motion of a material body, can
this observation reveal anything to us other than the a confinuous qualitative re-
identification? And surely we must admit that the observation of continuous
qualitative re-identification can reveal nothing more to us about numerical re-
identification than can the observation of qualitative re-identification over
periods of non-continuous observation. For example, Strawson would have it (in
reaction to Hume’s claim that all re-identifications over periods of non-
continuous observation must be treated as essentially qualitative) that a
condition for our having a conceptual spatio-temporal scheme with respect to
which numerical re-identifications can be described 1s “the unquestioning
acceptance of particular-identity in at least some cases of non-continuous
observation”. In other words, even within the anti-revisionary scheme of
Strawson numerical re-identification (what Strawson refers to here as
“particular-identity”) must reference a non-observable (or non-directly-

observable) element.

From a somewhat less philosophical perspective we are perhaps similarly drawn
to the unobservable nature of individuality by consideration of observable

properties within empirical science. The physicist, for example, has long since
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subsumed his or her understanding of ‘observables’ under the science of
quantum mechanics and must have long since accepted that there is no
eigenvalue of 1dentity itself (Cassels 1970, p8); there is no operation (no
Hermitian Operator*®) which we may perform upon the wave equation to yield
the measurable result that ‘a=b’. Numerical identity, diversity and re-
identification fall outside of the range of measurable and observable things of
the physicist”. There is nothing whatsoever within traditional quantum
mechanics, no operation upon the wave equation or superposition of multiple
wave equations, which corresponds in anyway whatsoever to the intuitive and
familar claim that the tea-cup which is currently upon my desk is the same tea-

cup that was on the draining board in the kitchen this morning.

Finally, we must consider that point which stands against the philosophical
arguments presented in this section, namely; that individuality should be
considered as a primitive notion — one requiring no ‘principle’ or further
analysis®®. In this case, it may be argued that we can observe that something is
an individual because to observe an object is to observe that object-as-an-
individual. While this 1s by far the most philosophically complex position to
address, I cannot (personally) see how it follows from the assumption that the
notion of numerical diversity is “ultimate and indefinable” (Russell 1948) that

individuality is itself observable in the sense that I mean here. We certainly

%2 Only a certain kind of linear operator (upon the wave function) is suitable is suitable for
representing an observable within traditional quantum theory. These are known as ‘Hermitian
Operators’ (Cassels 1970, p9).

% The absence of identity and diversity statements from the expressions of empirical science is
not necessanly surprising, nor does it stand in immediate contradiction with philosophical
positions other than the one proposed in this thesis.

2% This is a position which becomes important, for example, in consideration of how
indistinguishable points in space are to be considered numerically distinct.
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perceive material bodies (as the result of a process of representation), and it may
well be the case that our notion of the individuality of these ‘perceived’
particulars is “wltimate and indefinable”, but it does not then follow that these
particulars are presented directly to us via experience (pure sensation) — and it 1s
only the with the denial of this direct presentation of particulars via experience

that my current arguments are concerned.

Whatever one’s opinion on the arguments of this current section, or whatever
one’s own philosophical position regarding that nature of identity and diversity,
it seems a relatively unproblematic claim that pure sensation alone cannot reveal
to us the individuality of material bodies. For I may as easily argue that pure
sensation may no more reveal to us the identity and diversity of material bodies
than may the coloured dots on a photograph capture the identity of the objects

which we ourselves recognise within then (or which are realised through them).

The individuality of a material body is not then ‘given’ in experience, and thus

Locke’s first principle is not synthetic; not learnt from experience alone.

2.2.2 The Empirical (or otherwise) Nature of Locke’s Second Principle.

We may discover an equally non-synthetic character in the second of Locke’s
principles (that one object cannot be at two places at the same time). In this
case, however, we are immediately drawn, not to its metaphysical implications
(of which, as discussed earlier, there are significant aspects), but to the question

of its empirical justification. For if this were indeed an empirical principle, or
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one learnt from experience, then we might expect that experience was itself

sufficient to justify it. Formally, however, this is not the case.

Firstly, since it 1s patently obvious that we cannot, under any circumstances,
observe all places at a given time, then Locke’s second principle cannot be
strictly justified upon the basis of empirical test. In other words, if the claim
that: “one object cannot be at two places at the same time” i1s based upon
observation, then it must involve an unjustified induction, or an induction from
the observation that this principle applies to a finite range of places to the claim

that it applies to all possible places.

Now although the problem of induction [that there 1s no logical basis by which
we may proceed from any number of particular statements to a general
statement — Popper 1959 pp27-9)] may indeed be a legitimate philosophical
problem, we rarely find it difficult to construct such inductions in practice. As
such, this particular argument against the empirical nature of Locke’s second
principle 1s not particularly convincing. Of far greater significance, however, is
that this principle 1s not, in practice, a synthetic principle, or would never, 1n
practice, be falsified by comparison to experience. If we admit within our
description of the physical world the possibility of the relationship of
qualitative identity (Strawson 1959 p34, Baillie 1993 p5), or the relationship of
two ‘different’ (not-same) material objects which are at different places at the
same time but which are otherwise indistinguishable, then any falsifying event
of Locke’s second principle (one object actually being at two places at the same

time) could always be explained away by citing this relationship of qualitative
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identity. In other words, the condition of one object actually being at two places
at the same time must be empirically indistinguishable from an instance of the
relationship of qualitative identity (again justifying the non-observable nature of
identity), and we may well ask ourselves under what circumstances we would
be willing to interpret a given experiment in terms of the former rather than the
latter? Locke’s second principle therefore can be neither strictly justified nor
falsified by comparison to experience, and is thus not strictly an empirical (or

synthetic) principle.

We conclude then that neither Locke’s first nor second principle is, in any strict
sense, an empirical principle, and thus are left with the 1dea that these principles
arise 1In those processes by which we ourselves represent our experiences, i.c.

they are principles pertaining to our own ‘inclinations to individuate’.

2.3 The Scientific Limitations of Locke’s Principles.

Further support for my approach to these principles, or further support for
treating them, not as metaphysical principles, but as principles pertaining to our
own ‘inclinations to individuate’, 1s to be found in the observation that they
may be limited in their application - or that there may be situations (or certain
interpretations of situations) in which these principles do not seemingly apply.
In the field of quantum theory, for example, we are presented with numerous
examples where bdth the classical conception of the particle and its Lockean
~ identity and diversity characteristics may be brought into question. Experiments

such as the experimental realization of the Bose-Einstein Condensate (Anderson
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et al 1995 Cornell, Wieman 1998) present us with situations where it is
theoretically impossible to associate a unique number with each instance of an
object of a kind - or with “indistinguishable things" (Simons 1997) - and
experiments such as dual slit electron diffraction (Feynman 1983 p79) present
us with situations where it 1s seemingly possible for a particle to pass through
more than one place at one time. In quantum theory then, we are presented with
many situations in which the identity and diversity properties of particles may
be seen (under certain interpretations) to deviate considerably from the Lockean
characteristics of classical bodies. However, i1t would be inaccurate to claim that
the violation of Locke’s principles in quantum systems is either well understood
or universally accepted. Ever since Bohm’s illustration of how nonrelativistic
Schrodinger theory can be made compatible with the existence of point particles
(Bohm 1952) various variants on the ‘Real Particle’ interpretation of quantum
mechanics have been proposed. Within these interpretations something like the
conception of the classical particle survives (albeit often with some
compromise). Equally, a number of contemporary philosophers [for example
French (1989, 1998), Van Fraassen (1985) and Huggett (1997)] have argued
that the ‘indistinguishable’ particles of quantum theory can be treated as
individuals to which standard identity conditions apply. The important point 1s
that while the application of Locke’s principles of identity and diversity are
certainly open to question within many areas of quantum theory, the issue is

generally not straightforward.

When we come to look at the transitions between classical mechanics and

relativity theory we again find problems with sustaining Locke’s principles (but
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in this case 1 a slightly less obvious fashion). In claiming that one object
cannot be at two places at the same time Locke imposes a principle upon the
conditfion of a finite spatial separation in conjunction with a single
(instantaneous) time. These are the conditions associated with the classical
concept of temporal simultaneity, and 1t 1s the relative nature of this concept,
with respect to the state of motion of the observer (or the “relativity of temporal
simultaneity” - Einstein 1920 p25), which forms the basis of the theory of
special relativity. Although relativity theory deals with the spatial and temporal
relationships of events (and while events exhibit quite different identity and

25) we may translate the

diversity characteristics from material objects
conclusions of the special theory in the following terms: What one observer
sees as two objects at different places at the same time (temporal simultaneity),
another observer (1n a state of relative motion with respect to the first) may see
as two objects at different places at different times. This does not itself imply a
violation of Locke’s principles (since we may assume that both of these
observers continue to apply them independently) but does raise the question of
how it 1s to be decided that these two objects are distinct. For in the case of the
first observer we may apply Locke’s second principle to determine their
diversity, but in the case of the second observer we cannot. Thus while we
cannot claim that the second principle is actually directly violated in such cases,
we may consider that its application as a descriptive principle upon which to

base a mechanics must become increasing problematic — since two different

observers can no longer apply it to the same situation.

%> For example, Russell argues that events cannot re-occur and thus cannot be re-identified (as
particulars) with each other over time (Russell 1948).
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While 1t is far from straightforward to claim that Locke’s principles are directly
violated 1n quantum and relativistic systems, there is certainly evidence to
suggest that the application of these principles must become increasingly

problematic (and in need of considerable compromise) within certain situations.

2.4 The Symbolic Formalisation of Locke’s Principles.

Having established, albeit imperfectly, a philosophical position regarding the
application of Locke’s principles to material bodies, or having argued that there
1s sufficient epistemological and scientific evidence for questioning their
metaphysical status and attributing them instead to the processes of our own
‘inclinations to individuate’, 1 shall now turn to the question of how these

principles may be expressed symbolically.

In presenting a symbolic formalisation of Locke’s principles I do not claim to be
able to fully capture these principles in all their philosophical glory. Nor do I
claim that Locke’s principles (as originally formulated and as commonly
conceived) may be symbolically expressed in a truly non-circular fashion. In
fact, as we shall see, there are good reasons to assume that these principles must
forever elude a truly consistent non-circular symbolic formulation. All I shall
attempt to do here is to develop a symbolic form which 1s commensurate with,
or derived from, at least the intentions of these principles, and then claim that
any consequence arising from an analysis of these symbolic expressions i1s
equally a consequence of the adoption of Locke’s principles within our
‘inclinations to individuate’ material objects (justification for this latter claim

will be presented in the following section). The symbolic formulations

66



presented below are therefore largely methodological. The analysis of the
subsequent sections, and thus the arguments upon which much of this thesis is
based, could equally be formulated with respect to the description of these
principles as originally presented by Locke; only the reader would soon tire of
the convoluted arguments and the simplicity of the analysis would be lost. Thus
while I am readily aware of the limitations of the symbolic approach in this
case, the advantages of clarity which result from this formalisation must
outweigh any potential logical objections. Let us turn firstly then to the

problems which a formalisation of Locke’s principles must unavoidably face.

We note firstly that Locke’s principles apply to the identity and diversity of
particulars (particular material objects), and thus we must firstly consider what
constitutes a valid identity statement concerning such ‘particulars’. An identity
assertion of the form a=b, when applied to particulars, 1s essentially the claim
that the particular object whose name 1s ‘a’ is also that particular object whose

name is ‘b’; or that ‘a’ and ‘b’ are two names for one and the same particular

t26

object™. The proviso here is that the type of names used, or the types of

* That this simple definition may itself be inadequate is made clear when we apply it to the
reflective form ‘a is a’ (the principle of identity), since here our definition becomes tautologous.
As Wittgenstein put it . . fo say of one thing that it is identical with itself is to say nothing at
all.” (Tractatus Logico-Philosophicus 5,5303) [Wittgenstein’s actual objection is that we should
not treat identity as a relationship “Roughly speaking, to say of two things that they are identical
is nonsense, and to say of one thing that it is identical with itself is to say nothing at all’, or that
anything useful which can be said using the words ‘is the same’ can equally be said by a
sentence using a repeated expression.]. With respect to our original definition we may be
tempted to agree with Wittgenstein — as though in recognising some meaning in the claim ‘a is
b’ (although Wittgenstein may deny even this) we then go on to recognise that we may equally
say ‘a is a’ without realising that these words no longer have meaning. But even this may not
satisfy us completely. For in Logic at least the locution ‘a is a’ has some considerable power —

as is evidenced, for example, in the use of the existential statement Ja(a=a) in logical
metaphysics (Benardete 1989) and in the implementation of the principle of identity within the
axiom of extension in axiomatic set theory [the identity of two sets, or the claim that one set is
the same as another, is determined by these sets having exactly the same membership. While
this ‘criterion of identity’ for sets has many useful applications it clearly suffers from the same
paradox of identity which Wittgenstein claims applies to the simple locution ‘a is a’]. Thus
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relationships that these names may bear to particular objects, must be such as to

ensure the reflectivity [(Va) a=a], the symmetry [(Va,b) a=b — b=a] and the

transitivity [(Va,b,c) a=b A b=c — a=c] of the identity re]ationship”. Not all
name types are therefore suitable for formulating valid identity statements for
material particulars. Basically, the required condition is satisfied for any class of
names where one particular object may have many names but where one name
may be the name of one and only one particular object. If this condition is not
satisfied for a given class of names, then such names are not suitable for

formulating identity statements for particulars™.

Now 1f Locke"s first principle is true (and two material objects of the same kind
cannot be at the same place at the same time), then this principle itself defines a
class of names suitable for formulating valid identity statements for particulars.
Any name type which 1s formulated with respect to a given position and time
(what we might call a ‘temporary name’) will be a valid name for employment
within identity assertions concerning particular material objects. For example, if

the material object q moves along the continuous spatial and temporal path

while the locution ‘a is @ may have no meaning and yet have significant ramifications within
Logic, in those case where we can see clearly that we have named the same thing twice, or
where there 1s good reason on our part for having named that same thing twice, then the claim ‘a
is b’ 1s seemingly straight forward.

*” These being the first three of what are commonly referred to as ‘The Axioms of I[dentity’. It is
not uncommon, however, to add a fourth axiom concerning the complete community of
properties, or the “congruence of sameness, affirmed by a principle usually known as Leibniz’ss

Law” (Wiggins 1980 p19).

%% For example, the name ‘man’ may be the name of more than one particular object. As such
the identities a=man and b=man do not imply that a=b; or the application of this name type to
identity statements does not entail the transitivity of the identity relationship and is thus not
suitable for formulating identity assertions about material particulars. If however, we were to
talk about the identity of classes, and insist that ‘man’ is the name of one and only one class,
then a=man and b=man would imply a=b. In other words, names like ‘man’ can be used in
identity assertions about classes (that one class is the same as another) but not about particular
material objects.
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p={(t), and 1if (p,t1) and (p;,t2) are two solutions of p=f(t), then how are we to
indicate the continuity of q between the locations (p;,t1) and (py,t2)? Simply
claiming that q=q tells us no more about q at (p;,t;) and (p,,t2) than it tells us
about q at (p;,t1) or (p2,t2). One solution then i1s to say that q is temporarily
named ‘a’ when 1t 1s at (p;,t;) and ‘b’ when it is at (p,,t2). We may then express
the continuity of q in the identity a=b (or that ‘a’ and ‘b’ are two names of the
same particular object). The claim a=b is a valid identity assertion, of course,
only if 1t i1s reflective, symmetric and transitive, but as long as Locke’s first
principle 1s true, then there cannot be more than one particular object at (py,t;) or
more than one particular object at (pa,t2), 1.€. ‘a’ can be the name of one and
only one particular object, and ‘b’ can be the name of one and only one

particular object.

We might then begin to see the nature of the logical problem facing us in
attempting to symbolically formulate Locke’s first principle, namely; that this
principle (that two objects cannot be at the same place at the same time) is
likely to posit some kind of i1dentity assertion about particular objects (namely,
that what 1s at one place at one time is one and only one object — or 1s possessed
of a singular identity), and yet we already know that we assume Locke’s first

principle in formulating such valid identity assertions about material objects.

However, this observation need not restrict us from symbolically formalising
this principle. All we need to remember is that any such formalisation will, in
effect, constitute a rule, or definition, for applying certain types of names where

the nature of these names themselves assume Locke’s first principle to be true.
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Let us then extend the definition of ‘temporary names’ in the following fashion:
If q is named ‘a’ at (py,t;), then P(a)=p; and T(a)=t,
?tl‘l g is named ‘b’ at (py,t2), then P(b)=p, and T(b)=t,.

We may then define Locke’s first principle (that two objects of the same kind

cannot be at the same place at the same time) as the inferential form:

P(a)=P(b) A T(a)=T(b) — a=b ...LP.1a

In words, we would say that if that particular object which is temporarily
named ‘a’ is at the same position and time as that particular object which is

temporarily named ‘b’, then ‘a’ and ‘b’ must be two names of the same

particular object. In this case then the inference (—) i1s taken from the

prescriptive, rather than descriptive, nature of Locke’s principles themselves. In
other words, Locke’s principles do not simply claim that it is the case that no
two objects ever have or never will be found at the same place at the same time
(descriptive), but that no two objects ever can be found at the same place at the
same time (prescriptive). It 1s only in this sense that the inference used in LP.1a
should be interpreted. It 1s not therefore an immediate inference as commonly
understood (Joseph 1914, pp 232-48), but simply a symbol which captures the

prescriptive nature of Locke’s claims®.

*? 1 should add, perhaps, that I nave not qualified this expression (neither existentially nor
universally). Mainly because I do not need to qualify it in order to carry out the analysis I
intend. Any universal qualification would perhaps be largely circular; since this would require
the specification of a set of particulars [for example the set P in terms of which the universal
qualification V,ep could be made] and any such specification would be likely to imply Locke’s
first principle itself (and thus the circularnty). The expression is perhaps more naturally
existentially qualified (as in 3,3) but since LP.1a is little more than a rule for applying certain
types of names (what I have termed ‘temporary names’) such qualification seems somewhat
unnecessary. If the reader prefers such statements to be qualified, then I would suggest that they
be existentially rather than universally qualified, but (as stated above) this makes little
difference to the following analysis.
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Having already recognised that the use of such temporary names (in the
formulation of the identity statements of material particulars) itself assumes
Locke’s first principle, then I shall claim that LP.1a is simply a condition
defining how such names are to be applied to such objects. This is why I do not
claim to have fully captured Locke’s first principle (in all its philosophical
glory) within a symbolic expression, nor that this symbolic expression is
necessarily non-circular, but simply to have developed an expression which is
commensurate with, or derived from, this principle. That I shall go on to claim
that the consequences arising from the analysis of this symbolic expression are
equally consequences of our adoption of Locke’s principle will be addressed in

the following section.

Turning now to the second of Locke’s principles (that one object cannot be at
two places at the same time), we may equally express this second principle as

the inferential form:

P(a)#P(b) A T(a)=T(b) — a#b ...LP.2a

In words, we would say: If that particular object which is named ‘a’ is at a
different place but at the same time as that object which is named ‘b’, then ‘a’

and ‘b’ are not two names of the same particular object.

2.5 Locke’s Principles and Cardinality (a justification of the inferences
employed in LP.1a and LP.2q)

Given the logical complexities and circularities involved in the derivation of
LP.1a and LP.2a (which I shall address further when I come to consider their

continuous forms) it may well be asked upon what basis I may maintain that
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these symbolic expressions are commensurate with Locke’s principles, or upon
what basis I might claim that in analysing these symbolic expressions we might
learn something about these principles themselves? The answer to this concerns
our treatment of the 1dentity and diversity of material objects themselves, and
more specifically, our treatment of the identity and diversity of material objects
in determinations of their cardinality — the total number of material objects
within a given region of space at a given time. For I shall argue that LP.1a and
LP.2a apply to the determination of such a cardinality in exactly that same way
that Locke’s principles apply to such a determination. Thus while LP.1a and
LP.2a may well be little more than definitions of how temporary names are to
be applied to particular material objects, they play, in certain circumstances,
exactly the same role as do Locke’s principles (and as long as the subsequent
concerns of this thesis refer solely to these ‘certain circumstances’ then I am

justified 1n addressing the intuitive principles of Locke in terms of the symbolic

forms LP.1a and LP.2a).

Firstly, however, we should understand that when we claim that there are n
material objects within a given region of space at a given time, we are making a
somewhat specific claim about the identity and diversity relationships which
exist between these objects. In effect we are claiming that there are n distinct
objects where no one object is being counted twice. Formally, this requires n
instances of the identity relationship (one for each object) and Y4(n’-n) instances
of the symmetric but non-transitive relationship of ‘difference’ (see Section 1).

To claim that there are three (n=3) such objects, A, B and C, therefore requires
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three instance of identity: A=A, B=B and C=C, and three [Y(n*-n)= %(3%-3)=3]

instances of distinction: A#B, A#C and BzC.

Intuitively (for material objects) we arrive at these relationships by the
application of Locke’s principles. We know, for example, that A and B are at
different places at the same time and must therefore be different objects
(Locke’s second principle), that A and C are at different places at the same time
and must therefore be different objects, and that B and C are at different places
at the same time and must therefore be different objects. So far then we seem to
have decided that there are three objects. However, we only know that there are
three objects because we also know that two objects cannot be at the same place
at the same time (Locke’s first principle). In other words, only A can be where
A 1s (there 1s not another object there as well — adding to our total), only B can

be where B is, and only C can be where C is.

My justification for LP.1a and LP.2a (that they are commensurate with Locke’s
principles and that their analysis will tell us something about these principles) is
based upon the fact that they apply to a determination of cardinalify in an
identical fashion. For example, in claiming that there are three tea cups A, B and

C, upon a particular table at given time, we may formulate three (n=3) 1nstances

of LP.1a:

(D P(A)=P(A) A T(A)=T(A) > A=A
(1) P(B)=P(B) A T(B)=T(B) — B=B

(111) P(C)=P(C) A T(C)=T(C) —» C=C

and three [1/2(n°-n) = 1/2(3°-3) = 3] instances of LP.2a:

(IV) P(A)#P(B) A T(A)=T(B) = A#B
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(V) P(A)=P(C) A T(A)=T(C) =» A=C
(VI) P(B)#P(C) A T(B)=T(C) —» BzC

We note that neither (I), (II) and (IlI) in isolation, nor (IV), (V) and (VI) in

1solation, are sufficient in themselves to claim that the cardinality of this set is 3.

For example, given A=A and B=B we do not know that A#B unless we stipulate

this condition via (IV). Equally, given A#B we do not know whether there may
be many tea cups at both P(A) and P(B) unless we restrict this possibility by (I)
and (II). Thus while in practice we might intuitively feel that we need refer
simply to LP.2a to determine the cardinality of a collection of objects at a given
time, this is simply due to our familiarity with LP.1a, or our “never finding, nor
conceiving it possible, that two things of the same kind should exist in the same
place at the same time”. Formally, however, we require both n instances of
LP.1a and %4(n’-n) instances of LP.2a to claim that there are n objects of a kind

within a given region of space at a given time.

So despite the logical complexities and circularities of LP.1a and LP.2a, they
secem to apply in an identical fashion to the description of cardinality as do
Locke’s principles (as we intuitively understand and apply them), and thus are
at least commensurate with them. And as long as I restrict myself purely to
considerations of cardinality (as I shall in section 4), I may therefore continue to

apply LP.1a and LP.2a in the place of Locke’s first and second principles.

We may note one further important point. Lockean Cardinality, as described
above in (I) to (VI), i1s concemed with those relationships of identity and
diversity required to claim that there are n material objects within a given region

of space at a given time; and this may seem somewhat arbitrary. What is so
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special about counting objects within a given region of space at a given time?
Why not, for example, count the number of objects within a given region of
time at a given place? The answer to this, however, is relatively straight
forward; for we simply do not possess the principles necessary to determine

such a number.

Suppose, for example, we wanted to know how many objects there were at the
place pl over the temporal period t1 to t2. We could, of course, still apply

Locke’s first principle to this problem. For example, if the object X were at the
place pl at time t’ (where t1 (t’ (t2) we could claim that no other objects may be

at pl at t’ and thus would count only one object. The problem arises, however,
when we come to distinguish objects. For if we restrict our consideration to one
place over an extended period of time then we can no longer apply Locke’s
second principle. For example, suppose the object at pl at t” was a red tea cup

and that an indistinguishable red tea cup was at this same place (p1) at t”’
(where t”” # t’). Could we say whether this was numerically the same tea cup

(and thus count both instances as only one object) or qualitatively the same tea
cup (and thus count each instance as distinct objects)? The simple answer is that
without the application of Locke’s second principle we have no way of
distinguishing between numerical and qualitative identity, and thus have no
means of counting the number of distinct objects at a given place over a given

interval of time.
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2.6. Summary

We have seen then, that far from being necessarily metaphysical principles,
Locke’s principles may (depending on one’s interpretation of physical theory)
exhibit transtent applicability across physical scales. Equally, they have about
their nature nothing which must force us to assume that they are essentially
empirical, or that they are learnt from experience. These are not, then, or not
necessarily, metaphysical truths about the world; not immutable principles
applying to a class of ontologically real bodies, but principles which we are at
least entitled to suggest are imposed by ourselves in our own ‘inclinations to

individuate’.

Having said this, however, we have also equally seen something of the
fundamental nature of these principles 1n our attempts to symbolically represent
them — or the problem that such a representation is not free from the claims of

circularity and must be considered as essentially a definition.

The Lockean Identity and Diversity of Material Bodies
Locke’s Principles lead to a naming convention (based upon position and time)
which ensures the transitivity of identity relationships for particular material bodies,
i.e. P(a), T(a), where P(a) is the position of that object which is temporarily named ‘a’
at the time T(a), and where Locke's principles themselves become:

P(a)=P(b) A T(a)=T(b) —» a=b ...LP.1a

P(a)#P(b) A T(a)=T(b) — a#b ...LP.23
Nonetheless, these symbolic representations (although far from perfect perhaps)
have proved sufficient at least to describe the concept of Lockean cardinality —
and as long as I restrict my analysis of these principles to the description of
Lockean cardinality I may continue to assume that this analysis may reveal to us

something about the nature of Locke’s principles themselves.
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3. Identity, Re-identification and the Infinitesimal

3.1 Introduction.

Having considered something of the nature of Locke’s principles of identity and
diversity, and having started to lay upon these principles the rudiments of a
symbolic expression, I now wish to turn to the important technical question of
the relationship between these principles and our understanding of what it is to
re-1dentify a material body over space and time. More specifically, I intend to
ask how these two aspects of our understanding (our understanding of the
identity and diversity of material bodies ‘at a given time’ and our understanding
that material bodies may be numerically re-identified over finite regions of
space and time) are related. May we, for example, treat Locke’s principles as
some kind of limiting case of our understanding of re-identification, or are these

conceptually distinct understandings of 1dentity and diversity?

Intuitively, we might suppose that some kind of continuity must exit. Suppose,
for example, I were to observe two tea-cups upon my desk. In this case I may
apply Locke’s first principle (that two objects, of the same kind, cannot be at the
same place at the same time) to conclude that wherever one of these tea-cups
may be there may be only one tea-cup at this place. Equally, I may apply
Locke’s second principle (that one object cannot be at two places at the same
time) to conclude that these tea-cups (in being at two places at the same time)
must be numerically distinct. Thus, upon the basis of these principles I may
understand something of the identity and diversity of tea-cups at a given time.
However, if I am reliably informed that one of the tea-cups which 1s currently

upon my desk is the same tea-cup that was on the draining board in the kitchen
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this morning, then I am no longer dealing with the identity and diversity of tea-
cups “at a given time’, but with the identity and diversity of tea-cups at two
different times (‘now’ and ‘this morning’). Intuitively, we might assume that as
these “different times’ become closer together (as when, for example, I might
claim that the tea-cup which is currently upon my desk is the same tea-cup that
was at this same position upon my desk one second ago) and as these ‘times’
ultimately become the same time, our ideas of re-identification must somehow
converge with Locke’s principles, i.e. that our understanding of re-identification
over space and time must somehow become our understanding that two objects

cannot be at the same place at the same time.

Thus we may feel that some continuity is inevitable, but still we must
understand what it is we mean by ‘continuity’ in the first place. More
specifically, I wish to consider the relationship between re-identification and
Locke’s principles in relation to two important but significantly distinct ideas
about the nature of motion itself: firstly, in relation to the idea that movement
can be reduced to a description in terms of distinct placés and times (an idea
secemingly adopted, for example, by Strawson in his treatment of re-
identification), and secondly, in relation to Bergson’s denial of such a

reducibility, 1.e. his “metaphysical individuality of every movement” (Mullarkey

1999, p15)*°.

*® Bergson makes a number of claims as to the “metaphysical individuality of every movement”
which I shall neither adopt nor attempt to support here. I merely adopt Bergson’s stance (itself
fully commensurate, I believe, with at least the formalism of classical mechanics if not its
implied metaphysics) that movement (as a concept) cannot be reduced to a description in terms
of distinct points in space and instants in time.

78



Let me firstly. however, address the nature of this continuity (between re-

identification and Locke’s first principle) in straight forward analytical terms.

3.2 Re-Identification and Locke’s First Principle
In the previous section I have claimed that we may express Locke’s first

principle 1n the form:

P(a)=P(b) A T(a)=T(b) = a=b ...LP.1a
where the inference (—) captures the prescriptive, as opposed to descriptive,

nature of Locke’s first principle (or in the sense that LP.1a is a definition — in

this case, a definition of how the temporary names ‘a’ and ‘b’ are to be applied).
In other words, if we replace this inference with a conjunction (A) then we can
no longer claim to have captured Locke’s principle - even though, in any given
instance, this conjunction might be true. This observation 1s important because
in claiming that the material body ‘a’ is re-identified as the material body ‘b’
over the small but fimte spatial and temporal intervals 6P, and 0T,p we

effectively form the conjunction of three terms’':

P(a)=P(b)+6P,1, A T(a)=T(b)+8T,p A a=b _..RI
At first sight then, our ideas of re-identification and our appreciation of Locke’s
principles seem to refer to two different aspects of our understanding of material
bodies. Most importantly, if we substitute 6P, = 0 and 8T, = 0 1n RI we obtain

an expression which is not Locke’s first principle (in as much as 1t does not

capture 1fs prescriptive nature):

*! This being a slightly modified form of the general claim of a re-identification over finite
regions of space and time: P(a)#P(b) A T(a)#T(b) Aa=Db.
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P(a)=P(b) A T(a)=T(b) A a=b
Now obviously we cannot simply take RI and replace its second conjunction
with an inference (since this would mean that any two material bodies which are

spatially and temporally separated would be the same). However, intuition
would seem to suggest that as long as 0P,y and 6T, are very small, then it 1s

often reasonable to directly assume that a=b. For example, if there were a red
ball on a particular table at three o’clock and an indistinguishable red ball upon
this same table at half past three, then we cannot determine (upon the basis of
this information alone) whether that ball has simply remained (implying and
identity) or has been replaced by an indistinguishable but different red ball
(denying an identity). If, however, we were to make our second observation at
one second past three o’clock, and were to discover that there was still a red ball
upon the table, then we might feel more confident that the ball has simply
remained (or would feel there has probably not been sufficient time for someone
to exchange the ball) — a confidence which approaches certainty, or so we might
assume, as the time between these observations becomes infinitesimal (or as our
observations, in effect, become continuous>>). Thus while we cannot simply

replace the second conjunction in RI with an inference, common sense might

lead us to believe that if we replace 0P,y and 6T, with dP,, and dT,p (where

dP,/d T, 1s the ratio 8P, /0T, 1n the limit as 8T, ‘tends towards zero® — see

Appendix 1) then we may indeed replace this second conjunction with an

inference to obtain:

P(a)=P(b}+dP,;, A T(a)=T(b)*+dT,, —> a=b ...LP.1b

32 This link between our observations becoming continuous and the infinitesimal is important
since, as discussed in section 1, the infinitesimal is essentially a formal construct which allows
us to maintain our concept of continuity in the face of unremitting regression in logical analysis.
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This being an expression which is directly continuous with Locke’s first
principle (or an expression which immediately becomes Locke’s first principle

as 1ts infinitesimal terms become Zero).

Here then, we employ the derivative dP,; /dT., to capture our intuitive
understanding of the connection between numerical re-identification and spatial
and temporal continuity (1.e. motion), and we can easily see that this is fully in
line with common sense. Suppose, for example, that having claimed that the tea-

cup which is currently upon my desk is the same tea-cup that was on the

draining board in the kitchen this morning [a claim of the form P(a)zP(b) A

T(a)£T(b) na=b] I subsequently learn that this is not in fact the case. I do not, of

course, need to greatly reconstruct my view of the world in order to
accommodate this news. A fact which I assume to be true has simply furned out
to be false. It is simply the case (I assume) that the tea-cup which is currently
upon my desk is qualitatively identical to, but numerically distinct from, the tea-
cup which was on the draining board in the kitchen this morning. I have simply
made a mistake. My original claim had been nothing more than a three part
conjunction of different conditions; one of which (a=b) has turned out to be
false. In claiming that the tea-cup which is currently upon my desk is the same
tea-cup that was on the draining board in the kitchen this moming I am not
claiming some principle of the world whose violation would astound me or
would force me to radically re-think my understanding of the identity and
diversity of material bodies. However, had I continually observed the tea-cup,
from its being on the draining board in the kitchen this moming, to i1ts moving

continuously from the kitchen to my study, to its finally arriving upon my desk
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and not moving again till now, then I might well feel there to be some greater
degree of certainty in my original claim, or some greater degree of certainty
than can be captured merely by the claimed conjunction of these conditions.
Indeed, were I to be reliably informed in this case that the tea-cup which is upon
my desk i1s not 1n fact the same tea-cup that was in the kitchen this morning,
then I may well feel that I have somehow misunderstood the nature of material
bodies and may well feel that some more definite principle of this understanding
has been violated. This then is our understanding of the intimate relationship
between spatial and temporal continuity and numerical re-identification (our
concept of motion) — that while we may well accept that we are wrong in
reidentifying a body which we have not seen move from one place to another,

we would vigorously defend any reidentification where such a motion was
observed, and this 1s why LP.1b contains an inference (—) and not a second

conjunction. For 1f LP.1b is true of any part of the continuous observation of the
passage of the tea-cup from the kitchen to my desk, then its inference will
survive the integration of its infinitesimal terms over finite spatial and temporal
regions and we shall arrive at a conviction whose violation 1s equally a violation

of a principle of our understanding (a principle of our understanding of material

bodies).

Thus LP.