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This paper is divided into two parts. In the first part an exposition is
given of the way two purpotedly different views of nature (classical
Newtonian physics concerning matter, and electrostatic Taws concerning
charges) were fused into one theory (Quantum Physics) concerning the
SUB-ATOMIC PARTICLES AND SCIENTIFIC POSITS

ultimate constituent elements of nature (whether of matter or of electro-

static forces). An account is given of the epistemic dimensions associated

with such a fusion, and especial]y of the well-known “Uncertainty Principle".

b
% In the second part of the paper these epistemic elements are further exposed.

Through their exposition a theory is developed concerning "scientific posits":
B.D. EL-ISSA The inability to focus on the object under study through a simultaneious
Chemistry Department, Bipzeit University, West Bank characterization of its properties on the one hand, and the inevitable changes

that occur to the object's properties through a characterization of any of
S.A. NUSSEIBEH

those properties on the other hand are both factors that give rise to the

C.S. and Philosophy Program, Birzeit Uniper b e
SrETY s West Bank notion that a paradigmatic scientific object is in fact & set of discrote

instances and it is, in this sense, a posit par excellence.
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Ever since the development of Quantum Theory, many questions have from the measuring apparatus in the sense that they cannot be subject to

been asked as to the Philosophical Interpretation of such & Theory and 'ts 8 change by the mere fact that one is attempting to make a measurement of them.

transitional effect on the understand1ng of modern science, The pillars of & This leads to the statement that the objects and the medfis of observation

Quantum Theory include scholars such as Max Planck, Niels Bghr, Erwin . n
are mutually exclusive entities.

Schroedinger, P A M Dirac, Werner Heisenberg and J. von Neumann. In a sensy

Quantum Theory is one extreme of the behaviour of inanimate objects and In addition to Newtonian laws, there seemed a necessity to introduce

together with the Theory of Relativity (as developed by Albert Einstein) a new set of laws in order to deal with electrostatic force fields and

stands out as a challenge to modern philosophy and science. It is instryc electrostatic forces that act from a distance. These laws could be best

ive at this stage to note that both theories are connected with constants; quantified by wave theories. One would thus classify electrostatic and

Planck's constant which is a very small number is connected with Quantum electromagnetic theories under this general category. The laws governing

Theory, and the speed of Tight which is rather a large number is assocjatgé_ﬁ' these theories were developed by James Maxwell. These two disciplines (e

with the Theory of Relativity. One would therefore argue that had Planckif Newtonian Mechanics and Maxwellian Electrodynamics) would seem to be able

constant been zero and had the speed of light been infinite, these two to describe all natural phenomena. However, an iminent question to ask was

; . : , : : i i iati 1 in space before it
theories would not have been of much practical or philosophical importanc haw yould & e {(f.e, electromagnetic Fadiation) trave P

It seems, therefore, that Nature is Timited by these constants in a manner "NEEPAGES With natier (foe. pavticiEs)S The anseer to this intriguing

question was solved by proposing the existence of an artefact; ether. One

would thus argue that this etherial material was responsible for the compa-

tibility of the otherwise mutually exclusive theories.(z)ft became apparent, however
towards the turn of the century that the artefactual hypothesis needed to be

reviewed since it was evident that such a hypothesis was an unneféssary

imposttion. Within that period, scientists started realizing that Newtonian

lawa were not applicable for particles of small mass such as electrons

their momentum at a given time. In classical physics, a phenomenon or eve

. : . 5 Schroedinger made the bald step of assuming that the equations that govern
purportedly related to a given object may be observed without d1sturb1ng_

. i . (1) ) electrons under a set of known conditions can best be described by wave rather
object 1in question. Moreover, the concept of causality allows one to
e than particle nwchanics.(3) Niels BGhr and Werner Heisenberg attempted and
Succeeded in pProposing an interpretation of these new ideas both philosophi-

cally and sciontifically. To start with, it was suggested, one had to forget
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about the necessity for the compatibility of wave and particle mechanics.
The two classical theories were thus assumed to be complimentary to each
other.(4) Nature, in a sense, is much more complicated than one would -»;i;
like it to be and with the Timited capacity of the thinking power of man- i
kind, it seems as though it would be difficult, if not impossible, to
introduce one fully comprehensive consistent theory to explain the behaviou;.:
of particles under every condition. Quantum Theory was thus conceived. :
starts by assuming that a particle of sub-atomic dimension, subject to a
given electrostatic or gravitational field, can best be described by a
function, known as a wavefunction. This function has the property that whf;
one squares it, one obtains the probability that the particle exists in a;“
given space element at a given time. Associated with each observable, one

thesizes  the existence of a mathematical operator. This operator would :
thus project, or generate, from the wavefunction the values associated w

that particular observable. For instance if H (henceforth known as the
Hamiltonian) represents the operator associated with the total energy of

system (whose potential is taken to be spherically symmetrical), then one

writes:

Such an equation is known a

I

where E is the total energy of the system.

eigenvalue equation;  is the eigenfunction and E is the eigenvalue.
be interesting to note that, for the above-mentioned case, both the posi
and the angular momentum operators do not form an eigenvalue equation
the wavefunction and hence both cannot be treated as 'observables' in

eigenvalue sense. The best that we can get out of these 'observables
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define their expectation values. These are defined using the Dirac

notation:(s)
gy =< ¢|aOP]¢ >

where the lefthand side of the equation represents the expectation value of

the 'observable' q, op represents the operator associated with the 'observable'

a and the brackets that appear on the righthand side of the equation represent

the integral of whatever appears inside the bracket throughout space. Thus

contrary to classical predictions, and subject to the condition that the

operator characterizing the momentum (or the position) of any physical system

does not form an eigenvalue equation with the wavefunction,(G) it will be

impossible to define the position and/or the momentum of a particle with

7,89 ; .
( ) Or, alternatively, although it might be possible

arbitrary accuracy.
to characterize the exact position of a particle (provided that the operator
characterizing the position of the particle forms an eigenvalue equation with
the wavefunction), a heavy price would have to be paid: complete ignorance of
the momentum of that same particle. Moreover, in an attempt to define with
arbitrary accuracy the position and the momentum of the particle simultaneous-
1y allowing for a decrease in the uncertainty of the one, ultimately leads to
an increase in the uncertainty of the other.(lo’ll’lz) This came to be known
as the Uncertainty Principle. This Principle exhibits itself very strongly
not as a result of the impossibility of envisaging an apparatus that would
simultaneously measure the position and the momentum of a particle with ar-
bitrary accuracy, but rather as a result of a Creed of Nature that renders

the construction of such an apparatus impossible.



20

B.D. EL-ISSA AND S.A. NUSSEIBEH

It was previously indicated that the Hamiltonian of a system generates;'a

from the wavefunction the total energy of the system. This is true in as

far as the system is taken to be time independent. If one were to include
the dimensionality of time, however, an Uncertainty relationship ensues
between the time and the energy. Although it might be proper here to assume
that any operator that commutes with the Hamiltonian of the system is asso-
ciated with a measurable observable, yet such a statement cannot be passed
without further elucidation.
the square of the angular momentum operator commutes with the Hamiltonian,
but this does not necessarily mean that the angular momentum can be treated
as a measurable observable. The fact is that the square of the angular momenf
tum operator and each of the components of the angular momentum operator comm
(or almost commute) with the Hamiltonian but the components of the angular
momentum operator do not commute amongst each other. This leads to the con
clusion that the total energy, the norm of the angular momentum and one of j
components can be treated as measurable observab1es.(13) These observables
are actually quantized in nature and only certain discrete states (known d#
quantum states) can be actually defined; contrariwise to classical physics&

where the dynamical variables associated with a given particle are assumed to.

be contained in the continuum.

We are now ready to commit the logical fallacy of Pettitio Princip
A phenomenon we have argued is to be taken in conjunction with the changes
that occur to the dynamical variables of the object under study. But a pre
condition for characterizing these changes is the means of observation.

However, quantum mechanics allows for the interaction of the object with t

For instance in the theory of the Hydrogen atom
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apparatus. This ultimately leads to the exposition that the object in
question can not be treated independent]y of the means of observation, Ip
otherwords, the apparatus is actually part of the phenomenon. A phenomenon,
therefore, would have to he resolved into a threesome: the object, the
interaction and the apparatus.(ld) What then happens to the object as it
interacts with the apparatus? Does the object change? Does it change jts
quantum state? Is the conscious observer part of the phencmenon? Is the

object itself and not jtself at the same time? A paradox of unimaginable

complexity.

Ye pause here to elaborate on an epistomological question. The
apparatus is Timited, by virtue of its construction, to Measure classical
dynamical variables; but the (quantal) changes that occur to the otject
under study can in no way be explained in terms of classical physics. We
are thus faced with a problem: ejther we have to accept an indeterminacy
n o studying the classical dynamical variables of the object under study, or
we have to devise a quantum mechanica] apparatus that would make it possible
for us to describe the dynamical variables of a quantal phenomenon with
arbitrary dccuracy. Perhaps Heisenberg puts it better. He writes: “[f there
were experiments that permitted accurate Measurement of all the Characteristics
of an atomic system necessary to calculate classical motion and which for
example supplied accurate values for the Tocation and velocity of each ‘elect-

HOF <
On 1n the system at a particular time, the results of these experiments could

fot be utilized at
(10)

all in the fonna715m, rather it would directly contradict

the formaliem”
el Notice that throughout these arguments we are making a

dictingpg .
W Lion ()Ot_HCdHy at least) between an object on the one hand, and the
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variables or properties or states which characterize that object on the other
hand. Even when we hypothisize that there may be fusion between object,
apparatus and property or state we tend to assume that such a fusion is
between already distinct and unique entities. But in what sense is an

object, say a sub-atomic particle really a distinct and unique entity? We

are constrained here by epistemic considerations to raise a more fundamental

question concerning the ontic status of such objects. Because, say we wished

to identify a sub-atomic particle such as an electron: in order to proceed
with such an identification it is necessary to characterize that particle's

properties. However, the Uncertainty Principle does not allow us to measure

simultaneously such properties of that particle as its position and its
momentum. Furthermore, however, the mere attempt at measuring any one such*
property influences the object in question by creating a change in some of
its other properties. But by now our dilemma becomes obvious: on the one ha
to postulate a particle as having a certain quantum state (or as being chari
terized by a certain set of descriptions) which is such that it undergoes a’
change through and as a result of its measurement is to postulate exactly”
what we aim to identify by means of this measurement (the fallacy of Petti
Prineipii). But on the other hand to allow ourselves only the perspective
of property-descriptions as a means of identifying an underlying cbject 1
to impose a restriction on our ability to identify such an object whethe
because such properties are constantly changing as a direct result of ou
attempts or because they cannot all be measured simultaneously. In thi

case, however, such epistemic restrictions give rise to ontic doubts con:

cerning the uniqueness and distinctness of objects we fail to identify.
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The ultimate puzzle, therefore, is to do with the status of scienti-

fic objects such as electrons. It is in addition clear that the problems

facing us in trying to determine the answer to this question are the follow-
ing two separate but related issues: first a scientific okbject of the kind
we are considering is such it cannot simultaneously be characterized by

particle and wavefunctions. This, notwithstanding the observation that in

order to give a complete description of such an object it is apparently

necessary to account for both kinds of characterizations. And second, a

scientific object of the kind we are considering is also such that the mere
attempt to characterize it by means of the properties it is assumed to have

introduces a change (at least) to some of them. However, because it is pre

cisely by means of its properties that we set out to identify it, it becomes
questionable whether it would be meaningful to posit such an object in the

first place, or stated differently, it becomes questionable whether the set
of descriptions we end up with can in fact be assumed to be descriptions of

exactly that object we set out to identify in the first place. However, this

l st omar i A Y Y Y
an r k qgives 1se to a even ore se iOUS p Ob.‘e = beCaUSe i 1t ca
)

be ‘-h(’wn thﬂt a pu!‘por‘ted set Of COmplete deSCY‘Tpt]OnS S never one .,hat

defines S ? j it i
Just one object, or it is never one that succeeds in identffyinq that

ohiject {t ge i i i
et out to identify, then 1t will be clear that a scientific object

of the kind we i i i
are considering is such that it cannot non-simultaneocusly be

CLer ih. y ') i T
a cle a / ve unCt.O S Unde suc 1
charac ‘d b rt1 l nd or wa 1 Y h « rcumstar ces

A dilemma will i ;
eem to be in the offing which may be formulated as follows:

for any particle it wi
at all, it will be impossible to provide a complete descrip-

tion of {ts pr
o ;
properties, simultaneously or otherwise; and conversely, for any

el of de&c'-‘pt1 H] )
. ons, « .
simultaneously provided or otherwise, such a set will
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not define or characterize a unique object. But taken one step further, if
we assume that it is meaningless to posit a property as a property of an

object when such a property is uncharacterizable or is not measurable, then
the following can be concluded, namely, that scientific objects of the kind

we are considering (i.e. objects to which such sets of descriptions are

purportedly related) do not exist as primary individuals in the first p]ace.'%:;

In otherwords, such 'objects' are not unified individuals persisting throughf
space-time, and.surviving as objects with the same identity notwithstanding
the changes that occur to them, but are or should be regarded as infinite]y.
scattered instances no one of which, strictly speaking, is identical with

the other.

We now come to our conclusion, namely, that when scientists or phi
sophers of science speak of scientific objects as posits, such formu]atioq
will be meaningful within the framework presented in this paper in the foll
ing way: a scientific object is a posit in the sense that it is a set of a
certain number of scattered instances, and it is a heuristic device in so
as it represents an otherwise absent continuum in space-time of one uniqu

individual (In this sense, an instance will also be a set of a set of a s

Here it may be noted that the reason we did not speak of time dept

that state; i.e. an uncertainty relationship pervades that set as well
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Having stated our conclusion, let us now Jook back briefly to two
separate considerations that led us to it. These considerations were, first,
that it is impossible to give a comprehensive set of descriptions for a
unique object and, second, that a non-measurable property is in fact no
property at all, and that, therefore, no object which is purportedly charac-

terized by such a property exists.

With regard to the first consideration, it is arquable that if one
begins with observations of phenomena with the purpose of identifying an
object as one to which these phenomena are related as properties, then it
will be impossible to identify any one object as an object to which a certain
set of properties are related precisely because the very act of observation
interferes in such a way as to render any one possible set and hence the
object to which it is purportedly related as obsolescent. Because, assuming
that our identification of an objecf is made simply and only on the basis of
the possible characterization of its properties, then two successfully related
ety of properties which differ from each other even only minutely will strict-

ly speaking have to be construed as identifying two separate objects.

But given that the very attempt to formulate any such one possible
b, in fact, is superceded by, or gives way to the formulation of the second
“et, then the object to which the first possible set is related will be diffe-
fent from the one to which the second is related. But this is not to say
that the second set identifies an object at all. Because what is that .object
to which the second set i related? Actually it is no object at all but an

abler - €4 . . 3
ration or a misfit created precisely by our shift in focus. Indeed, such
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} i . i ies and the second of which is the ontic
a second set will in fact have to be a possible set with respect to the second 4@ essential and non-essential properties a

: : i it. However, with regard to a sub-atomic
object, because its formulation vis-a-vis the second object will give rise to _meaningfulness of making such a posit g

: i i e to speak of a distinction
and will be superceded by a third set with regard to the second object and particle, say an electron, it makes even less sens p

‘ i - i i it does with regard to
will in turn be a mere abberation. There are then, two separate considera- between essential and non-essential properties than q

Because which of the electron's properties are

tions to take account of in this context. There is, first, the statement i supra-atomic particles.

that even if we succeed in providing a comprehensive set of properties, this essential and why?

comprehensive set will be different from the comprehensive set which it had secondly, however, what would it mean to 'posit' an electron as an

perfarce t supsrasie. aNd hence Tt will POSTRIS e e TR object of discourse? If what is mean*t is that there is such an object

which is different from the one it set out to identify. And there is, second,; existing independently of our discourse about it, then surely it is at least

the statement that the comprehensive set which is formulated will in fact be | such that we can characterize it. But if we cannot, that is, if it is un-

an abberation caused by a necessary shift in focus, such that it cannot be | Characterizable, then it will not be clear what is meant by positing it as

regarded as in fact identifying an object because with respect to any such 4 an object of discourse in the first place?

object, this set will be self-obsolescent, giving rise to yet a third set.

i i i second of the steps used in our
Together, these statements imply that no one set is in fact related to a This final remark leads us to the se

' : i t all. In
primary individual. (It is also evident, from the Uncertainty Principle, argument: we said that a non-measurable property is no property a

that no such set which is formulated on the basis of simultaneous characteri- ?;: : e e g Gl Sl e ST e i

: : ' i i ve them; but conversely,
zations is possible either). of an electron then the electron simply does not ha

any purported comprehensive set of properties would not in fact and in any

Before we pass on to the second of the two issues we used in arriving cise fdentity a particular ohject.

at our main conclusion, it is useful to state a possible objection to our

: _— : . : i i i not provide simultaneous-
Tine of thinking: it may be argued that one does not begin by observations of The inmediate problem of course is that we can P

. . — ; ; ipti i i ¢ time account for the
phenomena in order to identify an individual in the first place, but one ly a set of descriptions which will at one and the same

posits this individual as a preliminary step to characterizing it. In such electron under every condition (for when it behaves as a wave and for when it

) . . . : el behaves as i st s 4 i rovide such a set of
a case we will not have a problem with “disappearing" objects or individuals.: wheves 3s 4 particle). ButiTFE i3 impossible to p

. ; . . . . descriptions for an object, this may well be because there is no such object
But in order for this objection to make any sense, two other issues will =, ¥ Jee y ISRECT

< . . L. : with such descriptions in the first place. Speaking onticall , in other
have to be made sense of, one of which is the classical distinction between ' f 2} 9 J :
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words, there simply may not be a persisting primary individual which is an

electron which has these properties. In this case an electron, as a per-
sisting primary individual, will be a posit par excellence, that is it will

be simply a set of discrete objects or of instances, none of which is com-

pletely or comprehensively characterizable, or none of which, in other words %~'ﬁ

possesses more than that property by which we identify it. In this case, i 4.
a unique description will be exhaustive in the sense that not only will it i

pick out at most one object but that it wilj tself be at most a characteri- 1 f 1
zation of just one object. Such an outlook obviously implies a prolifera- ;iﬁ.
tion of entities, but it is, or may be precisely hecause of such prolifera- 'i7-
tions that we settle heuristica]]y for sets as individuals, nerhaps in much 2;8

the same way, obviously inappropriate byt heuristic that we settle for idiomsn'
such as "It divides and divides again", or "Four is twice divisible by two"

or even for singular terms such ar/ "the Arab World".
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