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ABSTRACT

The thesis focusses on what impact the use of wdealizations has on
the realism/anti-realism debate concerming the fundamental laws of
physics My aim is modest [t 15 not to present an argument for either the
realist or the anti-realist position but rather to show where the debate
stands once we have considered recent arguments by Lavmon and
Cartwnght wh.ch have made use of the notion of idealization assumptions
My intent is to point out the difficulties of Laymon's argument for realism
in the hope of showing what must be accomphished 1 providing a more
convincing argument for realism. T will also suggest that although
Laymon's proposal 1s problematic, it still poses a serious problem for van

Fraassen's form of anti-realism, construct've empiricism




ABSTRACT

L'ohjectf de cette these est de s'interroger sur les conséquences
gqu'entrane l'usage didéalisations en ce qui touch les lois physiques
fondamentales dans le cadre du débat réalisme/anti-réalisme  Mon but est
modeste, puisque je n'entends pas defendre I'une ou l'autre des positions
en preésence, mans bren plutot démont rer ol en est rendu le débat étant
donné les posttions avancées recémmuont par Laymon et Cartwright eu
¢gard aux présupposés liés a l'usage des wdéalisations I s'agira done
ddentifier les duficultés inhérentes 4 l'argumentation de Laymon,
favorisant lTa position réaliste, de fagon & pouvorr éventuellement indiquer
ce qui favorisserart une mestleure défense de cette position  Par ailleurs en
dépit du bt que la démonstration de Laym m soit problématique a certains
egards, je compte souligner en quoi cette these pose de sérieux problemes a
celle, anti-réaliste, préonee par van Fiiassen, soit un empirisme

constructiviste.
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Introduction

Typically, the motivation for appealing to idealizations s to try to
predict or explam a phenomenon through an understanding of o i a
simpler form  McMullin defines deahzations as that which sipnifies,
deliberate simplifving of somethimg comphicated (a situation a4 concept.,
etc ) with a view to achreving at least a partial understanding ot that thing
The focus of discussion in this thesis will be the use of wWdealizations 1n
explanations found within physies My primary i 1s to investigate what
role the use of i1deahzations has 1n the reahism/anti reahism debate
concerning the fundamental laws of physies This  aam will be
accomplished by considering what problems the use of idealhizations 1ises
for standard models of confirmation and cxplanation such as the
hypothetico-deductive model of confirmation and the 1D-N model of
explanation From there, I will consider an alternative model of

confirmation and explanation in the hope of defending realism

The thesis will begin by exploring the different kinds of ideahzations
we find in physical explanations 1 will thea discuss why we must use
idealizations in Ohysical explanations  From there, T will look at what
consequences the unavoidability of using deahzations has on the
realism/anti-realism debate  The methodology which T will adopt
chapter 2 will be the following | will begin by considering some standard
anti-realist arguments for the claim that either the fundamental laws are
false or do not need to be true One of these arguments, 1 will show, rests
crucially on the fact that idealizations are used in explanations of
phenomena This argument poses a serious problem for the realist for two
reasons The first 1s that this argument suggests that if we look at
scientific practice, at least a particular part of scientific practice, we should
be persuaded to be anti-realists The second 1s that since 1deahizations must,
be used in derivations, 1t means the realist. must provide a response to the
anti-realist which takes into account the use of 1deahizations  In chapter 3,
I will critically examine a possible realist response suggested by Ronald
Laymon, 1in which he offers an alternative method of establishing the trath
of fundamental laws which does precisely this It should be made dear

that my aim in providing these criticcsms, 1s not to argue for anti-realism




hut rather to make clear what tasks must be accomplished if one wants to

be a realist.

Chapter 1
Some Terminology and Basic Setting Up

As | stated carher, the focus of my discussion will be the use of
idealhizations 1n saentific explanations and scientific predictions My intent
in this chapter 1s to first discuss what 1s meant by 1dealizations Part of this
discussion will involve exploring the different kinds of idealizations we find
in physical explanations 1 will, then, investigate why we use idealizations
and discuss what therr relation 1s to explanations.  Before discussing these
1ssues, 1t would be useful to go through some typical examples of scientific
explanations and scientific predictions which include the use of
idealization assumptions  The first example is a case of scientific
prediction used by apphied engineers, and the second example 1s a case of a

scientific explanation given by theoretical physics

In the calculation of the air speed!, Ve, of’ a plane, applied engineers

use the following equation for subsonic passenger and freight planes,
(1) VE = [2((P - P Vp)]t2

where Pis the total air pressure at a particular altitude,P, is the ambient
pressure of the plane against the atmosphere, and p. is the sea level density
relating to the amount of air contained in a given volume. Equation (1),
however, does not give exact values for the equivalent air speed. The reason
ts that the equation is obtained from another equation and the use of an
tdealization assumpuon  The more precise equation for the air speed

contauns a Taylor series,

(i) VE = [2((P - P,)p) * (1/(1 + M2/4 + M¥/40 + ...))]V2

'Nancy Cartwnght, How the Laws of Physics Lie. p.105
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where M is a ratio of the plane’s speed to the speed of sound under given
conditions  Thus, the difference between equation () and 1) 15 that m
equation (1), we 1gnore all of the factors contamng M m the Tavior series
The justification 1s that these terms are neghgible when M < 5 As one can
see, (111 + M=4+ MYV40 +  )asvery close to 1 when Mo 5 Thus, equation
118 merely an approximation of the actual veloetty  However, it 15 o good
approximation for values when M <5 sice (141 + M2+ MU0 + ) s
close to 1 There 1s an important pomt worth noting about screntific
practice in these cases. Kven though 1t 1s required to use an wdealization
assumption to derive equation (1), thereby making it maccurate, the
equation is still often used to calculate the air speed  The mtuitive reason
as to why we still consider this equation to be rehiable 15 because we know
that the factors which we are 1gnoring are neghgible under particular
circumstances. Note that in the above case, not only do we know that the
factor which we are 1ignoring 1s negligible, but we also know why it 1s
negligible because we possess the more precise equation which takes mito
account the idealized factor in equation (n)  Thus it seems that the real
justification for the continued use of equation (1) hies not in the faet that the
factor which we are 1gnoring is neghymble, but rather in knowing how the

1gnored factor actually contributes to the calculation of the ar specd

The second example concerns explamming the macroscopic properties
of gases pressure, volume and temperature A commonly used equation
for explaining these values is the 1deal gas law, (PV = tRT)  lake the
example above, this law only gives approximate results  That s, the results
which we derive from this equation do not correspond exactly to the
experimentally derived results we obtain for a particular gas  Simce the
innovation of statistical mechanics, we know that if we want to accurately
derive the ideal gas law, several ideahizing assumptions must be used  For
example, two of the idealizing assumptions are that the gas molecules are
infinitesimal In size, and that there are no intermolecular forces  There 1s
a more accurate law which takes into account the factors which are
1ignored in the ideal gas law, Van der Waals equation [(P + /v’ v- hi]= RT
where b= 2/3Nnr* The two quantities, a, and , h, are constants which

depend on the particular gas being discussed The appearance of the




factor, a/vé, however, 15 the result of taking into account the intermolecular
forces of the molecules  And similarly, the appearance of b in the equation

is the result of taking into account the molecular sizes of the gas

There are two ways i which we can know that an explanation or
prediction s only an approximation The first 18 through comparing the
derived results with the values which we are trying to explain or predict,
and the second s by looking at the derivation itself and noting that
idealization assumptions are used. An important point to note, 1s that it 1s
rare that theoretically denved results are actually equivalent to the results
which we are trving to explain or prediet  More importantly, it does not
secem that for an explanation to be good, 1t 15 required to be this accurate
There 1s a4 simple practrcal reason as to why this is not a necessary
conditrion which 1s, the equations that are required to accomplish this task
are, n fact, impossible to derive What we {ind more often are explanations
or predictions which are very close to the meusured results The fact that
the theoretically denved results are not equivalent to the measured results
1s often an expected result  This is because physicists are aware that i the
derivation of the cquations which are used to explain a phenomenon,
idealization assumptions are used Since most if not all derivations use
ideahization assumptions, theoretically derived results which are exact
usually raise more suspicion than those that are not equivalent Take for
example the first year physics student in a laboratory course. The purpose
of some of these labhs 15 to experimentally confirm some of the basic laws of
mechanies and electromagnetism  Lab instructors are very suspicious
when students produce results which are perfectly accurate to the
theoretically derived results  The reason is the laws which are used for
obtauning the theoretical results 1gnore several factors peculiar to the
experiment being performed by the student in the lab  These are factors
such as the roughness of the plane, or the electromagnetic field produced by
the earth  Since these factors should affect the experiment, it would be
unexpected that the experimental results should perfectly conform to the

theoretical results



Idealizations and Their Different Forms

McMullin defines dealization as. "o deliberate simplifving of

something comphieated (a situation, a concept, ete ) with a view to achieving
at least a partial understanding of that thing " Morcover, he distinguishes
four types of 1dealizations emploved i the sciences There are
mathematical, construet, and two tvpes of causal wdealizations  Although
these different tforms of ideahizations ore conceptually distinet, they can
overlap 1in many cases Mathematical dealizations can be thought of as
those 1dealizations which occur when a mathematieal formabisin s
adopted to describe a physical situation  Two examples of this are the
adoption of euclidean geometry in the seventeenth century and the adoption
of statistical mathematics in statistical mechanies The consequence ot
adopting a mathematical language, as McMullin notes, 15 that certaun
properties, namely qualitative properties, are erther feft out or neglected 1n
the descriptions of objects or events withim the theory  He writes,

Geometry 15 an abstraction, an wealhization Tt leaves aside the qualitative

detail that constitutes the physical singular as physieal A physces that

borrows its principles from mathematics 1~ thus inevitably mcomplete o
physies, because 1t has left aside the quabitative richness of Nature 3

Prior to modern physics, these wdealizacdons were gqurte substantial, i the

sense, that when objects were represented mathematieally, therr

substantitive quality was idealized away  An example of this is the
representation of objects as geometrical points or figures i Newtonan

physics.

Cartwright cites the adoption of statistical mechanes as another

case of mathematical 1dealizations. In the nineteenth century, Kelvin and
Maxwell adoptad a continuum theory of space By adopting such a theory,

it meant that, "motion in the continuum would present essential

2Ernan McMullin, Galilean Idealization p.248
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instabilities and essential singular points, both incalculable and therefore
beyond the scope of mechanical determination and of human knowledge ”
The solution to these incalculable problems was to introduce a statistical
mechanies which mvolved representing certain aspects of the world as
probabilities  Thus, the mtroduction of probability theory resulted 1in a
mathematical rdealization  Cases such as the representation of certamn
aspects of the world as probabilities are idealizations since quite obviously
aspects of space are not really the probabilistic equations which we derive
when we use probability theory  Moreover, the 1dealizations are termed

mathematical since they are a result of adopting a certain mathematics

It was clear that when mathematics was adopted as a language for
physices, 1t was considered as a form of global idealization. In other words,
although screntists reahized that using mathematics would help our
understanding, 1t was understood that there was a certain qualitative
aspect of nature which could not be captured by the mathematics Recently,
however, it has become ambiguous to what extent the use of mathematics
in physics results i deahzations  In other words, since the development
of general relativity, it is unclear whether there 1s any aspect of reality
which we cannot capture through the use of geometry What Einstein
showed was that gravity and gravitational force could be accurately
represented as simple contortions of space  Thus, it would seem that
mathematies is no longer merely a convenient language within which we
formulate our physical theory since it now seems that we can describe an
aspect of reality, gravitational force and gravity, in a mathematical
language which does not involve any idealization in the sense which was
described above  There 1s no substantive quality which is idealized away
The pomnt 1s that although in previous theories, the adoption of
mathematics as a language for the theory has resulted in idealizations, the

mnovation of general relativity has shown this to be not generally true

The primary difference between mathematical idealizations and the
following construct and causal idealizations can be thought of in terms of a
global/particular distinction  That 1s, by adopting a certain type of
mathemuaties as a language, there 1s a certain substantive property which

cannot be captured when describing any event or object. Construct and



rausal 1dealizations which T will now discuss are more specific These
1dealizations are only those which are performed on particular events or
concepts. These idealizations amount to either neglecting or abstracting
away certain causal features or causal properties of a1 phenomenon or
event

Causal 1dealizations nvolve the use of ideahzing assumptions 1n
either thought experiments or actual experiments. McMullin defines
causal idealizations as those 1dealizations used i actual experiments, and
subjunctive idealizations as those experiments performed m thought
experiments. Although he terms the latter, subjunctive 1dealizations’,
they still fall under the category of being causal wdealizations since they
idealize away causal factors in an experiment The need for performing
thought experiments often arises out of an mmpossibility to perform an
actual experiment The way in which both of these idealizations occur 1s
through what physicists call ‘controlled experiments’  What oceurs 1n
these experiments is the construction of an environment such that a
certain property or set of properties 1s 1solated For example, in a simple
experiment to test the gravitational pull of the carth, an experimenter will
try to create an environment with as httle friction, or air resistance as
possible. Thus, what will occur 1s a causal 1dealization since an actual
experiment is constructed such that a certain property is agnored
However, if we want to construct an experiment where there 1s no air
resistance, we will have to invoke something which 1s called a thought
experiment  This is what Buridan did when he invoked thought
experiments for spheres spinning 1in a frictionless media

I noted earlier that construct and causal idealizations involve
neglecting or abstracting away causal lines or causal properties
McMullin states that the primary difference hetween construct and causal
idealizations is that the former involves a 'simplification on the conceptual
representation of the object’ while the latter involves 4 ‘simphification on the
object 1tself The distinction can be made clearer 1if we consider the
following example. Suppose that we are trying to explain the velocity of a
ball rolling down a plane Examples of construct 1deahizations are

neglecting the perturbations on the surface of the hall and neglecting the



friction due to the plane These are construct 1dealizations since the
idealizations act on the representations of the objects A causal
idealization, on the other hund, mvolves an 1dealization on the actual
objects or the actual event through the construction of an experiment
Thus, a causal ideahzation would be something like constructing an
experiment which involved objects which are more or less spherical and
planes which are nearly frictionless. One might be led to think these really
are not rdealizations since what we have constructed through the
experiment actually exists  But if we consider McMullin's definition of an
idealization, we see that these still are idealizations. Recall that McMullin
defines an 1dealization as, "a deliberate simplifying of something
complicated (a situation, a concept, etc ) with a view to achieving at least a
partial understanding of that thing "t One of the purposes of performing or
constructing experiments 1s to try to create an environment which is
similar but simpler to the environment in which a particular event, E,
occurs  The hope mn this process 1s that the understanding which we gain
through mvestigating how events proceed in the simpler environment will

help us 1in our understanding of E.

Construct ideahzations can be classed into two types, formal and
material  McMullin describes formal construct idealizations as follows
features that are known (or suspected) to be relevant to the kind of
explanation being offered may be simplified or omitted in order to obtain a
result’. For example, 1n the derivation of Kepler's law, Newton assumed
that the sun was at rest. This amounted to assuming that it was infinitely
massive with respect to the other objects which are considered in the
explanation  Material construct idealizations, on the other hand, are when
features that are deemed irrelevant to the inquiry at hand are left
unspectfied”  For example, in the kinetic theory of gases, the internal
structure of the molecules was left unspecified. The distinction between
these two types of ideahzations rests on the amount of knowledge we

possess. McMulhin writes,

Hind p 248



Electron spin was not part of the orynal Bohr model  Tts omission was not
a formal 1deahization, strictly speaking, because there was not reason to
suppose the electron could possess spin "Has he electron spin”” was o
question that simply had not been asked, and that could not be answered
within the original model ©

It is clear from this passage that the distinction McMullin wants to draw
between material and formal construct idealizations rests on whether we
actually know if the electron possesses spin - For it seems from the passage,
that had we had a theory which included electron spin. it would have been
considered as a form of formal construct idealization  Yet since we did not.
possess such a theory, we did not know exactly what was mvolved i our

idealization. Thus, it was a form of material construct idealization

The distinction can be important for the following reason  Since the
distinction between the types of construct idealization rests on whether
what is idealized is either known or unknown within the theory, 1t would
seem that in the case where the idealized factor can he accounted for in the
theory (formal construct idealizations), we are able to account for the
factors which were 1dealized away. This can appear in two ways  The first
is that we possess a more accurate equation which takes mto account the
ignored factor An example of this case would be the possession of Van der
Waals equation which shows how the factors, 1gnored in the ideal gas law,
affect the pressure, volume, and temperature of gases n a container The
second is that we possess an explanation although not i the form of an
equation which tells us how the ignored factor contributes  For example,
suppose that we want to explain the results of an expermment I have been
working on in my lab. However, since there was a fire in the lab yesterday,
[ got very poor results. Although I do not possess the equation which shows
how the fire contributes to my experiment, I do possess the knowledge that
it severely damaged the experiment These two cases are to be contrasted to
the case where there 1s an 1dealization of an aspect for which we cannot

account in the theory. In this case, clearly we do not possess a more

5Ernan McMulhn, Galilean Idealization, Studies in the History and Philosophy of
Science, p 263



accurate equation which takes into account the ignored factor nor can we
provide some explanation as to how the ignored factor contributes The
distinction hetween these two types of construct 1dealizations 1s relevant to
when explanations which involve idealizations are considered to be good
explanations or good predictions  For in the case, where we do use an
equation which 1gnores some factor yet we do not know how this factor
contributes, we cannot be justified in claiming that our explanation is good,
since the 1gnored factor could be relevant to the explanation which we are
trymng to give  What [ will discuss in the next section is how the notions of
ad ho¢/non-ad hoe correction factors are related to good explanations.

Although the primary difference between mathematical idealizations
and construct or causal wdealizations 1s one of generality, one might think
that it 1s always possible to equate a mathematical idealization to a set of
construct and causal idealizations This is not so. There are certain
mathematical 1dealizations which cannot be formulated in terms of either
causal or construct 1dealizations.®  If 1 understand McMullin correctly, the
central clement of mathematical idealizations 1s the adoption of a
mathematical language for a science Construct and causal idealizations,
on the other hand, involve neglecting or abstracting away causal features
or causal lines of phenomena or events A result of mathematical
idealizations, then, is that objects will get represented mathematically If
these representations were different from the real objects only in that they
do not possess certain causal properties, the mathematical idealization
would be equivalent to some set of causal or construct idealization, but this
15 not always the case Thus, what I propose is that there are cases of
mathematical idealizations which do not involve idealizing away any

‘ausal properties or factors

Consider, for example, the distribution function used in statistical
mechanics for deriving the entropy of a system. Sears and Salinger write,

5This distinction was oririnally suggested to me through a discussion with Paul
Pietroski
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If a system consists of only a relatively small number of particles, as in
Fig. 11-4 [diagram of the possible macrostates of an assembly of 6 particles
obeying Bose-Emstein statisties], the 2rerage values of the occupation
numbers of the energy levels can be caleulated without much difficulty,
when the total number of particles and the total energy are rived  When the
number 1s very large, as in the statistical model of a4 macroscopie system,
direct calculations are impossible  We now  show how to denive a general
expression for the average occupation numbers when the total number of
particles 15 very large Such an expression s called a distiibution
function.”

The authors go on to show how the distribution function can be used to
calculate the entropy of the total system  Note, however, that the
distribution function represents the ‘average occupation numbers’ Simcee 1t
is only an average, it does not represent a property that any particular
system is likely to possess It 1s worth pointing out that a given system
might conform exactly to the model since the relevant curve mught be
normal. The average in this case would correspond to the mode t(the most
likely state). The salient point here, however, 15 that the distribution
functions are meant only to be an approximation because a direct
calculation of the occupation numbers for very large systems 1s immpossible
The idealization in this instance is not causal or construct, since we are not
abstracting away any causal properties However, 1t 1s still an ideahization,
in that the statistical method which we have adopted 1s supposed to
represent only the approximate value for the occupation numbers, and not

the actual values of the occupation numbers for the particuiar system
Correction Factors and When Idealization Assumptions are Justified

The question which will be addressed in this section 1s under what
conditions is an explanation good when 1dealization assumptions are
involved? Physicists consider explanations or predictions which use
idealization assumptions as good when ecither of the followmg two
conditions are satisfied. The first is when we possess the theoretical

knowledge to use some non-ad hoc correction factor to remove the

TFrancis Sears and Gerhard Salinger, Thermodynamics, Kinetic Theory, and Statistical
Thermodynamics, p.327
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idealization assumption, and the second is when the theoretically derived
result falls within some derived error One might think that a possible
condition 1s when the wdealized factor is neghgible  There is some truth to
this chiaim, i the sense that we can only really know that a factor 1s
neglynble when we possess the relevant theoretical knowledge However, 1f
we do not possess the theoretical knowledge concerning the causal factor
which we are 1gnorimg, then there is no way of knowing that the factor 1s
actually neghignble It could be argued that we do know that the 1deahized
factor 1s negligible by performing an experiment where the idealization
assumption 1s emnployed, and thus we can tell that the idealized factor is
neghginble by comparing the value of this experiment to one in which the
ideahization 1s not employed It should be noted that if this form of
justification 1s employed, 1t must be done so with caution. For if we do
discover that a certam factor is negligible through the use of experiments
and not through theoretical knowledge, then we can only conclude that the
ideahized factor 1s negligible under those conditions 1n which the
experiment was performed  The mistake would be to conclude that the
lactor 1s neghgible under similar conditions to the ones 1n the experiment
The reason why we cannot make this inference is because in these cases,
we do not know how to account for the causal factor under any
cirecumstances A simple but often used example will show why 8 Suppose
that we set up two environments, one 1n which everyone smokes and
exercises, and the other where no one smokes and everyone exercises.
However, what 1s unknown to us are that smoking causes heart disease,
and exercising prevents heart disease. Since exercising is a preventative of
heart disease, 1t 1s possible that no one would get heart disease To return
to the pomnt which I made earlier, the causal factor of smoking in this
circurmstance has a negligible effect.  However, if we alter the
circumstances slightly such that no one exercises, then we would discover
that smoking is no longer negligible Unless we possess the adequate
theoretical knowledge (1 e, that smoking did not cause lung cancer in the

first environment because there was a preventative), there is no reason to

SNaney Cartwnght, How the Laws of Physics Lie, p.23
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believe ignoring a particular causal factor will have the same etfect under
similar but different circumstances. The only rehable justitication lies in
our possession of the appropriate theoretical knowledge, and not with the
fact that the idealized factor is small, since we only really know that a tactor
is negligible when we possess the appropriate theoretical knowledge
Furthermore, 1t 15 not always the case that idealization assumptions
involve neylecting some small factor Cartwright writes,

Sometimes the omitted factors make only an msignificant contribution to

the effect under study But that does not seem to be essential todealizations,

especially to the ideahzations that in the end are apphed by engineers to

study real things In calling something an 1dealization 1t seems not so

important that the contnbutions from omtted factors be small, but that they

be ones for which we know how to correct If the 1dealization 1w to be of use,

when the time comes to apply 1t to a real system we had better know how to
add back the contributions of the factor that have been left out !

Thus in cases, where we do possess the adequate theoretical knowledge to
use a correction factor for adding back m a particular idealization
assumption, it is considered to be a non-ad hoc correction factor  One pomnt
worth noting befor: moving on to the second form of justification 1s that
many of the explanations or predictions which we find 1 physics or n
engineering use ad hoc correction factors The explanations are maost often
found in cases when we require the use of theoretical knowledge from
separate areas of physics For mstance, the derivation for caleulating the
radiation from a black hole involves the use of theoretical knowledge from
both quantum mechanics and general relativity  Since there still 1s no
theory which unifies these two theories, physicists resort to ad hoe
correction factors in deriving theorems to explain the radiation  Moreover,
physicists are unsatisfied with the use of these equations which contain ad
hoc factors.

Physicists also consider explanations or predictions which use
idealization assumptions as being good 1f the explanation or prediction falls
within some predicted error. Error analysis 1s a common feature of

scientific practice and the statistical analyses which are used to calculate
9d. p.111
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the allowable errors 15 considered to be quite reliable It is important to
note, however, that in these cases the error is calculated within the theory
That s, twe error is calculated by first assuming that the theory is true or
highly confirmed  So if a result falls within some given error, the status of
the given explanation or prediction will only be as good or correct as the

theory
Ubiquity of Ideslizations and Why Idealizations are Necessary

Laymon defines the ubiquity of idealizations claim as:

Actual denvations will always tor nearly so) require the use of

ideahizations and approximations 19

Since ¢ tual dervations are considered to be explanations within physics,
we con  eformulate the thesis in terms of explanation The reason for
doing ~- .s that [ will be considering what consequences the use of
idealizations has on a D-N model of explanation and the use of inference to
the best explanation We, therefore, have,

Scientific explunations will always (or nearly s0) require the use of
eahizations and approximations

There are several reasons why we must appeal to 1dealizations in physics.
Laymon notes that scientists appeal to idealizations primarily for two
reasons  The first 15 because we do not possess the adequate computational
abilities, and the second 1s because we not have the 'necessary data and
required auxihiary theories’ to provide a complete analysis of the

phenomenon or event to be explained

A simple example of the first case of idealization would be an
analysis of the earth’s orbit  Typically, an explanation of a planet's motion
would appeal to Kepler's laws  The dertvation, however, of Kepler's laws
from Newton's laws requires two 1dealizing assumptions. The first is that
the sun 1s at rest and the second is that the forces due to the other planets is

negligible  For the moment, consider the second simplifying assumption.

WRonald Laymon, Cartiright and the Lying Laws of Physics, p.357
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Clearly, the second simplifying assumption 15 due to madequate
computational abilities since we do not have the computational abilities to
calculate the motion of a body when three bodies are 1inv-olved. let alone
when a large number of bodies are involved  However, we do have all of the
theory required Thus, the simphifying assumption 15 not due to a lack of
data or lack of auxiiary theories This example. furthermore. shows that
we must use idealizing assumptions when we are caleulating the motion of
any body since according to the gravitational law, every massive body exerts

a gravitational force on every other massive body

An example of an idealization due to a lack of data or auxihary
theories would be a case of what McMullin termed a material construct
idealization. Consider as an example, the explanation of Uranus' orbat
prior to the discovery of Neptune Whuat was curtous about Uranus’ orbit
was that the data suggested that there was another planet bevond it which
was affecting its orbit. However, this planet had not been visually
discovered yet Thus, scientists did not know the mass of the planct nor did
they know the distance of the planet from the sun  Thus, in the explanation
of Uranus's orbit, scientists were forced to ignore the effects of Neptune's

influence on Uranus' orbit

Another reason which 1 believe motivates but does not require
scientists to use idealizations stems from the nature of a cert:un form of
scientific explanation, causal explanation. Espagnat writes,

Apart from experimental confirmation, however, something more 1

generally demanded of a theory It 15 expected not only to determine the

results of an experiment but also to provide some understanding of the
physical events that are presumed to underlie the observed recults  In other

words, the theory should not only give the position of a pointer on a dial but

also explaining why the pointer takes up that position [p 198, The Quantum
Theory and Reahty]

Note, that 1n the last line, Espagnat claims that what a theory must do 1s
explain what causes a particular phenomenon or why 1t 1s a particular
phenomenon came about Although one of the primary disputes i the
philosophy of science 1s what exactly characterizes a good scientific
explanation, it 1s generally agreed that scientific explanations must not
only describe and predict, but they must also provide a form of



understanding  In causal explanations, this form of understanding 1s
achieved by showing how a particular event is the result of some causal
process  Although there 15 nothing wrong with 1dentifying every single
causal process associated with a particular event, scientists deem 1t
unnecessary  Salmon writes,

It 15 important to note, 1o this connection, that particular facts do not

necessartly embody all of the features ot the phenomena which are
involved M1

Consider, for example, an archaeologist's explanation of why there is a
particular worked bone at a site in Alaska Certain features of the bone are
considered relevant to the explanation (the fact that the bone is thirty
thousand years old, the fact that it was worked by a human artisan, and the
[act that 1t had been deposited in an Alaskan site) However, other features
of the bone are considered irrelevant (the size and shape of the bone, and the
distance of the site from the nearest stream) The point of this example is
that, in the explanation of this event (why there 1s a particular worked bone
at a site in Alaska), we ignore certain features of the bone since they are not

relevant to the particular explanation which 1s demanded

Of course, which causal process 18 sought after in the explanation
and thus which features are deemed relevant or irrelevant to the
explanation will depend on how the wl y question 1s formulated. For the
purposes of my point however, this does not matter What 1s important is
that scientific explanations do not require that we 1dentify every single
causal process associated with an event to be explained Therefore, any
explanation of an event will always require an i1dealization which will
depend on what is demanded for in the explanation. Thus, from a practical
point of view, if our goal is to give causal explanations, we would want to

use idealizations

!Salmon, W, Scientific Explanation and the Causal Structure of the World. p 273
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Idealizations and Explanations

So far what [ have discussed i chapter 1 are the difterent types of
idealizations and why they are necessary in physical explanations What |
will do in this section 1s to relate 1deahizations to explanations through the
notion of a model The reason for doing this 1s manly heuristie since what
we often find 1n physical explanations of an event are the construction of
models. That 1s, 1f we want to explaun an event, we do this be constructing a
model from our fundamental laws such that we can fit the event into our
model [ should note that what [ will mean by a ‘'model’ 15 not the same as
what is traditionally meant by models  Therefore, when 1 will be
discussing models, I will not be referring to coceptual representations

such as the Bohr model of the atom. or the Sommerfeld model

Van Fraassen defines a model as “any structure which satisfies the
axioms of a theory”!2 So, if we consider a theory as consisting of a set of
axioms, then a structurc i1s a model if the axioms of the theory are true of
the structure Van Fraassen's definition of a 'model’, as he notes hinselt,
is slightly different from the notion of ‘theorctical model’ defined by
Achinstein Achinstein characterizes a model as

1) consisting of a set of assumptions about some object 1 system,

2} deseribing a type of object or system by attributing to it what might be called an

inner structure, composition, or mechamsm, reference to which will explian

various properties exhilnted by that object or system,
3) being an approximation for useful purposes

Van Fraassen calls this notion of a ‘model” as a ‘model-type’  Examples of
model-types are the familiar cases such as the Bohr model of hght, the
billiard model of gases, the corpuscular model of hight, the shell model of
the atomic nucleus, and the free electron model of the atom  'The important
difference between a model and a model-type 1s that a model-type represents
a certain class of structure or models in which certain parameters are left

unspecified. Models, however, refer to ‘specific structures 1in which all the

12Bas van Fraassen, To Save the Phenomena, The Scientific Image p 133
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relevant parameters have specific values’ For example, the billiard ball
model for gases leaves all of the parameters of the ideal gas law
unspectfied  However, if we were to construct a model of the billiard ball
type, we would need to specfy the amount of molecules 1n the container,
and the relevant pressure, volume, and temperature  The salient point of
these defimtions of model-type for Van Fraassen and model for Achinstein

15 that a model consists of a set of assumptions

There 1s an important point which should be brought out concerning
the relation of dif*erent models According to Achinstein, a model-type
consists of a set of assumptions about some object or system. Note, that
which particular model-type 1s constructed depends on what set of
assumptions are chosen  From this, we can therefore relate different
models through the relation of their relative sets of assumptions In other
words, the way in which models are related will depend on the way in

which the sets of assumptions are related Let us consider a few examples

Within Newtonian theory, one could construct several model-types
concerning the behaviour of gases 1n a volume. Consider two models. the
billiard ball model of gases for deriving the ideal gas law (PV = nRT), and
the weakly-attracting rigid-sphere model for deriving Van der Waals
equation [(P + a/v2)H(v- b)]= RT where b= 2/3Nnr? Sears and Salinger note
that the derivation of the Ideal Gas Law involves five idealizing
assumptions

1) Any macroscopic volume of a gas contains a very large number of molecules

2) The molecules are separated by distances that are large compared with their own

dimensons and are 1n a state of continuous motion

3) The molecules exert no forces on one another except when they collide

4) The collistons of molecules with one another and with the walls are perfectly

elastic
5) T the abeence of external forees, the molecules are distmbuted umformly 13

Note that Van der Waals equation contains several additional terms.

Recall that the factor, a, shows how the properties of pressure, volume, and

LdSears and Sahnger, Thermodynamics, Kinetic Theory, and Statistical
Thermodynamics pp 276-278
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temperature depend on the electromagnetic forces, and the factor, b, <hows
how these properties depend on molecular sizes  Thus, Van der Wials
equation takes into account assumptions (2) and 3, and so does the
corresponding model The set of assumptions assoctated with the weakly-
attracting ngd-sphere model for deriving Van der Waals equation s mly .
subset of those idealizing assumptions used for the ideal gas law
Although bhoth models-types are constructed from the same tl cory
(Newtonian theory), one model can embedded into the other  More
generally, we can say that if a model @ consists of o set of assumptions. 8,
and ¥ consists of a set of assumptions, y, and 8 15 a subset of y, then we can
embed ¥ in ® In our example, the billiard ball model can be embedded into
the weakly attracting rigid-sphere model by setting certam parameters to
zero This is due to the fact that the idealizing assumptions used to
construct the weakly-attracting rigid-sphere model 1s « subset of the

assumptions used to construct the billiard ball model

There are frequent cases 1n physies, however, where two sets of
idealizing assumptions are not subsets of one another, or in other words, ot
is not possibleto embed one model-type into the other Consider the case of
trying to explain the motion of a particle i which @l four fields are
involved, the gravitational field, the electromagnetic field, the field of the
weak interaction, and the field of the strong mteraction  We could
construct one model in which we neglect the field of the weak iteraction,
or we could construct another model which mvolved neglecting the field of
the strong interaction. It would not be possible, however, embed one model
in the other since the idealizing assumptions are not subsets of the other
We would thus not expect the values obtained 1n one model to be 1somorphie
with any of the values obtained 1n the other

The next chapters will focus on what consequences the use of
idealization assumptions has concerning the realism/anti-realism debate
The point of the examples at the beginning of the chapter and the
discussion of models was to show that scientific explanations and
predictions which appeal to 1deahizations are still acceptable  This mght
seem like a trivial point, since it would seem that all scientific explanations

involve idealization assumptions What needs to he addressed s the
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imphications their use has for our models of explunation  One imphcation
15 that the use of ideahization assumptions does not allow us to provide exact
logical deductions of events or phenomena Or 1n other words,
explanations which involve 1dealizing assumptions do not satisfy the
constramts of the D-N model  The fact 15, however. that these explanations
are stll con<idered good explanations A possible conclusion then 1s that
precise logical deductions 1s not a necessary condition for being a good
explanation It should be made clear that this problem 1s quite different
from the traditional asymmetry problems exemplified by the well-known
flag-pole example  This example showed that the constraints provided hy
the D-N model cannot be a sufficient condition for being an explanation So
why should we not simply abandon the D-N model of explanation” If the
use of 1dealizations requires us to give up the DD-N model of explanation,
then 1t also requires us to give up the hypothetico-deductive method of
confirmation  This poses a problem for the confirmation of fundamental
laws  What I will do in Chapter 2 is make explicit how this is relevant to
the reahsm/anti-realism debate about the fundamental laws What I will
then explore, in Chapter 3, 1s Cartwnight’s challenge to the realist, and
consider an alternative model of confirmation which might save realism

Chapter 2

The last chapter has focussed on the different types of idealizations
that are used in physics and why the use of idealization assumptions is
necessary  The focus of discussion 1n this chapter and the rest of the thesis
will be the consequence the ubiquity of idealizations thesis has on the
realism/anti-reahism debate with respect to the fundamental laws The
tocus of discussion for the rest of the thesis will be the fundamental laws. [
will define a screntific realist as one who believes that the aim of science 1s
to discover a true theory, and more importantly for our discussion, true
tundamental laws  Thus, saentific realism will be defined in the following
way to have good reason to accept a theory 1s to have good reason to believe
that the fundamental laws are true Conversely, anti-realism will be
defined as a, "a posttion according to which the aims of science can well be

served without giving such a literally true story and acceptance of a theory
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may properly involve something less (or other) than beliet that 1t 1s true “1
The debate that I will be considerning will focus on whether the fundament:il
laws are true, and whether the aim of science should be to seek true
fundamental laws The challenge that will be posed to the realist will be to
offer justification for the claim that the aim of scrence should be to seck true
fundamental laws  The realist methodology I will consider for offering this
justification will be to try te argue that there are m tact such things as true
fundamental laws [If this can be argued for successtully, then 1t would
seem to provide some reason to accept that the am of science should be to
seek such laws My primary concern will not be the realist's argument for
the latter claim, but rather in trying to establish the former cliaim, that
there are in fact true fundamental laws Note, that the focus will not be on
the existence of theoretical entities as 1s more often discussed n
realism/anti-realism debates in the philosophy of science  However, 1 will
briefly discuss this issue n distinguishing Cartwright's form of anti-

realism from Van Fraassen's

My intent in this chapter 1s to summanrize Cartwright's argument for
her particular form of anti-realism. In the first section, | will outhne two
of her arguments for the claim that the fundamental laws are false  The
first argument will attack the realist view that the fundamental Laws
describe the facts. The second argument will be more general, in that 1t
takes issue with one of the central tenets of the reahist position, inference to
the best explanation In considering the rejection of thus form of mference,
I will also discuss Van Fraassen to show how his form of anti-realism
differs from Cartwnight’'s. [ will then consider an account (the generie-
specific account) which seems to respond directly to the anti-realist
challenge concerning inference to the best explanation I'rom there, T will
consider Cartwright's objection to this account which will hring out the role
idealizations have in the realism/anti-realism debate Before moving onto
this discussion, it would bhe useful to clarify what exactly 15 meant by

fundamental laws and how they differ from phenomenological laws

14Bas Van Fraassen, To Save the Phenomena, Journal of Philosophy V 73, pp 6723
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Typical examples of fundamental laws 1n physics are generalizations
such as Newton's three laws, Schrodinger's equation, and Faraday's laws
of electromagnetism  These laws which we consider to be at the core of our
theories are characternized by their general and abstract nature  The
usefulness of fundamental laws lies in their ability to explain a wide class
of phenomena  Phenomenological laws, on the other hand, tend to be very
spectfic and detailed  Thus, they are only used to explam a specafic class of
phenomena  Typical examples of phenomenological laws are the
exponential decay law in quantum mechanics and Airy's law in
clectromagnetism  The fact that fundamental laws figure in explanations
for a wide class of phenomena and phenomenological laws only figure in
explanations for a restricted class is what T take to be the primary

difference hetween these two forms of laws
Cartwright's Challenge

A predominant realist view 1n physics is that the fundamental laws
describe the behaviour of real objects This is what Cartwright terms the
facticity view of laws’, and 1t 15 the primary aim of her book to show that
this view 1s false  Consider, for example, the gravitational law A common
definition found in physics textbooks is.

The Law of Gravitation 1s that two bodies exert a force between each other

which vares inversely as the square of the distance between them, and
vanies directly as the product of their masses.

Taken hterally, this definition is false if it is meant to describe the
behaviour of objects. The reason is that the force is only equal to that
deseribed by the gravitational law if there are not any other forces
mterfering  Thus, the law 15 true only in cases where there are no
interfering forces. In conditions where there are other forces, the law 1s
false if 1t is meant to describe the behaviour of real objects. Cartwrig! *
notes that one possible way to preserve the truth of the gravitational law is
to clamm that there 18 an implicit . teris paribus clause in the law. Thus it
should be read as,
Under 1deal conditions, two bodies exert a force between each other which

vanes versely as the square of the distance between them, and varies
directly as the product of their masses

2



The literal translation of ceterts paribus 1s "all other things bemng equal’
The problem with ceteris paribus clauses, which many recent philosophers
have pointed out, 1s in providing some plausible interpretation as to what 1s
meant by ‘all other things bemyg equal’ At times, 1t has been construed as
meaning ‘under normal conditions’ and at other times, 1t has been
construed as ‘under ideal conditions’  For mv purposes, I wall not go into
the problems of providing a non-circular or non-vocuous account when
interpreting ceteris paribus in either of these ways  Smce even if these
problems can be solved, the use of ceterts paribus clauses still does not help
the realist for the following reason. Suppose that what 1s meant by cetens
paribus 1s 'under ideal conditions’ Thus, 1f we read the gravitational law
with a ceteris paribus clause, we have the following,
Under ideal conditions, two bodies exert a force between each other which

varies mversely as the square of the distance between them, and vanes
directly as the product of their masses

In this case, the 'under ideal conditions' 1s to be construed as, 1if there are
not any other forces interfering The 'ideal’ rather than 'normal’ scems
appropriate in this case since the conditions in which the law will be true
never actually obtain The conditions, however, are closely approximated
when there is an isolated particle in far out space  There are, of course,
law statements in which the conditions 1 the ceteris partbus clause
actually do obtain For instance, Snell's law
For any two media which are optically 1sotropic at an iatertace hetween

dielectrics there 15 a refracted ray i the second medium, lying i the plane
of inaidence, making an angle 8, with the normal, such that

s B/s1in 8, = n,/n,

holds in any two media which are optically 1sotropic.  What 1s meant by
isotropic is that the properties of the material do not depend on the direction

of transmission. For example, glass 1s isotropic with respect to refraction
of light

At any rate, construing the fundamental laws as having an imphent
ceteris par.bus clause allows for some interpretation 1n which the laws

come out true. By reading the laws with an imphcit ceteris par hus clause,
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the suggestion 1s that we take a counter-factual rather than a subjunctive
reading of the Taw !> That 1s, the law should be read as, "Were 1t the case
that all other fuctors were absent, then, miven certain inatial conditions,
certan resultant conditions would obtain ™ The 1dea is that the law holds
tn a posstble world or set of possible of worlds 1n which the 1deal conditions
do obtain, and 1t 1s 10 virtue of these worlds that the law is said to be true
Although the use of impheit ceteris paribus clauses allows realists to hold
onto the claim that the fundamental laws are true, this response raises
problems for explanations 1if the reahist wants to retain the covering-law

model of explanation

According to Hempel's original formulation of the D-N model,
explanations are deductive arguments which take on the following form,

L1, L2 L3, Lr tExplanans)
ClC2 03, Ck
K (Explanandum)

An explanation of an event E, therefore, consists of a deduction from a set of
law statements and statements of nitial conditions, A requirement for the
argument to be an explanation 1s that bhoth the law statements and the
statements of mitial conditions be true  The problem with understanding
fundamental faws as contauning an implicit ceteris paribus clause is that
the law can only be used in an explanation when the ceteris paribus clause
s satisfied  Cartwright writes, 'a law that holds only in restricted
crreumstances can explain only 1n those circumstances’ Thus by saving
the truth of the fundamental laws by including an implicit ceteris paribus
clause, the laws lose their explanatory power in those cases where the
ceterts paribus clause is not satisfied  Consider, for example, trying to
explain the trajectory of an electron when 1t is interacting with another
electron  If the gravitational law 1s to be understood with an umplicit ceteris
paribus clause, then under those conditions when the ceteris paribus
clause 18 not satisfied, the law cannot be used in the explanation of the
particular event  Thus, if we abide by the restrictions of the D-N model. the

l'r’(‘umt‘f'ro_v Joseph, The Many Sciences and the One World, The Journal of Philosophy
V.87, p 777
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law cannot be used 1n the explanation of the trajectory of the electron  The
fact, however, is that the law does and should figure i the explanation of
this event, so we must either reject the D-N model of explanation, rejeet the
1dea that laws have an implicit ceteris paribus clause, or rejeet both Before
considerig a possible response, let us consider Cartwright's second

challenge to the realist
Rejecting Inference to the Best Explanation

The point of Cartwright's objection 1s that the realist assumes that
for a law to explain an event, 1t must be true  Moreover, the realist also
assumes that if a law explains an event, we can infer that the law 18 true
This is precisely what the anti-realist demes  That s, the anti-realist
denies that we can infer from that facts that x explans v, and v 1s true {o
the claim that x is true This 1s simply denying that inference to the best
explanation is a valid form of inference

In Harman's original paper, he characterizes imference to the hest
explanation as,
one nfers, from the premise that a mven hypothesis would provide a

"better” explanation for the evidence than would any other hypothesis, to the
conclusion that the mven hypothesis s true 9

Thus, if x best explains y and y 1s true, we can infer that x 1s true  The
relevance of this form of argument to our discussion 1s the following  The
realist argues that our present theory which includes our fundamental
laws best explains the phenomena Thercfore, we can infer that the
fundamental laws are true  Note, that an important constramt on this
form of argument is that the explanation which 15 to be imferred as bemy
true must be the best explanation The anti-realists I will consider reject
inference to the best explanation by using arguments which focus on this
criterion. Duhem and Van Fraassen, for instance, have argued that “for

any given set of phenomena, in principle, there will always be more than

16Ghlbert Harman, The Inference to the Best Explanation, Philosophical Review V.74
(1965), p 89



one equally satisfactory explanation, and some of these explanations will be
mecompatible”  Van Fraassen's view 1s that the pnmary aim of science 1s to
save the ohservable phenomena, and that there will always, 1n prinaple, be
more than one theory which accomphshes this task  He, furthermore.
clarms that we could always construct two theores that are incompatible
His claim s that an explanation 1s not the best hecause 1t 15 true, but rather
hecause 1t has more pragmatic virtues such as simplicity than another
Thus, an explanation would be the best, on van Fraassen's account because
it 15 the simplest and 1t has the most organizing power It 1s important to
note that according to van Fraassen, these virtues are not indicators of
truth, but rather indicators of what we are inclined to prefer
Furthermore, 1t would be a mistake to think that our inclinations can

reliably puide us towards the truth

Van Fraassen's argument, therefore, against the realist is that since
we can always construct incompatible theories which save the same
phenomena, we cannot infer the truth of any of the theories An important
point concerming this argument is that we can only make the conclusion
that there 1s no true theory if we construe incompatible as meaning there
being a semantic immcompatibility rather than merely only a syntactic
mcompatibihity  Realists have been quick to point out that it should not be
taken for granted that such a task can always be accomplished Although
Van Fraassen provides an example of what he means by two semantically
incompatible theories to explain the same phenomena, he does not argue
that we could always construct an incompatible theory nor does he offer any
general methodology to do so.  If Van Fraassen can offer such an
argument, then 1t seems that there 1s never really any best explanation
Thus, we could never infer the truth from a given explanation In other
words, something can satisfy all the conditions for being an explanation
and still not be true It thus secems that truth 1s an external characteristic

of explanations

The anti-realist response to why we do in the end choose a particutar
theory as the 'best s the result of pragmatic considerations Cartwright

writes,



Explanation (at least hagh level explanations of thearetical ~cience which
are the practical focus of the debate) orgamze, buetly and etherently. the
unwieldy, and perbws unlearnable, mass of highly detailed know ledpe
that we have ot the phenomena But organizing power has nothme to do with
truth 17

What we find in the sciences are that theories are chosen as ‘best’ for
reasons of simplicity, efficiency, organizing power, and brevity  But what
do these notions have to do with truth” To think that these notions have
anything to with truth is to presuppose that nature 1s itself simple and
organized The anti-realist argument 1s sumply to call this presupposition
into question

To characterize Cartwright's position as only rejecting mference to
the best explanation would be an over-simphfication, sice Cartwright s
not really an anti-realist like Van Fraassen and Duhem  She does not
reject inference to the best explanation tout court, simce she does not reject
inference to causal explanations Tt 1s this distinction that she draws
which makes her position particularly interesting  The distinction allows
her to be a realist about theoretical entities, but an anti-reahst about the

fundamental laws  Let me explain

Cartwright notes that we observe two differeny forms of explanation
in physics,

Explaiming 1n physics nvolves two quite different kinds of activities
first, when we explain a phenomenon, we state its causes  We try to provide
detailed accounts of exactly how the phenomenon s produced  Second, we
fit the phenomenon nto a broad theoretical framework which brings
together, under one set of fundamental equations, a wide array of different
kinds of phenomena The causal story uses highly specifie
prenomenoclogical laws which tell what happens in concrete situations  But
the theoretical laws, like the equation of continuty and Boltzmann's
equation, are thoroughly abstract formulae which deseribe no particulia
circumstances. 8

17Nancy Cartwright, How the Laws of Physics Lie p.87

18nd p 11




Thus, one form of explanation (fitting the phenomenon into a broad
theoretical framework) mvolves explaining an event by relating it to other
similar events through a fundamental law of nature The way in which
this process often proceeds is through the construction of a model, and
showmg how the event fits into the model. Other explanations which
involve citing the detailed causal story of an event, Cartwright claims,
make use of phenomenological laws  Thus, the objective in these forms of
explanations 1s not to relate it to other similar events through a
fundamental law, but simply to derive the event from some
phenomenological law within the theory and a statement of initial

conditions

As | stated ecarlier, the standard anti-realist argument against
inference to the best explanation is to note that for every set of phenomena,
there are several incompatible explanations or theories from which we can
derive these explanations  Since it appears that we can have incompatible
explanations for the same phenomena, truth seems to be an external
characteristic of explanations because if the explanations are incompatible,
then they cannot hoth be true  Recall, however, that the reason why we will
choose one theory over another will be pragmatic, and these virtues, like
simphieity and organizing power, are simply indications of our natural
inclinations or preferences A peint Cartwright notes, is that the
redundancy which we find for theoretical explanations, 1s not found with
causal explanations  Thus, Cartwright agrees with Van Fraassen that in
general there are or can be redundant explanations However, for causal
explanations, she claims that this is not true. She writes,

In physies, 1t 15 usual to gmive an alternative theoretical treatments of the

same phenomena We construct different models for different purposes

with different equations to describe them Which 1s the right model, which

the ‘true’ set of equations? The question 1s a mistake  One model brings out

some aspects of the phenomena, a different model brings out others.. No

simgle serves all purposes best  Causal explanation 1s different  We do not
tell first one causal story then another, according to our convenience 19

Yind p.11



Unlike theoretical explanations, Cartwright claims that we can wnfer the
truth of causal explanations Thus, when one asks, ‘what caused ", the
anti-realist cannot offer the same argument from redundancy as m the
case of other types of explanation. She notes that we do not have the same

tolerance for causal explanations as we do for theoretical explanations

Her argument, 1t seems, can be construed i two wavys, cither
metaphysical or epistemological In the metaphysical way, the argument
is the simple claim that for a single etfect, there can only be one cause  The
problem with this claim is that even though our intuition scems to go 1o
this direction, there is a serious difficulty which must be accounted for,
overdetermination The problematic cases are those in which we have 2
single effect which seems to be the result of more than one cause  For
example, suppose that a prano falls on someone at the same time that the
person 1s shot. Can we say that both the prano and the gunshot caused the
death of the person? Of course, Cartwrnight could respond yes, since the
causes in these cases are not incompatible Prima facie, at least, it seems
that we could claim that it is true that the prano caused the death of the
person and the gunshot also killed the person However, 1t should be noted
that if Cartwright does respond yes, then the statement that the death of the
person was the result of a single cause would be false, and thus the general
statement, that for every single effect, there is a single cause would also bhe
false This difficulty. however, 1s not fatal for Cartwright Recall that the
argument against inference to the best explanation required that there not
only be alternative explanations, but that the explanations also be
incompatible  Although the examples of overdetermination nvolving
causation which are found in the standard literature provide us with cases
of alternative causal explanations of the same event, these explanations are
not incompatible

The second way of construing Cartwright's argument, as [ stated
earlier, is epistemological. A central feature of Cartwright's argument for
the justification of inference to causal explanation concerns the tolerance
that we have for different forms of explanation Cartwright's claim 1s that,
we tolerate alternative theoretical explanations, however, we do not tolerate

alternative causal explanations. In other words, her claim s that once we
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accept a particular causal explanation for a phenomenon, then our
epistemic commitment towards this explanation is the belief that it is true.
However, i the case of theoretical explanations, once we accept these
explanations, our epistemic commitment towards these explanations does
not necessarily have to he the bhelief that 1t 1s true, we may merely accept
that 1t succeeds 1in showing this particular phenomenon 1s similar to other
phenomena accounted for in the theory The crucial part of this argument
1s the claim that for causal explanations, once we accept a particular

causal explanation, we helieve that it is true

Cartwright uses an example from quantum mechanics to illustrate
her pomnt  If one asked 'what caused the line-width that we observe in a
spectroscope for a radiating atom?’| physics offers only one cause. In this
:ase, the cause is the emission and reabsorption of real photons. Recall
that simce causal explanations compete with one another unlike other
explanations, we can infer the truth of a particular explanation only once it
has been accepted Jartwright believes that in claiming that the
explanation 1s true, 1t requires that we believe in the existence of photons.
The same type of reasoning can be used to argue for the existence of other

theoretical entities

There 15 an important question which needs to be addressed which is
relevant to our discussion: how can Cartwright be a realist about
theoretical entities yet be an anti-realist about fundamental laws?
Cartwright writes,

What 1 invoke 1 completing such an [causal] explanation are not

fundamental laws of nature, but rather properties of electrons and

positrons, and hyzhly complex, highly specific situation I infer to the best
explanation, but only 1in a denvative way I infer to the most probable cause,

and that cause 1~ a specific item, what we call a theoretical entaity But note
that the electron 1s not an entity of any particular theory 20

From this passage, it seems that what we infer from a causal explanation
is the existence of particular object or the causal capacity of a particular
obhject  However, as Cartwright notes, claims about the properties of that
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entity are particular to theories, however, the existence of the object or the
causal capacities is not Thus, it seems that Cartwright must cluam that
the fundamental laws or at least some of them do not deseribe the causal
capacities of theoretical entities.  Cartwright's view, [ believe, 15 that
certain fundamental laws such as the gravitational law and the laws of
electromagmetism describe the causal capacities of theoretical entities,
however, other fundamental laws such as Boltzmann's equation do not A
salient point of this is that Cartwright s clearly advocating the truth of
causal laws In her recent book [1989], she explicates how a notion of
causation can be formulated out of the idea of capacities  Very briefly,
Cartwright believes that entities, theoretical and non-theoretical, possess
capacities, and the purpose of some fundamental laws 1s to deseribe these
capacities This is quite different from the claim that the fundamental laws
describe the behaviour of objects  Thus, we should construe some
fundamental laws as ascribing a capacity to objects  The salient pomt s
that the motivation for Cartwright's realism about theoretical stems from

her realism about causation and causal powers

There are two points that should be noted about competing causal
explanations. First, although causal explanations do not compete unhke
other explanations, this does not preclude there hemng partial causal
explanations. For example, in Lewis's example of explaiming why the car
swerved off the road, several causal explanations can be offered such as the
faulty brakes, the wet road, the used tires, ete Which explanation s
offered depends on the relevance relation or the context i which the why
question is formulated. The reason 1s that these causal explanations do not
conflict with one another since they are not responding to the same why
question Furthermore, a theory can also provide competing causal
explanations as long as it is recogmzed that the causal explanations are
competing since we do not accept either of the explanations  Thus, we

would not believe or accept that hoth causal explanations are true

Cartwright claims that the intolerance that we have for acceptang
competing causal explanations is not exhihited for other forms of
explanation. That is, within physics, it is acceptable to have more than one

theoretical derivation of a phenomena which we take to be correct  Her
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clarm 15 that models which fit the phenomena into a theoretical framework
do not compete with one another  For example, unlike the causal story for
the hine-width, there exist six different mathematical treatments for
deriving the shape and width of the line  The six treatments are (1) the
Wersskopf-Wigner method, (2) the Heitletr-Ma method, 13) Goldberger-
Watson method, (4) Quantum statistical method, master equations; (5)
Langevin equations corresponding to the master equation and a c-number
representation and (6) the neoclassical theory of spontaneous emission
Cartwright, furthermore, notes that,

All of the approaches employ the basie format of quantum mechanies Each

writes down a Schrodinger equation, but it 1s a different equation mn each

dhfferent treatment  (Actuully among the six treatments there are really
just three different, equations)?!

The Schrodinger equations differ depending on which Hamiltonian is
chosen to describe the system. One important point worth noting about this
example 1s that the alternative treatments can be grouped into two classes,
depending on which picture of quantum mechanics one adopts The two
pictures are the Schrodinger picture of quantum mechanics and the the
Heisenberg picture  If the derivation is performed in the Heisenberg
picture, it involves writing down a Langevin equation which describes the
interaction between the field and the atoms The derivation in the
Schrodinger picture involves writing down a density equation describing
the interaction between the field and the atoms At this stage, the equations
are considered to he exact In other words, no approximations or
wdealizations have been used  With either of these two equations one can
use different approximations or idealizations to derive the line-width which

correspond to the different derivations given above

According to Cartwright, the fact that we do offer alternative
theoretical treatments, namely that different Schrodinger equations are
used, indicates that neither of them is actually true. She writes,
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Perhaps, contrary to my argument, the multiplication ot theoretical
treatments says more about this pragmatic onentation than it does about
how explanatory laws ought to be viewed 1 disagree 1 think that 1t does
speak about laws, and 1w pruticular show how Taws differ trom causes We
do not have the same pragmatic tolerance of causal altetnatinves  We do not
use first one causal story in explanation, then another, depending on the
ease of calculation, or whatever =2

Cartwright's argument then is shghtly different then the orginal anti-
realist argument which I described above For it 1s not only the case that
there are, in principle, alternative explanations, but rather that physies s
actually in the practice of giving them  The mtolerance that we have tor
redundant causal explanations, Cartwright believes, shows that causal
explanations carry truth on their sleeves  Thus if x causally explains v and
y 1s true, then we can infer that x 15 true  This 15 what | take to be
Cartwright's main argument tor the clamm that the fundamental Taws are
false. From the same set of fundamental laws, physies actually provides
alternative incompatible explanations of the same phenomena

There are several things [ want to note about. this argument and the
example The first concerns the ambiguity of the example  As T stated
earlier, which Schrodinger equations 1s chosen to deseribe the system
depends on which treatment we use Furthermore, the treatments can be
grouped into classes, depending on which interpretation of gquantum
mechanics is chosen, the Heisenberg picture or Schrodinger picture
There is an ambiguity in the example because there are two senses of what
is meant by alternative theoretical models 1n the example  The two types
are 1) constructing a model in the Schrodinger prcture and constructing
one in the Heisenberg picture and 2) constructing two models within one of

the pictures Consider the first case

As I have just noted, there are two interpretations of gquantum

mechanics, the Schrodinger picture and the Heisenberg picture  Louisell

221lnd p 81
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notes that the two pictures are ‘physically equivalent®?  What he probably
meuans by this 1s that we obtain the same results for the physically
observable vartables  The two pictures differ in the following way
According to the Schrodinger picture, the basis vectors are described as
hemyg stationary, and the state vector 15 described as moving, and according
to the Hersenberg picture, the basis vectors are described as moving, and
the state vector 1s stationary  Basis vectors describe all possible states of the
system That 15, a particular state of any object in the system can be
desernbed as a hnear combination of the basis states  State vectors are
simply some particular hnear combination of the basis states which
descrihe some physical property of the object. There are, however,
transformation laws which allow us to move from one picture to the other.
Cartwright’'s maim claam of the example 1s that the treatments in both
cases use different Schrodinger equations The important question is, how
do they differ” There 15 a sense in which they only differ notationally In
his discussion of the two methods for denving the lIine-width, Lowsell
writes

That 1, the total hamiltoman i the HP 15 equal to the total hamiltonmuan 1n
the SPp 24

where HP represents the Heisenberg picture and the SP represents the
Schrodinger picture  He, furthermore, writes,
Also the reader should compare (6 3 38) with (6 3 7) and note that the
functional forms of these two equations are 1dentical just as they would be
under the exact transformation from the SP to the HP  This 1s the analog of

thinking of a fived coordinate system and rotating vectors as being
equivalent to a rotating coordinate system and fixed vectors 42

From the passage, 1t 1s unclear whether there is really any semantic
difference 1n the two pictures  If so, the fact that the two treatments use

“William Lowisell, Quantum Statistical Properties of Radiation, p.55
“Hind p 362
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different Schrodinger equations mav simply mean that both treatments are
the same, but they are formulated m a difterent language  Thus, to clium
that the basis vector 13 moving in the Heisenberg preture and the basis
vector is stationary in the Schrodinger preture mayv not be a contradiction
If this is true that the two treatments differ only notatonally, then 1t s
unclear whether the treatments are actually mcompatible  And it theyv are
not 1n fact incompatible, then this example does not pose any problem for
the realist. Alternative descriptions of  entire arcas of physies 15 not
restricted solely to quantum mechames  Recently, tor instance, i an
attempt to unify electromagnetism and general relativity, physicaists have
come up with a different way of mterpreting electromagnetism which
involves the use of different equations and laws, and ceven a different
interpretation of a charge Rather than mterpreting the charge as a
particle in the classical treatment, this new mterpretation treats a charge
"in terms of source-free electromagnetic-tields that (1) are evervwhere
subject to Maxwell's equations for free space but (2) are trapped i the
"wormholes” of a space with a multiply-connected topology "% As | sad
earlier, this is one possible interpretation of what Cartwright means hy
alternative theoretical treatments, but 1t 1s not the only interpretation  In
fact, I do not think that Cartwright imntended her example to be understood
in this way.

The other way of understanding what Cartwright means by
alternative theoretical treatments 1s to construct two different models
within the same picture This simply means that we construct two
different models within either the Schrodinger picture or the Hersenbery
picture  Recall that in chapter 1, the term ‘model’ was used to represent
some structure which satisfied the axioms of the theory Thus we can
derive different models depending on what assumptions are used  That 1,
from the same set of fundamental axioms or laws 1n a theory we could
construct a model, M1 using idealization assumptions 11, and construcet a
different model, M2, using idealization assumptions 12 [n such a case,

when we use the term 'bhasis vectors’ or say that the hasis vector 1s moving,

26Misner, C & Wheeler, J , Classical Physues as Geometry, Annals of Physics, 2, p 525



we mean the same thing in both models since hoth models are constructed
from the same set of laws with the same interpretation. This is the way I
heheve Cartwrnight wishes to be understood when she writes,

In physies, 1t 15 usual to mve an alternative theoretical treatments of the

same phenomena We construct different models for different purposes

with different equations to describe them  Which 1s the right model, which

the 'true’ set of equations” The question 1s a mistake  One model brings out

some aspects of the phenomena, a different model brings out others No
single serves all purposes hest

The reason why Cartwright's example has te be understood in this way is
hecause 1t 15 unclear how to make sense of the claim that one model brings
out some aspects of the phenomena that the others don't For according to
the first way of understanding Cartwright's example, neither
interpretation really brings out aspects that the other doesn't since we do
have transformation principles such that we can freely move from one
picture to the other. Furthermore, Cartwright cites another example in
which it is clear that this is what she means by alternative theoretical

treatments.

There are two standards treatments in the derivation of the
exponential decay law in quantum mechanics, the Weisskopf-Wigner
treatment and the Markov treatment In the Markov treatment,
exponential decay is seen as a special case in the quantum theory of
damping Louisell writes,

Here we consider an abstract system weakly coupled to a reservoir The
wimas to derive a general master equation for the evolution of the system. 27

The ideahzations and approximations involved in this treatment are

Dextending the time integrals which involve only reservoir correlations to
infimity, on the grounds that the correlations in the reservoir are sigmficant for
only a short perod compared to the periods over which we are observing the system,
2)letting t-to 0, on the grounds that the perods of time considered for the system are
small compared to 1ts hfetime 28

Z"Nancy Cartwnght, How the Laws of Physics Lie, pp.113-114
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In the Weisskopf-Wigner treatment,

we begin with the exact Schrodinger equations for the amphtudes, but assume that
the only sipmificant couphing 1 between the exeited and the de-exeited states

In this case, there are three approximations,

1) the rotating wave approximation,

2) the replacement of a sum by an wtegral over the modes of the electiomagnetic
field and the factoring out of terms that vary slowly in the frequency,

3) factoriny out a slowly-varying term from the time mtegral and extending the
Iimit on the integral to infinity

The two methods are constructed using the same mterpretation of quantum
mechanics. Therefore, what we have are two models of the same
phenomena constructed from the same set of fundamental laws under the
same interpretation which differ according to what approximations are
used.

If the intent of Cartwright's ine-width example 15 to be understood 1n
this way, then it is not obvious how 1t argues against the claim that the
fundamental laws are true. For it is not necessanly true that alternative
mathematical treatments imply that there 1s not one correct mathematical
treatment that captures the advantages of each of the accounts However,
as Cartwright points out, the burden of proof rests on the side of the reahst
The realist must offer justification as to why we should believe that there
exists a single theory which explains all the phenomena  She writes,

We should agree that the end of theoretical physies 15 1 view only when it 1
clear they have done so.

Thus it is left up to the realist to show what 1t is about scientific practice
that should make us want to be realists ahout the fundamental laws

At this point, it seems that we cannot retamn the claimm that the laws
of nature describe the facts and also retain a D-N model of explanation The
reason, recall, is that explanations which we consider to he good do not
satisfy the constraints of the D-N model Furthermore, these explanations
which do not satisfy the D-N model also underdetermine the event to be
explained. Thus, the realist must not only offer an alternative model of

explanation or an alternative interpretation for what the laws describe to

37



show how the laws figure in the explanation, but the realist must also
explam why 1t 1s that we allow alternative theoretical explanations For if it
ts the case that the theoretical explanations underdetermine the event to be
explained, then it seems that the anti-reahists are correct when they claim

that truth is an externai characteristic of explanation

So far, what I have discussed i this chapter are the arguments on
the basis of which Cartwright claims that the fundamental laws are false.
Even if the realist chooses not to adopt the facticity view of the fundamental
l[aws, the realist must still respond to Cartwright's second challenge which
rejects inference to the best explanation What I will do in the next section
1s to consider a reahst position which seems to reply specifically to this

challenge
Generic-Specific Account

A point worth noting before considering this account, however, is
that although the anti-realists which I have been considering reject the
truth of the fundamental laws on the grounds of rejecting inference to the
best explanation, they grant the truth of the phenomenological laws for
different reasons  Recall that both Van Fraassen and Cartwright reject
inference to the best explanation, a form of abduction Van Fraassen's
reason unlike Cartwright's rests on an observable/non-observable
distinction He wnites,

When the hypothesis 1s solely about what 1s observable, the two procedures
amount to the same thing  For in that case, empinical adequacy coincides

with truth 29

Thus, Van Fraassen does not reject enumerative induction where this is
taken to mean, inferring from "observed regularity to universal regularity

in the next mstance.”’? Induction as a practice in general is not what Van

“"Bas Van Fraassen, The Scientific Image p.72

Walbert Harman, The Inference to the Best Explanation, Philosophical Review V.74, p 88
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Fraassen objects to. Rather, he objects to this form of induction when we

make conclusions about unobservable entities

Cartwright, on the other hand, believes that the phenomenologmical
laws are true for a different reason  She suggests that the erucial
difference between the fundamental laws and the phenomenological laws 1s
the role they play in scientific practice The role of the phenomenologieal
laws, unlike the fundamental laws, 1s to deseribe the facts,

I think that the basic laws and equations of owr fundamental theornies

organize and classify our knowledge mn an elegant and efhicient manner,

a manner that allows us to make very precise caleulations and predictions

The great explanatory and predictive powers of aur theones lies i then

fundamental laws Nevertheless the content. of our scientific knowledge s
expressed in the phenomenolomeal laws 31

It appears from the quotation that the phenomenological laws are true
virtue of the fact that the predictions which are derived from these laws
accurately describe the facts When fundamental laws are used, sound
derivations are not possible since we must use dealization assumptions for
the reasons outlined i Chapter 1 Since accurate predictions cannot be
derived by the use of fundamental laws, it would appear that they do not
describe the facts, and thus they are not true  There 1s, however, a serious
problem with this reason Although predictions derived from
phenomenological laws are almost accurate, they are not perfectly
accurate As [ stated 1n chapter 1, we must always use wdeahzations of
some form for reasons of inadequate computational abihities [t the
predictions which are derived from phenomenological laws are not
completely accurate, isn't the difference hetween derrvations and

phenomenological laws only a matter of degree”

There is perhaps another reason why Cartwright believes that the
phenomenological laws are true, and that 1s because they mirror the causal

story of phenomena She writes,

31Naney Cartwnght, How the Laws of Physics Lie p 100



Firot, when we explion a phenomenon, we state its cause We try to provide
detarled accounts of exactly how the phenomenon 1~ produced The causal
story uses highly specific phenomenological laws which tell what happens
i concrete situations  But the theoretical laws, hike the equation of
contimuity and Boltzmann's equation, are thoroughly abstract formulae
which desenbe no particular arcumstances 32

Thus, the phenomenological laws mirror the causal story from which we
can nfer the truth of the explanation and the truth of the phenomenological
laws It 15 interesting that at this pomnt Cartwright suddenly begins
discussmg Boltzmann's equation and the equation of continuity instead of
the gravitational law  Some realists may simply claim that these two laws
stmply aren’t fundamental laws of nature for the following reason  One
charactenistie of fundamental laws that both reahsts and anti-realists
agree on 1s that fundamental laws causally explain why phenomenological
Laws and events are true  This 1s one property that these two laws don't
seem to possess  The question then s, can Cartwright use the distinection I
cited to distinguish phenomenological laws from our standard example of
fundamental laws such as the gravitational law  Most of our fundamental
laws do tell some causal story of an event, but as Cartwnight will be quick to
pomt out, they don't tell the complete causal story  The problem for
Cartwright 15 neither do the pheromerological laws  The problems she
cites for the fundamental laws also exist for the phenomenological laws
For the purposes of discussion, let us assume, however, that Cartwright 13

able to argue that the phenomenological laws are true

It may at first seem counter-intuitive to claim that the
phenomenological laws are true, and the fundamental laws are false  This
is because there 1s a view that 1s firmly entrenched 1n the scientific
community which places the priority of the fundamental laws over the
phenomenological laws  Cartwright labels this the ‘priority thesis',

A long tradition distinguishes fundamental from phenomenological laws,

and favors the fundamental  Fundamental laws are true in themselves,

phenomenological laws hold only on account of more fundamental ones.
This view embodies an extreme realism about the fundamental laws of
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basic explanatory theories Not anly are they true tor would be 1f we had the
right ones), but they are, 1n a sense, more true than the phenomenologieal
laws that they explan 3

What I will consider in the rest of this chapter 1s a particular version of this
thesis, the generic-specific account  According to this account. the
fundamental laws are true 1if the laws can be used i sound derivations of
phenomenological laws  Prima facie, this seems to respond directly to the
anti-realist challenge of what explanation has to do with truth  Very
briefly, the realist response 1s the following  Recall carlier, Cartwright,
Duhem, and Van Fraassen grant the truth of the phenomenological laws
But the realist responds by claiming that the fundamental laws are truer
than the phenomenological laws sinee they explaan why  the
phenomenologrcal laws are true  The challenge posed by the anti-reahist 1s
to ask what explanation has to do with truth  According to the generie-
specific account, the way n which the fundamental laws expliun the

phenomenological laws is through logical entailment

Cartwright claims that the primary difference netween these two
types of laws 15 that phenomenological laws are merel; deseriptive but
fundamental laws are explanatory If this 1s true, why not say that the
fundamental laws explain why the phenomenological laws are true? 1his
is the view which, I take, most physicists hold  What does tt mean,
however, to say that the fundamental laws explain the truth of the
phenomenological laws”  According to the generie specitic account, the
truth of phenomenological laws are explained through therr dermvation
from fundamental laws. However, the derivation from fundamental laws
to phenomenological laws need not represent a causal relation hetween
these two forms of laws  For I do not think that the fundamental Laws
cause the phenomenological laws to be true in any way stmilar to the way
that my hand causes this ball to move forward A possible alternative, as
Grunbaum suggests, is that the phenomenological laws are merely specific
instances of fundamental laws,

33[id p.100
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It 15 crucial to reahize that while ¢ 4 more comprehensive law) G entails ( a
less comprehensive law) Lo logeally, thereby providing an explanation of
L, G s not the “cause’ of 1. More speafically laws are explamed not by
showing the repulanties they affirm to be products of the operation of causes
but rather by recognizing  their truth to be special cases of more

comprehensive truths 31

Cartwright calls this view the generic-specific account In particular
circumstances, both laws make the same claim, but the fundamental laws
are superior since they are applicable to a wider range of phenomena The
fundamental laws are merely more general, abstract formulations of
phenomenological laws  Thus, phenomenological laws can be derived by
simply deducing them from a set of fundamental laws and a specification of
houndary conditions  FFurthermore, the model of explanation for particular
actual events consists of two parts, hoth deductive The first 1s a deduction
of & phenomenological law from a set of fundamental laws and certain
statements of boundary conditions and the second deduction involves the
use of that phenomenological law and a statement of mitial conditions to
derive a statement of an event or phenomena  Whether the explanandum
is an event or a phenomenological law should not matter in this debate

smee all three anti-realists grant that the phenomenological laws are true
Cartwright's Two Objections

According to the generic-specific account, the truth of the
fundamental laws derves from the fact that there exist sound derivations of
true phenomenological laws  Cartwright raises two objections to this
account  The first objection stems from the fact that theoretical derivations
in physies are unsound, and the second objection stems from the fact that
there are frequently several alternative derivations for the same

phenomenological laws

The first objection, Cartwright argues, 1s that the actual practice of
physies does not support the claum that the fundamental laws are true

because there are not manv rigorous derivations for many of the

YA Grunbaum, Science and Ideology, The Scientific Monthly (July 1954), p 14
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phenomenoclogical laws in physics and engineering  The reason 1s that
most derivations in physics mvolve the use of ideahzing assunmptions  or
example, the derivation of Kepler's laws contains two dealization
assumptions The first assumption 1s that the toree the earth exerts on the
sun is neghgible, and the second 1» that the force exerted by the other
planets 1s also neghgible  The fact 15 that the statement of these
1dealizations assumptions are false since both of the assumptions requires
giving a false description of the world. For example, the first would require
assuming that the sun was infinitely massive  The derivation of Kepler's
laws is unsound since what is used 15 a false set of boundary conditions
According to the D-N model, events get explined through o deduction from
a set of true laws and true statements of mitial conditions  Smularly, this
model suggests that laws are confirmed via these derivations  The
problem, therefore, 1s sumple. If we don't have sound derivations of true
phenomenological laws or events, fundamental laws cannot be confirmed
on this model of confirmation For example, in the dervation of Kepler's
law, the fundamental laws of Newtoman mechanies do not recorve

confirmation since the derivation is unsound

If one adopts the generic-specific account and the D-N model,
explanations of phenomenological laws consist stmply of sound derivations
where, in these cases, they mvolve deductions from sets of (rue
fundamental laws and true statements of houndary conditions  Fvents can
similarly be deduced from a set of phenomenological laws and a set of true

statements of initial conditions  Thus, we would expect,

TC1) If a theory or set of laws 1s true, then applying it (validly) te a true set

of initial or boundary conditions must yield a true prediction

The statement of this truth-condition 1mplies that the satisfaction of the
consequent of TC1 provides confirmation for the antecedent and sumilarly of
the consequent is not satisfied, 1t provides disconfirmation for the

antecedent We, therefore, have the two following confirmation principles,

P1)  If applying a true set of imtial or boundary conditions to a set, of laws
yields a true prediction, then the the set of fundamental laws roceives

confirmation.
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P2)  If applying a true set of initial or houndary conditions to a set of laws
yields a fulse prediction, then the set of fundamental laws receives

disconfirmation

Thus, the confirmation of the fundamental laws rests on our ability to
provide sound dervations of actual events or true phenomenological laws.
The problem, recall though, is that these sound derivations do not exist
Although, physicists provide derivations of phenomenological laws, the
derivations ivolve the use of initial conditions which are false The reason
why they are false 1s because the statements of imitial conditions involves

the use of ideahization assumptions

The folowing picture illustrates why this 1s a problem for the
confirmation of the fundamental laws 1if one adopts the generic-specific
account and also accepts a D-N model of explanation On a very simple
model where the fundamental laws strictly imply the phenomenological
laws without the use of statements of initial conditions, fundamental laws

get their confirmation or disconfirmation in the following way,

- P F-sP
not P P
not I K

Note, that in this case all that is required for disconfirmation is a single
instance of not P, but confirmation requires that there be many instances of
P The relation between the two laws which we are investigating, however,
18 the one expressed by the generic-specific account. Thus the model of
confirmation 1s more complicated Note that in the following case where
the statements of the mitial conditions are true, F is disconfirmed if P is

false, and ¥ is confirmed 1f there are many mstances of P,

(P& DH->P (generic-specific account) (F&DH->P
l I
not P P
not I F



where F represents one or a set of fundamental laws, [ represents a <ot of
statements of boundary condition or idealizing assumptions, and D
represents a derived phenomenological law  Note, however, that when
idealizing assumptions are used (that 1s, the mitial conditions are talse),

we cannot infer anything concerming the truth of the fundamental laws

(F&D) - P {generic-specific account) (F&DH->P
not [ not |

P p

Fornot F For not F

In both cases where the phenomenological law is either derived or not, the
fundamental laws are neither confirmed nor disconfirmed The problem s
that both disjunction statements are consistent with the premuse: of both
arguments. Thus, since we cannot deduce the truth or falsity of the
fundamental laws, "the falsity of I protects the theory agamst refutation’™
If the use of idealizing assumptions 1s unavordable in our derivations, the
fundamental laws can not be either confirmed or disconfirmed  Therefore,
realists cannot appeal to the actual practice of providing sound dervations
of phenomenological laws or events to argue for the truth of the

fundamental laws, since these derivations do not exist

One might think that since the force of the ohjection rests on the
actual practice of physiaists not providing sound derivations, T'C:1 could he
relaxed to something like the tollowing,

TC2) If a set of fundamental laws 1s true then 1t 1s possible, in principle o
construct a sound derivation of phenomenological laws and more

generally, empirical data. 3%

HIbid. p 148
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The fundamental laws, on this account, only receive confirmation if the
theory can, 1n principle, provided rdealization free derivations That is to
say, 1f we had the requisite computational capabihities, we could produce
these sound dernvations  Thus, the truth of the fundamental laws would
depend on our reasons for belhieving the following counter-factual: if we had
the requisite computational abilities. we could produce the appropriate
derivations  Without providing any reasons for believing this counter-
factual, relaxing the condition for truth of the fundamental laws to being
able, 1in prinaple, to provide sound derivations does not suffice to save
realism  There is another problem even 1if we could provide some
justification for believing in this counter-factual Recall that in chapter 1,
there are two reasons why, under certain circumstances, we must use
tdeahzation assumptions  The first is that we do not have the adequate
computational abilities and the second is that we do not have the

appropriate auxihary theories

Cartwright's mam reason for behieving that we can't provide the
appropriate derivations of either events or complex phenomenological laws
1s that we do not have a unified field theory For phenomena which require
the use of laws from the different specialized areas of physics, we do not
know how to combine these laws together. For instance, presently we do
not know how to explain events which require considering both general
relativity and quantum mechanics (radiation from black holes). In
essence, her objection 1s that we do not have a unified field theory So in
such cases, even if we did have the adequate computational abilities, we

still could not provide sound derivations of events

If we did possess such a theory, it would dispel many of Cartwright's
worries about physies  Cartwnght acknowledges that if we do discover this
theory then the fundamental laws will be shown to be true since we would
then be able to provide rigorous derivations of actual events o,
phenomenological law, thus realism would be saved Her repeated
challenge, however, 15 what reason do we have to beheve that such a theory
exists”

ngorous solutions to exact equations night possible reproduce the correct
phenomenological laws with no ambigwity "'when the right equations are
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found. But the reason for believing n this gloss 1~ not the practice self,
which we have been looking at, but rather the realist metaphy sies, which 1
began by challengming 37

We should agree that the end of theoretical physies 15 i view only when it s
clear they have done so  Our knowledge of nature, nature as we best see 1,
1s highly compartmentahzed Why think nature itwelf 1~ umified %8

It 1s true that there 1s a rather sertous difficulty at this moment in trving to
unify general relativity and quantum mechanies because of cortinn
fundamental differences in each of the theories  Furthermore, one would
hope to bhe able to find a defence of realism which does not rest on a clium
which we cannot provide any reason to believe For why should we believe
that physics will one day discover a unified field theory”

The second ohjection Cartwright raises for the generie-specific
account concerns the fact that we are able to offer alternative theoretieal
treatments of the same phenomena It was noted carlier in this chapter
that there are alternative derivations for the exponential decay law  The
two derivations which I described were the Weisskopf-Wigner treatment
and the Markov treatment. We shall consider only the Wersskopt-Wigner
treatment since Cartwright's argument works for both treatments  Recall
that in this treatment, the derivation mvolved three approximations,

1) the rotating wave approximation,

2) the replacement of a sum by an mntegral over the modes of the electromagnetie

field and the factoring out of terms thay vary slowly in the frequency,

3) factoring out a slowly-varymg term from the time ntegral and extendingr the
limit on the integral to infinmity

Cartwright notes that we can justify assumptions 2) and 3) by appealing to
the physical characteristics of the atom-field pair  The detinls are
unimportant except for the following point  In the justification provided for
the approximations or idealizations, there 1s no reference made to the order

in which the approximations must be performed She writes,

37N. Cartwnght, How the Laws of Physics Lie p.126-127
Bnd p.13
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The second approximation i~ reasondble because the modes of the field are
supposed to form 1 near contmuum that s there 1s a very large number of
very closely <spaced modes This allows us to replace the sum by an
integral The integral s over a product of the couphing constant as a
function of the frequency, o and a term of the form expltamty  The couphng
constant depends on the anteraction votential for the atom and the field and
it 1s supposed to be relatively constant 1in o compared to the rapidly
o~altating exponentiadd - Hence 1t can be factored outside the mtegral with
httle loss of accuracy  The third approximation s simlarly justified by the

circumstances

In Bethe's original paper, he performed the derivation using the second
approximation first and then the third approximation What physicists
discovered later 1s that the order 1n which the approximations are used 1s
important 1f the third approximation 1s performed before the second, the
dernivation prediets that there is a lamb shift which accords with the data
However, 1f the order of approximations 1s reversed as originally done by
Bethe, the derivation does not predict a lamb shift  To summarize, what
this example demonstrates 1s that two derivations which involve the same
ideahsation assumptions result 1in two different equations. one which
predicts a lamb shift and another which doesn't The reason 1s that the
order 1n which the 1deaslization assumptions are used affects what terms

will be lost

An important point to note about this example is that 1t is not an
argument from underdetermination  Rather, it is an example of the
construction of two models where there 1s a qualitative difference, the
prediction of the Lamb shift  So the data supports the derivation where the
third approximation 1s performed before the second approximation The
point of her example 15 to take 1ssue with the generic-specific account She
writes,

(‘horees must be made which are not dictated by the facts I have already

mentioned that 1s so with the choice of models But it is also the case with

approximation procedures, the choice 18 constrained, but not dictated by the

facts, and different choices give different incompatible results  The
generie-spectfie account fanls because the content of the phenomenological



laws we derive 1s not constramed n the fundamental law~ which explamn
C
them 39

The argument then is that given only the knowledge of our tundamental
laws, there is no reason to choose one approximation procedure over
another There 13 no theoretical reason for why we should choose one

approximation procedure over the other

What we have seen in this chapter 1s that if we want to be realists, we
are going to have to alter the D-N model of confirmation and the
hypothetico-deductive method of confirmation In the next chapter, T want
to consider a possible realist response by Ronald Laymon  He writes,

My basic contention 1s that these arguments, though, highly supgrestive, il

to take into uccount the relevance of the precemeal mimprovalnhity of

ideahizations and approximations and the cortesponding improvements in
predictive output 10

Thus, I wall consider an alternative model of confirmation which takes into
account the use of idealizations and approximations What I will do in the
next chapter is examine this proposal in detail and consider some
difficulties which Laymon raises himself [ will also consider his response
to Cartwright's second challenge in which he offers a methodology for
choosing one set of approximation procedures or sets of idealization
assumptions over another

Chapter 3

The crucial point to the first objection posed in Chapter 215 that the
actual practice of physics (inability to provide sound derivations) does not,
support the claim that the fundamental laws are true  As I mentioned
earlier, there are two reasons why we can not provide the derivations which

would support the realist claim. The first is that we do not have the

Bd. p 107
40Ronald Laymon, Cartwright and the Lying Laws of Physics,p 353
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requisite computational ablities, and the second 15 that even it we did. we
don’t have the appropriate fundamental laws that would provide <ound
deductve-nomological explanations  The response I will now consider,
focuses on the problem of not possessing the adequate computational
abiliies - What [ will do 1s consider an alternative model of confirmation
which takes into account the use of 1dealizations and approximations
Having done this, [ will consider the ways in which the anti-realists [ have
been considering would respond  More particularly, | want to raise the
problems with this account by considering how I think Van Fraassen and
Cartwright would respond, and then offer a problem which I find with the

account
Laymon's Proposal

In view of the fact that actual practice does not support realism.
Laymon suggests that we adopt a weaker notion of the generic-specific
account  Note that what is meant by actual practice 1s the fact that there
are not many rigorous derivations of phenomenological laws or actual
events  Laymon, therefore, suggests that we adopt a normative version of
the genenie-specific account which is,

(iS8n) The yroal of <cience should be to seek fundamental laws which are true, and can be
used 10 the sound derivation of phenomenological laws 41

Thus, a realist would be one who believes that,

) scientific practice can be appealed to in confirmational considerations and, 1n
particular, that attempts to derive phenomenological laws (and more generally data) play
a role m confirmational considerations,

2) the normative version of the generic-specific account is true.

The discussion has shifted slightly  Although realism about fundamental
laws 15 still at 1ssue, Laymon has also brought in realism about science
itselt” To be a realist about science is to believe the normative version of the

generie-spectfic account. Clearly, however, one could not believe that there

HR. Laymon, Cartwright and How the Laws of Phystes Lie. p 355
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were no fundamental laws that were true and still believe that the goal of

science should be to seek fundamental laws

Note that 1if the normative version of the generie-spectfic account s
true, sound derivations of phenomenological laws are no longer required
for the confirmation or disconfirmation of the fundamental laws  Sound
derivations are taken to be a normative ideal which we may never achieve
The suggestion 1s that attempts to achieve sound derivations with o
particular historv are good reasons to helieve that there ave fundamental
laws that are true He suggests that,

TC3) It a <et of fundamental laws 15 true, then we can make prinaple sufhicrent
R4
corrections so as to yield better predictions 2

One salient feature of this statement of truth-conditions 1= that 1t accounts

for the fact that i1dealizations and approximations are used n actual

derivations of physics Laymon's proposal also accounts for the fiet that of

either correction factors or more realistic initial conditions are used, we
usually obtain more accurate predictions  The fact that our theories allow
us to make these corrections which vield better predictions 15 supposed to he
a reliable indicaior of the truth of the laws He writes,
The relevance of the existence of such improvabnhity s that ot s inductive
evidence 1n favor of the satisfaction of the consequent of R2ITC3], o
necessary condition for truth  Simlarly, fardure to generate smproved
predictions on the bases of improved ideahzations and approximations Gas

mnput to theory) 1s evidence against the satisfaction of the consequent of R2,
and hence for the falsity of the theory in question 43

TC3, therefore, implies the two following confirmation principles,

C1) A set of fundamental laws receives confirmation if the use of more
realistic specifications of initial or houndary conditions in fact leads to more
accurate predictions.

42]hd p.359

43Ind. p.359




C2) A set of fundamental laws receives disconfirmation 1f the use of more
realistic specifications of mitial or houndary conditions does not lead to
more accurate predictions 41

These two princples would 1mply that the fundamental laws must be
‘monotonie towards the truth  This simply means that the use of more
realistic statements of mmtial conditions will yield more accurate
predictions and the use of less aceurate statements of initial conditions will
yicld worse predictions  According to Laymon, if there is evidence for the
monotonicity of a set of fundamental laws, then we can infer that the laws
are true To repeat, the advantage of this account 1s that actually providing
sound dernvations 1s not the only form of actual practice which can be used
to confirm our fundamental laws  Cases in which we are able to get
predictions closer and closer to the actual truth can also play a
confirmaconal role  Thus, these two principles imply that we should be
realists about science  Laymon writes,

gmiven the confirmation theses C1 and €2, 1t follows immediately that we

should wim for ancreasingly  more  accurate derivations of

phenomenologmeal Taws and individual predictions, since 1n that we
- - =4
canfirm and disconfirm our law candidates 45

Laymon goes on to ate several cases in the history of physies which support
his proposal  Lorentz, for instance, showed that more realistic descriptions
applied to the acther theory produced worse predictions The equipartition
theory also yielded worse results as more accurate 1nitial conditions were
used  Both of these facts demonstrated to physicists that both theories must
bhe false  Thus Laymon's proposal 1s supported by the actual practice of first
using dealizations and approximations and then using correction factors
or more reahistie statements of boundary conditions to vield better
predictions The mteresting point 1s that although realism is not supported
by the actual practice of producing sound denvations (since the derivations

do not exist) 1t 1s supported by the practice of producing derivations which

End p 359-360
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give results that are closer and closer to the truth  The proposal, then, s
that we modify the D-N model of explanation and replace it with a model ot
explanation where a deduction which gives an approvimate value s
considered acceptable 1f we are able to produce turther deductions with
more realistic statements of boundary conditions that lead to more accurate

predictions
Some Objections

I would like to now consider a few objections to this proposal My
purpose 1n raising these objections should not be nustaken as an argument
for anti-realism. The aim in oftfering these criticisms 15 to clarify what s at
issue in the realism/anti-realism debate imn the hope of clarifving how this
dispute can be settled Recall that the central claim to Laymon's proposal s
that,

If a set of fundamental laws 1s tirue, then we can make m prnciple
sufficient corrections so as to yield better predictions 10

Thus, one can think of this realist response 1n the following way  Here s a
piece of scientific practice that requires explauning  We have this regularity
which 1s: if we use more realistic mitial conditions, we get better
predictions The only thing that can seem to explan this fact 1s a true
theory. I would like to now consider how the different anti-reahists would
respond to this proposal and offer a problem which I, myself, found with
the proposal.

Van Fraassen and Duhem: The Strong Anti-Realist Response

Recall that Laymon's two confirmational principles state that a set of
fundamental laws receive confirmation if the use of more realistic
statements of initial conditions leads to more accurate predictions, and
similarly, the laws recewve disconfirmation if the use of more reahistic
specification of initial conditions leads to less accurate predictions  Henee,

a set of laws will be highly confirmed 1f there are many instances of more
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accurate predictions when more realistic mitial conditions are used This
s right, but Laymon infers from the fact that the fundamental laws are
highly confirmed to the cliaim that thev are true  The argument., therefore,
15 annference to the best explanation But this 1~ precisely what the strong
anti-realist (Van Fraassen and Duhemy rejected 1 the first place  What |
will mean hy strong anti-reahist is the position that rejects inference to the
best explanation tout court and weak anti-reahism is the posttion that only
rejects certan forms of inference to the best explanation  Thus Cartwright
1s a0 weak anti-reahist since she advocates inference to the hest causal

explanation

One could mmagime Van Fraassen responding to Laymon's
suggestion by simply modifying TC3 to

I set of laws are empinieally adequate, then we can make in princaiple
sufficient corrections so as to vield better predictions

Empirteal adequacy, as normally understood, only requires that the theory
be able to save the observable phenomena  This means, 1 this case, that
there s an additional constramt A theory is only empirically adequate
when the use of more realistic statements of 1initial conditions leads to more
accurate predictions We, thus, preserve Laymon's two confirmational
principles unchanged  In essence, this anti-realist response amounts to
Just denying the use of inference to the best explanation  That 1s to say,
what we mfer from the fact that a theory 1s the best explanation is that it 1s
the best explanation and not that 1t is true Or in Van Fraassen's terms,
theortes that satisfv the two confirmational principles are empirically

adequate and do not have to be true

Kmpeal adequacy, of course, doesn't require that the theory
produce accurate derivations Constraints as to what counts as an
acceptable explanation are internal to the theory The first constraint 1s
that the theory must provide some model in which the predictions of the
theory are somorphue to the data. Thus, an acceptable theory mav contain
derivations which give only approximate predictions as opposed to accurate
ones  The acceptable error withm which the dervation can fall is relative
to the theory Thus, if a theory does not provide predictions which ure the

same as the actual results, 1t does not mean that the theerv 1s not
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empirically adequate  For 1t could be that the theory requires only that
predictions fall within a given error where the error tactor 1s detined within
the theory For example, our present theory s considered emprircally
adequate even though 1t does not provide perfoctly accurate predictions
These explanations are acceptable since they tall within a certain error
The error which the predictive results can tall withim 1s itself derived

within the theory

Note, that with this response, the anti-realist does not really give a
response to the realist’s challenge, which 1s to explam why when we use
more reahstic mitial conditions do we get better predhictions”  Recall, that
part of the anti-realist response was the addition of another constramt.,
namely, that if we accept a theory, it 1s required that the use of statements
of more realistic initial conditions will lead to better predictions Thus, in
some sense, the strong anti-reahist responds by denyimg that there s o fact
that needs explaining, and uses the constramt as @ virtue for choosing one
theory over another Therefore, the fact that we get better predictions given
more realistic initial conditions 1s considered as a pragmatic virtue similar

to simplicity and explanatory power

The problem is that this condition 1s similar to pragmatic virtues like
simplicity and explanatory power, however, it 1s different in an unportant
respect Van Fraassen writes in his discussion of the pragmatic virtues,

In so far as they go besond consistency, empineal adequacy, and empincal

strength, they do not concern the relation hetween the theoy and the world,

but rather the use and usefulness of the theory, they provide 1easons to prefer
the theory independently of questions of truth 47

Note that unlike the other pragmatic virtues, the constramt of more
realistic nitial conditions leading to more accurate predictions does
concern the relation between the theory and world The theory plays an
intermediary role for the mmputs (the statements of mitial conditions) which
we obtain from the world and the results (predictions) that we ohtan which

are to he compared with the real world  So 1t seems that Laymon's

47Bas Van Fraassen, The Scientific Image p 8%
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conditton does not fall under the category of pragmatic virtues Moreover,
this piece of evidence or condition does not fall under what van Fraassen
means by phenomena either since tins condition 1s not a claim only about
predictions, but rather about what happens of we wse more realistie imitial
conditions It seems that Van Fraassen's response to why 1t 18 rational to
constder simphierty and explanatory power as pragmatic virtues cannot be
apphed to the constramt discussed above, nor can he say that it is a

phenomena hike any other which 1s to be saved

Clearly, the strong anti-realist must either offer some rational
justification for considerig more realistic initial conditions which lead to
more accuriate predictions as a virtue or else respond to the challenge In
other words, the anti-realist must explain why successful theories are
those that when more realistic initial conditions are used, more accurate
predictions are obtained  The evidence cited by Laymon seems to support
the side of the realist since, in the past, those theories which we have
constdered to be successful are those that satisfy this condition  There are
phenomena whieh ery out to be explained, and this seems to be one of them
So do not think that the anti-realist can just claim that a good theory must
be one that satisfies the condition that when more realistic initial conditions
are used, we will obtaim more accurate predictions withoeut offerig any

Justrfication

Furthermore, if the anti-realist does not choose to answer the
challenge, it seems to leave the realism/anti-realism dispute at a stand-off,
By this, I mean that I behieve, ke Cartwright, that the debate over realism
about the tfundamental laws 1s an empinical issue  Thus, what will deaide
which posttion 1s correct will be screntific practice itself The 1dea 1~ that
observations about scientific practice act as evidence for whether we should
be reahists or anti-reahsts This 1s an mmportant point since 1t forces the
anti-realist to provide some explanation as to why we get better predictions
when we use more vealistie mmtial conditions  More generally, this means
that any posttion, realist or anti-realist, is held accountable to scientific
practice It the anti-realist, however., demes this, 1t 1s hard to see how the
debate can be settled at all since we would only be left with a prior

arguments, and 1 cannot 1mmagime what such an argument would look hike



Thus, it seems that either the anti-reahst must allow that thore s
something to be explamed or else be commutted to clanming that the
realism/anti-realism debate 1~ no longer an ssue reallv worth discussing
These alternative conclusions. however, rest on the assumption that the
realism/anti-realism debate 1~ an empirical ssue, and Van Fraassen
reject this assumption  For recall that the challenge rused by Van
Fraassen was to ask what truth has to do with explanation How (o respond
to this challenge clearly goes beyond the bounds of this thesis. but one moral
that could be drawn from this 1s that if one wants to respond to Van
Fraassen and Duhem, one should not look at scientific practice for any

support
Cartwright's Response

The second point that T want to make concerns the truth of TC3  In
essence, Laymon's claim is that monontonic behaviour of fundamental
laws, 1 e. successive cases of more realistic statements of tnithial conditions
which lead to more accurate predictions, 15 a reliable indicate therr trath
Before proceeding onto the second objection, we should first be clear as to
what 1s meant by "a rehable idicator’  The use of ‘reliable” 15 mmportant
because Laymon 1s willing to grant that there may be cases where we hive
a true theory yet the use of more realistic statements of mtial conditrons
leads to worse predictions He states,

What this means at the least 1s that CLand C2 must be interpreted as by

I some sense prima facye anductive confirmation ponciples In

particular, the computational specifics thow the theory 1w computationally

implemented) may override the prima facie confirmational vilue of
extsting samples of improvement or nonmmprovement 98

Thus the confirmational principles provide good evidence, hut not. decisive
evidence for the truth of the fundamental laws  Since 1t 1s only o reluble
indicator, Laymon does not expect that for every case where we have a true
set of laws, the use of more realistic statements of mmtial conditions will

always yield better predictions. In these cases, one should seek
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explanations as to why the confirmational principles were not satisfied If,
an explanation cannot be found, then we would have a counter-example to

Laymon's proposal

Let us consider an actual case in physics where Laymon's
confirmational principles appear not to hold As I stated earlier,
Cartwrnght unwittingly provides an apparent counter-example to Laymon's
proposal  The exponential decay law in quantum mechanics has received a
wealth of empinical support  That 1s to say, the law yields predictions
which accord with actual results  The mteresting fact about this law is that
it 15 accurately denved from the fundamental laws of quantum mechanics
coen with the use of 1dealizations and approximations In the Wersskopf-
Wigner dervation of the exponential, the assumptions involve 1) assuming
that the only sigmificant coupling 15 between the excited and the de-excited
states and 2) neglecting terms which are slowing varying 1n omega. The
result s odd sinece what  we would expect 1s that a derivation from a true set
of fundamental laws and a statement of 1dealized mitial conditions would
yield a result that would not be exact but only close to the actual result.
What is even more interesting 1s that 1if more realistic statements of mnitial
conditions are used, the derivation yields results which detract from the
actual results  Thus, in this case, if we use more realistic statements of
iitial conditions, we derive results which get farther and farther away
from the actual results we observe Thus, it is a case where,

no empimeally determimed corrections are required if appropriate
appronimations and wdealizations are used, and

2V improvements an the realism of the analy<is will lead to divergence from
4t
the desired prediction Y

No empirically determined corrections are necessary, of course, since the
derved result 1s the same as the actual result It appears that this example
mav be a problem for Lavmon since what we have is a case in which the use
of more accurate statements of intial conditions leads to worse predictive

results Thus C'1 would not be satisfied

BRonald Lavmon, Cartwright and the Lymg Laws of Physics, p 364



There is a problem with the use of this example since the evidence
available to us now provides as much confirmation for the rgorous
derivationti e the derivation which does not use idealization assumptions)
as much as it does for the exponential decav law  The additwonal terms that
are included in a rigorous derivation are very small and only concern the
rate of decay for very large times  Thus, predictions for the derived Lo and
the exponential decay law are the same for short time pertods but diverge
for very large times  As Cartwright notes, there have bheen many
experiments concerning the exponential law, but none of these experiments
have given any results concerning the rate of decav for very kuge times
Thus at the moment, there is no evidence that favors cither the mgorous
derivation or the phenomenological law (the exponential decay law)
Thus, it could be that the phenomenological law 13 talse of we could obtain
data about radioactive decay over long pernods of time  However, 1 will
assume, as Laymon does, that the phenomenological 15 not false and see
what problems arise

There are several conclusions that one can adopt concerning this
example. The first is that 1t should be treated as an anomaly  Treated as
such, we should look for explanations as to why we did not get better
predictions. For example, we should be to looking to see whether there s
something like a fortuitous cancellation of idealizing assumptions  Thus,
in cases when accurate results are obtained even when ideahzation
assumptions are used, the first thing that one should look for 15 a
cancellation of 1dealization assumptions If, however, such an explanation
cannot be found, then it would appear that we have a counter-example to
Laymon's principle There are, however, two other conclusions that one

can adopt from this example, reject quantum mechanies or reject realism

Laymon’'s response to the example 1s that what 1t shows 1s not. that

realism is false, but rather that quantum mechanies 1s false  He writes,

If decay could be determmed to be truly exponential, and of my first
mnterpretations of Cartwnight were the correct way to view the ciase 9 e all
improvements will lead to a waorsemng of predictionss, this would be at he ot
only sufficent to refute quantum mechanies 1 do not see how this refutation
would affect reahsm




If we have good reason to helieve that the idealization assumptions are
mmehminable, the example does provide evidence for the claim that
quantum mechanies s false However, 1 find 1t rather odd that Laymon
clirms that the example has no implications for realism  The exponential
decay Taw provides an example where more more accurate statements of
mitial conditions yields worse results  Thus 1t appears that we have a
counter-example which shows that Laymon's proposal 1s talse It his
proposal is false, then this argument cannot stand as a defence of realism
One might respond by saying that we have alot of other evidence for
reahism This may be true, but we also have alot of confirming evidence for

quantum mechanies also

Furthermore, recall that what 15 in dispute 1s realism about the
fundamental faws  The onginal challenge was to show how the actual
practice of physies can provide evidence for the elaim that the fundamental
laws are true  As Cartwright pointed out, sound derivations cannot provide
evidence for the truth of the fundamental laws since they do not exist
Laymon then suggested that we consider another form of actual practice as
confirmmyg evidence for the fundamental laws (the practice of producing
better predictions when more reahstic statements of initial conditions are
used)  Thus, Lavmon's whole defence of realism rests on the claim that
better predictions due to more realistic statements of imitial conditions 1s a
rehiable indicator for the truth of the laws  If, as Laymon claims, actual
counter-mstances do not cerve to refute realism or at least his defence of
realism, then 1 do not see how he can use positive instances of his
principles such as the aether example and the equipartition example to
affirm his defence of realism It could be that Laymon does recognize this
pomnt since several paragraphs later. he retracts his claim that 1t does not
afteet reabhism,

The wdea here s that the existence of such a ~et means that the presence or

absence of actual monotonie behaviour 1s not a rehable indicator of long

range o m-pranciple behaviour  Although this approach saves quantum
mechantes from refutation, 1t has nasty consequences for reahsm

Thus, 1t seems that 1f no explanation can be found as to why an accurate

result was derived even with the use of 1dealhization assumptions, then
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either we must reject realism or conclude that quantum mechanies s
false.

A form of evidence which would pomnt to which conclusion we should
adopt is the following. If we had several of these cases only within
quantum mechanics, but did not have instances m other areas of physies,
then I believe we would have good reason to reject the fundamental laws of
quantum mechanmes  However, if we have many of these cases, in all of the
other areas of physies, then one may have reason to reject roalism The
reason is that an abundance of these cases onlv within quantum mechanies
would show that there is something pecubiar about quantum mechanies
Thus, it would seem that more accurate statements of mitial conditions
which lead to more accurate predictions would still be a relhiable mdieaton
since in all of the other specialized areas of phvsies Laymon's principle still
holds However, if we obtained cases which appeared in all of the areas of
physics, it would appear that the only conclusion open would he to reject
Laymon's principle

As 1t stands, the exponential decay law 1s not a counter-esample
since we do not possess the empirical evidence which would show whether
the exponential decay law is correct For this example to count as a
counter-example, we will have to wait for physics to produce an experiment

which shows what happens to decay over very large period of times
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L.aymon's Own Objection

A peculiar point about Lavmon's paper, in which he proposes his two
confirmational prinaples as a defence of realism. 15 that at some points, he
writes asf he has sueceeded i defending realism However, as he himself
poimts out  there are several sertous difficulties for his own proposal 1
pomted out carlier that the anti-realist must explain why we accept theories
which when we use more realistic mitial conditions, we get hetter
predictions  When | suggested that this would pose serious difficulties for
Van Friassen, Tassumed that a true theory can explamn why we get better
predictions when more realistic imtial conditions are used At the outset of
his paper, Lavmon assumed that a true theory does explaimn whyv we get
better predictions when we use more reahistic mitial conditions without
really offering any explanation, however, later on, he realizes that such an

explanation 1s not so simple

According to Lavmon, many instances of using more realistic 1nitial
conditions which lead to better predictions 1s inductive evidence for the
truth of the fundamental theories What 15 the justification for this
conclusion” For it 1= not obvious  Laymon writes,

My conclusion then s that the prinaples C1and €2 along wath R2 are

sufficient for estabhshuyg realism tus defined aboves  The <stronger R1 1w

ot necessary . There does seem, however to be some connection between R1

and R2 T dlamed above that €1 and €2 dernve thenr plausibihity from R2

But, of now ask what justifies R2, we run into some difficult questions One

possible realist strategy would be to claim that there exists some continuity

condition such that R1and R2 are equivalent given that condition That 1s,

that theories should be continuous i the sense that monotonic improvabhty
ot

vields true output in the hmt
Lavmon's idea, then, i that the presence of monotonic behaviour of the
Faws provides mductive evidence that there exists some in principle
derivation which s sound  That s, there exists a derivation in which the
statements of imtial conditions 15 true, and the prediction 1s accurate  Why

should we think that this monotonic behaviour should justify this

S0 v \ BTD
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conclusion” Lavmon's response. as can be seen in the above quotation, s
that there might exist some continuity condition which would justify the
induction  As Lavmon pomnts out, this 1s where the realist and anti-realist
posttions clach  Laymon himseltf does not offer a defence ot this form ot
mduction in the form of exphicating what this contimmty condition nght
look like But presumably, it would mvolve mvestigating the nature of Liws
and why in fact they are monotonie Such an mvestigation goes bevond the
bounds of this thesis, but what 1 important to pomt out 1s that until such an
exolication 1s provided, Laymon's condition does not stand as a defence of

realism
Another Objection

Another important pomnt worth noting about Laymon's suggestion s
that 1t 15 unclear whether we can make any sense out of what it means for
one set of 1dealization assumptions to be more realistic than another
Laymon recognizes this, and tries to offer an account of deciding which s
more realistic than the other He writes,

Let T be the law or conjunction ot laws whose truth we wish to ascertan

And assume thut I1 and 2 are two competing combmations of ideahization

and approximation whose relative realism cannot be dotermmed according

to background standards i place  Assume, finally, that T'& 11+ P and T

& 12+ P2, and the experniment reveals that prediction P2y more accarate

than P1  In such u case, we would tas shown by Cartwnicht's own cases)

claum (perhaps only tentatively) that 12 15, for the situation considered, call

51
it s, the more accurate descniption

Laymon then goes on to claim that we should expect that the set of
statements of idealizations will yield better predictions under similar but
different circumstances than s  He wntes,

More accurately stated, those features of 12 which carry over to the new
calculation should ceteris paribus remain relatively more reabistie than the
corresponding feutures of 12 which are carried over to the new cases  So,

51Ronald Laymon, Cartwright and the Lying Laws of Physics, p 369
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new caleulations based on 12 should continue to produce better results than
one ., based on 11 74

There 15 clearly an intuttive appeal to Laymon's suggestion in that 1if a set of
statements of imtial conditions 15 more realistic than another then we
waould expect the former to yield better results when applied under different
circumstances  For example, when physical theory hegan taking into
account the mner structure of the atom, more accurate results were
obtamed 1in all circumstances than in those cases when the derivations did
not. take mto account the mner structure  This, however. 15 a stmple case,
and | imagine that most deasions concerning which set of statements of

idealization assumptions are more realistic will not he so simple

In cases where gahlean idealizations assumptions are involved, we
could have two cases  Suppose that we have two sets of idealization
assumptions I'L and 12, then we could have the simple case where one of
the sets 15 a subset of the other  If [11s a subset of [2, then clearly I1 is the
more reahistic set of idealizations sice 12 involves abstracting away more
causal properties then 11 Thus, the derrvation which involves the use of 11
will be more accurate sice 1t involves a more accurate description of the
initial conditions However, can we make sense of saying that one set of
assumptions 1s more realistic then the other if neither is a subset of the
other” Suppose that we do have two sets of idealization assumptions, and
then proceed to try to give explanations of an event via the construction of
models which use these idealization assumptions  Cartwright writes,

In physies, 1t s usual to give alternative theoretical treatments of the same

phenomenon  We construct different models for different purposes with

different assumptions to describe them Which 1~ the nght model, which the

‘true’ set of equations?  The question 1~ mistake  One model brings out

some aspeets of the phenomenon, a different model brings out others  Some

equations give a rougher estimate for a quantity of interest, but are easier to
solve  No single madel serves all purposes best [p 11]

Cartwright's pomnt 1s that we will use different models to explain different

aspeets of the same event  Thus, we will use different idealization
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assumptions depending on which aspect of an event we are trving to
explain. That 1s, 1if we are trving to explain property X and we have a chorce
of two sets of idealization assumptions, 1t could be that the dervation w hich
involves the idealization assumptions, 11, gives us abetter result then the
derivation which involves the dealizations, 12 However, if we want to
investigate property Y, then the dervation which mnvolves the wdealization
assumptions, [2, may @ive us a batter result than the dernation whieh

involves the 1dealization assumptions, 11 How can this happen”

If the 1dealization assumptions that we have emploved are gahilean
or more spectfically causal idealizations, then 1 and 12 involve 1gnormg
causal properties of an event  The case which causes problems for
Laymon's suggestion 1s the following  Suppose that two sets of wWdealizations
differ simply by a single ideahization assumption  More formally, lot 11= 10
+ S1 and [2= 10 + S2, where cach ST and S2 amount to abstractions of causal
lines In such a case, we would not want to sav that one set of wdealization
assumptions is more realistic than the other, even though one gave a better
prediction than the other for a particular phenomenon  Clammg that one
set of idealization assumptions is more reahstic than the other would
amount to claiming that abstracting away one causal hne is more realistie
than abstracting away another  This would he absurd  An imiportant point
worth noting about this objection 1s that 1t 15 one that Cartwright may find
appealing since the objection only makes rcference to the existence of
causal lines which she grants exist

Consider, for example, models which are used 1 electronies to
calculate the gain of amplifiers Dependmg on whether one wants to
investigate the small signal properties or the large signal properties of the
amplifier, electrical engineers will use different models  The difference
models 15, 1n part, due to the difference i what dealization assumptions
are used. It 15, however, possible to use either of the models to mceasure
both small and large signal properties  The problem s that the model
which 15 useful for small signal properties will give very poor predictions
for large signals, and the the model useful for large signal properties wll
give very poor results for small signals  Thus, 1t seems we have 4 counter

example to Laymon's proposal in deciding which statements of initial
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conditions are more reahistic than another  The point of the example,
however, 15 not merely to provide a counter-example to Laymon's
methodology of determining which set of mmitral conditions are more
realistie than another, but to point out that i <ome cases, it does not make
sense to claom that one s more reahstic than another  The point s
metaphysical and not epristemological If [ am rmght, then there will be no
way of devising a general niethodology for determiming which set ot imual
conditions 15 more reahistic smce nerther s The more general problem
that this poses for Laymon or the realist 1s that Lavmon’s confirmational
principles cannot be used as a defence of reahsm if we cannot determine
which set of nntial conditions are more realistic Now, 1t 1s true that we
an determimme which are more reahstie for some cases, but what will
determine the usefulness of Laymon’s project will be those cases which the
anti-reahist uses agamst the reahst  In ether words, in cases where
physies  provides alternative theoretical derivations of the same
phenomena, are the deahization assumptions associated with each of the
models related 1 the wav | deseribed above” The amphtier example
showed that there exists at least one example of this in physics  Whether

other dernivations are simlar to thas case will have to be deternuned

What | have tried to do i this chapter 1s to consider an alternative
model of confirmation which tekes into account the use of 1dealizations and
approximations, and also consider some possible problems for the proposal
In the first section where 1 considered Van Fraassen's response. 1
questioned whether the anti-realist can explamm whv when we use morz
realistic intial conditions, do we get better predictions  Here, I pointed out
that this condition s unhike the pragmatic virtues which Van Fraassen
constders, and | also pointed out that 1t 1s a prece of scientific practice that
the anti-realist must explaan The anti-realist cannot simplyv respond by
clhunung that there s nothing to be explained, sinee, as Laymon has noted,
i the historv of phvsies we have rejected theores on the basis that more
realistic imtial conditions has led to worse predictions  Moreover, we
constder it a virtue o a theorv it it does vield better predictions when more
realistic timtial conditions are use  There are, however, as | have noted
other wavs i which an anti-realist could respond  The first 1s to come up

with an actual case in which the use of more realistic mmutial conditions will
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lead to worse predictions which 1s perhaps what 15 occurring in the case ot
the exponential decay Taw  We will have to waut until physies can provide
evidence concerning the decay of an atom over long petiods of tune to see
whether 1t actually 15 a counter-example to Lavmon's proposal  Such
ases, in the end, will decide whether Lavmon's proposal 1~ a reluible
indicator for the truth of the fundamental laws A perhaps more sertious
difficulty. however, with Lavmon's proposal 15 to provide a general account
of how to determine the ranking of statements of imitial conditions
Furthermore, even 1f such an account can be offered, 1t s unclear whether
a true theory or realism can explaun why it 15 that when we use more

realistic mnitial conditions, we get better predictions

Chapter 4
Some Concluding Remarks

In the previous three chapters, I have considered several arguments
for the cliaum that the fundamental laws are false I did this by constderig
two anti-realist positions, Van Fraassen's and Cartwright's i chapters |
and 2 In chapter 3. I considered a possible realist response which focussed
on a particular prece of scientific practice  What was considered was that it
appears that we accept theories which yield better predictions when more
realistic initial conditions are used Thus, the focus of discussion has been
whether the use of idealization assumptions can he used 1 a defence of
realism At the end of chapter 3, I offered several eriticisis of Laymon's
proposal which may lead one to believe that realist position 15 hopeless
What I would hike to make clear in this chapter 1s where these positions,
realism and anti-realhism, stand i hght of the arguments which take into

account the use of 1dealization assumptions

In considering this debate, | examined two anti-realist, positions, one
briefly, Van Fraassen's, and the other, in more detail, Cartwright's  [n
proposing these two positions, I considered several arguments for the elaun
that the fundamental laws are false It 15 inportant to note the logie of the

debate which I considered in chapter 2 The purpose of chapter 2 was to try
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to establish the claim that fundamentals are false 1in Cartwright's case or
do not need to be true 1n the case of Van Fraassen, and from there [ tried to
consider ways in which the reahst could respond  What T would hike to do
now s summarize cach of the positions individually and mvestigate

whether the use of ideahizations can be used in a defence of realism

The primary argument I considered from Van Fraassen was the
rejection of one of the reahists’ central tenets, inference to the best
explanation I the wim s 1o argue for anti-realism, the sumple rejection of
inference to the best explanation 1s not enough  The anti-realist must also
show how the whole scientific project 15 rational vet still maintain that
theores or the fundamental laws need not be true  This 18 Van Fraassen's
aim i The Scientific Image  Van Fraassen begins by claiming that the
primary aim of science 1s to save the phenomena'  Recall that in Van
Fraassen's attack on inference to the hest explanation, he claims that the
phenomena underdetermines the theory  In other words, it is, 1 principle,
possible to construct two empirically equivalent yet incompatible theories
[ronically, his argument agamst 1aference to the best explanation quickly
riarses a problem for his own position  The problem is that if it 1s possible to
construct more than one theory which ‘saves the phenomena’, why 1s 1t
that we settle on one theory? Van Fraassen's response 1s to claum that the
reasons why we choose theories that are simpler and have more organizing
power are pragmatic . He proceeds by arguing that although 1t is only for
pragmatic reasons that we choose theories that are simpler, it is still

rational to do so

There are several ways 1in which realists have attacked van
Fraassen's posttion One way is to try to defend inference to the best
explanation  As I stated earlier 1n the discussion on inference to the best
explanation, van Fraassen's rejection of this principle rests on an
observable/unobservable distinetion Many realists have responded by
claiming that such a distinction 1s untenable, and thus there 15 no real
diftference i using the inference i either case  Another way of responding
to van Fraassen 1s to attack his ¢laim that 1t 1s, 1n prinaple, possible to
construct more than one theory which 'saves the phenomena’ such that the

two are meompatible  As I noted earher, 1t 1s questionable whether in fact
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this can be done since van Fraassen never provides anv general argument
that we can construct two incompatible theories which ‘save the
phenomena’ Another possible wayv of responding to van Fraassen s to not
try to defend 1nference to the best explanation, but rather to argue that
under the anti-realist’s construal of what the am of setence 15, the whole or
parts of scientific practice is irrational  The response which 1 considered

from Laymon falls under this category

[ noted, earlier, that for van Fraassen, the am of science 1s to
corstruct a theory which 'saves the phenomena’ rather than discovermg .
theory which is true The response by Laymon which | considered in
chapter 3 can be viewed as aiting a prece of screntific practice which must be
explained The laws of our present theory seem (o satisly the following
condition when we use more realistic imtial conditions, we get hetter
predictions  Morcover, i the past, we have rejected theories because they
have not satisfied this condition  Thus, 1t seems that the anti-realist must
offer some explanation  The problem as I noted i chapter 3 was that van
Fraassen cannot consider this condition as a pragmatic virtue nor can he
consider 1t as a phenomena hke other phenomena such as the trajectory of
a planet I[f the anti-realist cannot provide some rational justification for

why we accept theories on this basis, where does this leave realism?

To answer this question, 1t 1s important to recall one of the final
criticisms | raised concerning Laymon's proposal  Here I elarmed that 1
was unclear whether a true theory actually explains why, when we use
more realistic imtial conditions, we get better predictions  So it 1= unclear,
whether the realist hke the anti-realist can explaan why we get better
predictions when we use more reahstic mmitial conditions 1t such an
account can be offered through something hke a contimuty condition, then
realism seems to be a tenable position at least with respeet to van Fraassen,
since there seem to be several ways of defending inference to the best
explanation, and furthermore the realist can offer a prece of seientific

practice which the anti-realist cannot explain

Van Fraassen's form of anti-realism, however, 1s not the only form of
anti-realism that the realist must deal with  Although | suggested that

Jartwright's argument for anti-realism was similar to van Fraassen's,
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there are tmportant respects with which they differ  First, Cartwright's
rejection of nference to the best explanation does not rest on an
observable/unobservable distinetion, and second Cartwright does not claim
that 1t s, i prineiple, possible to construct more than one theory which
‘saves the phenomena’ Her rejection of the principle rests on a
theoretical/mon-theoretical distinction, and 1t 15 in the case of the theoretical
explanations that we are unwarranted to infer truth  Unhike van Fraassen
who clanns that 1t as, 1n principle, possible to construct mmcompatible
explanations, Cartwright appeals to screntific practice and claims that we
actually provide alternative theoretical explanations for the same
phenomena Note, however, that an deseribing Cartwright [ used
alternative’, and for van Fraassen | used ‘incompatible’  So Cartwright 1s
not even clanmmg that the alternative derivations are mcompatible in fact,
she would not claim that they are, smee she admits that 1t 1s possible to
construct a more general derivation which would capture the alternative

dermvations

Since Cartwright's argument against inference to the best
explanats in differs i this way from van Fraassen's, arguments which
attempt to defend this principle against van Fraassen's challenge such as
those provided by Churchland® and Glymour®!t cannot be used against
Cartwrnight  We should first summanize and make clear what exactly
Cartwright's argument 1s agaunst inference to the best explanation  Recall
that Cartwright cliaums that i physics we tolerate alternative theoretical
explanations, but we do not tolerate alternative causal explanations  Thus,
she claims we are warranted to conclude the truth of causal explanations,
but not theoretieal explanations There are two important ways in which
this argument differs from van Fraassen's  The first 15 that Cartwright 1s
not only clamming that 1t 1s, in principle, possible to construct alternative

eaplanations but rather that we actually do construct alternative

"Paul Churchland, The Ontological Status of Observables In Praise of the

Supcrempirical Virtues, Images of Science, Essays on Realism and Empiricism, pp 35-47

PHClrk Glhvmour Explanation and Realism, Images of Science, Essays on Realism and
Fmpiricism, pp 99-117
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explanations of the same phenomena The <econd 15 that Cartwright does
not claim that these explanations are mmcompatible  The tirst difference s
important because the reahist cannot appeal to the arguments used against
van Fraassen concerming whether we can, m princaple, come up with
incompatible theortes or explanations for the <ame phenomena  The
second difference 1s tmportant because since the evplanations are not
incompatible. this does not imply that there s no true explanation How

then is Cartwnright's anti-realist concluston justified”

Recall that Cartwright never exphicitly expresses what she means by
"alternative theoretical models™, but mstead she offers an example
concerning the exponential decay law  On the most plausible interpretation
of this example, the alternative theoretical models do not actually turn out
to be incompatible "Alternative theoretical models” should be understood
as alternative models which differ according to what dealization
assumptions are used 1n the construction of the models  On this construal
of what i1s meant by "alternative theoretical models”, the models e
constructed within the same interpretation of the theory whether it be the
Heisenberg picture or the Schrodinger picture  This 1s to be contrasted to
alternative models which are constructed via diflerent mterpretations of the
whole theory itself, 1.e. the Heisenberg and Schrodinger picture of quantum
mechanics.

If the models only differ according to what ideahzation assumptions
are used, 1s 1t not possible that there 15 one model that accurately explans
or predicts phenomena which does not contain any dealization
assumptions at all? It is, of course, possible that there 1s such a maodel o
theory, but it is clear that we do not possess such a theory or model at this
moment Cartwright's question to the realist s simply to ask why we
should we be warranted to hehieve that there 1w such a theory or set of laws
Laymon's proposal responds directly to this question  The fact that when
we use more realistic imitial conditions, we get hetter predictions gives
inductive evidence for the clam that if we had the adequate computational
abilities and the appropriate auxihiary theories, we could produce the
accurate prediction
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At the end of chapter 3, T offered several criticisms of this proposal
Cartwright could respond by ating the exponential decay law, which
appears to be a counter-example to Laymon’s proposal  The law is peculiar
hecause even though ideahzation assumptions and approximations are
used 1noats dervation, 1t sull gives accurate predictions  Furthermore,
when we use more realistic imtial conditions, we get worse predictions
The question which remains to be answered 15 whether there 15 a fortuttous
cancellation of ideahization assumptions n 1ts dervations  Since we do not
have the answer to this question, this example, at the moment, cannot be
used as a counter-cxample to Laymon's proposal  The two other difficulties
which I mentioned 1 chapter 3, however, should pose more serious
problems  One of these difficulties was that for Laymon's principle to be
appheable, we must be able to make sense of what 1t means for a set of
mitial conditions to be more realistic than another In that section, I
oftered an example of a case i which we could not say that one set of mitial
conditions 15 more realistic than another. Although I grant that there are
many cases i which we can make sense of when one set is more realistic
than another, I do not grant that we can in the important cases What do [

mean by the important cases?

[ take 1t that the purpose of Laymon's proposal is to respond to
Cartwright's challenge since he makes several references to Cartwright's
arguments in the processes of developing his proposal If so, then the focus
of attention s on these cases in which we find alternative theoretical
explanations, and we still do not have one explanation which captures the
advantages of both explanations since 1t 15 these cases which Cartwright
uses to argue for her form of anti-realism  If these examples are similar to
the one 1 deseribed for which we could not say that one set of 1dealization
assumptions 15 more realistic than the other, then 1t would seem that
Laymon's suggestion cannot be used against Cartwright However, if we
can tell which set of idealhizations is more reahstic than the other, then
perhaps there 1s a response to Cartwright. 1 say, perhaps, because as [
mentoned carlier in discussing van Fraassen, until the realist can explain
how «w true theory explains why when we use more realistic imtial

conditions, we get better predictions, Laymon's proposal cannot be used to
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defend realism. Where does this leave realism wiath respecet to Cartwright”?
Recall that the argument which I summarized above 1~ not the only
argument which Cartwright provides aganst the realist  In her other
argument, she concluded that the tfundamental laws cannot deseribe the
facts Therefore, the realist must not only rebut the argument concermng
there heing alternative theoretical explanations, but the realist must also
rebut the argument against the facticity view of the fundamental Liws
Creary®>, for instance, provides a way in which we could mterpret the
fundamental laws which seems to responds to Cartwright's challenge
The point 1s that if the realist is to provide a full response to Cartwright, she
must respond to both of her challenges

On a final note, although 1 have spent the majority of this thesis
attacking realism and investigating the role which idealizations play n
this debate, my intent was not to argue for anti-reahism  Instead, the intent
was to try to make clear what must be done to argue for realism, and more
specifically what must be done 1n terms of appealing to the use of
idealization assumptions in a defence of realism.

S5Lews Creary, Causal Explanation and the Reality of Natural Component Forees
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