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We donot arrive at ‘one’ system of science that could take the place dfé¢laé
world’ so to speak; everything remains ambiguous imrmany ways uncertain.
Otto Neurath

1 Introduction

In 1935 Otto Neurath penned these comments in dpem‘Unity of science as a
task’. A passage introducing the paper remarkssitiahtificpeople aim at a common
procedure of inquiry by which to better understéimel ambiguities and uncertainties
of our world. But he asks, “Is this uniformity thegical consequence of our program?
It is not; | stress again and again; | see it &sstorical factin a sociological sense”
(Neurath, 1935/1983, p.115). For Neurath unity@éisce was indeed a task, a goal.
Unity in procedure of inquiry is crucial for und&sding one another — and for
making sense of the very uncertain world in whianlive. But we do not arrive at it
by discovering some small range of fundamental tyide principles of the world. It
is this view of unity that resonates with the focfishis paper, a view that attempts to
make sense of the domain of scientific inquiry whdbing justice to the ambiguities

and uncertainties that science necessarily leaviesaied.

As a means to this general end, this paper takesug from Nancy Cartwright’s
(1999) The Dappled Worldit presents a defence of the view that the wrld/hich
we live — or rather the world given to us througfestific investigation — is probably
at best described by a patchwork of laws with dosaif limited range. Given this
conception, the hope of uncovering some unifyingo$echaracteristics of the world

! Neurath (1935/1983).



could be dramatically misplaced: for all we knowrthis no simple set of underlying
laws that describe these different domains. And ame better commissioned to
examine the world as it is revealed to us — viemarfumental) set of often disjointed,
sometimes converging, pockets of understanding. Windd revealed to us through
scientific investigation is a dappled one. We mbgcteto bring this world together
under a unifying umbrella of scientific activityutbany such unity results from

deliberative actions of scientists themselvesTAs Dappled Worlduggests,

What happens is more like an outcome of negotidbemveen domains than
the logical consequence of a system of order. Eppléd world is what, for
the most part, comes naturally: regimented behaviesults from good

engineering. (Cartwright, 1999, p. 1)

Many reject this point of view, claiming that theast number of successful
applications of scientific inquiry point in the dation not of some messy patchwork,
but to a much more pristine and elegant set ofdomghtal laws applicable across the
multifarious domains of scientific inquiry. Thes®ndains may not be unified in
contemporary science, but we are warranted in hgldut for the belief that they are

in fact describable by a simple set of laws.

The present paper considers criticism from Shel@wnith? He locates his
discussion in classical physics, forgoing the quantdomain. This restriction of
scope suits our purposes just fine: if scienceipges/a patchwork of local domains of
analysis treatable locally then it seems we hatldmssider problems that arise within
individual, narrowly defined domains one by onéneatthan assuming one sweeping

philosophical account.

Smith argues that classical physics exhibits @meht of unity which the
dappled view- the view defended here — overlooks. Thus rathen challenge the
dappled view in one global swipe, he attempts hip'‘@away’ at it by indicating where
it fails to account for important unified relatio@snong, what he takes to be, sub-
theories of classical mechanics. Moreover, he dratention to a potential problem

for the role stock models play in Cartwright’'s defe of dappling. In this paper we
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address the unity Smith claims is overlooked akd tn opportunity to clarify certain

features about stock models.

2 Warrant and the stretch of laws

The great virtue of our best physics theoriesihedeir claims to truth via the success
of a huge number of precise empirical predictidthawever, the cost of this virtue is
the limitations on the domain we are warrantedsign them. Let us consider.

The no-miracles argument numbers among the mostaler® arguments in
favour of the truth of scientific theories. The argal success of our best scientific
theories, the argument goes, would appear to beaglenunless we assume that those
theories are true. If we are to take this argumsenbusly, then we only have grounds
for believing that our best theories are true witthose domains in which they are
empirically successful. Even the best of our sdiertheories are successfully applied
only to relatively rare situations in the real wbrAnd many of these are situations
that we devise within the walls of our laboratorias within the casings of our
technological artefacts. The situations that ospamtaneously in nature and in which
we have been able to make precise, successfulcpiceti are few and far between.
This gives rise to the view that the world couldliwee described at best by a

patchwork of laws.

To illustrate this point,The Dappled Worldborrows an example from
Neurath—a thousand-dollar bill swept by the windSaint Stephen’s SquateCan
we model the trajectory of the bill dropped frone ttathedral? Not likely. Could we
model itin principle? The argument defended here is that empiricalesses in
classical mechanics at predicting the motion obbject cannot warrant the belief that
these same laws of classical mechanics — or nresply, point particle mechanics
— govern the behaviour of the bill. If the theorged not provide the resources to
construct a predictively successful model of thastipular situation then we are not

warranted in claiming that it falls under the lamssthey are specified. No model. No
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laws? It is blind faith to say that we can model it irinziple based on the scope of

confirmed assignable force functions in classicathanics.

According to Newton’s second law the total forcetbae bill is equal to its mass
times its acceleration. But to say merely thatehame forces acting on the bill is too
abstract to tell us about the situation. Any suebcdiption will apply only with more
concrete statements about the particular forcesoak. And these descriptions are
provided by the stock models of the theory. Forngxa, one of the basic stock
models of point-particle mechanics tells us thatuasupported object of massin
the vicinity of the earth will experience a fordensagnitudemg towards the centre of
the earth. So these models provide us with bridgeciples to apply abstract
theoretical concepts like ‘force’ to concrete sitoias. Since the bill is an unsupported
object in the vicinity of the earth, the bridge mmiple tells us that there is a

gravitational force on it.

However, point particle mechanics does not seelmat@ a bridge principle that
allows us to associate a force with another cruwaake acting upon the bill: the wind.
What point particle mechanics provides us then igpaatial model requiring
supplementary information describing the effect tbé wind as a force. This
information could perhaps be provided by fluid dymes, given answers to the right
sorts of questions about the conditions within \Whize bill was dropped, what shape
or state the bill was in, etc. We should howevemiagy of assuming that we can
always describe the conditions of the bill in tight way — a way that allows us to
assign a force function to the wind via a bridgen@ple. That's because the
floppiness of the bill and the irregularities of gurface would make the distribution
of lift around its surface at each moment pradycehpossible to describe with the
set of stock models given in fluid dynamics. Afigtively we could construct a
model in which the force that the wind exerts om il at each instant is set equal to
the total force on the bill minus the force duegtavity so that the direction and
magnitude of the total force on the billtas deduced, via Newton’s second law, from
the direction and magnitude of acceleration oftditleat t. This model might describe

the motion of the bill quite accurately. Its deptivie success, however, cannot be

* Of there are laws functioning, but we have neigpecified them, nor therefore, located the theory
that gives the form of their application.



evidence for Newtonian mechanics because the assignof the force function to

the wind is purely ad hoc.

What is true of the bill is true in physics in geae It is usually only in very
special circumstances that predictively successfatlels can be constructed in a
principled way from the resources of a single thedihese are cases where all the
factors relevant to the targeted features of trenpmenon fall under the concepts of
the theory, and of the same theory. In general me theory contains enough stock
models to go beyond simplified situations. Modelaynof course be fine-tuned to
represent particular circumstances, but such dioorecare generally ad hoc, often not

given by any theory let alone one single theory.

Smith’s paper argues that Neurath’s bill can,rin@ple, be treated in a single
theory. That is because it can be properly treatgd the combined resources of
point-particle physics and fluid dynamics, and thdéso are not really separate
theories. They are actually instances of a moreergnsuper theory: classical
continuum mechanics (CCM). Moreover, CCM utilized a limited number of stock
models with a limited scope but a huge (perhapsite) number of principled models

that are not ad hoc. This is because it providedetsoonly in a trivial sense.

3 Unification: the success story

As Smith describes it, CCM contains two main kimdsequations. First, there are
general principles, which describe abstract phydaas and apply to all materials.
Second, there are constitutive equations, whickrdesthe mechanical behaviour of
specific classes of materials. As an example oérernl principle of CCM, Smith

mentions Cauchy’s first law of motion:
oTilox + phbi = ,O(d\ﬁ/d'[)

Smith notes that jTrepresents the stress tensor, whileepresents body forces acting
on the bill. This is crucial because locating bdtle contact forces and the
gravitational forces in one equation precludes nioion that one must draw on
models from different theories. Smith takes it thmith the stress tensor and

gravitational forces are utilized, but he arguésgdées not thereby follow that we are



bringing to bear two different theories. All of shtiakes place within the framework of
CCM centred around Cauchy’s laws” (Smith, 200168)4

This unification is nice. As Smith claims, CCM prdes an abstract framework in
which to bring together causes of motion otherisgarately treated in point-particle
mechanics and in fluid dynamics. And it providesvay to show how to calculate
what happens when both kinds of causes act at dmoesover it is well confirmed
across a variety of cases where both kinds of saase simultaneously. This last
feature is important because it provides warranttifie formula ‘as a whole’ and
hence for deductive predictions that follow frone tformula when both kinds of

causes are at work at once.

Perhaps it is well to explain this last virtue i@ detail. In thinking about the
travel of warrant from past predictive successdsyfmtheses about new applications,
we might face a version of an old problem that desgly besets theories of
confirmation. Cauchy’s formula reduces essentidalyf = ma in point-particle
mechanics whenever; Ts zero. It hence makes a huge number of accdeatactive
predictions for these cases. Similarly it reducgsah analogous formula in fluid
dynamics whelp; is zero and hence can count a huge number of Kiede of cases
as predictive successes. Nevertheless we wouldvaot to allow warrant to travel
from the union of these two sets of successeswocases where neither quantity was
zero without a large number of additional succedsesases where both kinds of
causes are at work at once. Happily these areadaibnd where available we have

warrant for ascribing successful application of tinéfied theory.

4 The open question

The question then remains: can CCM, as charactebyesmith, treat Neurath’s bill?
CCM, as Smith portrays it, provides a theory tregalibes the accelerations of bodies
that are subject both to stresses — the causeasdtndluid dynamics — and to bodily
forces — the causes studied in classical partigehanics. Does that mean that (pace
relativistic and quantum considerations) at leastaa as accelerations are concerned
we have a single theory that will cover every caseluding Neurath’s bill? That
depends.



What is important for this question is that, as tBnpoints out, Cauchy’s laws
themselves “are not sufficient for tracking the iotof any system because one does
not know anything about what the stress-tensorsieete or what body forces might
be acting on the medium” (Smith, 2001, p.462). Tikait is not until the constitutive
assumptions are added to describe how to assigttidnal forms to the relevant
stress tensor or body forces that the laws givaaréicplar domain of application.
These principles in CCM are in our vocabulary thedge principles’ of the theory,
connecting specific descriptions of situations andterials (the stock interpretive
modes of CCM) with the functional forms of, Bind b that are supposed to apply

when the descriptions obtain.

The constitutive principles matter: the strong aatrthat can be accorded the
predictions of CCM depends on them. They fix thendm in which Cauchy’s laws
have the kind of strong warrant that is demandeghwysics and they thus fix the
domain of application for these laws. Can the stowdels associated with these

constitutive principles describe all the causeaamkeleration that occur?

Phenomenologically the causes of acceleration rdefinitely various. Prima
facie it seems unlikely they can all be properlgatded by the very restricted set of
stock models available. The past history of suasssd failures at bringing real
situations under the purview of these models caullyhalecide: there are notable
successes and there are hosts of failures. Théepnab that even when the resources
of those two theories are successfully pulled togetwe may not be able to construct
a predictively successful model of the situatiom,atiherefore, we would have no
evidence to believe that the motion of the dolldirib Saint Stephen’s Square falls
under the jurisdiction of CCM.

Smith knows this. He suggests the initial condgiavould make it unlikely that it
would, in fact, be possible to model the event. &theless he wants to argue, along
with others, that this would still be possible inngiple because Cauchy’s law with
the relevant constitutive equations contains teamsounting for both gravitational
and contact forces. Smith wants to suggest thasubsuming fluid dynamics and
point particle mechanics under CCM there is a uttigre. We do not wish to deny
this. Our worry is that this unity is not warrantied application beyond the domain in
which its stock models have proven themselves. fingandividual theories under a

more abstract notion can be fruitful in unifyingstilnct efforts in scientific inquiry,



but it does not warrant the application of thattietes beyond the stretch of its bridge
principles, or in the case of CCM, beyond the stretdf its constitutive principles. We

are consequently left with nothing like the unitiggested by Smith, but rather with a
unified theory that is warranted only over a muctaer domain than he supposes.

5 Stock models and thedappled view

Smith’s second concern is over the distinction leetwad hoc models and principled
ones. According to Smith, there is no uncontroatnsiay to single out some of the
models of CCM as its stock models. If science giaepatchwork of developed
theories each with a limited number of stock moddlen we need an account of why
certain models get to count as ‘stock’. Smith sstg¢hat Cartwright (1999) leaves
this account unclear, but that it potentially rel@n three bases. First, one can look to
something like a canonical list, for instance adisnstructed from a text such as R.B.
Lindsay’s, which Cartwright herself cites as a seuof stock model3.Second, one
could consider scientific use, wherein past modgllsuccesses give warrant for
adopting specific bridge principles. Third, one camsider non-phenomenological
models, which suggests that all legitimate scientiiodels are given directly by
theory. He finds all three of these potential bgz@blematic. We consider the first

two proposals in this section and the third inrie&t section.

Smith argues that looking to a textbook is cleaty a principled way to single
out some models as stock models. We agree. We gadrtbook to learn what the
principles of a theory are, but that does not skiswvhy thosere the principles of
the theory. A model is not a stock model becausgeiitcluded in Lindsay’s textbook.
Rather, a model is included in Lindsay’'s textbo@cdwuse it is taken to be a stock
model.

Smith also notes that, in the Section “Forced Cawmhs of a Dissipative
System”, Lindsay introduces as an external foreeftiiceFoe“, which Smith calls
the ‘Lindsay equation’. If all models included inndsay’s text were stock models,
then, Smith argues, since &dwy are arbitrary constants, we would allow: “[...] any

(odd) piecewise-continuous function of time (on ithierval from tto 1) to count as

® Lindsay, R.B. (1933 [1950]Physical Mechanics3® ed., London: D. Van Nostrand Co.



a principled force function derived in a principledy from this stock model” (Smith
2001, p.467).

It may look, at first sight, as if a bridge prinlgpis presented here: ‘when a
dissipative system is subject to a forced osailtait is subject to a forcB.e %", but
this is not correct. The Lindsay equation represengeneric force that drives the
oscillatory system, not any specific force. In othweords, the Lindsay equation
represents a wide range of forces that might bamndyithe oscillations. We are not
told whatthe force is. We are simply told its abstract fana, as Smith stresses, this
Is not to be told very much at all, since almost eancrete function can be cast into
this form. So, in fact, no bridge principle is givheere for assigning a concrete force
function to a dissipative system subject to a fdroscillation. We are hardly even

given a constraint on what any such force functiwst look like.

Second, Smith argues that if one relies on scienige to fix what stock models
are, then since Lindsay’s text provides a canoristlof usage, use as a basis for
selecting stock models falls to the same objecti®nhe first. Scientific use does not
limit the range of stock models because those rsoddébw an unlimited range of
force functions, and thus any cause that contrébtdeacceleration can be modelled
within the theory. As we noted above, in classpaticle mechanics, for example, if
X represents the total force function that can Iségasd to causes using other bridge
principles of the theory, the remaining causes lbarrepresented by the function

f=ma-x

But the lessons of successful prediction — the kiofpredictions that speak for
the truth of the theory — point in the oppositeediion. In order to develop a new
model for classical mechanics, it is not sufficiemfput forward one of the infinitely
many possible force functions that are compatilith Wewton'’s laws. We also need
to associate with that force function a more cotecdescription of the circumstances
under which a body is subjected to that kind otéorThe role of stock models in
classical mechanics is exactly that of providinguith a more concrete description of
the circumstances under which a body is subjeated force given by a specific

function.

Stock models are well established when they haes Iseiccessfully applied to

concrete situations via bridge principles time &ntke again. The current set of the



stock models of classical mechanics may not (anbdaily does not) exhaust the set
of all possible stock models. In principle, we mniigie able to develop new bridge
principles associated with new ‘stock’ models ttedit us what the force on a certain
body is when the new stock models apply, but umtildo so we have to resort to the
set of well-established stock models. On our vieentthe only way to warrant the
claim that it is possible to construct a principteddel for the force of the wind on the
bill is to show how such model can be constructed principled way and showing it
to be successful. Anything short of this would seembe nothing more than a

promissory note that for all we know is likely te foid.

Smith, however, follows a different strategy. Rattlean try to show that CCM
provides us with the resources to construct a gied model of the wind-swept bill,
Smith argues that no model of CCM is principledour sense. This, according to
Smith, is for two reasons. The first is that CCMeslmot operate with stock models.
There is only a set of general principles with viahamy constitutive equations must
comply. Even though most continuum mechanics tegts a few tractable examples
in detail, the standard practice in CCM is that agation that adheres to these
principles is an acceptable constitutive equatmmulse in modelling. But there will
be infinitely many such equations. So, there arenboto be the ones needed for
Neurath’s bill (Smith, 2001, p.471).

This fits very nicely with his treatment of the Hsay equation in classical
particle mechanics. We have argued that the Lindsgyation does not figure a
proper bridge principle since it does not specifgoacrete functional form for the
force causing the oscillation. But it does constrihie form of this function to some
extent, and hence fits Smith’s conception of a ganeonstraining principle. The
second objection that Smith makes to taking model€CM as principled in our
sense is that, according to him, in CCM there arguides for applying constitutive
equations, except for completely trivial ones sash‘if the material is a Hookean
elastic solid, then apply Hooke’s law’.

Smith’s first claim seems mistaken. Classical ganim mechanics has a set of
favourite constitutive equations that regularly daza counted as confirmed bridge
principles. Textbooks in continuum mechanics uguallovide their readers with
constitutive equations for a variety of classesraterials, which typically include

non-viscous fluids, Newtonian viscous fluids andokean elastic solids (cf. Fung
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1969, Ch. 7 and Spencer Chs. 8 and 10). And eatttesé has been repeatedly used
with successful prediction and hence has claimetmbluded among the principles of

the theory.

In fact, the development of what we call stock nmeder specific classes of
materials seems to be one of the main aims of mamin mechanics. As one textbook

puts it:

The problems of continuum mechanics are [...] of main kinds. The first is the
formulation of constitutive equations which are que to describe the
behaviour of various particular materials or classematerials. [...] The second
problem is to solve the constitutive equationscamjunction with the general
equations of continuum mechanics, and subject tprogpiate boundary
conditions, to confirm the validity of the constitte equations and to predict and
describe the behaviour of materials in situationsictv are of engineering,

physical or mathematical interest. (Spencer, 1p02-3)

Admittedly the first of these two tasks is not §aaccomplished, so bridge principles
are hard to come by. If there are few real bridgeciples in CCM this is due to the
fact that finding the right constitutive equatiar & certain kind of material in certain
kinds of circumstance is a formidable task, notthte fact that the theory can do
without them and still have within it the resourdesprovide principled predictions

for new cases.

To get a sense of the difficulties in devising gedorinciples in CCM, consider
the case of Newtonian fluids. The stress-straiati@iship of a Newtonian fluid is
specified by the equatioms = §9d; + Dy Vi, WwhereDjy is a tensor of the viscosity
coefficient of the fluid and is the rate-of-deformation tensor. (Note that wkigre=
0 the constitutive equation reduces to the oneaforon-viscous fluid considered

above.) As another textbook of continuum mechamatss:

For Newtonian fluids we assume that the elementhetensoDjq may depend
on the temperature and density of the fluid, but o the stress or the rate of

deformation. The tens@jy [...] has [...] 81 elements. Not all these constangs a
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independent. A study of the theoretically possiblember of independent
elements can be made by examining the symmetryepiep of the tensorsj,
Vi, and the symmetry that may exist in the atomicsttution of the fluid. We
shall not pursue it here because we know of nal ftbat has been examined in
such details as to have all the constants in theoteDjy determined. (Fung,
1969, p. 129)

In most cases, a highly simplified version of th@owe constitutive equation is
actually used. The rationale for using this equmaisothe assumption that most fluids
are isotropic. For a fluid that is not isotropi@ ttheory does not have the resources
within itself to predict its behaviour. The shomagf bridge principles is a severe

handicap in applying the theory.

Consider now the second objection. Even if in COMré¢ is a constitutive
equation for a Newtonian viscous fluid, Smith mains, there seems to be no bridge
principles except for trivial principles such aséuthe constitutive equatiaf = —-J;

+ Dju Vi, for a Newtonian viscous fluid’. However, evenstlulaim is not entirely

correct. In introducing Newtonian viscous fluidse tSpencer textbook tells us:

In experiments on water, air and many other fluidis, observed that in a simple
shearing flow [...] the shearing stress on the sipémmes is proportional to the
shear rates, to an extremely good approximation and over & wéde range of
shear rates. This behaviour is characteristic dfetonian viscous fluid [...].
This model of fluid behaviour describes the mectamroperties of many fluids,
including the commonest fluids, air and water, vem®ll indeed (Spencer, 1980,
p.116).

Moreover the Fung textbook tells us:
Air and water can be treated as nonviscous in rpaolylems. For example, in the
problems of tides around the earth, waves in tleaocflight of an aeroplane flow
in a jet, combustion in an automobile engine, etxc¢ellent results can be
obtained by ignoring the viscosity of the media &edting them as a nonviscous
fluid. On the other hand, there are important geotd in which the viscosity of
the media, though small must not be neglected. Sarehthe problems of

determining the drag force acting on an airplanieetiver a flow is turbulent or
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laminar, the heating of a re-entering spacecraft, ¢ooling of an automobile
engine, etc. (Fung, 1969, p.129)

So if in CCM there are no strict bridge principteat associate a certain constitutive
equation to a certain specific material, one reasdiecause in different situations we
may use different equations for the same matehialand water for example can be
represented as Newtonian viscous fluids as wellasviscous fluids depending on
the problem at hand. But this is not to say that bompletely different constitutive
equations are assigned to the same material iardiff circumstances. As we have
remarked above, the constitutive equation for a tdeian viscous fluid reduces to
the one for non-viscous fluid when the viscosity tbé material in question is

negligible.

The mechanical behaviour of real materials is d@®eand complex and it would
be impossible, even if it were desirable, to foratelequations which are capable of
determining the stress in a body under all circamsts. Rather, we seek to establish
equations which describe the most important feadfitbe behaviour of a material in
a given situation. Such equations can be regardedefining ideal materials. It is
unlikely that any real material will conform exactb any such mathematical model,
but if the ideal material is well chosen its beloavi may give an excellent
approximation to that of the real material whichmbdels. The model should be
selected with the application as well as the maltan mind, and the same real
material may be represented by different ideal ned$ein different circumstances.
For example the theory of incompressible fluidsegian excellent description of the
behaviour of water flowing through pipes, but it useless for the study of the
propagation of sound waves through water, becausté sound-wave propagation a
model that takes into account the compressibilitwater is essential (Spencer, 1980,
pp.104-105).

Smith’s denial of the existence of stock models andstitutive equations in
CCM may derive from the fact that the Lindsay téxtan advanced and highly
abstract textbook. It can thus assume the readalready familiar with the stock
models of continuum mechanics. It can also asshatelie reader is familiar with the

stock models of both particle and fluid mechanwdsich it encompasses.
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Let us be clear in closing this section exactly iwva take to be the selection
criteria for stock models. Bridge principles asateia stock model with a theoretical
description, so the stock models are the onesajpaear in bridge principles of the
theory. Their admissibility of the bridge principlées determined in the same way as
that of any theoretical principle. Different metlodmljists have different views about
what makes a principle admissible and we would tiketay neutral about that for our
purposes here. We do at least though want to sthegsempirical confirmation is
crucial (with all the usual caveats that no prifeig confirmed in isolation, etc.).

Beyond admissibility, we can enquire abasiefulnessHere it is important to
consider both ends of the bridge principle. Tha@ple will be of little use if we do
not have some independent ways of deciding if tbeehin it fits a given situation.
Think back to our discussion of air and water. # tnave no idea when air or water
can be described as a ‘Newtonian viscous fluidhthaving a bridge principle that
tells us thatg; = p3g; + Di Vi is a Newtonian viscous fluid will not be of muceu
At the other end, the principle will be of littlesel if the theoretical description is not
specific enough to allow us to do calculations. sThappens for instance if the
theoretical description has system specific consteamit that we do not know how to

evaluate, or if the functional form is not spedifieut only loosely constrained.

The two features, admissibility and usability, a unrelated though. For if a
principle is not very usable, either because waalohave good cues about where it
applies in the world or because it does not givepacific enough theoretical
description of the situations to which it appligsyill be equally difficult to confirm.
And we reiterate: in our view theories can onlytéleen to stretch as far as their well-

confirmed principles can take them.

6 Phenomenological models

Finally, we should like to address a possible migustanding — Smith’s discussion
suggests the demand that the domain of a theoget®mined by the range of the
stock models may put a stranglehold on developwietiteory.

Smith’s construction of Cartwright’s argument sed¢mbe the following,
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» All proper science appeals to a small set of stacklels, which provides
the pool of legitimate models that fix the domairhe theory.

 We can find these models in a canonical text likedtay's or look to

scientific use.

* Phenomenological models cannot number among thek §tool, which

means that all legitimate science is given by ptetdated theories.
These features allow Smith to conclude,

* If no legitimate models come via phenomenologicaisiderations, then
none of science can count as legitimate since, Eweodel used by
classical mechanics is merely phenomenological’ifgrd001, p.469).

* The dappled view then is too restrictive.

Smith’s criticisms are helpful in that they diredtention to the need to explain what
makes a model legitimate. However Smith’'s suppmsitthat phenomenological
models cannot be — or cannot become — stock mdalelsur arguments to succeed

seems mistaken.

Few philosophers of science would be willing to gesg that all legitimate
scientific modelling proceeds only from establistieeories. Certainly this is no part
of the view defended here. Cartwright, Showmar Sodrez (1995), for example,
argue explicitly that, “a theory-driven view of mald can not account for common
procedures used by scientists to model phenomenilZ). Using the example of the
London brothers’ pre-quantum model of supercongitgtin the 1930s, they argue
that phenomenological considerations generate itapbinstances of scientific model
construction. That model provided an equation defin the domain of
superconductivity that, “greatly influenced the dieypment of theoretical treatments
of superconductivity for very many years afterwargsid). Existing theory had not
been able to account for the Meissner effect, wheclithe sudden expulsion of
magnetic flux from a superconductor when cooledWwelts transition temperature”
(ibid, p.144). The London brothers made dramatihad corrections to the existing
electromagnetic model to account for this phenomefibe resulting model came to

be a stock model for a superconducting materialeéstromagnetic theory at the time
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(defining the domain of superconductivity), and Was generated by

phenomenological considerations.

The distinction between phenomenological and thealemodels is intended to
indicate that stock models do not simply derivarfrexisting scientific theory: they
are also legitimated by phenomenological consiaerat However presenting the
distinction this way is too strong to account foe tdevelopment of actual model
construction in science. As Margaret Morrison (1988s suggested, there are never
strictly theoretical or phenomenological modelst &l have elements of both. This

seems to be in line with the intent of Cartwrighélke (2005), who write,

Our scientific understanding and its correspondngge of the world is encoded
as much in our instruments, our mathematical tepgles, our methods of
approximation, the shape of our laboratories, anel pattern of industrial

developments as in our scientific theories. (p.138)

Cartwright et al. certainly do not advocate a viewscience that holds all legitimate
modelling derives from established theory. Suce#sabdels often incorporate both
theoretical and phenomenological considerations.nWst be careful, though, about
what ‘success’ means in these claims and whatvisllvom it. The London model
was successful in that it accounted for the phemame and for a while it was the
standard model. But it involved the use of funcsioforms for the electromagnetic
field that were not at the time licensed by briggeciples from a description of a
superconducting material that could be assignedingependent means. The
description of superconductors as ferramagnetgshadunctional forms suggested,
were ad hoc. So in this case the theory was showbeat to accommodate
superconductivity, not to ‘predict’ it. Correlatiyethe ‘success’ of the model did not
count for much in defending the truth of the theoS§o models involving
phenomenological elements can be very successddcaimmodating phenomena, as
well as at a variety of other tasks. But these ss®es are no indication of the extent

of the warranted claims of the theory.

Nor does the view here imply that theory sets tiscls models as static.
Sometimes we learn that the same model works regilgafor the same kind of
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situation. In that case a new bridge principle d@n added to the theory, thus
expanding the set of ‘stock models’. The London eteag@ems a good example in that
it became included among the stock models of casetbrmatter physics. Thus
through successful application a phenomenologicalehcan come to be principled.
There is nothing about the view here suggestingttieories are not revisable through
scientific practice and the success of a phenorogiual model can be a good source

of suggestion for changes to the theory.

7 Conclusion

Smith proposes three bases for stock models. Cemsgohis third suggestion first,
one need not hold that stock models must be derik@d existing theory. This
contradicts Smith’s claim that according to thewigefended here legitimate science
proceeds exclusively from a set of well-articulatiedories. Second, Smith is right to
suggest that the proper place to look is to sdienise: there is no guide to principle
except successful practice. Stock models are tliose appear in the bridge (or
‘constitutive’) principles of the theory. So theeagtion of what legitimates a stock
model is really a question of what legitimates a&dp principle. And we have
stressed one sine qua non: bridge principles (tatigé principles) are principles of
theory. They at least must be empirically well ¢gonéd by the repeated success of
predictions from the theory that use the principlean essential way. Successful
modelling provides a pool of stock models. These lwa generated through a mix of
phenomenological and theoretical considerationsphae a model becomes stock, it
gives principled applications of relevant functiasfsa specified scope. It can affect,
moreover, the structure of the theoretical backdtsglf, which is not unrevisable.
Third, any reference to a source like Lindsay’st teverely indicates one place we
might look to find what our stock models are.

Our argument does not deny that CCM can encompass-article mechanics

and fluid dynamics. Rather, we wish to point owtttim moving to the super-theory,

® Though they of course become part of the theargesthe constitutive and bridge principles are
essential to it.
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the situation does not change substantially. It lnaises, we have laws that involve
abstract concepts. In the case of Newtonian meckahie concept in question is
force; in the case of CCM, the concepts are thdsgtress and contact force. The
situation with respect to these abstract concept®i substantially different in CCM
than in Newtonian mechanics. In CCM, as in Newtonmaechanics, we apply the
abstract concepts of the theory (stress tensotacbforce) by means of stock models
(Newtonian viscous fluid, non-viscous fluid) ane tissociated bridge principles. The
range of its stock models used in proper succegsédiction fixes the domain over
which the theory describes. And so far as we carntlsere is little positive evidence
that the stock models of any one theory can coleha causes that make an object

move.

Smith takes himself to be showing that classicaysms has a much larger
domain than our view suggests. But his worry isptaised: the domain of physics is
as wide as the successful application of its modeitsonstrates. This will remain the
same in the picture we defend here as it does thSnunity picture. An important
difference however is that tltappled viewavoids any pious hope that the successes
of the scientific enterprise can somehow warraaihts beyond the scope determined

by those successes.

We began this paper noting that Neurath proposednaeption of science that
resonates with the view defended here. Of courgeyrdh dealt with questions that
were pressing in his own time. His target, in gahevas metaphysics, understood by
him to be unexplicated notions that misleadinglyreveaken to provide a scientific
understanding of our world. Our focus is distifabugh connected. The unity Smith
argues for indicates a successful unification adradic endeavours under the abstract
principle of a single theory, CCM. However, thatagtfcal unification does not
warrant application beyond the domains in whichhaee had empirical success. Like
Neurath, we argue that unity does not give us a single set of principles from
which to interpret the ambiguity of our world. Urdtion comes from the empirical
successes of science. And the warrant we are axtaddes not go beyond the
domains of that success. Neurath’s bill blows i& wind and it may or may not be
governed by CCM or by any future theory that weehatrong empirical reason to
hold true.
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