JOHN WORRALL (*)
Models versus Mathematics?

Dubemn's book Tt Aise and Stomctare of Piysicai. Theory
mmmﬂmmmq)mu-.u-wmdw'r&m‘hmnrym
for philosophy of science. For examgle, the * Dubem Problem ™, the fact that
no single theory is testable *'ia isolation” from & whole group of ausiliasics,
s still 3 central conceen for those involved with the selationship of theory and
cvidence.  Again, Duhem developed an * anti-tealise * view of scientific theo-
tics which is a focus of renewed attention and to which recent snti-sealises have,
in. my apinion, added litde if anything (1). And fally, 15 the announcement

Duhem who introduced

and of the compartive importance of model and mathematical considerations
in the development of physics,

T mast say, however, that I regard Duhem's discussion of models as the
least succsssiul part of his book: severn] claims which cught to have been kept
distines are in fict conflated, and theses which start out clear but clearly wrong
are latee o qualified a3 1o become not clearly wroag, by vistue of not being
dleat, 1t is linle wonder then thar Dubem's posiion on the companuive role

% t confusion throughout the subsequent debates —
at any rate in the methodological and philosophical literature.

the most wseful seevice T could perform at this confercnce, thercfore, was to go
Back to the beginning, back 1 Dahern's treatment and try to clarify it by extme-
ting and sharpening the different claims hidden within it, The conclusion that
1 come 1o i perhaps somewhat disappointing: that there is Tather fess to this
models/mathematics debate than moets the cye.

1. ScoNmFIC AEVOLUTIONS AND DUIEM'S ALLEGED INSTRUMENTALISM

by understandiog what seems to me ta be the single mose
factor in Dubea's whols fntelleccual position. Like his contensporicy,
Poinearé, be sw clearly that if we interpret sclentific theades realistically or,
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25 he would have put it if we interpeet them in temms of & metaphysical system,
then we st admit that there have been the most radical revolutions in science.

Taking optics s an example, very carly science (perhaps pre-science) saw
Jight as same sort of immaterial offminms, early modern scicnce saw ft a3 minate
matetial particles fired machine-gun fashion from luminous sources, eadly
and mid-19th century science saw light as  distusbance in an all-pervading
elastic medium, then this was repiaced by the idea of light a5 3 changing eleciro-
magnetic ficld, and finally (although this was just afier Dubem) by the idea of
photons. obeying aa ¢atizely new quantum meehanics. Science has spparcatly
ehanged its collective mind about the underlying nature of light quite mudically
and quite ofien. - But beacath these madical changes at the top, there s steady
emmpirical progress: while carlice theocles hnd mamaged 1o accommodate the
simple. laws of weection and refraction, later. theaties. accommodated these
pins interference aod diffraction cffects, then polarisation and doble refraction
fiects, the interrelationship berween light and chectricity and magnetism, the
photoclectric. effect and so oa.

osophers bave shown thar Dubean’s claim of strict continuity.

and aceumulation is sirictly speaking false cven at the copitical level. Fresncl's
wave theory fot example by no means straightforwardly included the old, sim-
ple law of seflcction, - Indeed that theory catails that stricly speaking the old
Taw s always fabsc, However, Fresnel's wave theory also entails that the dif-
ference between the real state of affairs and the prediction of the old law is below
the Jevel of obscrvability, exorpe in certain cxceptional cxses. involving vecy
narrow reflecting surfaces, The fact that this is typical — that where a new
theary cantradicts an old empirical liw it * corrects ” it rather than replaciog
it altogethes — surely means that Dubem's claim iy ersatially cosrect.
is essentisl accumulation at the empitical level, despite radical revolutions at
the Fully fledged high theoretical level.

Indeed Dubem noticed that this continuity (or rather, essential contiauity)
standandly cxtends to the level of the marhvmatival apustions entailed by  theory.
These too generally manage to *“live on " though revolations. Foz example,
Fresnel's cquations for the intensitics of reflected and refracted light In varioas
circumstanees were carried over completely intact into Maxwell's electromagnetic
theory. OF caurse, in the process the svaning of these equatiaas — the inter-
prctation of the theoretical terms involved — changed rdically. Tn Fresoel
the optical disturbance tepresented the distance an element in the clastic solid
acther had been moved from its cquilibeium position; in Maxwell the * distur-
bance " was simply the electromagneic field strength at that polat. (Of course,
Maxwell tried veey hard to produce an interpretation of the clectromagnetic
feld in teems of @ mechanical substrate, But the fact is that he failed: later seience
got used to the electromagnetic ficld w3 & separate, mechanically uninterpretable

%) In othes words the mathematical gy lives oo despite the change in
the semantic interpretation of the theoresical terms involved, Again, Dahem
rather overstated the cise — generally the continuity at the mathematical Jevel
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betwoen suceessive theories is not suier. I this sense, the Muxwell-Fresnel

3 (Tl\z&m: example being, of
Newton's laws of motion muul,‘ cases of the coresponding b
equations.)

Despite this need to qualify it somewhat, Dubem's position s surely essen-
tially corsect, that despite radical discontinuities at the high theoretical or meta-
physical level in scicnce, there is esscatial continuity 4t the empirical level and
even at the level of maticmatical «wm uninterpreted " from sbove .
(OF counsc the; from below the theary
ties them eveatmally, via so-called bm‘lgmg principles, to empirical laws.)
Dubem expressed this idea by saying tha while the cxplanatary or metaphysical
part of a theory may be jettisoncd altogether as science progresses, the rapre-
sentative pare is always capturcd by later theoties: Duhem developed a famous
metaphor to. describe the progress of science, that of a mounting tide:

Whoewr s o bnzf ghm ut the wave
the tide mo e tise, run, uncurl itse!
B i s A zmu., dry the terraia ﬂm\.
quer [..] But under this superficial to-and—fro motion,

1, slower, imperceptible to the casual ol o
Sive movemeat continuiny nd.llyml)\:nmedml‘mwdhyﬂmu(t
the sea constantly ma??}.

The transitory, ephemeral, * fashy ™ but insubstantial waves are of course
the explanatory parts of thearics; the substantial, less casily discerned and stea-
dily growing tide is constituted by the * represenmative ” pares of theoriés. As
Dubem expressed it, without metaphoe:

When the progress of experiment ics. counter theor, nnd
compels it 10 bcpmm(dlﬁ:d ar mm(nmm.l?r]: it R

resentative
acarly whole fn the new theory, bm\g&mm il .i’.‘:“'i,m.mm ihable
sessions of the old theory, Whercas pare falls oat in arder
to give way to another [catirely dmcmu] uplmuon
‘These pastages make cleas the conclusion which T ot T 11
analyss, That science should eschew " explanation ™ aktogether — that the
interpretation of the theoretical terms involved in
physics is not a mattee which noed, or shoald :mul)l! the physicist. The rral
sciearific theory is only the *
unintespreted " from above s
Duhern was not, howeves, the * instrumentalist ™ which this claim might
make Bim scem and which he has indeed been 5 often interpreted as. He em-
phasised that physical theory had proved sble not only to accommodate known
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empirieal laws but alio successfully 1o predict entirely new and hithorts unes-
pected phenomens,  And Dubem acknowledged that no one could witness thie
proven propheric abilities of a scicntific theoty without acknowledging thit the
theory somchow reficizd seality, It would be a miracle i a scientific theory could
make predictions of this kind which were saccessful i€ it did ot reflect reality,
“Reflcet ™ but wet * sccuratcly deseribe . Dubcm wis not here going back
‘on his anti-rcalist views.. His claim was that & theary which bhad been predicti-
vely succcasful must be, or be park of, ar at any e approvimate, what he cal-
led & * marural elsssification ". Although his account of * natural classification *
is undoubtedly murky and obscure, and although I do not propose to try to
produce & clearee account here, one can, 1 think, sce what Dubeny is etting at.
Freencl's clastic solid aether theary of light, once considered a8 & fullp-fledged
description of reality, is aaw considered 10 be entircly incorrect. Nanetheless
we do not belicve that its success both in accommodating slresdy known optical
resules and especially in predicting hitherto entirely unknown phenomens, like
conical refraction, was morcly accidental. FresnePs theory had somehow lar-
ched on 10 some nspects at least of the waderlying sfracture of lighe — cven though
wé naw aceept that it is not an scrurute description of the asfare of light. Indeed,
sccording. to Duhen science should ser have regarded Fresnel's theoey in
this way.

2. Tox um

BTIC FOWER OF EXPLANATORY PRINGITLES

An immediate. problem which Dubem's view of the natore of physical
theory faced was this. Haye not the belicfs underlying the explanatary pans
of scientific theory, for all that they may bave been jettisoncd later, nonctiscless.
‘played important roles in the myirsetion of that theaty? Have not * explanatory ™
“ mephysical * vicws, in ather words, played important buarirtic roles in
aeriving at the theories which embody them? OF coutse offer fhs erent the inter-
pretative, explanacary part can be sliced off a theory withous that theory’s bosing
anything of its easpirical content — but the theory might not have beea arcived
at in the first place had it not been for its inventons® belief in the * explanatory ™

Dubem faced up squarely to this problens. He was forced o admit, rather
reluctantly, that cemain explanatory. principles bad indeed played o occasion
an important heuristic. Tole:

Does this mean that no discovery hus ever been suggesied to any physi
cist by this [realise] method? Such an' assertion would be a ridiculovs cxaggre
ation, Discovery is not subject to any fized rulc. There it o iuca so foolish
that it auay not some day be able to. give binth to & new and bagpy idea (4
However be also Insisted thar instead of the " explanatory ™ ideas playing the
leading heuristic olc, by far the more usual pattern was that the cepresentative
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past of scicace developed wnder its own steam aod an ** explanation * subse.
quently, and. in Dubem's view gratuitausly, pasted on top:
[The descriive, pat has devloped o ks o by the praper and auone.
o methods of theorelial Physae: the caplaomioey part his. come 10, this
fally fotmed organism and attached itsclf like's parasite (3).

The standard pattern, then, acconling to Dubem was for the heuristic
push 1 be provided by the sepresentative part of scienee itself — without any
fefecence 1o * explanatory ” principles. How cxactly could this oceur? One
suggestion was that a cerain lack of formal, stactial symmetcy might be
sparted in & mathematical cquation and then & new term fatroduced in onder
ta testore symmctry, This would lead to & new represcacative theary. But
Duhem belicved that by far the most Importast hestistic aid in science was
forml analogy:
[he physicist who secks to unite and classify ia an abstract thoory the laws
aflummcmgoryof heaomena lets himself be guided often by the analo
that he sces berween these phenomena and those of another catégory. If
e wese aready ordeted snd orgnised In 3 sifactory thocay e physicit
il £y 1 group i .u: formet In & Fystem of the tame % ype aad
ws us that the scarch for analogics between two
N e & phenomena bas perhaps been the surest and most fruitful
mm OF Al the procedases. put in fiay by the consteuction of phytcal theo-
rics
Duhem gocs out of his way to difccatiate anslogies from modcle. Anako.
gies aze purely formal afalrs — similaities ul e sather than of natwre.
Models Involve, s we shall sce, s
tezms. This is oe of the points at which umm, 1 think, been a good deal of
confusion. The fice that the wave theory of light could be — and to a cein
limited extent wuz — developed by analogy with the case of sound has ofien
been used by the advocates of models a5 a particularly clear care in which Du-
em's views came o grief. Nothing could be further from the truth: the light/
sound analogy i ikt o Dubem's mill and indeed he esplicity cited it as an
exaruple. beating out his case:

it s the analogy the phenome ight and
FreilrdT b A e e e ey
o g g

Teis grist to Dubem’s mill because the analogy is, according to him, formal —
light and sound ae entitely different dinds of phenomena, but the idea that they
smay, considerd abstroety, share many properties bus bome much scientific fruit.

Sa we need to sound two cautionary notes concerning Dubem's views.
Fisst that thers is, for him, all the difference in the world between & model and

Iiidew,
frermy
Thidem,
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an amlogy. Second, that as we saw carlier, the whole heuristic debate is never
going to be a cear et one: although Dubem's position on the import of scico-
ific theory gave him & vested interest in playing down the beuristc mle of
‘metaphysics, he certainly was pever going to make the claim that metaphysics
played mo role. Tndeed he explicily beanded that claim * an absurd cxagger-
ing to arguc was the compaative and less clear-cat
claim: thar the heuristic ol of mewphysics had genesally been exaggerated
a0d tut of matheraatical analogy generally vndercstimated.
Dubem made exactly the same compaative laim about the heuristic role
of riodab: thele ol too whil ceminly not don-sxlant was contldeby
sumaller than was generally believed. What exactly did Dubem mean by  *
del ", or more specificaly a * mechanical model "7 The answer is 1 think o5
B was o lgeihcs s bimacl” He Kiped togethics sndes heading all
he sins. inherent in the.* Boglish school * liysics —
whese leading representative was William Thomson, Loed Ko ik
s useful to separate out these alloged sins rather curcfully,

5. * MuGHANICAL MODELS s EXPLANATION, UNITY AND MEVRITICS

Some people find it belpful in twying t master, say, Fresnel’s theory of
light, to. Fissalfse the ether particles successively affected by the disturbance
constituting light as armched to spiral springs in the x, y and g direetions —
springs of cqual strengths. in the casc of free ether and of the ether within iso-
tropic (anircfringent) media, and springs of diffcrent strengths in the case of
of the ether within hircfringent media, Other people find that mechanical mo-
dels of this kind simply clutter up the scenc and feel much happier operatiag
with the abstract mathematical representation of the process. Similady some.
find it helpful in trying 1o understand clementary chemistry, 1o think of the
walency of an stom in terms of the atom's possessiog a certain number of conp-
ling hooks. Others do ot sequire this imaginative assistance.

Kelvin was,one who foand this assistance indispensable:

1 never satisfy myself until 'l ean make 2 mechanical model of a thing, 1
1 can make a me: i o long as T cannot make a
mechanical model all the way through 1 csnaok. understand [.] (5}

Dubem associated _this plm]\!fcuon for mechanical models with &
particular cast of mind — so called “beoad but weak” minds, which
stress the visual imagination R regarded “ beoad but
weak * minds as typically English — although his: parsdigm example was
the mind of Napoleon Bansparte. T don't know if Kelvin ever read Dubem
(be died 1 think in 1907) bat if be did then as 3 Scorsman born in Treland he misc
Eave found it particularly galling 1o be given an Bapish mind, At any rate,

g, - T L s Ml Dy o e Wit Ty o Lih, bt 188,
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Dubem contrasted broad but weak English minds with so-called * strong but
narrow ™ minds which did not need visual, imaginative assistance and operated
happily at the sbstract logical level and which be regarded as typically French —
although ane of his prdigm examples was the mind of Tsase Newton,

Dubem clestly regards the * French mind * as superior. But for all his
complaining ‘about the English mind, be cannot finally develop a real thesis
at this level, Kelvin's statement just quoted is pusely a statcment about his own
psychology — that e needs to construct a mechanical model of a process in
order o foel thar he has understood ir. We muse presume that it is an sccurste
statoment about his own prychology, Dubem may say that he himself bas 2
different psychology. But neither the Duhemian who finds models of this kind.
entircly unhelpful sor (more significantly) the Kelvinist who finds them csscn-
vial, acrually belicves that the springs or the eoupling hooks scually exist, This
whole question therefore is, in itelf, of 0o relevance o the question of how
we are to understand scicatifie theories. 1t is no relevance ta the lgic of swiowe,
but only to the pryebolsgy of sceatiris.

Kelvin does, however, go on to * objectify " and “ gencralise * his claim
into ane which dees concer the logic of sclence and with which Duohem also
disagreed, Kelvin beld that science iself cannot claken to have explained  phe-
nomenon ualess it kas produced & mechanical theory or mechanical reduction
of il

secaut 10 e that the test of “do we o do we not understand 4 parti-
e vublect fn phytler? ” b " Can we make 3 mechanical model of it (3

Not now “17, notice, but ™ we * — science in general. Although Kelvia

expressed himsclf in terms of et L o 4 ol ot
Tiked was s fully edge

ik fiory of st and 5% ik, Db hellved that even i e were foa-

siblc, this would not be 2 arversary aim for science.

“The two particular examples which Kelvin, writing in the 1880%, bad in
mind were electromagnetism and beat theory. Kelvin — like Maxwell himsclf
of course — did pot believe that science could rest satisfied with a theory in
which the cleetromagnetic field was treated as primitive. ‘The clecromagnetic
field at any paint in space had to be fusther explained in terms of the state at
that point of some mechanical subsimaie. And Kelvia strove mightily to spe-
cify such a mechanical substrate, As for beat theoty, sclence again coold not
rest content with so-called phenomenological thermodynamics in which heat
was treated as & primitive — science cannot clifm to have explaised anything if
it sticks to this level. Instead explanation requires a mechanical account —
this time, of couse, in terms of molecular dynamica:

Ta,she [ibeory of Deat], which is basod upan the conchsion from experi
‘meat that et i a forsn of essrgy, many formulae arc at presenc unin
ferpreable, boctuie e do s Know the mechanism Gf the motions oF distt-

) e, 71
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constitution of

e afthe particle of ot .. Blcorschs obscuiy can e perftl ese.
imate, or meimler,

Dubem held thar, en the contrary, 0 lang a5 a theory is both unified aad
empirically successfal, it is toally ierelevant 1o physics whether or not its primi-
tive terms are interpressble in some alicgedly desper metaphysical framework,
Hke that of mechanism. As it happens, Dubem bad various objections to Max-
well's theory, but these definitely did aof Inclode the lack of a mechanical inter-
premtion of the electsic and magnetic field stengths; and, as foc heat theory,
phenemenological thermodynamics was slmost Duben’s idl physical theory —
his celebrated aversion to the statistical-kinetic theory was life-long.

e migh se¢m that, in view of the subscquent history of physics, the score
here was “ Dubem 1: Kelvin 1 ", Science has given up the idea of a mcchanis-
tic: seduction of the clectromagnetic field, but on the other hand the atomic
satistical-kinetic theory became a birilliandy. successful scientific. theory.

But the seal issucs are decper than this.  First, ket's look st the claim about
exphenstivn: 1o scientific cxplanation withour mechanistic seduction. A some-
what more abstract version of this same caim was argued laet by the English
seientist and methodologist N, R. Compbell. Campbell's target was clcarly
Dubem although be docs not mention him by name. - Campbell's claim was
that for 4 scientific theory to explain & phenomenon it st do more than logi-
cally entall & correct description of that phenomenan, the theory must abo cxhi-
bit an analogy between that phenomcnon and anothee e famifar phenome
08 — one whose laws were, in other words, aleady known, As Campbell
said in his book Piries - the Elements (subscquently reprinted undee the title
WMI ir Seiemee?

cxplanation offtred by a theory [.] is aiwg bised on aa analogy,
mdthrsumm hich an analogy is © e
[-101).

There ace same difficulties with the idea of analogy but clearly identity
s one Fazm — in fact the strongest form — of analogy. So Kelvin's particuluc
demand for aceoal mechanistic redherionr of electromagoetism and heat theaty
would certainly satisfy this more general domand of Camphbell's.

Clearly however both the speeific and the more genetl demand are incor-
roct. Deither a mechanistic reduction nas even any sxplanation in mere fami-
Jiag tecms. s secessary for scientific explanstion. In fact Camphell later in his
book and having miscd the cses of relativity theory and quantum mechanics,
candidly admits that the centeal methodological thesis of the carly part of his
book is quite wrong:

I seout dinckopments of phics, theors bevs by developed which
conform to the [deducibility condicioa]. [But in) place of the analogy with fi-

(109 I
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miliar laws, there s the new principle of mathenatical simplicity, These
heosies aplain 1 g iy w25 do the nhk;nbmr}n,h\:ygﬂl gy ?mpum
‘more accepiable ideas; but the greater acceptability of these kdeas introck
B e T oalogy with farulla laws, bat Bimpl
from the strong appeal they make to the mathematician's sense of form 2{

1 never understood why, in view of this admission, Campbell did not withdew,
‘or at any e oully ecrhink, his whole book,

The mistake which Kelyin and Gampbell bath made is worth roating out —

for it is onc that iy often still made today.
bers of scicnce have nowadays genesally accepted the fact that

science cannot adequately be analysed in terms of single, specific, theoies.
At any ne stage in the develapment of science there will be & hierarchy of
ted suatements at difiereat Jevels of generality. For example ia the 1850 it
was_fiemly. accepted thar light is & wave-like distucbance trnsmitted theough
an all-pecvading elastic medinm. Certaln specific propertics of the medium —

y a8 it exised within transparcot bodics — were open o conjecture.
But allowable conjecturcs were constrained by the well-entcenched general
wave theory — constrained fn the very strong sense that allowable conjectures
had 1o be specific versions of the general theory. Tn Lakatosian terms, there exis-
md in e mid-100's & wave optics ressrsh programme. Underlyiog this pm-

— parc of what Lakatos called the * positive heuristic * — weee certain
e general and more decply entrenchied ssumptions — of determialsm,
of mechanism, of continuities and symmewics of various sorm and various
conservation principles. This hisrarchy of cntrenched assumptions supplics
a saual pecking orders an indicat i i is 1
fied first in the light of empirica Iy
specific the theory the mare likely it is to be modificd first. Tn this sense science
does seem o be & conservative enterprise: when empirical difficolties. atose
scientists first tried to. solve them by makiog. specific adjussiuents to the past-
cular properties of the acthe withou for 4 minute questionlag the more
asswmption that it existed. Only after a series of failurcs to do this had oocur-
1ed did the moze gencral assumption came 1o be questioned, Fven. then the
still mote gencral “metaphysical ™ principles which cut seross specific research
programmes, were still adbered to, Untl, that fs, fusther failures finally cased
some of shem to be brought into question.

‘Prineiples like those of mechanism and determinism wete, however, pre-
supposed by science for centurics. While they sere presupposed it was saroral
0 segard them as having 2 dual role — they operate both as substantive clain
about the workd wid as beugistic principles, roquisiog that sny acerprable theory
cazey them 88 an Implicatio. Some of them were presupposed for 50 lang that
it became namunal to regard them pot just 13 hearistic principles within one re-
search progmmme, of & succession of tescarch programmes, but to regard them

A2 i, 153
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a3 geeral mesbodslogical eriteris — pare of the very characterisation of success
in science. Bvery real scientific explanation — every successful scieatific theory
— bad to be mechanistic. This s the mistake which Kelvia made. Tt is a mit-
take which Poincaé soon after wasned against: to look afsaps for a mechanical
account * would be to forget the ead we scek which is noc mechanism, the true
and only alm is unity " (13).

On this point Duhem was surely absolutzly right. No matter how used
science becomes to providing successful theories which have certain chamete-
ristics — of being deterministic or mechanistic of whatever — it should never
forget that the basic chamcterisation of success is purcly in abstrict tecms: &
theory must be unified and empirically successful. Seience for a long period
produced thearies which weze vaified and empirically sccessfol and which
wese at the same time mechanistic. Bat this did not mean that mechanism was
to be ssitten fnto the basic methodological requirements for scientific success.
Should someday & theory be produced which was uniied and more empirically
successful than any svailable mechanistic theory but was not itself mechanistic,
iien scienee world have no option but to acoept if. Cn this poiat the subsequent
history of sclence, of coutse, bote Dubem out catirely.

As for Camphell's more gencral claim that sclence only explains if it redi-
ces  phenomenon o somerhiag more fuuilias, s 100 §s wiong. What Cump-
bell regarded as the “ new * requizeasent of simplicity (scally unity and empiri-
cal success) was not niew st all. Tris what had basically becn operating all along:

“ analogy with alrcady known lrws " was merely an epiphenomenon. The
genesal mechanistic research programme was successfl for so /oy that
ot 42 used to explaining phenomens in its terms that it became naraml, though
‘mistaken, to regard conformicy with it a3 an avutright sequirement for an expla-
nation. But relativity theory and quantum theory did not rewrite the very fequi-
rements of 4 seientific cxplanation — insiead they produced better scientific
explamtions that any previous anes on the sery Jaswe siaedard of ecplination.

Here, then, Dubem was definitely tight asd Kelvin (and subsequently
Campbell) definitely wrong. Kelvin pailed his eolours 40 firmly to the mast
of mechaniém that he made the assumption of mechanism an esseatial part of
scientific success. Dubem rightly held that scicntific suceess was & much more
abstract notien — the real criteria arc ooly unity and empieical saccess, Science
Tuad for 4 Jong time satisfied those critcria through theories that were also mecha-
nlstic but If a theory satisfied these criteria sifbon being mechanistic then all
well and good: mechanistic * teductions ™ are not meessary for science.

On the other hand, it muse surely be granted to Kelyin that the search for
mcchanical theories had as 1 matter of fact proved & very successful way of deing
science. Meehanism had exhibited great heuristic power. And, so far a5 oac
of Kelyin's main concems — namely beat theory — Weat, Was to g0 on proving

3) H. Poisicanh, Sciowr and Hopathsr, Dower, Kew Vark, 177,
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successful. Ler us, however, postpone further considerstion of this poit uatl
after we have considered Dubeni's specific complaints against models, as such.

One of the reasons that T have identified behind Dubemn's rather cofused
attacke on * English physics™ is, then, the claim that attempicd mechanical
reductions, fully fledged mechanical thearies arc not necessary for scientific
explanation and scientific progress. However whilk such a full mechanieal reduc-
tion of alfthe popestics of mattet is what Kelvin was timing at, what he actully
achicved was anly 4 seics of partial, incommplete. mechanical tensies, or sodbis.
Duhem had even more objections. to these.

The priacipal objection, was that by allowing aiffeess models for different
phenomena — bt diflrent phenoacns wisiy tie rame fed — Klvin and
pany had destroged the nify of physicsl theory. It is” said Dubem, * the
English physicist’s pleasurc to construct ane model to repeesent one group of
Iaws, and snother guite dificrent model to sepresent another geoup of laws,
notwithstanding the fact that certain laws might be common to the two groups ™.
For the " French physicist ™ on the other band unity of theocy wss the primary
requirement. Here is the sort of thing to which Dubem objected in Kelvin's
approach:
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ssibls o, octi cpmbt h.pﬂ vibations, pe-
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o kel BBl 5 sepeestn statonal polarisarion desired: e
mateisl molecules tha we scater by thousaads In ouc *jelly ” i o lr!lg
he ol on the pla v bave st doscabeds they wall b consrated of il
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50 that & more perfect mpdmmml:mn died s e Thl.-ng\dﬂku
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n?na(m“x;danﬁh:-pﬁ:nm]dnu ‘iowiag & cortin ply 10 thelr 1368 OF 106k
ton (14).

Two of the complaints undedying Dubers remarks
dealt with, First, he dislikes what he sometimes called the
logues: speiags, ball and socket joints, sheaths and so on. But as I already ar-
fgoed, since no cac in sogesting thae these do any more that ilisaie the theory,

(M) P. Dovi, The .., gt 82
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110 real matee of principle is at issue here, but oaly one of style. Secondly,
Duhem is against the whole dea that & reduction to mechanics is scientifically
essential. A point that we have again already discussed. But now there is 2 new,
third element — for which Duhem resceved his strongest complaints.

Although Kelvin was undoubtedly aiming at s full mechanleal redoction
of matter and the field what he actually achieved was a series of parial thearier
ac models — different but avecapping. This means that Duhen's cherished
principle of waity Is endangesed or sather seemingly ignored. For Dubiem a phy-
sical theory was above all an abstract coonomical and wmified classification of
phenomena. The use of models in Kelvin's method miliites against unity and
henee is to be deplored.

The fact that the ty they produced was Dubtmvs ehif abjection to
‘models is underlined by his otherwise pursfing remarks about ajbraie models.
Duhem, for example, stated

Maxwell's Treasize on Eestricity wad Magtism was in vain attired in mathe-

ain. It I8 0o mate of .1;.,;.;.1 system than [ Kelvia's] Lcures oo Mole-

inlar Dysamics. Like these Lactures, it consists of a succession ‘of thodels; ek
represcating a group of laws without concem for the other models t-
other laws [..); except that these models Instead of being constructed out
‘gyrostats, spiral springs and glycerinc are an spparatus of algebeaic sigat (15).

$o, even though his chapter title contrasts * Abstract Theoeies and Mechanical
Models ", the visvalisable and cven the mechanical aspects can be quite taken
sway and yet leave Dubem still objecting to the disunity thit models introduce.

‘This aspect of Dubeny's criticism of Kelvin brings us closer to the contem-
porary debate about models. Dubem is arguing that there is no scientific merit
in Kelvin's procedure of canstrueting a series of averlapping, partial theotics —
given, of counse, tha if they are difercat and overlapping then they confler,
Was Daliem sight?

First we should sepaate two dilferent senses of models, In one case we may
bave a fully-fedged theozy which ks ualficd and cousideres to be accurate but
which js mathematically intractable. Scientists may then “use a model ® in
the sense that they introduce assumptions which are * known” to be false,
becanse they contradice the theory. But thess assumptions make the situstion
tracuable from the mathematical paint of view. To ake the obvious cxample:
the Newtonian n-body problem has, of course, no. closed solutions and hence,
although the theory says that the orbit of Mars, for instance, is affected by all
the bodics in the solar system — indecd sericely by all the bodies in the universe —
Ro prediction of the orbit of Mars can be strictly deduced from this theory, A
simplified model — in the mesf simplificd case, 3 model which pretends that ey
the Sun and Mans cxist — mas, boweyer, be mathematically soluble and may
yield which are y correet, ‘The model s

(15) Dk, 86,
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which, notico, are actually kscws to be filse — * fll the computation gip ™.
The legitimacy of this method surcly depends on whether or noe the fully-
fledged theory itself gives us reason to believe that the cffects which the model
ignotes are celatively small (16).

Tt i & sccond scase of model which Duhem criticises, Coasider a case
in which, instead of 1 fully-fledged scientific theory like Newton's theory, we
bave caly & genenl theoricl famcwork aad an very clas des of bow 10
g0 about adding 1o that framework the cxtr. ssumptions necesiacy 16 pro-
dhuce a specific scientific theory. ‘This was Kelvin's position. He I geaem
frumewark supplied by bis mechanistic outlook, but varions diffculties stood
in the way of producing specific, though stll universal, theories of the field
and of matter within that famework, The specific assumptions needed o pro-
duce  full theory would be refecred to 53 medklr i two different sets of circum-
stances:

#) In the fizst, whik the general framewark i3 fiemiy eatrenched, the
assumptions, lnitially 31 any rate, are highly conjectural. Tn this case no reasons
why we should regard the specific sssumprions as actually false may be kaown.
Heace such 3 model ey sobsequently be elevated to the rank of theoty.

) Tn the second type of cae, the specific sssumptions are * kiown ™ ©

general theory can be constructed, a series of partial theorics, £nows to be oves-
simplified — that s, strictly false, may be developed, each of which deals reaso-
nably ssisfaceocily with some but not all phenomens. O, Some theory may
be initially introduced a3 a universal conjecture but then rum out to have
w-ly partial success — some succcssful predietions but cqually some faihuses:

same fate befalla subsequent attempts, and the outcome is & serics of specific
nmmwmdnmnm.fulw\g.npm they cach successfally deal with some
Phenamena, bt not with others. Pach et of specific ssumptions will then be
downgmded, definitely confirmed in its status of madd, ot perhaps  mere
model "

It was in aitoation §) that Kelvin, of course, found himself. Let's remiod
ousselves of 4 familiar example of such A situation, A dynamical theory of
!&tmtm&gh to cxplaia thermal and thermochemies] phenomena. The ides

that gases consist of mokeules in motion provides & general framework for
theories but hardly in Isclf consehtes ¢ specifc theory. anhu\nnnodlpenﬁc
assumptions, for cxample shout the structure of the molecales.
ted 1 m0de] — the so-called billiard all model (ihoagh it would undmlhndiy
have been given & more prestigious name bad it proved fully successful). This
fodel did torn out t have one major success: it predicts the subsequently

(16) For s rach mors syvicrmati reatent of the different senses o the erm Vmodels™
h.byuu..en.x_c rwwr-uunr.,.-n...m o e s 168y
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veddfied, but at the time stardling, fact that the viscosity of a gas is independent
of ts deasity. However it also has many faillures: for example, it predicts wrongly
that viscosity varies with the squarc oot of the temperatase, Other, more com-
phicated models had other successes and ather fallues. We ate lefc in 8 confused
sitoatioa. The genenl framework can deal with & whole mnge of phenomena
but caly through a sort of * bag of tricks " — 4 series of different partial theo-
ries or models which if proposed as penceal theasies would unamblguously
conteadict one snother.

Dubem ia sevel passages tried to lind Kelvin with the claim that this
situation fn which models have prolifersted is entirely sadiséactory. Tndeed such
prolifesation is supposed positively to appeal to the * English mind " — lead-
ing scicace the extea charm of vasiety. If this were true, then of course Dubem
would have every right to criticise the modellers on the grounds that they suz-
sender entirely the ideal of & mified physical theory. But of course it Is mof truc:
Dubem here definitely chested.

It is quite clear from reading Kelvin that he segarded the diversity of his
models of mattcr and field 3 an entirely unwelcome feature which had been
forced on. him by the complesity of the phenamena. The models he proposed
were, as he himelf frequenty said, “ 0ot 10 be accepted as truc in nature ",
This was partly because these models involved the uarealisiic * industeial *
clements meationed earlicr, but also, and more impormantly, because even once
these pusely ilustrative analogical parts had bocn remioved, the models remained
partial — and indeed mutaally contmdictory if proposed us. guural theorics.
‘They were the best Kelvin could do in the short term, the Joag ferar aim was un-
doubtedly to produce a geseral theary which superseded all the models. TIndeed
in the end Dubem hirself admitied that Kelyin was working i
the hope that these Ingeaiously imagined models may- indicate the roud which
will lead i the remote future o a physical explanation of the matesial world (17).

And Duhem cites — without desmrring from it — an Important passige
from Poincaré about contrdictions, or rather about theotics which weald con-
tradict one another wete they not sestricted to disjoint domains by artificial bas-
tiers. Said Poincace:

We should not flatier ousselves on_avoiding all contradiction [.]. Two
canteadictory theorics may, in fact, provided that we do not mix then and do
ot sk the botmm o dhings both be wsefulfnstrumens of rescarch, Pethaps

weading of Maxwell would be léss suggestive if he had not opened 5o tany
aew, divergent paths [..] (18).

‘These concessions by Dubem seem o me o take all the heat out of the
debate. He concedes that 60 one fs anguing that the unity of physical theory
#hould be discarded ar an idsal. Kelvin is simply pointing out, if you like, that

{7) P. Doitaa, The b,
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the way forward toa nificd and empirically complete theocy may be thoough
& sesis of disunified empiriall incomplcte models. The way forwazd in seicace

partial model will incvitably e discacded i the tore but might in the mean-
while teach us somcthing which is zetined in the evenwal general theosy.

The claim that modcls myy be useful is such 3 weak one that even Dubem
had Goally to sgroe with it:

Let s st frnly cha the use of mechanicl el s bess sl to
gulde cenuaia physicists on the road to discovery and that it i sill able to
to other findings (19).

On the other hand the claim that profiforating models sl lead to sve-
cess is such & strong one that no one would ever make it — its Blsity can safely
be conceded to Dubem. There is, of course, no. guiriatee that ety heuristic
method ot indoed any rescarch progmenme will lead to succss. AR this level
there is an umod-uv intuitive clement in physics and a question of luck,

Ipaundmbcuulur_k, On the other hand, those who committed themselves
10 the programme t produco & mechanical theory of beat e lacky — bat
this was genuine huck, their success could not have been, rationally pmd:md
in advance. The only safe, though mettiodologically very disappointiog, con
d-\ulmisl.hulnmamllh‘lwmulwkllh'ﬁm"du
their own thing ", There are undoubtedly cascs in which formal mathematical
considertions bave led the way i science 22 ia which roodels have only sub-
sequently been added post beoc — like, a8 Dubem pat it, pamsites. On the
other hand, there are =qdlyunduhmdlyﬂm\nwhw\:"mndcllmg"!u-
been, productive of & geaeal, flly-fedged and accepted theory.

4. MopELS AND MATHEMATICS TN HARMONY NOT CONFLICT

Duhem, thea, tried to cast formal, mathematical considerations, on the
e hand, and realistic, smodel contideritions on the other &3 competitors o
sivals. Butin the end the condlict fzzles out — a¢ most one i lef arguing only
aba the comparative lnportanc of the heuristc roles played by the two, snd
since neither role is aegligible this argument seems of litde significance. This

(19) V. Doims, The A ey gt 5.
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conclusion can be taken onc stage further 1 believe: i

i not clear that, in prac-
tice, formal and * realistic * considerations are a3 zeadily separable a3 Dubem
seems o have beld; these two sorms of considerations aee instead veey closely
interwined.

1 do no¢ have the time to develop this thesis in any deail bere bue will
instead conclude by sketching very roughly a few of the paints which undetlie
the thesis.

4) First of all, 4 good deal of * pue ™ mathematics is itself model-based,
The classic example i, of course, geomesey, which according to Einstein cons-
titutes * Goe of the oldest physical theories ", While sccording to Newton:
seomery it founded i mechasical peacicsund s oaehng bt sha part of -
wngﬂmnmdnma which aceurately proposes and demonstratcs measur.
ing (2

Eoclidean Foey & undoubtedly an idealis
od attempred

tion, but noaetheless sn idealis-
iption of real plysical space.

B) Let us consider & case in which, sccording to Duhem, abstract mathe-
matical considerations led the way. Flis idea was that progress was oftcn schic-
ved by trying out in some new arca eguioar of e some form a5 oncs that had
already proved sccessful fa some quite different area. And for an example he
gives Huygens's and later Young's development of the wave theory of light
thraugh formal anslogy with the theory of sound. His reason for insisting on
the formal nature of the analogy was thar sound and light are quite difierent
sords of things. While this is surcly 5o, it is also surely true that no mre formal
considerations guided Huygens and Young. They held the mafisric tbeory. that
light is a distarbance in a continunas mechanical, clastic mediom. It was this
that, of course, legitimated their exploitation of the mathernatical remlts already
achicved in the theary of sound — in so far s thess results did no depend on
any assumptioa about the ait which did aot cascy over to the sether. The idea
strikes me a8 wild that & sclentist might slmply decide ta try out some farmal
equations from arca A fn arca B without beliéviog thar, though differcs, area
A wod area B possess sval similaritics. And if 56, thea realistic and formal con-
siderations simply go hand in hand. Did Fremel nstinctively sesort to 2
i (25/2) (v — ) 25 the cquation for his optical displacement because the analo-
gous equation had already been developed for sound waves? Pethiaps, but cer-
taialy not for purely formal reasons; but instead because his realfiic throry was
that the vibrations of the light source sct up small disrurbances of the sethes
partickes from theic equilibium positions and that the acther was an clastic
medinm just like the air. It flloed that sound and light waves would be fos-
mally indistinguishable and that therefors he could exploit the cxisting mathe-
maties. for sound.

@0) L Nrwren, Prinpis, * Poefrcs "
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OF couree, matters nced ot always be as clear cut as this., A scientist

The sesulting mathematical expression being much more precise will have con-
scquences, which his original vague ideas did not. Thus mathermatics creates
so-called * susplus. content ™ — but again this extra content will immediately
be physically interpretcd.

d) One particularly clear cut way in which this can Lappea Is that some term
crops up in the mathematical expression of the theory which has no immedia-
tely obvious physical interpreation — yee such an interpretstion is sought and
leads to & theory with inceeased conteat, (This ;mn.nblhrylnd indeed the whole

«question of the beuristic tole of mathematics in physics, has been studied in
mmlmmlmwmmnhm) calleguc Elic Zabar) One
Fresnel's equations of refice-

.dmmm light, In the case ofinternal refiscrion within eransparea media

pretation which ked to the famous (and of course. successful) prediction of the
caation of *ciclaly pobrised ™ ight by two intesnal reflections of plasc
polariscd light within o Fresnel thomb.

Elie Zahar has cxpressed the view st

the e besen masheratcs snd phyics i bt described o

untyuﬂﬁnmmlhﬁwl 0 poles. h&m&unphydﬂl
o

physics; then forwacd 1o frosh mathematical innovations with ever incocasing

urplus structae (21).

1 would only add that this to and fro movement oocurs at such speed as to make

all claims about mathematieal or model considerations leading the way dificule

to become excited sbout. In physical discovery it it not, a3 Dubem wanted o

sugges, 3 question of mathematics sersms cxplanatory physical principles oe

models, hut instead & question of the twa encrgerically interacting in the dif-

cult atiempt to prise open Narure's sccrets.

{21} E, Zaows, * Eissclo, Megersca and. the Rele of Masheratics is Physical Dicovesy ™,
Boie, I P Sk, g1 1980, 1.




