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ABSTRACT 

The thesl~ focusses on what impact t IH.' use of Idl'alizat Hln~ ha~ on 

the realism/antl-reahsm dehatl' COl1Cerlllng tIlt' fundal1\l'ntal la\\'~ of 

physics :vrv aml is mode st It lS not to prp~pnt an :\1'g"UIlH'llt fOI" l'ltl\('1' Illl' 

realist or the antl-rl'alist pOi-lltlOn hut rat Ill'r to ~how wlll'rt, IIH' lkhah' 

stands onc!::' we have con:;idered n't'l'nt argullH'llt s !Iv La\'lllol1 .Il\d 

Cartwnght \\ J, ,ch have made ust' of t he notIOn of Ideall/:at 1011 .I~~lllll)ll \()I\~ 

My intent is to point out the IhflicultIes of Laymoll's a rgllllll' Il 1 l'or rl'alt~1Il 

in the hope of showing what must be accomp!tshl'(l III (H'O\'ld 1Il~~ a 1l111I'(' 

convincing argument for reéll!sm. TwIll also suggt'st thal .dllwugh 

Laymon's proposaI lS problematic, it still poses a SerIOllS pl"ohll'lll f,"' vall 

Fraassen's form of antt-realism, constructIve empinelsm 
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ABS'fRACT 

L'ohjectIf dp cette thèse e~t de s'interroger sur les conséquences 

qU'l!lItralIlt' l'usagl' dïdéalu .. ,atio!1s {!ll ce qui touch les lois physiques 

fOlldarnpllt aif·!-, dans Il' ('adre du déha \ r{~ali .. ~me/anti-ràalisme Mon hut est 

fII/)(j('slp, Plll~(IlH! J<' n't'ntend~ pas dl r'endre l'une ou l'autre des positIOns 

t'Il pn"~('/I(,P. m:ll:-' bien plutùt d(IO}on\ "1:'1' où pn est rendu II:' déhat étant 

dO/ln{' IPs p()sltJ()n~ avancrl'<'; recpmm\ Ilt par Laymon pt CartWrIght eu 

{'gard aux pr{'supp0!-'é!-' lié~ ù l'usage de!-' Id(~ahsatlOns Il ~'aglra douc 

d'Identdipr lp~ dd'ficulu>:-; mhprentes il l'argunwntation de Laymon, 

füv()n~allt la P()~ltl{)n n!alI:-;te, de f~lçlm Ù' pouVOIr éventupllement indIquer 

CI' qUI l:iv/)n:-;~I',.alt 1lIl(' Il1l'dleurp d(~f(lnse l'Je cette pOSItIOIl Par arlleurs en 

d{'JHt du f:ut qUl' la d{'1l10I1stratlOIl de Laym "Il SOIt prohlématIque à certams 

(·gards, Il' compte snulIgner l'n quoi cette th,"se pose de sérieux problèmes à 

('l·llp, allti-r{>ali:-;tl', prollPe par van Pl ,'assen, soit un empirIsme 

co Ilstructi VI st e .. 
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Introduction 

Typicallv. the nlotiV;ltlOll for aplwallllg III Idl'.dl/atllllb I~ tll II'\' tll 

predlct or t'XplaIll a p}ll'IlOI1ll'IlOI1 throug-h .Ill l\n(iPr~talldltlg- nI' It III a 

::-;impler !i)rm ~1c~l1111ill d('{ilH'~ Idl'ahl'dtIOW-.l~ Ihat wlHl'h sq:llIlïl's. a 

deliheratl' slmphfYlllg- of sOllll'thlllg- (,oI11plIratt'd (a ~It lIat \(\1\ .1 t'Olll'l'pt. 

etc) \vith a Vle\V to al'hH.'ving at ll'a~t a partlall1ndl'I·~t.lIlt!lI\~~ 01 tltolt 1111111-:' 

The focus of diSCUSSIOn in thl~ thl'sis wIll hl' tlll' lI~l' of Idl',tll/.atlolh III 

explanatlOlls found wlthlll phv~It'~ :\.t.v pnmarv allll I~ tll IIlV(" ... tli~atl' \\'h.1I 

l'ole the use of IdeahzatlOlls ha~ III tlH' l'l'alt:';IlL/alll 1 f'('all~)1lI dl'hatl' 

concermng- the fundanll'ntal laws (If phvslc~ TllI~ dllll wIll hl' 

accomplü,hcd h.v comndenng what prohlems the llSl\ of idealtzal Inll~ 1 aISI'~, 

for standard modeb of cOllfïrmatlOn and ,'xplanat IOn sllch as IIH' 

hypothetico-deductlve model of confirmatIOn and tlll' J)-N mot!l'I of 

explanatlOll From there, 1 will COllSldl'r ail alternallvl' !lwdl'I (lI' 

connrmatlOn and explanatlOll 111 the hopp of dl'l<'lldmg n'allslll 

The thesls wdl hegin hy exploflng tilt' dd'fl'rl'Ilt IUllds of Idl'allzat IOIIS 

we find in physIcal t:\xplanatlOn~ 1 will t.lH'1l dl~(,I1SS whv Wl' Illl\~t I1S(' 

idealizations in )hysical explanatlOns l·'rom t IH'n', 1 wd 1 look at wha! 

cunsequences the unavOldahlhty of Ilslng Idealll.at.I()II~ Iw~ 011 1 hl' 

reahsrnJan ti-realism debate The methodology wh)('h 1 wIll .lliopt III 

chapter ~ WIll he the following 1 Wlll lWglll hy c()llsJ(klïll~~ ~()II!(, ~: :tlldal'd 

anti-realist arguments ti)r the dmm t.hat eühl'r Ill(' fUlldallH'llt al la w~, al l' 

faIse or do not need to he t.ruc Onl\ of these arg-unlt' Il 1 s, 1 wdl ~how, /'(':,1 ~ 

cruciall.v on the faet that idealtzatlOns arp u~('d Irl ('xpLllIat \I)Il~ 01 

phenomena This argument POSPS a senous prohl('rl! '(Ir 1 Ill> n'al1s1 If)/' 1 W(J 

reasons The first. is that thlS argument. suggP'-it.!'-> t.hat. 1 f' W(' look al 

scientific practice, at least. a parttcular part of sCJellttfïe prad 1 ("(', WI' ..,1101 tld 

be persuaded to he anti-realists The sl\cond 1S t.hal. ~II\C(' lr!palll.allOlI.., 1Il11~t. 

be used in derivations, 11. means the reallsl. must. provItJ<' a rf'~p{jll~f' II) t hl' 

antl-reali~t which takes into account the use of Ide:thza1.i(Jll~ III ('hapll.,. :\. 

1 will crittcally exanune a pO!'->!'->lble n!all~t respons/! ~ugg(,..,t(>d \'y I{ollald 

LaymoIl, III WhlCh he ofl'ers an alternative rnethod of ('..,tahll~lllll~~ II\(' InJlII 

of fundamental laws which doe'-i precl!'->(dy thls 1 t "hould hl' JIlarl.· (11'ar 

that rny airn in provldlng these cntIcl!'->rn:-" )~ not to argue fi)r allt l-n'alI~11l 

1 



• but rather to make clear what Lasks must he accomplished if one wants to 

IH' a rpatist. 

• 

Chapter 1 

Sorne Terminolob'Y and Ba'iic Setting Up 

As 1 :-,tated {;arlIer, the ff)CUS of my discussion will be the use of 

Idpal!zatlOn:-, Hl sClpntIfic explanations and scientific predIctions My intent 

III UliS chapl<'r' IS (,0 first dlscus:~ what lB meant by Idcali,mti{1n.;:; Part of this 

discusslOll wIll Involve exploring the difTerent kinds of idealizations we find 

III physl('al l'xplanati()n~ 1 will, then, InvestIgate why we use ideahzations 

and dlscw..,:-, wha!' thel" n,taLIOn IS to explanations. Ref()re discus:-,mg these 

ISSlll'S, It woulcl he usd'ul to go through sorne typical examples of sClentIfic 

l'xplanatlolls and :-,('ÏenUf'le prechctlOlls WhlCh Include the use of 

idl'alizatlol} assumptions 'l'he tirst example is a case of scientific 

pn'rhdÎol1 l1sed by apphed engineers, and the second example IS a case of a 

Sl"ll'n t di (' l'xplanatlOn gl ven by theoretJ cal physics 

1 Il t1w ralculatIOn of tilt' aIr speed l, Ve, or a plane, apphed engineers 

USl' tlll' f()llowing equatioll for subsol11c passenger and freight planes, 

wlwre 1-\ IS the total mr pressure at a particular altitude'P II is the ambient 

pressure of tilt' plane agamst tilt' atmosphere, and p.., is the sea level density 

rl'lating tn tlw alllount of air contained in a hriven volume. Equation (u, 

howl'ver, dOl'!:> not give exact values for the eq,'ivalent air speed. The reason 

IS t hat the l'quatlOll is ohtained from another equatiop and the use of an 

Idl'alizatioll. aSSUmpl-lOll. The more preCIse equation for the aIr speed 

contams a Taylor serll'S, 

tii) VE = l2((P( - PIl}/pJ * Cl/Cl + M2/4 + M4/40 + .. .))]1/2 

INancy Cartwnght, How the Laws of Physics Lie. p.105 
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where :\1 is a ratIo of tilt' plalll"S speed tn tlll' :--pt.>l'd of :--Olll\d unctl'r gl\'l'Il 

rondItiol1s Thus, the chtrl'('(,IH'i' lwt\\t'ell l'qlwtl!lll \Il ,\Ild Ill) IS thal III 

equatlOn li). \\'t' Ig11\lre ail (Jt' tilt' fartm':-- ('outallung :\1 III tlH' '\',nlor .,tTU'~ 

The justIfi.catIOn lS that tl1l'Sl' ternb an' lwgl!glhll' \\ I\l'Il :\\ ':) ,\:-- Ol}t' l'.11l 

sel', 11/11 + :\F/4 + :\1 ~/40 + )) IS ver\' c1o:--p to 1 \\ IWH:\k fï 'l'hus, t'tjll.ll IIlll 

l lS merely an apprOXllnatlOll (Jf tlH' ,ll'tual vt'I()Cltv flo\\t'\'t'(', II 1'" :1 good 

apprOxllllatwll for values wlwn ~I < ;) SlIll'l' ( 1/( 1 + :\1.'/ l + ;\1 11 HI + )) h 

close to l 'l'hen.> IS an Important pOll1t wo!'1 Il 1l01111g ahoul ,-c\('nillic 

practIce ln tlWSl' cases. Even though It IS n'<Jllln'd 10 llSl' an Idl',tll/atlOlI 

assumption to dertve equatlOn Il), tlll'n'Ilv IlwlU\lg II IIl:\t'l'urall', 11lt' 

equation is still often used to calculate tlll' air slwed 'l'Ill' IIlllllt.lVl' Il'a~oll 

as to why we still conslder this l'quat ton to Iw n'habit' \...; 1)('('.111:--(' \\ l' kllow 

that the factors vvhich we are q~ll()rlllg arp IlcglIgddl' \I\ld('!" p.Il'II('UI.,!" 

circumstances, Note that 111 tht' ahovt' caSt" not olll.v UO Wl' l, IWW 1 !J.iI t hl' 

factor which we are Ignonng IS negliglhlp, hut wc also kllow wh y II 1:-

negligihle recause we possess tlw more pn'nsp equatlOll wlllch lalu's 11110 

account the Idealizcd filctor in equatlOIl (\l) 'l'hus It SPP!ll:-- that IlH' n'al 

justificatwn for the contmued us!' of l'quatlOn Il) lIes Ilot III 1 hl' lacl 1 Ital. 1 Ill' 

factor which we are 19noring is lll'ghglhll:', but !"al.ht'r III IU\IlWlllg ho\v 1111' 

19nored factor actually cuntrihutes to th(' caleulatlOlI of tilt' aIr :--pl'l'd 

The second example concerns eXplUll1l ng t11l' lllalTIISl'OpH' pnIJH' ri Il',,, 

of gases pressure, volume and temperatun' A CO III III 0 Il 1 y Ils('d ('qu,lIloJ\ 

for explall1ing these values is thl:' Ideal ga', la w, (\IV = 1 dfr) Ld{(, 1 hl' 

example above, this law only gives approxlnlate results That IS, tlll' l'(':--ttlls 

which we derive from this t'quatlOll do Ilot l'orr(,!"'pond ('xact.l y t 0 t.ltl' 

experimentally derived results we obtalIl for a partlC'ular gas SlIl('I' t.h(· 

innovatIOn of statlstical mecharu('s, we kIlow that d' w(' walll. 1 fi an w'a(.pI y 

derive the ideal gas law, several lueahzlIlg assurnptJ(J11~, lHU:--t IH' tl:-'I·d F"r 

example, twu of the ideahzmg assumptlOTlS are that the gu:-, mllll'I'ul!'!"' an' 

infiniteslmal in size, and that there are no mU:rmol!'cular fl)f'('('!"' Thl'n' 1~1 

a more accurate law which takf:S mtn aCCoullt tlw factors whll'h an' 

19l1ored in the ideal gas law, Van der Waals equatlOIl [1j1 + a/v')f(v- 1)11:= /{'l' 

where b= ~/3Nrrr! The two 4uantItw!"', a, and, h, an' l'OJl~tallt!", wlill'IJ 

depend on the particular gas heing dlscussed Tlw appearanc(' of' LlH' 



• I.lclor, a/v'!., h()w~ver, ):-, the re!-Jult of takmg into account the mtermolecular 

Ijlf('I'!"> of th(~ fl)olecllles And !-Jirmlarly, the appearance of h ln the (~qlwtlOn 

i~ Ill(' f('!'1lllt of' t akIrlg mto ;!('('(JUllt t Il(> ll1(Jlecul.tr ,>IZPS (Jf tlll' ga!"> 

• 

'l'IHlf(1 ,Il (' IW(J way:-. III whlch Wll ('an know that an explanatlOIl or 

pnl(JJrtllJ/) 1:-' oJlly ail apprOXITTlatlOll 'l'lU' first IS through companng the 

d(~f1vl'd f(l!-.ult!"> wlth UH' valtws WlllCh we are trymg to explaln or predlct, 

and the ~(lc(JlHl IS hy lookmg at the denvatlOl1 ltself and n:Jting that 

J(!('alizatlOlI <I!">sumptlOlls anl llsed. An important pOll1t to note, IS that it IS 

rar(' that t Ill'oret 1 ('ail y denved results are actually pqUlvalent tü the results 

whll'h Wt l anl trvlIlg 1,0 (IXplalIl ur JJrpdll·t More importantly, it does not 

S(l('fll that lor an l'xplanatlOl1 to be good, It l~ l'eqUlred to be this accurate 

Thprp IS a slmpll' praetlcal rllaSOIl as to why this is not a llecessary 

condItIOn wll1ch IS, the t'quatlOl1s that arp requin'd to accomphsh this task 

art', 111 f~ld. unpossihl(> t,o derivp What we find more often are l'xplanatlOns 

or pn'did ItlIlS willeh are v(:'ry dmw to the rneasured results The fact that 

tilt' Uworl'tlcally (knvcd rcsults arp not equivalent to the measured resulb 

IS 011('11 an t'Xlwetpd re:-.ult This is hecause physicists are aware that 1Il the 

dt'r1VatlOll of tlll' equations whlch are used to explam a phenomenon, 

Idl'alizatlOIl assumptlOl1S are wied Smce most if not aU denvatlOns u:-:e 

idpahzatioll a:-.sumptlOI1S, theorcttcally denved results which are exact 

usually nllSl' mon> suspIcion than those that are not eqUlvalent Take for 

l'xamplt' tilt' firs!' year phySICS ~tudl'Ilt 1I1 a lahoratory cou:se. The pUrpOSf 

of SOIlle of tl1l'se Jahs IS to (>xperiml'ntally contitTIl sorne of the baSIC laws of 

IllPchalllCS and l>leetrornagnetism Lab lnstructors are very SUSpiClOUS 

wlU'n st Udl>JÜS produce results which are perfectly accu rate to the 

thl·()("etll'.llly denvl'd rl'sults The rcason is the laws which are used for 

ohtallllng thl' theoretJcal results Ignore several factors peculiar tn the 

l'XIWnml'l1t }wing performed hv tlw ~tudent in the lab These are factors 

such as t Ill' roughness of the plane, or the eledromagnetic field produced hy 

tlll' l'ar"th Sinn' thest:' factors should affect the expenment, it would be 

lllH'Xpl'l'tl'd t hat the experimental re~mlts should perfectly cnnform tn the 

t hl'orl't Ical rl'sults 
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IùealizatiolL~ and Their Different Form ...... 

:\Ic:Ylulhn dt'fÏlws Idl',!lll"ltlOli a::;, "a dt'lilwrall' ~IIIlplll'\'lllg or 
somethlng comphcated (a ::;ltuallOn. a ClHU'l'Pt. l'te) \\'Ilh ,t \'Il'\\' II) :lcllIt'\'II\~: 

at lea!--t a partial undt.'r::;tand1l1g of th.lt Ih1I1g "! \lo!'l'()\'l'I', IH' dl~tlllg\lI!',1H'''' 

four lvpps of' Idl'ali"atwn.., l'lllplo\'l'd III t hl' ~I'Il'lll'I'''' TIH'll' .In' 

mathematlcal. C()l}::;trUl't, and Iwo IVpl'~ (lI' l':tll~al Idl';dll.ttll}ll" ,\ltl}()II~!1t 

these dlffpfl'nl COrIn::; ()f ldl'altzatlOll~ ,11'1.' l'(llll'l'plu,lih' dl~ttl\l't, Ihl'\' 1':111 

overlap III many case::; :\Iatbl'matlcal 1l11'all/,d\(J/I~ (',III IH' t houg"t Id' .I~ 

those IdeahzatlOlls which (J('('ur \\I1l'1I d malhl'Illatl!"ti 101'111,"1:>111 I~ 

adopted to descnbe a phymcal ~ltllatlOn '!'wn l'\all1pll'~ of Ihl~ ,11't' Iht· 

adoption of eudidean geometry in t Ill' ~l'Vl'nh'l'nt h l'l'Iltlu'v and 1 ht' ,ulopllOlI 

of statIstleal mathemahcs in statl::;tlcal Il11'Challll':-' 'l'Ill' t'lllhl'qUI'IIl'(' td 

adopting a mat.hematlcal Iê.Hlgllagl', a:-. :\1cMulllll Iloll':-., 1:-' 1 hal ('l'ri alll 

propertips, namply qualItatIve prO}Wrtll'S, an.' l,Jtllt'l' ll'II out or IH'l!.ll'I·lt'd III 

the descnpt.lOm; of ()b,Jl'cts or l'vpnt.s \Vlthm tilt' I!H'OI'Y III' \Vnlt'~, 

GeonwtJ::r l~ an ah~tract.IO/1, ail I!It-'alllatllJlI It II'.IVI.., a..,ldt' t hl' qll.lht.IIIVI' 

detall that COII~tItute~ thl-' phY"lcal ..,Iflgular Il ~ phV"'Il'al A phv,ll", t h.1I 
borrow:-, Its pr1l1clple~ fron\ IlldthplllaIH.'''' h thll" 1f1l·\'lt.lhlv 1lillIllIplptf' il', 

physl<.'s, becau:-,p It has left a~ldp th!' qllalltatlvl' T\Chlll'''''' of N.IIIIIf' ,1 

Prior to mudern phySICS, t.hese Idpalizu(ioIlS Wl'r'(' qll'tl' :-.uh:-.I alll lai, III t Il(' 

sense, that when ohjl'ct.~ wen' rp}.Jn"-il'lltl'd IlIathl'lllall('allv, Ihl'Ir 

substantitivE' quality was ideahzed away An t'xalllpl(· of 1111:-' 1:--' 1 hl' 

representatlOl1 of ohJeets as g(·omet.ncal l)(JlIJt~; or ligllf'('~ III NI'WI,OIII;1I1 

physics. 

Cartwright cItes the adopt.lOll flf' stat.I~t.lcal lIl('challll'~ a:-. a/lollJ('" 

case of mathematicalldealizatlOIls, In t.he Illfll'tePIlt.h ('pnt.ury, K(,lvllI alld 

Maxwell adopt2d a contlI1\lllm tlwory of spaee By adopt.lJIg SIl('!J a t,/1('(H'y, 

it meant that, "motion in the cont.inuum would prl':-'I~IIt. ('ssPlIl.lal 

2Ernan McMulhn, Galilean Idealizati()n p,24i:l 

albid p 249 

,... 
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• m<.,tahilltH's and e~~entlUl ~mgular points, hoth mcalculahle and therefore 

IH'yo(H] dl(' !-lcope of rnechunical determmation and of human knowledge .. 

'l'III' :-,olutloll to thev' lllcalculahle prohlems \va~ to Introduce a statlstlcal 

lII(,l'hafll(,~ wfllch 1I1volvpd rpprespntIng certam a~pect~ of the world as 

prohahdltlll~ Thu.." the IJltrocluctlOI1 of prohalHl!ty theory resulted 1I1 a 

/Ilat lH'mat Il'al Idpalizat IOn Ca~es such a~ the reprèsentatlUn of certaIIl 

a~lH.'cts of tlll' world as prohahihtIes are ideahzatlOns SlIlce quite OhVlOusly 

asppcb of :--pacl' are not rl'ally the probahihstic equatlOns WhlCh wc derive 

wl1l'n WP use prohahtlity theory Moreover, the Idealizations are termed 

rnatlwmatlcal "mce they are a rl'sult of adoptmg a certain mathematics 

• 

ft was elear that when mathernatIcs was adopted as a language for 

phy:"lc:", It wa~ cOl1sldt'red as a forIll of glohal idealizatIOn. In other words, 

although scwntIsts realtzed that m1l1g mathematlc~ would help our 

under:.,tanding, It was ullderstood that there was a certam qualitatIve 

m;pect of nature WlllCh could not he captured hy the mathematics Recently, 

however, it ha!'> lwcome amlnguous to what extent the use of mathematIcs 

in physlcs rt'suIt:., 111 IdpahzatlOns In other words, Slnce the develupment 

of gl'Iwnd n·latJvity, it i~ unclear whether there IS uny aspect of reality 

wlll<.'h Wl' c:tnl1ot capture through the use uf geumetry \Vhat Einstein 

~howed wa~ that gT'Wlty ~llld gravitational force could be accurately 

l'l'pl'l'sl'nt('d a:-. :"Impll' contortlOn:., of space 'l'hus, it would seem that 

matl1l'matlt'~ is no longer merely a convnnient language wlthin which we 

filffIlulate our phy~lcal theory since it now seems that we can describe an 

aspect of reality, gravItatIOnal force and gravIt y, in a mathematical 

languagl> whlch does not IIlvolve any idealization in the sense which was 

dpsrnlwo ahoVl' There 1:" no suhstantive quality which is idealized away 

'l'hl' pomt IS t hat although in previous theories, the adoption of 

matlll'matll'S as a language for the theory has resulted in idealizations, the 

1l11l0vat IOn of gl'Ileral relatIVity has shown this to he not generally true 

'l'Ill' prllnary dlfference between mathematIcal idealizations and the 

f(llloWlllg l'onstruct and causal idealizatlOns can be thought of in terms of a 

gloh.d/part Il'ular distinctIOn That IS, by adopting a certain type of 

matlH'matll's as a Ianh'1.1age, there IS a certain suhstantive property which 

cannot lw capt ured when descnhing any event or object. Construct and 



• causal Ideahzations which 1 wIll now dlSl'USS arl' IlHH'l' spl'citic 'l'lll'Sl' 

Idealizations are only those which are perfornwd on partlcular l'\'Pnt~ lit" 

concepts. Tlwse idealizations amount to ci t lwr Iwglect mg or ah~t l'art mg 

away certain cau~al features or causal pnlpl'rties of a plWIlOllll'llll11 or 

event 

• 

Causal Idealizations lIlvolve the use of Idealtzmg a""~lllllpt \(lIlS III 

either thought experiments or actual expl'rimcnts. l\1r~l1111lll (klilH'~ 

causal idealizatlOns as those Idealizations uSl'cl III actual l'X}Jl'rtllll'lItS. ,1Ild 

subjunctive idealizatlOns as those l'xpennH'nts }H'rfol'llH'd III t huught 

expenments. Although he terms tlU' lattt:'}', '~tlhJllllctIV(' IdpalilatlOl\S', 

they still fall under the category of helllg causal Idl'ahla(lOlI:-' :-'1IIl'l' (hey 

ldeallze away causal factors 111 an e:rpenml'nt TIlt' lll'l'd f()}' }H'rf'ormlllg 

thought experim('nts often anses out of an Impos:-,ihihty (0 p('rf(lI'Ill an 

actual experiment The way lI1 which both of tl1l'se IdL'altza(lOll:-' (}l'Cllr IS 

through what physiclsts calI 'controlled eXpPflml'nts' What OlTur:-, III 

these experiments is the constructIOn of an enVll'OIlIlH'llt slich (hat a 

certain property or set of properties IS Isolated For pxamplp, 111 a silllpip 

experiment ta test the gravitational pull of the l'arth, an l'Xl)(,J'lIlll'Ilt.<,r wtll 

try to create an enVlronment wIth as httle fnctioll, or ~llr l'l'SlstaIH'p as 

possible. Thus, what will occur lS a causal Idealizatioll sim'l' ail al'tual 

experiment is constructed such that a certall1 p}'operty is 19norl·d 

However, if Wp want tn construct an expenment where t111'rl' IS !lO ,lI r 

resistance, we will have 1,0 lI1voke somethmg which IS called a thought 

expenment ThIS is what Bundan dld when he Illvokpd thought. 

experiments for spheres spinmng 111 a fndlOnless llH'dw 

l noted earlier that construct and causal idealizatlOns involvl' 

neglecting or abstracting away causal line~ or causal propertH's 

McMullin states that the pnmary dltference hetween construct and causal 

idealizations is that the former lI1voives a 'simplification on the cOllceptual 

representation of the object' while the latter 1I1volves a 'simphficatlOl1 011 t1w 

object Itself The distinctIOn can he made clearer If we C'CJJl:"'>ld"f t.Iw 

followmg example. Suppose that we are trymg to explalIl the v(:lo<:lty of il 

ball rolling down a plane Examples of con!-ltruct Idc~allzatt(Jll~ an' 

neglecting the perturbations on the surface of the hall and negl(~ctI!lg the 

'7 



• fnctlon due 1.0 the plane These are construct Idealizations smce the 

Id('alizatJ(Jn~ act on the representatlOns of the ohjects A causal 

Idl'allzatlOn, 011 tht, otlwr IEtnd, mvolves an IdealizatlOn on the actual 

ohJl'1'f ~ or the al'tual ('vpnt through the construction of an expenment 

'J'hu~, a ('all~al J(leahzatIOn would he somethlI1g Iike constructmg an 

l'Xpenflll'Ilt whlch inv()IV(~d ohJects WhlCh are more or less spherical and 

planes wlllch are nearly frictlOnless. One might he led to think these really 

ar(~ not Idpallzat.IOHs since what we have constructed through the 

l'xpennwnt ;lcl,ually exists But if we comnder McMullin's definition of an 

idl'ahzatlOn, we sel' that the se still are idealizations. Recall that McMullin 

dpfÏrws an I(Jpalization as, "a deliherate slmplifying of something 

('ornplicatl'd (a situation, a concept, etc) wi th a view to achieving at least a 

partwl lllldprstanding of that th~ng "1 One of the purposes of performmg or 

cOllstrUclIrlg expenments IS to try to create an environment which is 

similar hut slmpler to the enVlronment in which a particular event, E, 

o{'curs 'l'he hope 111 thlS process IS that the understanding which we gain 

I,hrough II1vl'stigatmg how events proceed in the simpler environment will 

help us III our understanding of E. 

• 

Con~truct ideahzatlOns can be classed into two types, formaI and 

matl'rial M cM ullm descrihes fOrIllal construct idealizations as follows 

'featufl's that are known (or suspected) to he relevant to the kind of 

('xplanatlOl1 lK'ing offered may he simplified or omitted in order to obtain a 

rl'su!t'. li'or l'xample, m the derivation of Kepler's law, Newton assumed 

that the sun was at re:3t. This amounted to assuming that it was infinitely 

nWSSIVl' \VIth respect to the other ohJects which are considered in the 

l'xplanatioll Material construct idealizations, on the other hand, are when 

'featun's that arl' dpl'med irrplevant to the inquiry at hand are Ieft 

llllspeclfied' For example, in the kinetic theory of gases, the internaI 

stnlctufl' of the moleeules was left unspeeified. The distinction between 

tl1l'sl' two types of ideahzations rests on the amount of knowledge we 

posspss. McMulhn wntes, 
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Electron Splll was Ilot part of the onglllal Bohr !l1odrl It..; ()ll\1~,,1l1ll \\'a~ nllt 
a forma] ldeahzatlOI1, ~tnctl\' -,peaklllg, 11l'l'au~t' tht'Il' \\.b Ilnt ll'a~Il\1 III 
suppose the elpctroll ('ould pll~~l'~~ Splll "B.IS, hl' t'Ipl'tlllll ~plll"" \\'a~ :t 

questIOn that sllllpl,V had nllt llt'PIl .hh.l'd, and that ,'(juIll Ilot hl' .1Il-,wl'rt·d 

wlthlll the ongltlal model fi 

It is clear l'rom ti1ls pas::--age that tlw distInctIOIl MeMullin wants to <iraw 

hetween materiai and formaI construct Idl'altzatiollS n'sts 01\ wlll'tlwl' \\il' 

actually know if the electron possesses Splll For Il. St'l'lllS l'rom t IH' passagp, 

that had we had a the ory which included electroll ~pl11, It wou Id h.lvl' hl'l'Il 

considered as a form of formai construct ideahzatlOll Y l'I. SIlH'l' Wl' (hd 1l0!. 

possess such a the ory, we dld not know exaetly what was lIlvolVl'd III OUI' 

idealization. Thus, it was a form of matt'rial construct idl\altzat IOn 

The distinction can be important for tlll' following n'ason Sillel' t.lll' 

distinction between the types of construct idl'ahzat.lOl1 rt'St.s on wlH't.Iwl' 

what is idealized is either known or unknown wLthll1 tlll' tlH'or,v. II would 

seem that in the case where thC' idealized ülctor can lH' ac('ountl'd lilt' III t IH' 

theory (formaI construct idealizations), we an' abll' to acconn!. lill' tlll' 

factors which were Idealized away. ThIS can appear 111 two ways 'l'IH' lin;! 

is that we possess a more accurate equation which tak('s lIlt.o ;tCCOUllt t Ill' 

ignored factor An example of this case would be the POss('sslon 01 Vall dl'J' 

Waals equatlOn which shows how the factors. 19nol'l'd III t.lH' Idpal ~a~ law, 

affect the pressure, volume, and tempe rature of ~asl'S 111 a ('ontallwr TIlt' 

second is that we possess an explallatlOn altholl~h Ilot III t.he forlll (Jf' :t/l 

equation which tells us how the ignored factor contnhut,!'s For pxamplp, 

suppose that we want ta explain the results of an expennlt'nt. 1 hav(' 1)('('/1 

working on in my labo However, since there was a lire III t.he lah y('~t.(·nlay. 

l got very poor results. Althou~h l do DOt. possess the l'quat.ion w luch show:-. 

how the fire contributes to my experiment, 1 do pOSSl'SS t.he Im()wl('d~(' t.hat. 

it severely damaged the experiment These t,wo cases are 1.0 lw cont.ra:-,\,(·d Lo 

the case where there IS an Ideahzation of an asppct for whieh w(' cannot 

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

5Ernan McMulhn, Galtlean Idealization, Studies in the Hi!.tory and Philosophy of 
Science, p 263 
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• accurate equ:1tioll WhlCh takes mto account the i~rnored factor nor can we 

provlde sorne expIa natIOn a~ to how the ihrnored factor contnhutes The 

dlstlllctlOn hetween these two types of construct IdealizatlOns IS relevant to 

wlwlI ex pl anatlOll~ whll:h Involve ldealizatlOns are comndered to he goud 

l'xplallatlOn~ or ~ood predietions For ln the case, where we do use an 

equatllJll wh:ch Igllores sorne factor yet we do Ilot knuw huw thlS factor 

f~olltrIhutes, wc cannot he Justified in claimmg that our explanation is good, 

sinn' the Ignon·d factor could he relevant to the explanation which we are 

trymg io gl V(' What 1 wIll discuss 111 the next section is how the notions of 

ad hoc/noll-ad hoc corn'ctlOll factors are related to good explanations. 

Although the pnrnary dltference between mathernatical idealizations 

and construet or causal IdealizatlOns IS one of generality, one rnight think 

that it IS always posslhle to equate a mathematical idealization to a set of 

construet and causal IdealizatlOns This is not sa. There are cE.rtain 

rnathernatical Idealizations whlch cannot be formulated in terms of either 

causal or COl1struct IdealizatlOns. G If 1 understand McMullin correctly, the 

cpntra] clement of mathematlcal ideahzations 18 the adoption of a 

mathematIcal language for a SCIence Construct and causal idealizatiuns, 

on thl' other hand, involve neglecting or ahstracting away camaI features 

or cau~ml lines of phenomena or events A re~mlt of mathematical 

idealizatlOIls, then, is that objects will get represented mathernatically If 

thest' rcpresentatlOns were different from the real objects only in that they 

do not possess cprtain causal properties, the mathematical idealization 

would lw equivalent tü sorne set of causal or construct idealizatlOn, but this 

IH Ilot always the case Thus, what l propose is that there are cases of 

matlH'lllattcal idealizatlOIls which do Ilot mvolve iciealizing away any 

causal propertt~s or factors 

Consider, for example, the distribution function used in statistical 

Illl'chanics fGt deriving the entropy of a system. Sears and Salinger write, 

• liThH~ dl:itlllctlOll was onfmully suggested to me through u diSCUSSIOn with Paul 
Pll'trnski 
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If a system conslsts of only a relatl\ ply "mali 11umbpl of pal tll"Il':-', .1" III 
FIg. 11-4 [dUlgTam of the possIble m:1rrllstatt':-. 01':111 .b:-'t'Illblv of tl p.11 Ildt':-' 
obeylflg Bose-ElIlstp1I1 statl~tlc"l, the .\fPI.lgl' \':IItH'S of tIlt' nl'CUpatlOlI 
numbers of the l'Ilt:'rg) Il'H'ls r.111 lH' c.l\culated Wllhout lllllCh dlfticult\', 
when the total 11umlwr of partlch'::, alld tlw totall'l1Plgy ait' ,i\t'd Wlwll 11lt' 
Ilumber lS very large, as 111 IIH' ..,t:1tl..,ll('.d nllHll'1 ni .1 1l1.H'IO"l'npll' "'Y:-.ll'1II, 
dIrect ca\culatlll11S arl:' Imp0..,..,lh\e \Vt' 1I0W "hm" ho\\' 10 dl'Il\'l' .1 gl'llI'l.d 
expreS~lOll for tht:' avt:'rage ol'cupatwll Illllllbt:'l" whPII Iht' IIlLd IIUllIlwl lit' 
partlcles h ver) l.Hgt:' Such an P\PIP:-''''llIll 1.., l'.dlpd .1 llI"lllhullllll 
function. 7 

The authors go on to show how the distnhutlllll funl'tion l'ail Iw uM'li 10 

calculate the entropy of the total systeIll N oh', howt'ver, 1 hat t hl' 

distribution function represents the 'average occupatIoll numlH'l's' SIlH'l' II 

is only an average, it does not represellt a property thal .any part 1('111al' 

system is likely to possess It IS worth pOll1tmg out. tha\' a glVl'1l SYSll'lIl 

might conform exactly tn tlw r.lOdel Sll1Cl' t.lll' rl'll'vanl turVl' lllqdl\, Iw 

normal. The average ln thlS case would correspond t () tilt' 1ll0dl' (\ IH' lI\u;...t 

likely stateJ. The ~mhent point lwre, howl'ver, IS lhat tilt' (h...,1 l'Ihnt 1011 

functions are rneant only to be an approximatlOll IH'c(lw.;e a dln'ct 

calculation of the occupation numbers for very large syst.<'ll1S is 1I111)(IS:-,t111l' 

The idealization in this instance is not causal or COllstruct. Sillet' W(' an' Ilot 

abstracting away any causal propertiC's However, It IS stIll an idealizat.lIlll, 

in that the statIstical method which we havl' adopted 1 s SUpp()~(,d t.Cl 

represent only the approxirnate value f()r the occupat.lOn nurnlwrs, and not 

the actual valUéS of the occupation nurnbers filr tilt' part.ICttlar SYStl'lIl 

Correction Factors and When Idealization A'isumptioll.'i an~ .Justified 

The question which WIll he addressed in thls sectiOl~ IS 11lHJer what. 

conditions is an explanabon gond when IdeahzatioIl assumpt.lOlls an' 

involved? Physicists consider explanatlOns or predlet.lOn~ wlllch USl' 

idealization assurnptions as good when either of the folloWllIg Lwo 

conditions are satisfied. The first IS whcn wc possess th<, theorl'tlcal 

knowledge ta use sorne non-ad hoc correction fador to removl' t.Iw 

7FrancIs Sears and Gerhard Sahnger, Thermodynamics, Kinetic Theory, and Htatj~tical 
Thermodynamics, p.327 
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• IdealizaLloll (l'-,'-,llTllptlofl, and the second is when the theoretically derived 

f'('c,ult fall'-, Wltllill :-,ome d(~nved error One might thlllk that a pos~lhle 

rOlldltlOTi 1:-' wtlf'1l thl' IdealJZl'd factor i~ neghhrih1e There is :-,ome truth tn 

t hl:-' dalJll, III dw :-,en:-,l' that we can only really know that a factor IS 

IlI'glJglhlP whl'n we possess the relevant theoretical knowledge However, If 

w(' do Ilot JHJ:-,:-,l':-':-' the tlworetical knowledge concerning the causal factor 

wh)('h W(' art' IgnorlIlg, t hen there is no way of knowing that the factor IS 

adually npgllglhl(' It couId hl' argued that we do know that the Ideahzed 

fador i:-, Ilt'gligl hl(~ hy performmg an pxpenment where the idealizatlOfl 

aSSllll1ptlO1l I~ l'Illployed, and thus we can tell that the idealized factor is 

Ill'glIglbh' hy companng the value of this expenment to one ln which the 

alpalIzatlOll IS Ilot l'mployed ft should he noted that if this [orm of 

justi ficatio:l IS ('mployed, It must he done sa with caution. For if we do 

discov('r that a c(~rtall1 factor is m~gligible through the use of expenments 

and not, t,hrough theoretical knowledge, then wc l'an only eonclude that the 

Hleallzed fador IS l1t'gligihle under those conditions ln which tht:. 

l'xlJl'J"lInent wa:-, perfilrmed 'l'he mistake would he to conclude that the 

t~\l'tor IS l1l'ghgibh> under sirmlar conditions to the ones 111 the experiment 

TIH' rl'aSOI} why w(' eunnot make this inference is becHuse in these cases, 

Wp do not know how to accoun t for the causal factor under any 

CU'CllIl1starH'l'S A slInpl(' but often used example will show why H Suppose 

t hat we spI, up two environments, one ln which everyone smokes and 

l'xl'I'cisl's, and the other where no one smokes and everyone exercises. 

Howl'vpr, what lB unknown to us are that smoking causes heart dlsease, 

and l'xl'rcising prc.'vents heart diseasE'. Since exercising is a preventative of 

Ill'art (hSl'aSl', it IS pOSSIble that no one would get heart disease To return 

1,0 tlll' pOint which 1 made l'm'lier, the causal factor of smoking in tITis 

• 

rirrulllst.ancp has a negligible effect. However, if we alter the 

l'ÎrC\lIll~ÜmCes slightly such that no one exercises, then we would discover 

t hat sllloklllg is no longer neglit.,rihle U nless we possess the adequate 

t Iwol'l'hcal lmowledge (} e, that smoking did flot cause lung cancer in the 

lirst l'IlVl rOnllll'llt hl'cause there was a preventative l, there is no reason to 

SNa,ll'.\' Cartwnght, How the Laws ofPhysics Lie, p.23 
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believe ignoring a particular causal factor will have t Ill' sanw l'tl'l'ct lllldl'I" 

sirnilar but different circumstances. The onl\' rl'llahll\ JUstlficatioll lil's 111 

our possession of the appropriatt' thenrt'tical kll!J\\Il'dg-l', .llld not \\\th tilt' 

fa ct that the idealized factor is smalt, SIllel' Wl' onI" l'l'ail" kllow th:lt .\ bctllr 

is negligihle when Wl' POSS(-'SS tlll' appropnatt.' t hl'llI'l't lc:d klIl1wll'dgl' 

Furthermf)re, 1t lS not alwavs tlll' cast' that Idpalt/,at\ol1 a~slllllplions 

involve neglecting sorne small Üldor ('artwnght wnll's. 

Sometlmes thi' onllttpd factor" make nnly ,\Il 11l"lglltfïl':lIlt cOlllnbulllI1I ln 

the effect under study But 1 hat d()p~ Ilot :-'PI' III t 0 hl' ("""l'III laI t (1 Hit-a hl ,lt Hill'>. 

especIally to thr IdrahzatlOlls that III thl' Plld ,11'1' ,Ipphl'd hy 1'1I~:IIII'PI -.. 10 

study l'l'al thlllgs In call1llg ~()IIH'thlllg ail Idl'dhzatlOll II "t'l'Ill'" Ilot "0 

important that the contrIbutlOlls from olllltted factor" bp "lIIall, hut that tlwy 
be ones for whlch wr know how tu corn'ct If thp lllt'ahzatlOll 1" 10 hl' of lhP, 

when thE' lIme comr~ tn .ipply It tn a rpal "y"tPllI Wl' hat! 11I·tt!'1 kllow how ln 
add back the contnbutlOn-, of the factOl that haH' bPPIl Idt out !l 

Thus in cases, where wc do possess the adequatl' 1 ht'OI'pttcal knowh'dgl' 1 () 

use a correction factor for adding back 1Il a part lcular HIl'allzat IOIl 

assumption, it is c.msidered tn he a non-ad hm.: correcÜon f~lct()r (hll' pOlllt 

worth noting befor.~ moving on tn the second form of Justtfica! 1Ol\ I~ 1 hat 

rnany of the explanations or predictlOJ1s winch wc fÏnd III phvSIl's III" III 

engineering use ad h,lC correction f~ldors The l'xplanatlOns al'(, !llOSt. of 1('11 

found in cases when we reqUlre tht' USl' of th('orpl,ll'al )wowlpdgp t'I'O!ll 

separate areas of phyS1CS For ll1stance, tlw (!Pnva!.Wl\ fi,r ('alculallllg t IH' 

radiation from a black bole involves the usp of theoft'l!eal kIlOW\('r!gl' 11'0111 

both quantum rnechanics and general n:lattvity SIllCP t Iwn' :-.1 dl IS III) 

the ory which unifies these two theories, phYSlcists n'sort to ad ho(' 

correction factors in deriving theorems to explain the radwtlOll Monlov!',., 

physicists are unsatisfied wlth the use of these equatiolls WlllCh (,oIltain ad 

hoc factors. 

Physicists also consldt-,r explanations or predictlOlls whll'h Il:-'(' 

idealization assumptions as being good If the expia natIOn or predlctlOll raIls 

within some predicted error. Error analysis IS a commoll f(!alul'I' of 

scientific practice and the statistical analyses WhlCh are used lu calculat!' 

9Ibld. p.1ll 



• t II(' aJJowahle errori-. I~ consldpred to be quitc reliable It is important to 

IlOle, however, that Hl the~(' ca~es the error is calculated within the theory 

That IS, tlle (~rror is calculated hy tirst assuming that the theory is true or 

11Ighly cfJllfirn1l'd So if a result f~llls wlthm sorne given error, the status of 

tJJ(' gIV('1l l'xplanatlOn or predictIOn will unly he as gond or correct as the 

t I}(>ory 

• 

Uhiquity of Idealizatioll."i and Why Idealizatioll.'\ are Necessary 

Laymon d('filll'~ the uhiquity of Hleahzations daim ml: 

Âl'fual df'llv,ltlo,,~ wlil alw<1Y''' (or nearly ~I)J rf'qUlre the use of 
l(!f'alizatlOll.., and apprOXllnatlOn.., 10 

Sine(' ; 'tuai dertvations art> considered to he explanations within physics, 

Wl' C;'I) pfilrnndaü' t Ill' thesls i Il terms of explanation The reason for 

doillg ~' .s that [ wIll Iw cOIlsldering what consequences the use of 

Hlt'alizatlolls ha~ on a })-N model of llxplanation and the use of inference to 

t.Ill' I)l'st explanatlOIl Wc, therefürp, have, 

Sl'Ipnt dIe l'xplanatlOns wlil alway" (or nearly :->0) reqUlre the u"e of 
lllp:dllat Ion.., and ,\ppr()Xllllat)()n~ 

'l'Ill'rp url' sl:vpral l'eaSOllS why wc must appeal to ldealizations in physics. 

Laymon Ilotes that scieIltlsts appeal to idealizations primarily for two 

l'P<lSOI1S 'l'Ill' tirst IS hecause Wf> do not possess the adequate computational 

ahih t il's, and Hll' second IS hecausc we not have the 'necessary data and 

l'Pquirl'd <luxIlIal'y theol'i0s' to provide a complete analysis of the 

pl1l'llOIlll'nOI1 or event to iw explailled 

A simph· example of the first case of idealization would be an 

analysls of tht' earth's orbit TYPlcally, an explanation of a planet's motion 

wOllld aPPl'al to Kl'p)pr's laws The denvation, however, of Kepler's laws 

l'rom Nt'\l;ton's laws rl'qmrl'S two Idealizing assumptions. The first is that 

t1ll' sun IS al, 1 pst and the second is that the forces due to the other planets is 

Ill'gliglbll' For t hl' moment, cunslder the second simplifying assumptlOn . 

lOHonald Layrnon, Cartil'r!ght aT/d the Lymg Laws of PhySlCS, p.357 

14 



• 

• 

Clearly, the second simplifyillg assumption l~ dUl' tn lIl.\dl'qllatl' 

computational abilitIes t'ince we do Ilot havl' tlll' computatlllllai ahiltlll'~ to 

calculate the motion of a body when thn'l' b()dJl'~ an' 11l'"oIYl'd, Id .dOlH' 

when a large number of h()dle~ an' lIlvolvl'd H(lwl'vl'r, Wl' do h.lYl' aIl of t Ill' 

theory required Thu~, the :-;lmplI(vlIlg a~~llmpt IOn I~ llo1 dUl' 10 .\ lacl, 01 

data or lack of auxtliary theoril's Thi~ l'x:ul1pll', l'urt IlI'rIllOl'l', ~h()\\ s t hal 

we must use idl'alizmg assumpt\()n~ wlwll \Vl' an' cakulatlllg tilt' lIlotlllll of 

any body since aecording tn the gravItational law, l'Vl'rv masslv(' hot! v l'\.l'rt S 

a gravitational force on l'very ot her maS~lVl' hodv 

An example of an Idealizatioll dUl' to a laek of data or :tllxIlwrv 

theories would he a casp of what McMullin tl'rnll'd a maknal ('lIllstnll't 

idealization. Consider as an exampll', tilt.' l'xplanatlOll of lIr-anus' orhl! 

prior to the discovery of Neptune What was ClIrIOUS ahollt lJr'allll~' orhlt 

was that the data sugge::.ted that there wa~, another plalll't hl'Y(llld it \",llIch 

was affecting lts orhit. However, thi~: plalH't Itad not IIl'(,1I vlslI:!lIv 

discavered yet Thus, scientists did Ilot know the rnass of the planl'l, 1101' dul 

they know the distance of the planet t'rom the sun '['hus, 111 tilt' (Ixplallatlllll 

of Uranus's orhit, scwntIsts were fiJfCed to ignore the l'ff('('ts of Nl'ptulIl,':-' 

influence un Uranus' orhlt 

Another reason which 1 helieve motIvaLl'S but. dol's Ilot n'q III n' 

scientists ta use idealizations stems from the naturE.' of a t'l'rt.am 1("'111 or 
scientific explanation, causal explanatlOn. I1~spagnat wri !,t's, 

Apart from rxpenrnental conflTmatlOlI, howPvf'r, "Illll!'t hlll~: III 0 1 f' h 

generally demanded of a theory It 1'> pXIH'dpd Ilot only 10 df'tprrnul!' Ih" 
results of an expenment hut al"o tn Pf()Vld,~ '>011\1' Ulld"f"t <llldlllg III th" 
physical event" that are prf'"uHlPd II) ulldpl!tP Ill(> Ilb"prvl'd rp"ull" III "lhPI 
words, the theury ~hould Ilot only h'lVf' th!' pO,>11 lOf) of a pOIlI!"r 11Il :t (h.1I bill 
also explmfllllg why thp pOl!lter l:tke>" up Iha! PI),>IIIClIl!p l',H, Th" qU.IIlIII'" 

Theory and Reahty 1 

Note, that m the last line, Espagnat daHUS t.hal. what a U1l'ory rnu:-.t. do 1:-' 

explain what causes a particular phenomenon or why II. IS a partJ('ular 

phenomenon came ahout Although one (Jf the prITnary (itsput ('S III !JI(' 

philosophy of SCIence IS what exactly charadenze:-. a g()or! :-'CI('lIttfic 

explanation, it IS generally ugreed thut SCIelltdic explanatlOfI:-' 1lI11~t. Ilot 

only describe and predict, hut they must ulso provide a form of 

15 



• llflder~tandlllg In causal explanatlOns, this form of under~tanding IS 

adllevl'd hy showlng how a particular event is the result of sorne causal 

proce~~ Although there I~ nothmg wrong wIth Identtfymg every single 

(':lll:-,al pr()ce~:-, a~:-,()clated wlth a particular event, sClentn.,ts deem It 

IlflJII·('(':-,~·try Salmon wrIte~, 

• 

Il 1" IfIlpflJfant tf) flotp, III thl,> COIl/H-'ctlOfl, that partl.:ular facb do Ilot 

rH'l'p,>"a/ dy l'rnhodv aIl !lf thl' fpatur!',> of thp phf'llolllt:-na whlch are 

Iflvolvpd Il! 

(~ollsldl'r, for pxample, an archaeologist's explanation of why there is a 

particular worked hone at a site in Alaska Certain features of the bone are 

COTlsidl'r"d rell'vaTlt to the explanatlon (the fact that the bone is thirty 

1 hous<lnd ypars old, thl' füd that it was worked by a human artisan, and the 

faet 1 hat It had l)l'pTl deposited in an Alaskan i-llte) However, other features 

Ill' UH' hOllP arp cOIlsldl'r('(j IrrPlevant (the size and shape of the bone, and the 

ch:-.tallct· of th ... site fnlIlI the nearest stream) TIH:' point of this example 1S 

t hat, lI1 t1ll' pxplanatlOll ofthis event (why there IS a particular worked bone 

at a sill' ln Alaska), Wl' ignore certain features of the ho ne smee they are not 

rplpvmü t () the part;cular explanatlOll which 18 demanded 

Of courSl', whH.:h causal proeess IS sought after in the explanation 

and thus whlch fl'at.url'S are deerned relevant or lrrele"ant to the 

l'xplanation wIll dl'peno on how the wt y question lS formulated, For the 

purpos('s of Illy pOlIlt howl'ver, thlS d,)('s not matter What IS important is 

that sl'Il'ntdic l'xplanations do not require that we Identify every smgle 

causal procpss associated wIth an event to he explained Therefore, any 

l'xplanat wn of an l'vent will always require an Ideahzation which will 

ol'pend Oll what is demanded for in the explanatlOn, Thus, from a practical 

point of Vlew, if our goal is to give causal explanatlOns, we would want ta 

USl' idpalizations 

11Salmon, W. S('ientific Explanation and the Causal Structure ofthe World, p 273 
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Idealization.., and Explanations 

Ho far \','hat l have dl~cu~sed 1Il chapter 1 an' tilt' ddfPrt'l\t tYlH'S of 

idealizations and \'.:hy they are nt'cessary III phvslcal l'xplanat lO\l:-. \Vllat 1 

will do in thi~ ~ertl()n IS tn relate IdL'altzatlOl\~ 10 pxplanatlOl\s thr()ll~:h tilt' 

notion of a mode) The reason for dmng thi~ IS m:ullly lH'llrIstll' :-.1 Il l'l' what 

we often find ln physlcal exp)anatlOn~ of an pypnt an' t Ill' l'OIlSt nid 1011 of 

models. That 18, If we want to L'xplam an l'Vl'nt. \VI.' do t hls Ill' l'on~t ruet lIIg a 

model from our fundamental laws such that Wl' l'an lit tlll' l'velll lllill 0111' 

model l should note that what l wIll nH'an hy' a '\Ilodl.'l' IS Ilot tlll' S:IIIH' as 

what is traditionally meant hy models 'l'Iwl'l.'forl', WIH'Il 1 wIll h!' 

discussing models, l will not he ref('rring to CO'Tl'pt liai n'prl'~l'lll at 10 ilS 

such as the Bohr model of the atom, or tlll' SOfllllIPl'fl.'ld IlH)(h,1 

Van Fraassen defines a model as "any structun' wlllch satl~lil'~ tlll' 

axioms of a theory"ll So, if Wlc' consider a tJH'ory as l'()nsl~tlllg (lf.t spt of 

axioms, then a structure IS a model if the axioms of tilt' t hl'Of'V (11'(' Ir'ul' of 

the structure Van Fraassen's defimtio[l of a '[Jlod ... l', at-. lit' 11O(('S hIlIlSplf, 

is slightly different from the notlOn of 'theorl'Llcal lllod{·I' (h'fïlwd hv 

Achinstein AehlI1stein charadenzes a model as 

1) cOlIslstmg of a "pt of a:-...,urnptlOlI.., about ..,Onlt' oll)t·t·t (,1 ..,y..,t l'III , 
2) descnlnng a typP of obJPct or :-.y..,tPIll by attnbutlflg 10 1\ what n1lghl hl' (·all .. d .111 

Inner ~trllcturp, c(Jmp0..,ltlUll, or IlH'ChaIII"rn, n·fprPIICl' 10 whll'h wdl l'xplalll 
vanous propertJp::> pxhlllltpd by that obJPct or ..,y..,tPrTl, 
3> bemg an approxlnwtwn for u~pful purpo"t->.., 

\'an Fraassen calls this notIOn of a 'model' as a 'model-type' EX<lmplps (JI' 

model-types are the familiar cases such as the Bohr model of llghl" 1 Ill' 

billiard model of gase~, the corpuscular model of hght, tiw ~1H'1I /Il oc! pl of 

the atomic nucleus, and the free electron model of the atorn 'l'IH' Impurl allt 

difference hetween a model and a model-type 18 that a rIlodel-tYJH' f('pn"-'('llb 

a certain class of structure or models in which certain paraml'tl'n, an' I(·fl 

unspecified. Models, however, refer to 'specifie structures ln whlch ail UI!' 

12Bas van Fraas~en, T() Save the Pherwmcna, The Scientific Image p 4:1 
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• f(·ll'vant param(>ter~ have specIfie values' For example, the bllliard bail 

model for ga~es leaves ail of the parameters of the ideal gas law 

Il/I~JH'(:Jfi('d However, If' we were to construct a model of the hll1iard ball 

f Y(JP, wc' would need to specIfy the amount of molecules In the container, 

and t /H' n·lpvanl pr('~~ure, volume, and temperature The salient point of 

tllPSI' dl·(illltIon:-. of Illmlel-typl' for Van Fraassen and model for Achinstem 

1:-' lhal a mod(~l (,ollsisls of a Sl't of assurnptIon:-. 

• 

'l'he1'e IS an Important pOlllt WhlCh should he brought out concerning 

t.he relatIOn of diP',-:rcnt models According to Achmstein, a model-type 

(:onsists of a set of astmmptlOns ahout sorne object or system. Note, that 

WlllCh particular model-type IS constructed depends on what set of 

assumptlOBs an' chosen From this, we can therefore relate different 

modp\s through thl' relatIOn of thelI' relative sets of assumptions In other 

words, tlw way III wlllch models are related will depend on the way in 

wlw.:h t}lP sl'ts (If assumptHHls are related Let u:-. consider a few ex amples 

Within Newtoman theory, one couid construct several model-types 

eonCl'rmng !.Ill' IwhavlOur of gases 1Il a volume. COllsider two models. the 

hilliard hall mode} of ~ases for derivmg the ideal gas law (PV = nRT), and 

tlw wpakly-attractin~ ri~tid-sphere model for deriving Van der Waals 
pquatiol1 l(ll + aJv~)1 (v- h)]= RT where b= 2/3Nrrr'\ Sears and Salinger note 

that tl1l' dl'nvation of the Ideal Gas Law involves five idealizing 

as:-mmptio!1s 

1) AllY macroscoplC volume of a g-as cuntall1:' a very large Ilumber of molecules 
:2,) 'l'tH' 1lI0lecuies ar{-' ~eparated by distances that arE' large compared wlth thelr own 
dIlJlPn~IOIIS and are 111 a state of cont1l1uous motlOll 
:1) 'l'tH' lI1oll'cule~ f'xprt 110 forcp:, on one another except when they colhdE' 
·1) Th!' collJ:'lOllS of mo!ecu!ps \VIth OIlP another and wlth the walls are perfectly 
l'la~tlC 

:\) ln th\> "b .... l'Ilcp of p,ternal fOlep..,. thE' m\)lp('ulp~ are dl~tnbuted umformly 1:3 

Notl' t hat Van der Waal::; l'quation contains several additional terms. 

Hl'l'aB t hat t Ill' factor, a, shows how the properties of pressure, volume, and 

t:1~t'ar~ .lIld Saltngt>r, Thermodynamics, Kinetic Theory, and Statistical 
'11U' .. modynamil'~ pp :!Î()-:27R 
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tempe rature depend on the electronulg"netlc fllrl'l'~. and the f,ictnl'. h .... hm\':-

how these propertIe~ depend on Illolecular ~lZl'~ Thll:-;. \':ln dpI' \\' a,tI:-

equation takes 1I1to al'l'ount a~SUlnptlOns (2) and 1;\ l. and :--() d(),'s IIH' 

correspondlllg" model The ~l't of a~~umptlO!l~ a:--~Ol'I.ltl'd \\'Ilh IIH' \\'l',lId\'o 

attracting nh'1d-sphere modpl for oel'lvlllg" Van der \Vaal:-. t'qllatloll 1:-- )[\1\ .1 

suhset of thuse Idl1 ahzll1g as~umptlOns llSl'd for 11h' HiPa 1 g,l:-. la \\' 

Although hoth models-types are l'O!lstruct l'd from t hl' :-..11111' t 1 t'On' 

(Newtonian theory), one modl'l l'an embeddl'd min tilt' (lIIH'r :\lol't' 

generally, we l'an say that If a modPl (-) ('onslsls of a sl'l of a~.:--lllllpllOlI:-', 0, 

and lp conslsts of a set of assumptlOlls. Il', and H IS il suhst'I of Il', 111\'11 \\'l' l'''11 

emhed lJ1 in (-) In our example, the bilhard ha!! m(Hil'! l'ail hl' l'Illht'ddl'd 1111\\ 

the weakly attracting rif:,rid-sphl're Illode! by sl'ttlllg ('('rlalll p:trallH'll'I'~ to 

zero This is due to the fact that tlw IdealizlIlg asslll11plJl}lls IIsl'd 10 

construct the weakly-attracting ngld-splwre mode! IS :t ..,uh:--pl of IIH' 

assumptions used tn COllstruct the billiard b,lll m(nld 

There are frequent cases III phys\es, hOWPVl,t., wlll'rl' 1 wo spt s 0" 

idealizing assumptions are not. subspts of tlll(l anot 1)(>1', or III ot!H'r words, Il 

is not possihleto emhed one model-t vpe lI1to tlll' oUH'r (;ol\sllipr 1 Ill' ('a~(' of' 

trying t.o èxplain the mot.IOn of a partIell' III wlllch aIl t'ollr fit'lrI:-- :l/,(' 

involved, the gravitational field, tlH' eleetromag"net.lc fipld, IIH' fit'Id of' 1 hl' 

weak interactIOn, and thp field of the strong llltl'rat'lloll W(· ((Jllld 

construct one model il} which we negll'ct. the fil'Id of tilt' wpak 1111 ('l'ad 1011, 

or we couid const.ruct another model which lllVO!Vl·d lll'gleetlllg t hl' fit'I ri of 

the strong interaction, It would not he possihle, however, t'mlwd 011(' luud(·1 

in the other since the idealizmg assumptlOIls aJ'(' nol ~Ilhsl't:-. of 1 h.· ollH'r 

We would thus not expect the values ohtalIwd 111 one Illodl'l to 1)(' 1 SO/ll tH· ph II' 

with any of the values ohtamed 1 n the other 

The next chapters WIll t'oeus on what con:-.equl·\H'(':--' I.hl· \1:--'(' of 

idealization assumptions has concermng the reaiism/alltl-n'all'>/Il (ft·h.iI (' 

The point of the examples at the hegmning of tht' l'hetpt('r alld 111(' 

discussion of modeb was to show that scwntIfie ('xplalldtloll'> .I11f1 

predictions WhlCh appeal tn IdeahzatlOns are :-.tlll él<'c!'ptahl(· 'l'Ill .... "ll~~ht 

seem like a trivial point, smce it would :--,eem that ail '>Cil~lltdi(' ('xplallat HJIl:-

involve idealization assumptlOns What needs tn he addf(·~,:--,(·d l'> tJH' 



• lrllphcatllJIIS thelr u..,e ha!". for our models of explanatIOn One implIcatwn 

I!". that the u!".!' of Idpal!zatIOn a":,,umptlOl1!-. doe!-. not allow us to provide exact 

!oglcal dedurt wn:-, (Jf (·vprlt<., or phenomena Or ln other words. 

(·xp!allatwJl<" whlch IllVO!V(' ldeahzlI1g as:-,umptlOns do nut <.,atlsfy the 

('Oll..,t rail 1 I!-. of 1}ll' /)-N modl'I The tact 1<", howevt-'r. that the~e explanatlOn~ 

an' <.,1111 ('OIl"J(J('rl'rJ good ('xplanatlOn:-, A po:-':-'Ihle conclu:-'lOn then 1:-' that 

pr('('I:-'l' logl('al dl'ductlOn:-, IS not a nl'ce:-...,ary condition for hemg a good 

t'xplallatlOJ) It :-,hould 1)(> made clear that thlS problem IS qUlte dIfferent 

l'rolll t}1l' tradiUollal a:-,ymn1l'try problems exemplified by the well-known 

flag-pole l'xample Thl:-' example showed that the constraints provided hy 

t Ill' D-N mI/dpi cannot he a suflicICnt condition fiJr hemg an explanation So 

why sl!ould Wl' Ilot sunply abandon the D-N model of explanation'J If the 

U<"P of HIl'allzatlOlls fl'qture:-, u<., to give up the D-N model of explanation, 

tJ1l'1l It als(J rt'qUlfl1:-, us to g1ve up the hypothetico-deductive method of 

continuatloll Thl:-' P0:-'l'S a prohlem for the clmfirmatlOn of fundamental 

law:-, \Vhat. f will do Il1 Chapter ~ is make exphclt how this is relevant to 

tJ1l' n'aiism/anti-reahsm debate about the fundamental laws What 1 will 

tl1l'H explore, Il1 Chapter :J, IS Cartwnght's challenge to the realist, and 

l'o!1sidcr an alternative model of confirmation which might save realism 

• 

Chapter2 

'l'Ill' last chapter has fucussed on the difl'erent types of idealizations 

that are used in physics and why the use of ideahzation assumptions is 

l1l'cessary 'l'he t'ocus of dIScussion 111 this chapter and the rest of the thesis 

will lw tlH' consequence the ubiquity of idealizations thesis has on the 

realtsm/antI-reahsm dehate \VIth respect to the fundamental laws The 

ti)l'uS of' dISl'Ussi'Jl1 for the rest of the thesis wIll he the fundamental laws. 1 

will dt.1filll' a sClentitic reahst as 0lH:' who helieves that the aim of science 18 

tll disl'oVl'1" a true tlwory, and more Importantly for our dIscussion, true 

fundanH'ntal laws 'l'hus. sCll'ntIfic reah..,m vnll be defined in the followmg 

wav to have good rcason to '-lccept a theory 18 to have good reason tu helieve 

t hat t Ill' fundamental laws are true Conversely, anti-realism wIll he 

dt.'tined as a, Ha })()SltlOn accordmg to WhlCh the aims of science can weIl be 

:-'l'I"\'t'd wlthout hri,\,lllg ~uch a literally true story and acceptance of a theory 
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• may properly involve sometlllng-ll'ss (or otlwr) than lwlwfthat It lS tnw "11 

The debate that 1 wIll he eonsldl'nng- wIll focu~ on wlll'tlwr tlH' fundallH'lltal 

laws are true. and \\.'hetlwr the alm of ~CH\Ill'1' ~hollid IH' tn ~l'l,k Ina' 

fundamentallaws The challeng-e that wIll Iw pOM'd to 11ll' n'alt~t wtll hl' 10 

otfer justIficatIOn for the clalIll that the :t1111 of ~ell'lH'l' slwuld Ill' t () ~l'l'k 1 nll' 

fundamentallaws The realist nwthodolog-y r wIll l'()n~ldl.'l" Illl' olli.'I'111/-:" IhlS 

justIfication will he to try tn arg-ue that thl'n\ an' III bd ~lll'h tll\l1g~ :l~ Inll' 

fundamental laws If tills l'an IH' ar'gut'd for ~ul'l't'~~fllll\', 11ll'1l Il \\'ould 

seem to provid\::' SOIl1e reaSOll to ael'ept that tilt' ,\I1ll of Sl'll'IIl'l' .... Iwuld IH' 10 

seek such la\vs My pnmary concern wIll nol hl' 1 Ill' n'ah~t'~ al r,UIIH'llt li", 

the latter claim, but rather ID trylng- to estabhsh tlU' fOl"lllt'l' c\:lIlll, t hat 

there are in faet true fundamental laws Nott." that t Ill' f()l'uS will Iloi hl' Oll 

the existence of theoretical entities as lS Illon' oftt'l1 dISl'lISSt'd 111 

realisrnJanti-reaiism debates in the philosophy of SCll'rH'l' Howl'vt'r. 1 WIll 

briefly dlscuss tI11s issue 1I1 disting-Ulshing- Cart,wrig-ht's l'onu of allt 1-

realism from Van Fraassl-'n's 

• 

My intent in this chapter IS to summanze Cartwnght's arg-ullH'nl fi,,' 

her particular form of anti-realism. In the tirst Sl'ctlOn, 1 will outlllH' Iwo 

of her arguments for the daim that the fundamental law~ an' falst' 'l'IH' 

first argument will attack the realist view that tlw fUlldanH'lltal laws 

descnbe the faets. The second arg-ument wIll he morl' gl'Ill'ral, III thal Il 

takes issue with one of the central tenets of the n'alIst l)OSlt IOIl, II1ft'n'IH't' 10 

the hest expianatlOn In considenng the re)ectlOn or 1 Ill!-., fimll of IIIf('n'llt't', 

1 will also discuss Van Fraassen to sho\v how hl~ form (JI allt l-n'all~1II 

differs from Cartwnght's, l WIll then c(}n~Id('r an accoullt (Ill!' /-:"t'I\t'I'I(,

specific account) which seems to respond dlrectly tu tilt' ;lfJtI-rt·;t1I~1 

challenge concermng inference to the best explanatlOll From t IH'n', 1 wil 1 

consider Cartwright's ohJection to this acwunt WhlCh WIll hrlllg- out t ht· l'olt, 

idealizations have 1I1 the realismlanh-reali:-,m debate B('fore !rlOVIlIr, Ollt (J 

this discussion, it wouid he useful to c1arify what l'xadly IS nlt'an\' hy 

fundamental laws and how they differ l'rom phenomenolog-ll:al laws 

14Bas Van Fraassen, T() Save the Phenomena, ,Journal of Philm,ophy V n, pp fJn-:1 
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Typa'al example~ of fundamental laws 111 physics are generalizatlOns 

">l1ch af-> N(lwtOI1'S thre(~ law,,>, Schrodinger's equatlOn, and Faraday's laws 

of f'1(·ctromagllet Ism The:-,e law'-, whlch we comnder to he ut the core of our 

thl'Ofl(':-' an' charactl'f1Zl,d by thl'Ir general and ahstract nature The 

Ils(~fuIJll':-'s of fundamental Iuws lIes m thelr ahiiity to explain a wide class 

of phI'IH)(lH'na Plwnomenologlcal laws, on the other hand, tend to he very 

:-,ppcdic and ddaill'd Thus, they arl' only used to explam a specIfie class of 

ph(lnolJlPna 'l'yplcal l'xamples of phenomenological laws are the 

(IXJHlIH::Itwl decay law in quantum mechanics and Airy's law in 

plpdromaglwlIsm 'l'hl:' l'ad that fundamental laws figure in explanations 

filr a wldt> class of phl'llomena and phenomenological laws only figure in 

(IXplallatlOf1S for il fllstrided class is what r take to he the primary 

dIfl'(lfl'nCl' tll'twl't'n the:-,e two f()rms of Iaws 

Cartwright's Challenge 

A pn1dominant reahst view III physics is that the fundamental laws 

descntll' tJw hl'havlOur of real objects This is what Cartwright terms the 

'faet.icity Vll'W of laws', and It IS the primary aim of her book to show that 

t hls VIl'W 1:-' falsl' COllsider, for exampIe, the gravitatlOnai law A common 

dl'finit.ion round III physics textbooks is, 

Tht> Law of (;ravltatIOlI I~ that two bodles exert a force between each other 
whlch V:illf';, IIlvpr"ply a~ thp ~quarp of thp dIstance between thpm, and 
varlPS (hrt'ctlv a~ the prnduct of t helr masses, 

'l'aken htpraIly, this definition is faise if it 15 meant ta describe the 

lwhaviour of obJccts, The reason is that the force is only cquai tu that 

dl'scrilwd hy thl' gravltatinnal law if there are Ilot any other forces 

lllterfl'nng Thus, the law IS true only in cases where there are no 

Illtl'rferiIlg- forcps, III conditIOns where there are other forces, the law IS 

fa 1 s(.' if Il, is meant to descrihe the hehaviour of real objects. Cartwrigl", 

notl'S t hat one possible way to preserve the truth of the gravitational law is 

tu l'hum that tlwrl' IS an implicit A-,teris paribus clause in the law. Thus it 

should lw rt'ad as, 

t rlldel' HI!'al cOlldltlOlIS. two blldlt's E'XE'rt a force between each other WhlCh 
\ allt':. 111\ (>""ply as the square of tht' distance between them, and vunes 
dlrt\l'th .I~ tIlt' produl't llftht'Ir massps 
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The literaI translation of cetens panhus IS 'aIl otl1l'r thlllg'S !wmg" l'quaI' 

The problem with cl'tens panhus clatbps, which many n'Cl'nt phIiosopl1l'f':-' 

have pointed out, IS in provldlllg' SOIlW plauslbh' mtt'rprl'tatlllll a:-. to ",hat 1:-' 

meant hy 'aIl other thmgs !wmg' l'quaI' At tlllH'S, 1t has !Wl'Il C()l):-,t J'lwd ,lS 

meaning 'under normal conditIOns' ,1Ild at otlwl' tlllll'S, It h,lS lH'I'1l 

construed as 'under Idt'al conditIOll."" For IllV purpo!->('s, 1 \\'dl Ilot g"U lIlto 

the prohlems of provId1l1g" a non-circulaI' or Jlllll-V"l'llOU:-' ~H,(,O\lllt \\'hl\1I 

interpretmg cetens panhus III t'Itlwr of tl1l'sl' ways Stlll'l' l'Vl'II If t Ill':-'(' 

problems can be solved, the use of cetens panhus dausl's st dl dol's 1\0t 1H'lp 

the realist for the following rcason. Suppost' that what IS nwant hv l't'lI'rlS 

paribus IS 'under ideal conditions' Thus, If Wt.' l'l'ad tilt.' g"mvltat 101Iai la w 

with a cetens paribus clause, we have tlw !()llowing', 

Under H!eal cundltlOn.;. two L()dlP~ I:'xprt a forcE' lH'twppn l'ad) 'lllwr wllll'h 
varie.., Invpr~ely a~ thf' "'quarp of th!' dhtalll'p IH'twI'PII t 111'111 , and valll'''' 
dlrectly as th!' produt't ofthf'lr llIa"'~('~ 

In this case, the 'under ideal conditions' IS t.o he COllstrulld as, If t.lWrl' an' 

not any other furces mterfering The 'ideal' ruther than 'normal' Sl'l'lIlS 

appropriate in this case since the conditions in which tilt' law wdl Iw t l'Ill' 

never aetually ohtain The conditions, however, an' e1()~l'ly <lppt'oxIlllatl·d 

when there is an isolated parttcle 111 far out spacl' 'l'IH'(,(\ an', of ('our:-.l', 

law statements in WhlCh thl' COlHhtlOns III tlll' ceteris parthus (-Iau:-,(' 

actually do obtmn For mstance, SI1l'Il's law 

For any two medIa whlch are ()ptlcally I,>()troplc at ail Id!l'rfal'l' bl'iWt'l'lI 

dlelectncs there I~ a refracted ray 111 thp ~pcllnd llH'dIUm, Iylllg III Hl!' plalll' 
of InCIdence, makmg an angle U, wlth thp Ilormal, ..,uch that 

holds in any two media WhlCh are optlcally IsotropIe. What 1 s llIt'éUlt hy 

isotropie is that the properties of the material do not dept.'nd 01} the dit'l'ctioll 

of transmission. For example, glass IS isotroplc wIth rl'sppct t.o rl'fract 1011 

uf light 

At any rate, construing the t'undamental laws as havlJlg :Ill trllplll:lt 

ceteris par:bus clause allows for some 111terpretatlOn 111 whi~!l tbe laws 

come out true. By reading the laws with an Imphclt celens par nus claus(', 



• t tH~ ~uggl'~tJ()n I!-> that we tak(' a counter-fadual rather than a suhJunctive 

n'ar/Illg of ttH' law l'j That l~, the law ~hould he read as, "Were IL the case 

t hat ail ot}wr fa ct ore; wpre ah!->l'nt, then, /-,'1ven certain uutial C()ndItlOn~, 

('('rtalll n'!-ollltant Clllldltl<JlI:-O w()uld ohtatn" The Idea i~ that the law h{Jld~ 

III a pO:-':-'Jhl(' world or set of pos:-'Ihle of worlds !Il wluch the Ideal conditions 

do ohtam, alld II, IS III vlrlul' of tlw~c worlds that the law is smd tn he t1'ue 

Although tilt' use of lInplIcIt cct'~rJ!-' parlhus clauses allows realists tn hold 

OJlto t hl' c1allll t hat t1H' fundamental laws are truc, tlus response rmses 

pro"It'IIl:-' for t'xplanations If' the reahst wants to retain the covering-law 

/l}()d('l of t'xplanatlOn 

• 

AccordIllg to H(~mpel's original formulation uf the D-N model, 

l'Xplaliatwl1s are deductive arguments WhlCh take on the following form, 

1.1,1.2,1,:1, ,Lr 1 Explall:lll-,j 
Cl. C" CL,,,, ('k 

,.: (ExplanallduOl) 

Ail explanatlOn of an l'Vl'nt E, therefore, consists of a deduction from a set of 

law statt'IllPllts and ~tatl'Illents of mitial conditions. A requirement for the 

argullH'nt 1,0 Ill' an l'xplanation IS that hoth the law statements and the 

statl'll1l'nts of lI11tlai {'()nditlOn~ he tru(' The problem with understanding 

fundanlPfltal laws as conta1l1111g an lmplicit eeteris parihus clause is that 

t Ill' law l'an only be llsl'd in an explanation when the ceteris paribus clause 

IH satisfil'd Cartwright writes, 'a law that holds only in restricted 

Cln'umstanl'es can explain only 111 those circumstances' Thus hy savmg 

tlll' truth of the fundamental laws hy including an Imphcit ceteris panbus 

clausl', t Ill' !aws lost' t heir explanatory power in thüse cases where the 

l'l'tpI'lS panhus clause is Ilot satIsfied Consider, for cxample, trying tü 

l'xplalll tlw traJectory of an electroll when It is 1I1teracting with another 

l,ll,ctroll If tlll' gravltational law IS to he understood with an unphcit ceteris 

parilms clause, then under those conditlOm~ when the ceteris paribus 

daust' IS Ilot satisfipd, the law cannat be used in the explanation of the 

particular l'VPIÜ ThllS, if we alnde by the restrictions of the D-N mode!, the 

1 fil ~l'()f'f'n'~' .JlIst'ph, The Alan,\' S<'!encl's and the One World, The Journal of Philosophy 
V.H7, Il 777 
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law eannot be used m the explanation nf t Ill' t ra.Jl' ct or:, of t Ill' t'Il'l't 1"011 'l'hl' 

faet, however. is that thl:' law dot:'~ and should tig-ul'l' III t Ill' l'\.pl.lll.lt \(Ill of 

this t'vent, so \ve must l'lther n'.wei tlll' D-N 1110dei 01 ('\.planatlllll. l'l')l'ct tlll' 

Idea that law~ have an impheit l'ett'n~ panhus dansl'. or l'l'wei 11IIth Ih'li)I'l' 

con~l(lenng- a pO:--:--lbh· rl':--pOllSl'. let U~ l'on~Hh\1' ('art \\'l'lght's sl'l'ond 

challenge to tilt' l'l'abst 

Rejecting Inference to the &st ExpL'Ulation 

The pomt of Cartwng-ht's Ob.WctlOIl IS that 11ll' l'l\ahst assul1ws Ihal 

for a law tu explmn an event, It must hl' tnt(' Mon'()vl'f', 1 Ill' n'all~t :t1~o 

assumes that If a law explmn~ an l'Vellt, Wl' can IIlfl'r Ihal tilt' law IS t l'Ill' 

This is precisely what the ant 1-l'eahs(, dl\l1ll\S 'l'hat IS, t III' ant \-l'l'alIsl 

denies that wc l'an 1I1fer t'rom that filc1s that x l'xpl,IlIlS \" and v IS tnlt' to 

the claim that x is true ThiS IS simply dell.Ylllg t hal 11l1i.'I'l'IH'P tll t Ill' Iwst 

explanation is a valid [orm of inferpnce 

In Harman's origmal paper, he characteri/.l's Illfpf(\IlCP t.o t.lU' hl'st. 

explanation as, 

une IIlff:>rs, t'rom thl' prpnlbP that a glVPIl hypot hl'~l:-' would ploVldl' .. 
"bpttpr" pxplanallOll for the eVHlencp than would ally otht'I hYJlothl'-.I-., III 1 Ill' 
cOllclu~\()n that the h'lVen hYJlothp"l~ \~ tllli' Ifi 

Thus, if X best cxplains y and y IS true, wc eaB infpr t hat x IS t rtH' TIH' 

relevance of thls form of argument to our diSCUSSIOn IS UW fullowlJlg 'l'hl' 

realist argues that our present theory which Illdudps our f'ufldalll('IIt.al 

laws best explains the phenomcna Therd'orp, wc cali IIIft'f' that Ihp 

fundamental laws are true Note, that an Importallt COfl~tralllt (1/) 1111~ 

furm of argument is that the explanatlOn whlch IS t.u hl' IJlfprn'd .l~ 1)(,1I1~~ 

true must be the best explanatwn The mltl-n:ahsb 1 wIll ('()Il~ld('r f'('J('('1 

inferenee to the best expianatioll hy usmg argument s whleh f'()(,I1~ Oll t111~ 

criterion. Duhem and Van Fraassen, f(Jr 1I1stance, hav(~ argupd tha!' "for 

any given set of phenomena, m prmclple, t,here WIll alwa ys \)(' fIlon' t.ltall 

16GIlbert Harmun, Thf' Inference to the B(,\t Explanattrlft, Philosophieal H.cview V,74 
(1965), p 89 



• (jIIl' l'qltally :,atlsf~lctory explanatlOn, and sorne of these explanations wIll he 

lIH'ofJIpatlhle" Van Fraa~~erù, VJeW 1:-' that the pnmary mm of sCIence lS to 

..,av!' !J)I' ohsl'rvahle phenOHll'Ila, and that there will always. ln pnnclple. he 

lIlur/' thall olle t h('ory whlch accoTllplishes thls task He, furthermore. 

rlal/ll:, t hat w(' could always con~truct two theones that an' IJ1compatlhle 

Hlio clau}} IS that an ('xplanation IS not the he st hecauioe lt IS true, hut rather 

I)('cau~(> II, has IlWH' prag-matIc vlrtue~ such as slrnpliclty than another 

'l'hll:-', ail pxplanatlOn would he tiw he:-.t, on vau Fraas:-,en's account because 

II, IS tilt' :-'IIIlpll':-.t alld Il ha:-. tilt' most org-anizlllg- power It IS Important to 

Ilote that ac('ordlIlg- 1,0 van Fraa:-,sl'n, these vIrtues are Ilot indlcators of 

truth, hut rathl'r mdlcators of what we are lI1clined to prefer 

FurtllPrmof(', Ii would lw il mlstake to think that our 1I1c1inations can 

f(·hably g-uld(· us towards tlw truth 

• 

Van Fraassl'Iù argument, theref()re, against the realist is that since 

w(' l'ail always l'OI1:-.truct llll'Ompatlhle theories which save the sarne 

plH'llolTH'lla, Wl' canl1ot, mter the truth of any of the theories An Important 

pOlllt COIU'prI1lIlg- t hls argument is that we can only make the conclusIOn 

that there IS no trul' theory If we COllstrue incompatIble as meanmg there 

I)l'ing a semantIc IIlcompatihIlity rather th an merely only a syntactic 

lllcompatIluhty Heahsts have IWl'Il qUlck tu pomt out that it should not he 

takl'Il filr g-raIlh'd that such a task l'an always be accomplished Althoug-h 

Van Fr'aas~t'Il provldes an example of what he means by two sernantically 

lIu'ompatlhll' t heorIes to l'xplam the same phenomena, he does not arg-ue 

t hat Wl' could always construct an ll1compatihle theory nor does he offer any 

g-l'Ileral ml'! hodolog-y to do su, If Van Fraassen can offer such an 

arg-uIlll'Ilt, then It sl'ems that there IS never really any best explanatlOn 

Thu:->. \Vl' l'ould never mfer the truth t'rom a given explanation In other 

words. sOllll'thmg- l'an satIs(y aIl thl' conchtlOns for being an explanation 

and still not lw trm' lt thus Sl'l'mS that truth 18 an external characteristic 

of l'xplanatiolls 

'l'IH' alltl-n~ah~t n':-.pOI1Sl) to why we do in the end choose a particuiar 

till'ory as the ïwst' IS the n'suit of pragmatic consIderatIOns Cartv\'right 

w 1'1 b.'s . 
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ExplanatlOI1 lat lea~t hlgh le",,1 ,,\.plan:ltlOn~ llf tht'lIll'tll'al ,('II'lll'l' \\hll'h 
are the practlcal forus of th" debate) OIg.IIIIZl', hllt'th and l'I1'll'II'I1II\, 1111' 

Ull WlE' Id~, .1I1d perh lI);" un le.1l nah Il', l1t.l~~ lIf h 19h h dl'LI tlpd k 1\ 11\\ Ipdt:t' 
that we ha\l' ot the pht'1l0IlH·It.1 But 11lg,lllllll1g PIl\\1'1 h.b Iltllhllll: 1(1 d'l \\tlh 

truth 17 

What we find ln the SClenct's are t hat t Ill'Orll'S :ln' ChOSl'll as ïll'St' l'or 

reasons of slmplicity, etliciency, organizlllg po\wr, and hn'vlt v Hut wh .. t 

do these notions have tn do wlth truth'J To think that (I!l'se Ilot IOns han' 

anything to wIth truth is tu presupposl' that nalut'l' IS It!'>l'If ~lIl\pl(' alld 

organized The antI-rt'ahst arguIlwnt IS slIllply 1 () l'ail t Ill!'> pl'('~Upp(lSlt Ion 

into questIOn 

To characterize Cartwright's positioll as only fl'Wl'tlIIg IIlt'PI'l'IH'P tll 

the hest explanatlOn wuuld he an oVl'r-slmphficatwll. SlIH'l' (~art wright IS 

not really an anti-reulist like Van F'raaSSl'll and Duill'Ill SIl(' dOl'!'> lIot 

reject inference tn the best explanatlOn tout court, Slllel' sl1l' do('~ Ilot l'l'Jl'l't 

inference to causal explanatiolls ft IS thi~ dlSt1l1ctIOIl that ~tH' dt'aw~ 

which makes her positIOn partIcularlv irItefl'stlllg 'l'Ill' distIlletioll allows 

her to be a realist ahout. tlH:,orl'tical ('ntttte~, but ail alltI-l'palist ahout 1 tH' 

fundamelltal law~ Ll't me explalll 

Cartwright notes that Wl' observe two difl'l'rl'IlL t'onns of ('xplana:'lOtl 

lI1 physics, 

Explallllllg ln phY:-'lc", IIIvolve:-. two qUltf' ddfpfI'llt klfld.., 0" al'flvIIH':-' 
first, whf'n we explalll a phenoll\pl\on, w(' ..,tatp Il,, rau"".., WI' try tll provldp 
detatled accounts of exactly how thp phf'llol\lf'1l01l 1:-' pJ'llducpd S"CIIlHJ, Wf' 

fit thf' phpllomenoll Illto 11 Ilload Iht'Illl'lical frallll'work whlth hl"lll~:, 

together, undpr OIW :,et nf fUlldanwllt.al "quatllllh, a wld" array "" dlfll'lI'1I1 

klnds of phenonlPlI:I Thf' cau.."t1 "tory u,>!'.., hl~:hly "I"'l'dl(, 

phenomenologlcal law:-. whlch tf·1I w hat happl'll.., III CCHltTl't , • ..,11 lIat lflll" /luI 
the theoretlcal law;" IIkf' thf' pquatllJll of cOlltlllUlty alld BoJlnll.trlll" 

pquatIOII, are thoroughly abstrart formulaI' WhlCh dl':-.crrlll· 110 part.lcular 
clTcumstallces. 18 

17Nancy CartWrIght, How the Laws of Physics Lie p,X7 
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Th us, one form of explanation (fitting the phenomenon into a hroad 

t heor!'tH.:al framework) II1volves explaining an event hy relatmg it to other 

~Jlllllar l'vent!'> through a fundamental law of nature The way ln which 

th! s proce:-.s Ofll'Il procceds is through the constructIOn of a model, and 

:-.howlIlg how tiH' ('vPIll lits lIlto the model. Other explanations which 

Illv(Jlv(~ cltIng the detaded caus,ll story of an event, Cartwnght daIms, 

lllakt> use of plw!lomel1o}o/-,rical laws Thus, the ohJectIve in thcse form~ of 

(lxplanatlOl1s 1:-' not 1,0 relate it to other similar events through a 

fundanll'Iltal law, hut slmply to derive the event from some 

phenolIwnologlcal law wlthin the theory and a statement of initIal 

condl tions 

As 1 stated earlIer, the standard anti-realist argument against 

inlerenee tu the Iwst explanation is to note that for every set of phenomena, 

there are spveral incompatIhle explanations or theones from which we can 

derivl' tlH'sL' l'xplanations Smce it appears that we can have incompatible 

t'xplanatlOns for the Seime phenomena, truth seems to he an external 

charactenstIc of explanations hecause if the explanations are incompatible, 

tlwlI tlwy cannot hoth 1w true Rec:lll, however, that the reason why we will 

ChOOSl' onp t heory over anoth('r wi 11 he pragmatic, and these virtues, like 

sIrnplIclty and organizmg power, are simply indIcations of our natural 

lIlelinatlOns or prl'ferencl.'s A p<'ll1t Cartwright notes, is that the 

redundaney whlch wc find for theoretical explanations, IS not found with 

eau:-ial l'xplanations 'l'hus, Cartwright agrees with Van Fraassen that in 

g-encral t ill'n' an' or can be redundant explanations However, for causal 

l'xplanatiolls, :-iht.' daims that this is not true. She writes, 

ln ph'r .... IC~, It 1'> u~ual tn g'JVe ail alternatIve theoretlcal treatments of the 
'>.llllt' phPllU!lWIHI Wt' COIl~truct (hffprpnt modpls for dlfferpllt purposes 
\\Ith dIfTprt'llt l'quatlOns tu descnbe thpm Whlch IS the nght model, whlch 
thp 'trUt" ~pt ofl'quatlOlls') The qUPStlO1l l~ a mlstake One model bnllgs out 
.... Olllt' a::.pt'cts of the pht'Ilomena, .l dlfferent model bnngs out others .. No 
~lI\glp '>l'rn' .... ail purpllse~ best Causal explanatlOll IS dlfferent We do not 
tpll fir .... t IHl(' causal ~tory thpn anuther, accurdlllg to our cunvel1lence 19 

l!lnnd p.11 
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Unhke theoretical explanatiolls, Cartwright dailll~ that \VI.' l'aIl mft'I' tlll' 

truth of causal explanatIons 'l'hus, Wlll'Il Olle a~k~, ",vhat l'.HlSl,d :\ .... tlll' 

anti-realist canllot ufft.'r the SaIl1l' argument fnllll l'pdllndalH'v ~IS III 1 Ill' 

case of other types of l'xplanatioll. Slll' Ilotes that Wl' do Ilot haVt' tlll' :-,:\Illl' 

tolerance for causal explanatlOns as Wl' do for tlwo('t't Il'al l':\planat III ilS 

Her argument, lt seems, can Iw (,oIlstrul'd III two wavs, 1'1t1H'1' 

ffietaphysical or episteffiological In tlw metaphV~iJ('al \Vav, tlH' :lI'gllllll'l1t 

is the simple daim that for a single l'fred, tlwrL' l'an only Iw 0Ill' l'aU~l' 'l'Ill' 

problem with this daim is that ('ven thl)Ugh our intuition Sl'l'llI:-. to go III 

this directiOn, there is a serious èifficulty which must Ill' accollllh'd fo!", 

overdetermination The prohlematic cases are thOSl' 111 whlch \VI.' havp a 

single effect which seems ta he the re~mlt of mon' than Olw Call,~l' For' 

example, suppose that a piano l'aIls on someone at tlll' sanlt.' t 1Illl' t hal tlw 

person IS shot. Can we say that huth the pIano and t.he gUllsllOt causl'd tlw 

death of the person? Of course, Cartwnght could rt'spolld yt'~, ~111l't' t IH' 

causes in these cases are not incompatihle l'runa t'aell', al. lt·ast., Il St'PIllS 

that we could daim that it is true that the pmllo caus('c! tlll' dpath of t hl' 

persan and the gunshot also killed the persoll Howl'ver, IL should hl' 1I0tl'c1 

that if Cartwright does respond yes, then the statement that. t Ill' dl'at.h of t.!w 

persan was the result of a single cause would he tlllsp, and t.hus t IH' gt'lH'r'al 

statement, that for every single pffE'ct, there is a SIngle caUSt' would alsu hl' 

false This difliculty. howevt'r, IS not {litaI for Cartwright ({l'cali t hat. t Ill' 

argument against inference to the hest expianaholl rl'4Ull'l·d that. thl'n' ilOt. 

only be alternative explanations, hut that the explarwLlOlls also III' 

incompatible Although the examples of overdetf'rminatlOll lIlvolvmg 

causation which are found in the standard literature provlde us wlt.h C(lS(!S 

of alternative causal explanations of the same l..'Vl"nt., 1 hese l'XplallatlOfls an! 

not incompatible 

The second way of construing Cartwright's argument, as 1 :-.tated 

earlier, is epistemologlcal. A central feature of Cartwright'~ argurnt'nt fi,r 

the justification of inference tu causal explanatwn concern:-. th .. t olt'ralle(' 

that we have fur difl'erent forms of explanatlOll (:artwrtg'ht's dallJl I~ tbat 

we tolerate alternative theoretical explanatlOns, however, wc do flot toI t'rate 

alternative causal explanatlOns. In other word~, her daull I~ that Olle(' W(' 

-
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accept a partIcular causal explanatlOn for a phenomenon, then our 

I!PI stermc commitment towards this explanation is the helief that it is true. 

If owevt'r, III UH' CUSl' of thl'oretIcal explanatlOns, once we accept these 

explallatIllJl!->, our l'pl!->temlc commitment towards these explanatlOns does 

not IH~c('~"anly have to he the hehet' that lt IS true, we may merely accept 

that II, sW'ct'ecl:-, 111 ~howing this particular phenomenon IS slmllar to other 

plH'llOrnena accounted for in the theory The crucial part of this argument 

IS Hw cl<um that for causal explanations, once we accept a particular 

causal (~xplanatJ()ll, we helieve that it is true 

(~artwnght uses an example t'rom quantum mechanics to illustrate 

IH.'r pomt If one asked 'what caused the line-width that we observe in a 

sppdros('opl' fiJI' a radiating atom"', phySlCS ofl'ers only one cause. In this 

case, the cause is the ('miSSIOn and reabsorption of real ;>hotons. Recall 

that SlHCt' causal explanations compete with one another unlike other 

explanatlOlls, we can ll1fer the truth of a particular expla'nation only once it 

has bl'l'Il aecepted Cartwright believes that in clalming that the 

explunatlOll IS truc, It reqUIres that we believe in the existence of photons. 

'['IH.' san1l' type of reasoning can be used to argue for the existence of other 

t.lU\orl·tIcal en tI tIl'S 

'l'ht:'rl' IS an Important rluestion which needs to be addressed which is 

rl'l('vant to our diseussion: how can Cartwright be a realist about 

theoretical enUlles yet he an anti-realist about fundamental laws? 

Cartwright writt's, 

What 1 IIlvokp 111 completlng' sueh an [causal] explunatlOn are not 
fUlldanll'lItal law:> of nature, but rather propertles uf eleetrons and 
!l0..,ltrolls, and hlghly complex, hlghly speCIfie sItuatIOn Imfer to the best 
l'xplanatlOlI, but only 111 a dpTlVatlve way 1 lIlfE'r to the must probable cause, 
and that l'au~e I~ a ~pecJfie ltE'lll, what we cali a theoretlcal entlty But Ilote 
that the (>lpctroll 15 Ilot an l'Iltlty ofany purtlcular theory 20 

From this passage, it Sl~ems that what we infer from a causal explanation 

is tlll' l'Xlstt:\Ill'e of partlcular ohJect or the causal capacity of a particular 

oh,Wei Howpvpl', as Cartwnght notes, daims about the properties of that 
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entity are particular to theories, hOWeVt.'I" tl1l' l'Xlst l'lU'l' of t Ill' uh,Jl'l't 01' t Ill' 

causal capacities is not Thus, it Sl'l'l1lS that CartwrIght must t'bUll that 

the fundarnental laws nr at lt'a:-,t SOIl1P of tlWll1 do not c1l'scnllt' tlH' c:lu:-.al 

capacities of theoretlcal l'ntlt1l'S. Cart\\'nght's VH'W, l IwlÎ{'vl" 1:-. t hat 

certain fundarnental laws snch as tht' gravltatÎonal law alld tlll' laws of' 

electrornagmetism descrihl' tilt' causal Capal'ltll's of' t hl'()rl't Ical l'Ilt tt : t':-. , 

however, other fundamental la\\':-. such as Boltzmanll':-' l'quatlllll do Ilot :\ 

salient point of this is that Cartwnght IS dl'ady advocat Illg t Ill' t rut h of' 

causal laws In her recent hook 11DH91, shl' l'xpheah':-. IHl\\' a HotlOll or 

causation can be forrnulated out of tilt' Idl'a of cupaCltll's Vl'I'V br'll'l1v, 

Cartwright believes that entitIes, theoretical and nOll-thl'ol'l't Ical, POSS('SS 

capacities, and the purpose of sorne fundamental laws IS to dpsl'rilw thl'Sl' 

capacities This is quite dlfft>rent from the daim t hat Hw fUlldal1lt'ntal laws 

de scribe the behaviour of ohjeets Thus, Wl' should COI1St.l'lll' SOI1ll' 

fundamental laws as ascnhing a capacitv to ohWcts 'l'Ill' Salll'Ilt pOlllt. IS 

that the motivation for Cartwright.'s rl'alism about UW()!'l't.Il'al stl'IllS t'rom 

her realisrn about causatlOll and causal pOWl'rs 

There are two points that should he noted about cornpet.ing cau:-.al 

explanations, First, although causal explanations do Ilot CO III IWI.l' unit kI' 

other explanatlOns, this does not preclude there heHlg part.ial cau:-.al 

explanations. For exarnple, 111 LewI~'~ examph' of explailllllg why t hl' ("al' 

swerved off the road, several causal explanatiolls ('an Iw nll'l'l'pd :-'Ilch as t III' 

faulty hrakes, the wet road, the used tires, etc Whlch f'XplallatlOlI 1:-' 

offered depbnds on the relevance relation or the COIlt.l'Xt. tri wlllch tilt' why 

question is formulated. The reason IS that t.hese causal pxplanatHJIls do not 

conflict with one another since they are not responding to UH' ~;all\(' why 

question Furthermore, a theory can also provlde (,oIllIH't.1Il1!. causal 

explanations as long a"l it is recogmzed that tlH' cau~al l'XplallatlOlls an' 

competing sinee we do not accept elther of thl' ('xplallatlofl~ Thl1~, W(' 

would not helieve or accept that hoth cau~al ('xplanatlOn~ an' t.nll' 

Cartwnght ('hums that the Il1tolerance that W(l havI' lor accl'pl.JlIg 

competing causal explanations is not exhlhlted lor othpr forlll:-' 01 

explanation. That is, within phYSICS, it is acceptable to have mon' than (JJJ(' 

theoretical derivation of a phenomena which we take to be correct. H(~r 

:n 



• daIm I~ that modl'1~ whH..:h fit the phenomena into a th'2oretIcal framev.;ork 

dl) Ilot (,olJlTH'te wlth one another For example, unhke the causal story for 

thl' IJ/Il'-Wldth, tlwre eXlst !->IX different mathematical treatment~ for 

d(,fJVIlI~ !JH' ~hap(~ aIld width of the hne The SIX treatments are (1) the 

W('ls~kopf-WlgIler nH'tllOd, (2) the HeItletr-Ma method, (;3) Goldberger

Watsoll Hl!'! hod, (4) quantum ~tatistical method, mas ter e4uations; (5) 

Lall~(,vIJl ('quaflOns c(Jrrespondlll~ to the master equation and a c-number 

n'pn'sL'Il! atlOll and Il)) thL' neoclJssical theory of spontaneous emission 

Carl wn~~ht, furtlH'rIIlOf(', llotL':-' that, 

• 

Ail (If' t 111' appro.tch,"., PlllplfJY t hl' ba:-"Ic format of quantum mechalllc~ Each 
wnt,.'-, clOWII a Schrodlllgf'r pquatlOll, but It IS a dlfferent equatlon 111 each 
dlfff'rf'1l1, tn'al,lllf'lIt IActually amollg the t>IX treatments there are really 
Ju:-..t t hr('f' dlfli'r<'IJt f'quatJfJII~)~l 

'l'Ill' Schr()dlll~L r l'quatlOns differ depending on which Hamiltonian is 

chosen to dpscnlw the ~vstem. One Important point worth noting about this 

example IS that tIlt' alternative treatments can be grouped into two classes, 

dept'ndll1~ on wllIch plcture of quantum mechamcs one adopts 'l'he two 

picturt's an' the Sehrodmger picture of quantum mechamcs and the the 

Heisl'nlwrg picLure If the derivation is performed in the Heisenberg 

pid.ure, it IIlvolves writmg down a Langevin equation which describes the 

intl'ractlOn hetween the field and the atoms The derivation in the 

~chrodingl'r pietufl> lIlvolves writing down a density equatlOn descrihing 

t Ill' illh'ract ion lwtwl'en the field and the atoms At this stage, the equations 

arl' (,Ollsldl'red to be exact In other words, no apprOxlInatlOns or 

Idl'alIzatlOlls have been used With either of these two equations one can 

llSl' dIfll'fl'nt approximations or idealizations tu de rive the line-width which 

l'orrpspond to Hw difI'erent denvations f.,TJ.ven above 

According to Cartwright, the fact that we do offer alternative 

t Ill'ofl't Ical trt'atments, namely that different Schrodinger equations are 

lIsl'd. indicates that neither of them is actually true. She writes, 
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PE'rhaps, contrary tn III \ .ngulllPllt, thp lllultlphl'.ltlllll o! thpolt'tll'.d 
treatmer1ts says more about thl:; pragmatll' Olll'Ilt.ltlllll th.11l II dOl'''' about 

how explanatory law~ ought III lw \If'\\l'd 1 dhaglt'P 1 thlllk that II dot'.., 
speak about la\\ ... , and 111 p:1I tll'U1.11 "ho\\ hll\\ 1.1\\.., d1lft'I t 1!l1ll ,'.IU..,t'''' \\' t' 
do not havE' th" ... IIll!' pJ'aglll.\tH' tlllpJ':\lll'p of l'au..,.d .t1tt'1Il.lt1\ p.., \\'t' do l1ut 

use firo.t OllE' t'.lu~.11 ..,tory 111 P'-p1.\Il.tt Itlll , tlH'I1 .lIltltht'I, dt'pt'll,hll~: "11 tilt' 
ease of ca!culatlllll, 01' wkltl'\PJ' 2:2 

Cartwright's argument then is shg-htly different t IWB t Ill' ()l'lgillai allt 1-

realist argument which 1 descrihed above For II, IS Ilot uni v t IH' cast' t hat 

there are, in prlnClple, alternative explanations, hut ratlH'r thal phv:...a's 1:... 

actually in the practice of g-ivmg- tlWIll TIl!' lIltoleralH'p t hat \\'t' haVI' 101' 

redundant causal explanations, Cartwnght Ill'lll'vl's, show:... 1 h.1I causal 

explanations carry truth on thelr slel'vPs 'l'hus if '1{ causallv l'xplalll:'" V and 

y is true, then wc can infer that x IS t rUl' 'l'hl:'" 1:; what 1 t akl' tu hl' 

Cartwright's mam argument for t1ll' daHll that t IH' fUlld:lIlll'llt al la\\':... an' 

faIse, From the same set of fundamental lmvs, phvslcs actu.dlv pl'Ovld!':... 

alternative incompatible explanations of t1w SaIllt: plH'lIl1llll'lla 

There are several thing-s l wanL to nole about thls argullH'lIt alld th!' 

example Thp first concerns the amhigUlty of tlll' pxamph' As 1 :...tat('" 

earlier, which Schrodlllger e4uatlOns IS chosen t 0 dl'sen IH' th!' :...vst ('Ill 

depends on whieh tn'atment we use Furt hl'rlllOn" t Ill' t l'l'at 11\('11 t s l'ail 1)(' 

gruuped into dasses, dl'pendlllg- on whieh mlt'r'prl't at 1011 III qllallt 11111 

mechanics is chosen, the Helsl'nherg plct Url' or Sl'hf'lIdlll~~I'f' pl<'t lin' 

There is an amblguity in the example because tlH'I'l' an' t wo ~;I'Il:"'I':'" of' what 

is meant by alternative theoretIcal models lB thl' l'xamplp 'l'he t WIJ 1 YIH':'" 

are 1) constructing a model in the Schrodmger plcturp and cow.,trul'llllg 

one in the Heisenberg picture and ~) COflstructmg Lwo Il}()(h'J:.., wl1hlll OH(' 01 

the plctures Conslder the first case 

As l have Just noted, there are two mterpr('tatlllrts {JI' quaH1 \llll 

mechanics, the Schrodinger picture and the Heisenberg J)lcturp L'JlII!"'>(,11 



• 
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!lol('" that Ihe two plcture..., <ire 'phY~lcally equivalent'<:!:i What he prohahly 

rr1!':tn" hy 1 hls I!-> that w(' ohtam the !->ame re~ultb for the physically 

'l'Ill' two plc:ture~ dtffer 111 the followmg way 

A('('orrlIllg 10 Il)(, Schrodinger plctun~, the hasls vectors are debcrilwd a~ 

1 H'I11g ~t al IOnarv, and t hl' ~tate vector I!-> de!->cnhed as movlllg, and accordmg 

III tlll' HI'I~(,llh('rg plclur(', tht· ba!->ls vedon; are descnhed as movlng, and 

tll!' "Ialf' v('ctor I~ .... tallonarv Ha!->i~ vector!-> de~crihe aIl possible states of the 

.... V~I('lll Tltat 1 .... , a partlLular :-,tatl' of any ohJect m the ~ystem can he 

dt':-'lTlhed a:-. a Imear ('(JlllhlllatIOJJ of the ba~i~ btates State vecto[s are 

:-'IIJlplv :-'Il(])(' partJ('ular hlwur combmatlOn of the basis :-.tates which 

descnhe :-,ollle phy~lcal property of the obJect. Thel'e are, however, 

transformatlOll laws WlllCh allow us tn move from one plcture to the other. 

( 'art wngh t ':-. maIn daIm of' the examplp IS that the tl'eatments in both 

casp:-. U:-'(-' ddll'f('nt Schrodmger l'quatwns The Important questIOn is, how 

do t Iwy dtfl't'r" 'l'hl'n' 1:-' a :-,en:-.e 111 Whlch they only diffel' notationally In 

Iw., (bSCUSSIOIl of tilt' t\.\'() llH'thods for denving the hne-wldth, LOUlsell 

Wl'Itl'S 

That 1".1111' lotal halllll!OII1:l1l 11\ the HP I~ l'quai to the tutal hanllitolllan ln 

tlwSp<:!4 

wl1l't'l' HP relH'l'sents the Helsenherg pIcture and the SP represents the 

Sl'hrodinger plctun' He, furthl'l'more, wntes, 

AI"o tht' Il'.ldpr "hould t'olllparp 16:{ .{Hl \\lth I{):{ 7l ,lIld Ilote that the 
flllll'liollai 1111111" III tht''>(· two I:'quatlOn~ arE' Identleal ]U'it a~ they would be 
und!,1 tht' (,\.tct tlan..,formatlOll frorn the ~P to the HP Th!s I~ the analog of 
thlllklllg of a fix('d t'oordillatp ~)..,tem and rotatlllg vl'ctors as bell1g 
t'qul\ alf'lll tll .1 1 otallIIg t'oordlllatp ~y:,tern and fixed vectur':> 2:') 

I·'rom thl' passag'l', lt IS unclear whether there is l'eally any semantic 

dIfll'I'l'IlCl' III tlIl' two plctul'es If su, the fact that the two treatments use 

2,1\\'lIhalll LOUI"t'll. (~uantum Statistical Properties of Radiation, p.55 

211hld p :Hi~ 
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• different Schrodmger equatillns mav :-imply ll1l'an t hat hot h 1 n',ll 1l11'11(:-- an' 

the same, but they are formulatl'CI III a diffl'n'Ilt language Thus, tll dalll\ 

that the basls vectnr lS IlloVlng Lll the Hl'l"l'lIl1l'l"g pLt'tUl'l' and tlll' lIa:-l:

vector is statlOnary III the t-'rhroclll1gt>r plctUrL' mav Ilol lH' a t'llllll'adll'llllll 

If this is true that the two trt'atnll'nts ddTl'r onlv llotatwllallv, tlll'n Il 1:

unclear \vhether the treatnH.'llts an' aet uall,v 1I11'ompatLhlt, And If 1 h!'\' an' 

not III faet IncompatIhle, then thlS l'xamph' JOl'S not poSt' ,lIlV prold!'1ll l'or 

the realist. Alternative descnpt IOns of l'Ilt Il"t' an'as of phv:--Il's 1:-, Ilot 

restricted solely to quantum 111l'challlc:-- \{pcl'lltlv, fur lll:--talH'I', III .111 

attempt to unify electromahJ1U'tisll1 and ~l'lH'ral 1"l·lattvlI v. phV:-ll'lSt shan' 

come up wIth a different way of lIltl'rprl'tlllg P)eclroIllagIll'llslll wlll('h 

involves the use of diffen'Ilt l'quat\O'l~ and lav.'~. a1\d l'VPIl a dd'fer!'1\1 

interpretation of a charge I-{atlll'r than mtprpn·tlllg 1 tH' charg(.' as a 

partiele in the classical treatment, 1 hls lWW mtl'rpn'Iat III Il t n'al S a rhal'gp 

"in terms of source-free electr()maglwttc-til'Id~ t hat (t) an' ('vl'!'vwlwn' 

subject tu Maxwell's equations for l'rel' spacl' huI, (~) an' 1 raplH'd III IIH' 

"wormholes" of a spact:' wIth a lI1ultiplY-COlllll'cll'd tO!Jology ".~I; As 1 :-;;))(1 

earlier, this is one possible llllCrprl'tation of what Cartwr., .. ~ht IlW<lIlS hy 

alternatwe throreflcal tl'l'Mments, hut It lS not the Ollly 1IIl.l'rprt'tal.lOll III 

fact, 1 do not think that Cartwnght lIltended Iwr l'xampll' to lit' Ulldl'I'Stood 

in thts way. 

• 

The other way of understanding what CartwrIght nWëlll!-> Ilv 

alternative theoretical treatments IS to construct two dd'fcn'Ilt mIHI"ls 

within the same picture This SIm ply mean:-, that wc cOllsl rllet t wo 

different models wühln either the Sehrodmger picturp Of th" H('I!->('IIIH'rg 

picture Recall that lD ehaptt:'r 1, the term 'mode)' was u~('d 1 Il n'JH'I'!->\'/I1 

sorne structure whlch satisfïed tllP aXlOms of tll(' lIworv 'l'hll!-> WI' cali 

derive different models dependlllg on what assumptloll!-> arl' u!->(·d 'l'Ital, I!->, 

from the same set of fundamental aXlOms or law!-> ln il 1 h('ory WI' ('()Idd 

construct a model, Ml USlDg IdealizatlOfl as!-'umptlOlIs 1 1, alll! COII..,t fll('1 .t 

different model, M2, using idealization as~umpt)(Jn!-> 1 ~ IJI !->Ilch Ct ('as(', 

when we use the term 'basis vectors' or !->ay that the IJa!->l!-> v(~dor I!-> UWVllIg, 

26MIsner, C & Wheeter, ,J , Cla.\~lcal Physln u\ (;l'tJmf'try, Annal" of Physie!'o, :l, Il ~)~:) 
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we mean the !->ame thing in hoth models Slllce hoth models are constructed 

l'rom the ~arne !',et of laws l1J1th th(' same TntprpretatLOn. This is the way 1 

lH'h"VL' (:artwnght wlshes to he under~t()()d when she writes, 

III phy'>IC'>, II h u,>ual tl) gwP an alternatIve thf'oretltal treatments of the 
,>.tl/If' phl'I/fJlIlf'II:1 Wf' cOII,>truct rhffprpnt murh,l:, for dlfferent purposes 
wllh dJff('rf'lIt l'quatllHl'> to dp'>cnbe thf'nJ Whlch IS the nght model, whICh 
!fil' 'I/ll/" '>pt of l'quatlfJll:-''' l'hl' qul',>tlOn 15 a llllstake One model bnngs out 
,>(JIIl!' :t'>Ilf'ch (Jf th,. ph f'll 0111 l' ll<t , a rhfferenl model brings out others No 
'>Illgl(' '>l'rv,,,> ail pIUr)!J'>p,> bf'~t 

The reason why Cartwnghù, example has tu be understood in this way is 

hl'cause It IS unclt>ar how tü make sense of the daim that one model brings 

out sorne aspect!', of the phenomena that the others don't For according to 

tht> l'irst way of understanding Cartwright's example, neIther 

int.l'rpretatlOl1 rpally hnngs out a!',pects that the other doesn't since we do 

havl' transformation principles such that we can freely move from one 

picturp to the other. Furthermore, Cartwright cites another example in 

which it il" clear that this is what she means by alternative theoretical 

t.l'eatment.s. 

There are two standards treatments in the derivation of the 

l'xponential decay law in quantum mechanics, the Weisskopf-Wigner 

trl'atment and the Markov treatment In the Markov treatment, 

exponential decay is seen as a special case in the quantum theory of 

dalllping Louisell writes, 

Hpre \VI' con!:oldE:'r an abstract system weakly coupled to a reservOIr The 
;11111 15 to dPrlVl' a gpnpral master equatwll for thE:' evolutwll of the system. 27 

'l'he ideahzations and approximations involved in this treatment are 

1 )PXtplHl111g tll!' tllll!' llltf'grais whlch lllvoive only rpserV01r correlatlOlls to 
lllfi111ty. on tht' ground5 that tlw correlatIOns III the reservoir are slglllfïcant for 
olllya !:ohurt pl'l'lOd compaJPd tu the penods over whlch we are observmg the system. 
2)Il'ttmg toto 0.01\ thE' t,Tfou1\ds that the penods oftlme consldered for the system are 
slllall comparpd tu lts hfetlme.28 

:!7Nancy Cart wnght. How the Laws of Physics Lie, pp. 113-114 
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In the Weisskopf-Wigner treatment, 

\Ve begln wlth the f'xact Schrodlllg"Pl l'quatlOn!:> for tht> :ullphtudp::" but a::'::'UllW that 
the only s'l:~ll1fical1t (,lluphng '" bet\\pen tilt' l'\cltt'd alld tht' dt>-t'\l'Itl'd statt'::. 

In this case, there are three approximations, 

1) the rotatlllg wa\p appnJXIIlIatlOn, 
2) the replacenlPllt of.l "UIll by an 1I1tegTal over the Il\llt!PS of thl' pll'dl0Ill:lh'IH'tll' 
field and the rdcturlng llut of tprm::. that vary slowly III thl' frequPlIl'Y, 
3) factOring out a slo\\ Iy-\ arylllg tl'rm l'rom thf' tll11(, IIltegral and t'\t t'lIdlll~: tht' 
hmlt on the ll1tpgral tll lIltilllty 

The two methods are constructed using the same mterprl'tatioll lIf quant um 

mechanics, 'l'herefore, what we have are two models of tlll' sanH' 

phenomena constructed from the same set of fundamental laws ll11dt'f' t Ill' 

sarne interpretation which dlffer according to what appl'oxima1 Jl)IlS an' 

used. 

If the intent of Cartwnght's hne-wldth exampll' IS t 0 Iw undt't'st 110 cl III 

this way, then it is not ohvious how It argups against. tlw daim t hat t Ill' 

fundamental laws are true. For it is not nl'cessanly trul' thaL altl'rnativl' 

rnathernatical treatrnents imply that there IS not Of/l' ('otTI't't mat IH'lIIal I('al 

treatment that captures the advantages of pach of thl' aCCollllts Howl'V!'r, 

as Cartwright points out, the hurden of proo{' rt'sts on t.l1<' sld(' of tilt' n·alt:-.I 

The realist must offer justification as tn why we should hdlt'vp t.hal tJH'l'I' 

exists a single theory which explains aIl the phenomena SIl{' writ,ps, 

We should agree that thp pnd of thporetlcal phY"lc,> 1" III VIf'W ortly wht'II Il ." 

clear they have done 50. 

Thus it is left up tü the realist to show what It is ahout scient.ific pradicl' 

that should rnake us want to be realists ahout the fundamelltal laws 

At this point, it seems that wl' cannot rl'talIl tht' dalIll that UH' law:-. 

of nature describe the facts and also rl'tam a D-N modpl of t'xplallatloll 'l'Ill' 

reason, recall, is that explanation~ whlch we conslder to IH' go()d do Ilot 

satisfy the constramts of the D-N model F'urthermorp, t h":-'I' l'xplall:d 1011:-

which do Bot satisfy the D-N model also underdetpnnirw t.h(· ('vPIIi III IH' 

explained. 'l'hus, the realist must Bot (Jnly (lfTer an altl'rnatIvl' flIod(·1 Ilf 

explanatioB or an alternatIve interpretation for what the law:-. (j(.!,('nIH: LI) 
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~h()w how the laws figure 10 the explanation, hut the realist must also 

l'xplaHl whv It IS that wc allow alternative theoretIcal explanations For ifit 

1'> t hl' l'a~(' that thl' thcorl'tical explanations underdcterm10e the event to he 

('xplallll'd, thell II, ~eems that the antl-reahsts are correct when they daHn 

that. trulli I~ an l'xternal charactenstIc of explanation 

So far, what 1 have dl~cussed m this chapter are the arguments on 

tl1l' hasls of wtllch Cartwright daHns that the fundamental laws are faise. 

li;vpn if the realI~t chooses not to adopt the facticlty view of the fundamental 

laws, tJll' realJst [}lU~t still respond to Cartwnght's second challenge which 

n'.Il'ds IIlfl'r'enn' to the hest explanatlOn What l will do in the next sectlOn 

IS 1,0 l'on~ld('r a reah:..t posltiun which seems to reply specifically to this 

challengl' 

Generic-SJledfic Atxount 

A pOIl1t worth noting before considering this account, however, is 

that although tlw antt-realit-;ts which l have been considering reject the 

trut h of tilt' funùamen tal laws on the grounds of rejecting Inference to the 

lH'st l'xplanatlOll, they grant the truth of the phenomenological laws for 

diffl'rpllt ,'pa:-,olls I{l'call that hoth Van Fraassen and Cartwright reject 

i nfl'rt'llCt' ln t hl' hest explanatioIl, a l'orm of ahductlOn Van Fraassen's 

l'cason unlIkl' Cartwright's rests on an observable/non-observable 

distlllctlOl1 He wntes, 

Wlwll tlw hyp()thp~l~ 115 sulely about what 115 observable, the two procedures 
alllollllt to tht' :-.:\mc th\l1g For in that case, emplncal adequacy cOIncides 
\\lthtruth 2!J 

'l'hus, Van Fraassen dnes not reject enumerative induction where this is 

takl'll to mean, mferring from "ohserved regularity to universal regularity 

ll1 tlll' llext II1stance.":lO Induction as a practice in general is not what Van 

~!)Bas Van Fraa~st'n. The Scientific Image p.72 

:lOUdlll'rt ILumall. Tht' III/t'Tell ct' fo the Rest EtpIQT/a(wlI, Philosophical Review V.74, p 88 
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• Fraassen objeets to, Rather, lw ohjects to t his fOl'm of inductllll1 Will'Il \H' 

make conclusions ahout unohservahle l'ntitll's 

• 
---- --------

Cartwright, on the otl1l'r hand, lw\t('\'l's that tlIl' pl1l'1l0llll'1101llgwal 

laws are true for a ddTen'nt l'eaSOIl SIIl' suggt'sts that t Ill' crucial 

difference hetwl-~l'n the fundamental laws alld tilt' phellol1ll'llOlllgwal la\\'s IS 

the role they play in scwntIfic practtce 'l'lU' roll' (lI' 1 Ill' plH'llollll'lwlllgH':d 

laws, unlike the fundamentallm-vs, IS to descnlw tlll' rads, 

1 thmk that the basIc law" and pquatHlIl;, of Illll fUlldallll'lllal Ihl'IIIIt':, 
orgamze and clas:"lfy our knowledg(> III .\Il plpg.lIIl alld (,l1lclI'1I1 111.111111'1', 

a manner that allnws u:" to makI' very preCI"p c,tlCUlallOlI" ,\IId PIPlhdlOlI>o 

The great explanatory and predictive pOWl'r" of OUI thI'IIIH'" III'" III tl1l'lI 

fundamelltal laws Neverthplps:-. tht' contt'l1\, of OUI 5('11'1111111' kllllwl,'dJ-:t' 1" 

expres~ed 1Il the phelHlflH'Ilo11lhTJCa1 l:1w:-, :11 

It appears from the 4uotatlOIl that the pl1l'IlOlllellOlogH.'al laws an' t1'lIl' 11\ 

virtue of the faet that the predIctions which an' det'\vPc! t'roIl\ t Iwsl' laws 

accurately descnhe the fads Whl'n fundamental law~ arp ll~l'd, ~lllllld 

derivations are not possihle since we must USl' l(lealizatlOIl aS~lllllptlOlIs t'or' 

the reasons outlined In Chapter 1 Slllee accurat,p prt.'dlctWII:-' (':1111101 hl' 

derived hy the use of fundamental laws, it would appl'ar t hat t !Jt'v do Ilot 

describe the fads, and thus they are not true 'l'lH'f(' I!->, hOWl'Vl'l'. a S(,I"IOliS 

problem wIth th1s reaSOll Although pfl'dictrollS dl'nV('d l'ro/ll 

phenomenologieal I<lWS are almost accuratt>, i IH'v arp ilOt. P('rf('rI 1 V 

aceurate As l stated 1Il chapter 1, wc must always IIS(' Idl'ahzat 1()11~ (JI 

sorne forrn for reasons of madequate computat.lOnal abrlltll'S If litt· 

predictions which are denved l'rom phenOll1ellologll'al law~ an' 11111 

cornplétely aceurate, isn't the differ~nce lwtwPl'll dl>rIvaLIIlII:-' alld 

phenomenologïcal laws only <l matter of degree') 

There is perhaps another reason why CartwrIght l)('lrl'v('~ that Lill' 

phenomenological laws are true, and that tH becuuse they TlllrrOr Ou' ('au:-.al 

story of phenomena She wntes, 

31Nancy Cartwnght, How the Laws of Physics Lie p 100 
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Flr..,t, Whf'fI Wf' r'xpl:ulI a phf-'II 'H!H'1I011 , Wf' ..,tatp lb cau~p \Vp try to provlde 
(kt:III,·d :!el'IJlHd.., of f'xactly hol'. 1 hf' phf'!lOnlf>1I011 h prllduced Thp cau::.al 
~Iory U..,h hl~:hly ~JH'CJfil phf'rlfl!lIl'IICJloglcal law.., whIC:h tf'1I what happens 
III cOllen·l!· '>llualllllh Bul Ihr· Ihpof(,tlcal hw..,. Ilkf' thl' PqU,ltlOlI of 
r'onlrnUlly ,lIId HoIILTllann'.., ('(l'wllon, drf' Ihof()u~:hl} ab-..tr,lct formulae 
whlch df'",crlIH' 110 parllcular Clrt'Ullhtanu'-' ï2 

Th us, Uw ph('lloJl}('nological laws Illlrror the cau~al story [rom which we 

can IIlfl'r t I}(' 1 ruth of' till' explanation and the truth of the phenomennlohrical 

1 t l!-l IIJt('r('~tlllg t hat al, thi~ pOll1L Cartwnght suddenly hegins 

dl:-'(,II~~lIlg B()ltzIllann'~ equatIOn and the equatlOn of continUlty lI1!:>tead of 

Ih(· gravltational law SOll1e reahsts may simplv clUlm th~t these two laws 

slInply arl'Il't, fUlldaml'lltal laws of nature for the followmg reason One 

charact l'ri st le of fundamental laws that both rpahsts and antl-realists 

agTl'l' O!l IS thal fundanH'ntal laws célusally l'Xplalll why phenomenological 

la ws and ('V('111 s are truc Thl~ IS OIW propcrty that these two L1W!-I don't 

se('m 1,0 PO~S('ss TIH' qlH'StlOl1 then IS, can Cartwnght use the distinctIOn l 

l'ltpd 1,0 dlstill~lush plH'llomenolo~'1cal laws from our ~tandard example of 

f'ulldallll'nt al law~ such as tilt.' gravItatlOnal law Most of our fundamental 

laws do 1(,11 som!' causal story of an t'vent, hut as Cartwn~ht wdl he qmck to 

pOIllt. out, IIH'Y dont, tdl the complete causal ~tory The prohlem for 

Cartwn~ht l~ llPltlH'r do the phen\ime11 01og1cal law!-l The problems she 

citps l'IiI' t Ill' fUl1danH'lltal laws also ('xisl: for the phenomenological laws 

For tilt' purposl'S of dl~cusslOn, let us assume, however, that Cartwnght lS 

.. hlt' 1,0 ar~ul' 1 hat t IH' phpllornenoloh'1cal laws are true 

It Illay at tirst Sl'pm couIlter-intuitIve to claim that the 

ph(,lloIllPnol()~ical laws are tnw, and the fundamental law~ are false 1'1ll~ 

is I)l'cause therl' IS a vlew thaL lS firmly entrenched III tlll' scientlfic 

cOl1lmul11ty winch placps the pnority of the fundamental laws uver the 

ph('llollH'l1ologlcal laws Cartwnght labt.'ls this tilt' 'pnonty thesis', 

:\ long tLllhtlO)1 dl»tlllg'ul»hp~ fUfld,lIlll-'lItal flom phe!lolllPllulo!-.'lcal laws, 

,lIld fa\ol:-' IIH' fundalllentai FUlldalllPnt.11 law.., ,1re true III them~elvE'~, 

pht'lllllIIl'flologlcal laws hold oflly (lfl :Ic('uunt of morE' fUlldamelltal ones. 
'l'hl'> \'11'\\ t'llIbodH'-' :III pxtreIlle 1(',1h»1lI ,lllfJut the fundamental laws of 

:\~IlJld p Il 
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basIc explanatory tht'ollt's ~l)t onl! :lrt' thp\ tnlt' Illl \'llult! Ill' If \\t' h.HI tilt' 

nght OI1PS), but thp! art>, ln a SPlhP, Illon' tnu' th.1I1 tlH' pht'II11Illl'II111ll~;lr.d 
laws that tht'y l'xplalll ,l:~ 

What l wIll cOI1slder III the rest of tllIs chaptl'r IS a particul:tr Vl'I'sioll (If t lus 

thesis, the gPIll'nC-speCltic account Acconhng 10 tlll~ al'CtllIllt, tlll' 

fundamental l:.nvs are true If tht.' laws l'an hl' ll!"ll'd III :-,oulld dt'l'Ivat \O1l~ or 
phenomenologlcal la W~ Pnma tacie. t IlIS Sl'l'Ill!"l t Il rl'~polld dl l"I.'ct 1 \' t 0 t Ill' 

anti-realist challenge of \Vhat explanatlOIl has tll do \\'1 th t rut h \' t.'ry 

hriefly, the reah~t response IS the fnllowlI1g I\l'l"all t.'arhl'r. ('arl \\TII~hl. 

Duhem. and Van F'raassen grant t Ill' t rut h of' tlll' phl'1I0Il\t'I\(l!lIl-!wal la ws 

But the n'ah ... t rpsponds hy dalllllng that tilt.' l'li Ild a nll' Il 1 al law~ an' tr'upr 

than tilt' plH'nolllenological laws SllH't..' tlH'y t'xplalll whv Ihl' 

phenomenolog'cal laws an' true The challl'ngp pO:-'l'd hv tlH' :tl\tl-n'ah~1 IS 

to ask what explanation has to do with truth Ac('ordlllg tll tltl' ~~l'lll'rll'

specific account, the way 111 which Hw fUlldallwlltal laws pxpl:111l II\(' 

phenornenolo:"''leal laws is thruugh logical l'rümlnwnt 

Cartwnght dmms that the primary dint'r·l'IU'\.' ~wt Wl.'t'II t hl'Sl' 1 wu 

types of law:~ l~ that plwnomenological laws are f}wn,1 / dl'~(Tlpt IVl' hlll 

fundarnental laws are explanatory If Uns IS trut'. why Ilot say 1 hal 1 h(' 

fundaml'ntal laws explam why the phenomenologlcal law~ :n'p trw," 'l'biS 

is the vil'w which, 1 take, most physici~ts hold What dO(,~ 1 t 1111'<111, 

however, to say that tht' fundaoH'ntal laws (''(plO/fi tlll' Irllth III 1111' 

phenomenolugJ(~al laws'J Accordulg to the geIll'rlC Sl)l'('dil at'('OIIIl 1. t IH' 

truth of phenorncnological laws are explainl'd Ihroug-h thl'Ir dt'rlvallOl1 

from fundélmental laws, However, the denvatlOlI frolTl IlIlIdalllt'IILd law~ 

to phenomenologieal laws need not rl'present a call~al n,lat 1011 1)(" \V('('II 

these two forrns of laws For r do not tlllnk thd tltt' fÙlldallH'lILd law~ 

cause the phenomenological laws to he truc in ally way "lIllilar to tll\' way 

that my hand causes this hall tl) IllOVC f()rward A p()..,~!ld(' alt('l'IIatlvl', .I~ 

Grunbaum suggests, is that the phenomcnolof.,'1cal laws arl' /lHon'ly ~I){'cIfi(' 

instances of fundamental laws, 

!j3Ibld p,lOO 
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ft 1'> crucial to rf'allzE' that whllf' ( a morf' comprf'hPII!>lve laW) G ent<uls ( a 

If':-''' cOOlprphf'Ili->IVP law) L logl(·ally. thf'rf'by provldlllg <ln éxplanatlOn of 
L, (i I!> Ilot t hl' "!':tu'>p' 1)( L MUrf' ,>pf'cdically law,> arp pxplallled Ilot hy 
.... hOWlllg th!' n·gulantll' .... thl'Y afli, rn to Iw produch of th!' IllwratlOll of cau!>e!> 
IJIlt rathf'r IlY rf'l!l~:llrzlllg thplr truth to !Jp '>ppclal ca~l''' of rnorp 
(ornplf'hl'lI'>IVf' truth" 'l1 

CartwrIght call:-- t hl S vlew tl1l' g'l'neric-speeIfic aceount In particular 

circumstaIH'!'s, both laws TIlake the saml' cl:llm, hut the fundamental laws 

are SUIll'f)or Sll1CP tlH'Y are applIcahle to a wldl'r range of phenomena The 

fundanwntal laws are mendy more general, ahstract formulatIOns of 

phellOIIH'llologH:al laws Thus, phenomenolog1cal laws l'an he denved hy 

simply (h'ducing tht'Ill l'rom Cl set of fundamental laws and a specification of 

houndary condItion:-. Furt hermore, the model of explanatlOn for particular 

adual ('Vt'lltS C()n~lsts of two parts, hoth deductive The tirst IS a deduction 

of a pht'IHIllH'llolog1cal law l'roIll a set of fundamental laws and certaIn 

statt'JlH'llts of houndary conditiolls and the second deduction lllvoives the 

USl' 01 tha!. phpnomenologlcal law and a statement of lIutial condItIOns to 

dt'rtvl' a st.aÜ'Illl'llt of ail pVl'nt or phenomena Whether the explanandum 

i~ an l'Vl'Ilt or a phl'nOmellologlcal law should not matter in thls dehate 

S1I1CP ail t hrpp antI-reaiI:--ts grant that the phenomenological laws are true 

Cartwright's Two Ohjectioll..o;; 

Accort/lIlg to (Ill' gpnenc-specd'ic account, the truth of the 

fundanll'Il( al !;l\VS dl'nvps t'rom the faet that there exist sound derivations of 

t l'lW pht'lloIllP!1(,}og-ical law:-- Cartwright rmses two objections to this 

al'l'ount TIlt' lirst oh,WctlOI1 stems from the fa et that theoretIcal derivatlOlls 

111 phVSll'S arl' unsound, and tlw second objectIOn stems from the faet that 

t I\l'n' an' frequently sl'vl'ral alternative derivations for the same 

plll'1l0IlWIlolog-lcal laws 

TIH' tirst. ob,wct 10 Il , Cart wng-ht arg-ues, 18 that the actual practice of 

ph,VSH'S dol's not SUpPO('t thl' c1alIn that tlw fundamental laws are true 

Iwcausl' tlH'rL' art' not Illanv ngorous denvatlOns for many of the 

:14A UrunbaullI, SCll'T/Ct' and Id('(ll()~y, The Scientific Monthly IJuly 1954), p 14 



• phenomenological laws 1Il physlcs and l'ng"ll1l'l'nng 'l'Ill' rl'a~(}ll I~ thal 

nlOst derivatiol1s ln physics 111vo1Vl' tilt' USl' of idealtïll1g" a~Sll1l\pllOllS Fil 1" 

example, the denvatulII of Kl'pIpr'~ laws c()nlalll~ t \\ () Idl'ailIalwll 

assumptlOns Tht:' first as~umptlOll IS that tlll' fpn'p tll!' (,:tlth ('\l'rls Oll tlll' 

sun is neghf-.rible, and 1 he SPclJlld 1~ t hat t Ill' forn' l'Xl'I'( l'd h\' t Ill' ()11H'1' 

planets lS also neghf-.'1hll' The rad IS that tlll' statl'llll'lIt of IIll'St' 

idealizatwns assumptiolls arp falsl' sinn' hoth of tlll' aSSllIl1ptlOlls n'qutn's 

giving a faIse det-.criptioll of t Ill' world, For l'xample, t Ill' til,~t would )'l'qllll'l' 

assuming that the SUIl was infillltl'lv Il1:lSSIVl' 'l'Ill' dt'nvat IOll of Kl'pll'r':-, 

laws is unsound sinct:' what is llSl'rl IS a fidse set ()f houlldarv l'OI11lItlollS 

Accordmg to the D-N lllod('l, l'Vl'Ilts gt't l'XpIallll'd t hrough a dt'dul'llllll t'J'()1\l 

a set of true laws and true statt'IlH'nts ()f lIllttai c()ndItlOn:, SlIlllladv, tills 

model suggpsts that laws an' confirnH'd Via t lH'sl' dl'rtV:!t 101l:-. Tht' 

problem, therefore, IS simple. If we dOlÙ havl' sound denval.lIIll:-' of tnlt' 

phenomenological laws or events, Cundament al laws l'alllwt Ill' cllnfi l'I11l'd 

on this mode} of confirmatIOn }i'or l'xamph', 111 tlll' dl"'lvatlOlI 1)1' K('plt'l"s 

law, the fundamental laws of N l'wtolllan IIlt'dwIlICS do 1101, n'l't'IVI' 

confirmatwn sillce thl' derivatlOll is llllsound 

• 

If one adopts the genenc-spl'clfll: account and t hl' D-N IIlodl·l, 

explanatlOns of phenOIIlPI1olog1cal la ws cousist sllllpi y of :,oulld dt· f'l vat 10llS 

where, in the se cases, they lllvoi ve decl uctlOllS l'rom S(·t'-. 01 t /'lIC' 

fundamental laws and true statements of hounùary cOlldltlolls EVl'llts ('ail 

similarly he deduced from a set of phenomenologlcal laws and li spt (If t nit' 

statements of initIal conditIOns Thus, Wl' would l'Xlwct, 

Tell If a theory or set oflaws IS true, then applYlllg II. Ivaltdly! j,o a 'rw' sPI. 

of initial or boundary cOW!ItIOIlS must yJ(·lrl a 't'Ill' predll't lOf! 

The statement of this truth-coIl<!It.IO!1 1 mphl':-' t hat tlw :-,;t tt ~fadl()11 of I./lI' 

consequent ofTCl provl(!t:s confirmatlOII tin' thl' antl:,cl'dpllt alld '-.Irntlarly d' 

the consequent is not satisfied, II, prcJ"ide:, dl~(,()lIfirlIlatl{J1l l'or tltt· 

antecedent We, therefore, have tlH' two followlllg cOllfirlIld\,}IJ/1 pnlH'lpll':', 

Pl) If applymg a true set of Illltlai or houndarv ('ondltlCJlI!-> 10 a :-'1'1, of' law:-, 

yields a true predIctlon, then the the '-.et of fundaull'ntal law'-. n'l"'1 VI':-' 

confirmation, 
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If applying a true set (JI' initial or houndary conditions ta a set of laws 

YJeIds a falst, predictIOn, then the set of fundamental laws recelVes 

(fi :-'('0 fi fi rrn a Li () fi 

'l'hu~, t hl' confirmatIOn of the fundamental law~ rests on our ahihty to 

provHh' sound dt'f1vatlOns of aeiual event~ or true phenomenolof"rical laws, 

'l'Iw prohll'rll, n'cali though, is that these sound denvations do not exist 

Although, phYSI('lStS provlde denvations of phenomenological laws, the 

dpr!vatlOll:-' lIlvolve Hw use of IIlltIal conditIOns wruch are false The reason 

why tlH'y an' t'aIse IS l)t'cause the statements of imtial conditions involves 

tilt' USt' of ICIl'ahzallOll a:-,:-,umptlOns 

'l'Il(' followlllg p](.:turl' illustrates why this IS a prohlem for the 

confirmatIOn of tlH' fundamental laws If one adopts the generic-specific 

aeeollllt and also aCl'Ppts a D-N model of explanation On a very simple 

1l1Odpl wlH'rt\ tilt' fundamental laws strictly imply the phenomenological 

laws wlthout thp use of stateml'Ills of initIal conditions, fundamental laws 

gl't tlll'ir confirmatIOn or chsconfirmation in the following way, 

F -? l' 

not F F 

Notl', that in this caHe aIl that is required for dlsconfirmation is a single 

instancl' of not P, but confirmation requîres that there be many instances of 

l' 'l'Il(' l'l'lat.lOn hetween the two laws WhlCh we are investigating, however, 

IS t Ill' 0Ill' t\xpressNI hy the generIc-specIfic account. Thus the modelaI' 

confirmation IS mort' complicatt>d Nore that in rhe ÎoHowing case where 

Ill!' ~tat(\Illl'nts of thl' Hutlal conditIons are true, F is disconfirmed if P is 

I~llsl\. and li' is contirnwd If thl'rt' an' many lllstallces of P, 

(gt;'Ilt'ric-specIfic accountl 

Ilot P 

not F 
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where F represents one or a St't of fundanll'ntal laws. 1 l"l'prl'st'nts :\ ... pt of 

staternents of houndary condition OI' Idl'.tli/.lllg asslIlllptwllS. and P 

represents a denvl'd pht'110111Cllolo}.,rlcal law Note. hO\\'l'\'l'l". that ",IH'B 

idealizing assumptlOns are used (that IS. tlw 1I11tiall'()ndit\()ll~ an' t'aise t, 

we cannot lI1fer anything concernmg the truth of tlIl' fUlldanll'ntal laws 

(F & 1) ~ P (genenc-specItic account) (It'&l)--)ll 

not 1 Ilot 

For not F For not fi' 

In bath cases where the phenomenolo}.,rlcal law is l'IUll'1" dl'rÎvl'd or Ilot, t IH' 

fundamental laws are nèither cOl1firml'cl Ilor discontirnwd 'l'IH' prohll'1ll IS 

that both disjunctlOl1 statenH'nts are l'Onslstl'nt \VIt h t Ill' prt'IllISl'~ of hot Il 

arguments. Thu:-., Slllce we canllot clpducl' tJ1l' tl'uth III' falsJtv 1If' tlH' 

fundamentallaws, "tlll' falstty of l protl'cts tlll' tlwol'v agalllst n.flltatlOll" \C, 

If the use of ideahzll1g a:-.sumptlOns IS unavuldahle III (Jur dl'r1VatlOlIs, t Ill' 

fundamental laws t'an not he either contirmed 01" (hsl'onfirIlH'd TlwrdoJ'(', 

realists cannot appeal to the actual pradH.:e of provldlllg soulld d('I'IVat.IOIlS 

of phenomenological laws Of l'vents to argue for' t.!w t l'ut Il of Hl(> 

fundamental laws, since these clerivatlOlls do not l'XISt 

One Illlght thmk that :-'l11ce the force of the ohJcdlO1l fl'stS Oll t1w 

actual practIce of physiclsts not pr'ovldmg sound den vations, '1'( ~ 1 eould 1)(, 

relaxed to somethmg like the füllowll1g, 

TC2) If a set of fundamental laws IS true then Il IS pOSSlhll', III !Jrlm'/!)/(' ,t.u 

construct a sound derivation (lI' phcIlomeIlologlcal laws alld Illon' 

generally, empincal data.:H; 

:35Ibid. P 148 

:36R. Laymon, Cartwright and the Lytng Laws of Phystc ..... p :Hi7 
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Hw fundamental laws, on thIS account, only recelve confirmation if the 

tlwory can, ln pnrU'lfJ/e, provlded IdealizatlOn free derivatlUns That is to 

..,ay, J!' we had the re4uI~Ite computatlOIlal capahlhtws, we could produce 

tfH'se ~O\md deflvatlOIls 'l'hus, the truth of the fundamental Jaws \vould 

dt'pend on our reasons for helJevmg the f(Jllowmg counter-factual: if we had 

tJH' requI~lte ('omputatlOnal ahIlItil's, we could produce the appropnate 

(h'f'IvatlOns Wlthout provlding any reasons f(Jr believmg this counter

f:tdllal, f(,laxlJl~ thl' condition f(,r truth of the fundamental laws to heing 

ahl", In pnnclpll', to provldl' ~()1lJl(1 denvatIOns does not suflice to save 

rpalIslll T Ill' rt' j~ allother prohll'm l'ven If we could provide sorne 

justificatlOll fiJr l1l'lwvillg in thIS counter-factual Recall that in chapter l, 

tlH're an' two rl'aSOIlS why, under certaIn clrcumstances, we must use 

ldealIzatlOll assllmptlOns 'l'hl' {irst is that we do not have the adequate 

complltatjoJlal :JhIiitIl'S and the second is that we do not have the 

appropnate auxIllUry thl'ories 

(:art.wnght.' s mam reaSOIl for behevmg thHt we can't provlde t,he 

appropnatp dl'f1vatlOns of elther events or complex phenomenologlcal laws 

IS t hat Wl' do not have a ulllfied fi.eld the ory For phenomena WhlCh reqUlre 

t1w use of' laws l'rom tlIl' dIfTerent spectalized areas of phvslcs, we do not 

know how t,o COmbl11l' these laws t()~ether, For instance, presently we do 

Ilot know how to explain eVl'l1ts which require considering hoth general 

rdat IVl ty and quantum mechamcs (radiatIOn from black holes). In 

('sseIH'1', twr oh.WctlOn IS that we do not have a unified field theory So in 

such casl'S, l'ven If we did have the adequate lJmputational abilities, we 

still could \lot provlde sound derivatlOns of events 

If' wp dul pos~ess such a them'v, it would dispel many of Cartwnght's 

WOITIl'S about phYSICS (~artwnght acknowledges that If we do discover this 

t lH'ory t 1H'11 tht' fundamental laws will he ShOWI1 to be true since we would 

t IWH Iw ahll' to provlde ngorous den vations of actual events 0)' 

phpnollll'l101llglcal law, thus realism would be saved Her repeated 

dwlll'ngl'. hllWl'Vl'r, IS what rt'aSOll do Wt' have to beheve that such a theory 

l'Xists'I 

Ilg0I'OU:- :-nlutlOlls tll P'\act l'qU,ltWlh l111ght p()""lble l'eproduce the correct 
pIWIHlllll'lIlllngll'al 1:1\\:- \\lth nu .llnhlgult.Y \\hen thl' nght equatlOlls are 
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found'. But the reu::.on for lwhe\l!lg III th\"o glos", 1'" 1101 Ilw pradll't' II-.t'II'. 

whlch we have heen looklllg al, but ralher thl' rt'.d",t Illt't.lph, ... Il· .... \\hll'h 1 
began by challellg-lIIg .l7 

We should agrl'e that Ihp PIHI of thPllTpIIl',tl pIn ... Il· ... 1'" III \ tt'\\' tlllh "ht'II II \"0 

clenr they have done",o Our kIlO\\ It'dgp of lIaluJ'l'. llalUll' .1'" \\ l' ht· ... t -'1'1' Il. 

15 hlghlv ('ompartnlPnt,lhzed \\'hv Ihlllk \ldtUI t' Ibt'If h ll!llflt.d 1.IS 

It is true that there IS a ratlwr ~"l'n()u~ dlflicultv al 1111~ [lloml'Ilt III Ir"llIg tu 

unify general relativity and 4uantum 111l'chaIllCS Iwcaww of' l'l'rI :1111 

fundamental differences in each of the t}1l'ot'1es Furllll'rmon'. Ollt' \\'ould 

hope to he ahle to find a defencl' of rt'altsm whlch d()l'~ Iwt n'st 011 .l dallll 

which we cannot provide any reason ln }wlil'vl' For whv ~h()1l1d \VI' ht'lll'vl' 

that physics will one day disc()Vl~r a ullified fil'ld Ilworv" 

The second ohJectIOn Cartwright ralSl'S for t Ill' gt'IH'I'll'-~lll'l'lrll' 

account concerns the fact that we are ahll' to Orfl'!" altprnattvl' tlwol'l't,ll'al 

treatments of the same phenomena It was Ilotpd (':lrltl'r III tllls rhapt(·1' 

that then> are alternative denvatlOl1s for tlw t'XIWlll'llt lai dt'('av l.I\V 'l'Ill' 

two derivatlOns WhlCh r desenhed were tilt' WI'I~:-.kopf-Wlglll'r t n',lt /IH'llt 

and the Markov treatment. We shaH conslder only t1H' Wl'ls:-dwpf-WIglll'l' 

treatment since Cartwright's argument. works f<)r hot.h Ln'at Illl'Ilt ~ I{(,l'all 

that in this treatment, the denvation IIlvo)vpd thrl'l' approXlmatlolls, 

1) the rotatlllg wavp apprOXlnl:!lIOII, 
2) the repLtcelllPl\t (jf a -.UIII by ail mlt'gr ,II OVI'I' 1 hl' rrlOd('-, of 1 Ill' "I"et rOlll:l~~IIl'1 1(' 

field and the factol'lllg out of tprrn", th,1I vary -.Iowly III thf' frf'qul'JIëY, 
:~) factormr,- out a ",lowly-varYlIIg term from tlw 111Il1' 1/lll'gral a/ld "xl"fld"l/: Ih.· 
hmlt 01\ the H1tegral to IrIfil1lty 

Cartwright notes that we can justIfy assumptiol1s L!) and :{j hy apIH'allIIg to 

the physical characteristics of the at.om-field paIr 'l'tll' d(·t ads ar'p 

unimportant except for the following pOInt In Hw Ju:-.t.dil'at.lofl provlc!('r! fi,,' 

the approximations or idealizations, then' IS no n·fpreJ}ce lIlarl(· t Il (JI(' "rd!'f' 

in which the apprOXImatIOns must he pl'rfol'I1ll'd Shl' wnt!'s, 

37N. Cartwnght, How the Laws ofPhysics Lie p.l~6-1'27 

47 



• 

• 

T~II' .",( IInd .tpprIJXlrJI,ttlfJ/1 l' n'.hllll.!bl,· IH'C:lU-,P thp Olodf:' ... of the field .irp 
-.IlPIJI,-,,·d IIJ tllrro 1 IP',lr CIIlIlllillUfIl tha! h thprp ha \pry large llumllPr IIf 
\l'ry c'III-.(·1\ 'l'dl,,d 11I(,d" lhl'" :t1I,)\\", u" tll ff'placf' thp ,um by ail 
IJltl'gral Tf\(' IlItf'~:ral h Il\'f'r .l producl of th .. couphng CC,IhLlllt ;i:-, .1 

fUlldl"" IIf Ihl' frf'qw'IIC'Y, Cil ,lIld a tprrn ()fthp f()rm PXp(-HIltI The coupllllg 
CIIIl-,I:I,,1 dqJf'lId., IJlI th" Ifltprattlllll (mtplltlal for thp alum alld the fipld and 
il h ,uPPII..,l'd III IH' n·latlv .. ly LIIIl ... talit III (I) compared to the rapldly 
Ij-.( ill.lllIlg '·XIJlJlII·"tl,tl HI'IICP Il cali lw laeton'li IJut';;ld!:' the IlItf:'/"rral \\Ith 

litt 1 .. III"''' (If ,ltCUrat y Th .. Ihm' apprOXl!llatlOll 1'> "olnlliarly ju,>tlfied by the 
'Irt IllIht.III('P.., 

III B .. t}\t"~ ()n~lnal p:qJPr, he performed the derivation u~mg the second 

apprOxIIlIat1!Jll first and then the third approximation What physicists 

dis{'ovpr('d latl'r IS that thf' orrler ln whlrh the npproxlnUltlOns are used JS 

Imp()rtallt If tlll' thlnl approximation IS performpd hefore the second, the 

d('n vat IOn pn·dlcb t hat t here is a lamb ~hIft which accords with the data 

HOwl'V('r, d' tlll' order of approximations IS reversed as originally done hy 

Bl'thl', tlH' dl'rIVatlllll dol's Ilot predlct Cl lamb shift To summarize, what 

t his (Ixamplp d('m()n~trate~ IS that two derivatlOns which mvolve the ~ame 

I(lPah.~atlOn a:-.:-.umptlOn:-. n'suit ln two dlfferent equations, Olle whlch 

pn'dlct s a lamh shd't and another WhlCh due~n't The rea!->on IS that the 

ordpr III \\ 11H:h t IH' IdealizatlOll assumptlOn~ are used affects what terms 

wdllw lost 

An important point tu notL' ahout this example is that It is not an 

argullll'llt l'rom underdetermination Rather, it is an example of the 

constructIOn of two models Il'/!('rt' tht're IS a qualltatwe dtfference, the 

IH'pdlct IOn of thl' Lamb shIft So the data supports the derivatlOn where the 

thlnl apprOXJlnatlO1l IS performed hefore the second approximatIOn The 

pOint (If l1l'r l>xample IS to take Issue .. vith the generic-specific account She 

wrÎtl's. 

('hOll'P" lllU:-,t lH' madt' whlch are Ilot dlctated by the faets 1 have already 
IllPlltlOllt'd that IS "0 \VIth the cholce of models But It Is also the case wlth 
,lpproXllllatlOll procpdures, the chOlee 15 eonstramed, but not dletated by the 
fad __ , and tl!ffprpnt Ch01Ct'S glVf' dlffprent lIlcompaüble results The 
gl'IIt'r!C---pPl'lfic aCCllunt f:111., b('c:\usp the content of the phenomenologleal 
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laW5 we denve 15 not COllstr.llllf'd III tht' fUlld.lI1ll'llLd 1.1\\" whll'h 1·'pl.llII 
them :H) 

The argument then is that g"l\'PIl only,' tlH.' knowlt.'dgt' of our fundanwntal 

laws, there is no reaso\1 to ('hoos!.' OIll' appro\.lIllat IOn pI'IH't'duI"l' O\'l'I' 

another There IS no tl1l'Orl' tll'al n'a~(ll1 for wh\' \\'l' should t'housl' 0Ill' 

approximation procedure OVl'r tlH' ot 111.'1" 

What we have seen in dus chapter IS that d' \\il' want to Ill' rl'ah~t~. Wl' 

are going to have to alter the D-N III 0 dt' 1 of contirmatlllll and tilt' 

hypothetico-deductive method of confirmatlOll ln the Ill'xt chapt PI'. 1 want 

to consider a possihle realist responsp hy l{onald LaynwIl Hl' wnks. 

My ba~lc COI!tPlltlOn 1" that thp"p argumpnt:-, tlwugh, 11Ighlv 'oUggl''otIVI', lad 
to take IIltu account thp rpll'vancp of t hl' pll'cPllIl'al IllIprov.lllIlltv uf 
IdeahzatlOlb and apprOXlmatloll:- .1IIl! thl' l'lllll''opoIHltng IlIIpIO\'t'IIlt'llt:-, III 

predIctIve output 40 

Thus, 1 WIll consider an alternative model of eonfirmatlOll whieh talH's i nto 

account t,he use of idealizations and approximatIOns What. 1 wdl do in tht' 

next chapter is examine this proposai in detat! and l'ollsidpr SOlllt' 

difficultIes which Laymon raises himself l wIll also cOllsld('r IIIS f'('SIHJIlS(' 

to Cartwnght's second challenge in wl1lch Ill' ofl'prs a Ilwthodology for 

choosing one set of approximation prOCedlHl'~ Of' ~ds of Idpallzat.101\ 

assumptlOns over another 

Chapter3 

The crucial point tü the first objectIOn po~ed III (~hapter :2 IS t.hat. th(· 

actual practice of physics (inabihty to provide ~ound denvatlolls) d(J('~ ilOt. 

support the claim that the fundamelltal laws are tl"l1(' A~ 1 IIWIlt.IIJI)('d 

earlier, there are two reasons why we can not provlde the d(~nvatIIJIl!-> wlw:h 

would support the realist claim, The first i!-> that we do Ilot have t.IH' 

40Ronald Layrnon, Cartwright and the Lym;.: Law\ IIf Phyw ..... P :Hi:1 
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r('(t'w."t(: computatlOnal ahditw!->, and the second 1:-' that even if we dId. we 

dO/l't havI; tht, approprJate fundamental law~ that would provlde -,ound 

d('dlldlve-llO/Iwlogical ('xpla/latlOll~ The re:-.pon~e 1 v./)ll IlOW wn:-.ider, 

fO(,USf'~ on the prohl t'rn of Ilot p{Js!->e!->~mg the adequate cornputatlOnal 

alJllll lI'C, Whal 1 wtll cJo I~ con!->Ider an alternative model uf confirmatIOn 

wllJch takt,'-, IJltO ilClOUllt thl' u~p of J(lealizatlOn~ and apprOXImatIOns 

f-lavJII~~ dOliC' tJll~, 1 wdl c()n~Ider thl' ways ln which the antI-realü,ts 1 have 

h('ell (,o/l~I(l('n/lg would re~poIld More partIcularly, 1 want tu raise the 

probh·II!:-' wIth t hi~ account hy cOllsldering how 1 think Van Fraassen and 

Cartwnght would n'spond, and then otrer a prohlem winch l find with the 

aCCollllt 

Laymon's ProposaI 

1 Il VIl'W of the hlct that aetuai practice does not support realism, 

La ymo/l ~ uggl'sb that we adopt a weaker notion of the generic-specIfic 

accoullt Notl' that what is meant by aetuai practice IS the fact that there 

an' Ilot Illltlly r'igorous derivatlOns of phenomenologlcal laws or adual 

PVl'nts Laymoll, thereforp, suggests that we adopt a normative version of 

thl' gt'IH'J'H'-spl'cific account which is, 

<lSn) 'l'Ill' ~~(),t1 lit' "t'If'IIC!' "hould IH-' to ~ppk fundamental laws whlch are true, and can be 
Il~pd III 1111' '-,oUlld dl'rJvatllll1 of phpllofl)Pllolog1callaws 41 

Thll~, a rt'alIst would hl' om' who helieves that, 

1) "l'I!'Jltlfll' pladll'P l'ail bl' appealed to III conflrmatlOnal consIderatIOns and, III 

P:\Itl('ulal, th.1I attpmpt~ to dt'nve phpnomenologlcal laws (and more generally data) play 
a rolf' III confirmat JOnal conslderatJOlb, 

~) tlw JlOrll1atl\'l' vpro.,lon nf thl' genenc-"peclfic aceount is true, 

'l'Ill' diSCUSSIOn has sillfted slightly Aithough realism about fundamental 

laws IS stIll at l:-.sue, LaymoI1 has also hrought ln realism about science 

itsl'If '['0 lw a rl'altst about science is to helieve the normative version of the 

gl'lH'ric-specIfic account. Clearly, however, one could not helieve that there 

Il R. Laynlllll. Cartll'r/J,!hf and Hou' the Lan's of PhYS1C8 Lw. P 355 
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\Vere no fundamental laws that \Vl'rt' tnll' and still Iwhl'\'t' that tlll' goal of 

~cience should he to seek fundanwntal laws 

Note that If tlll' Ilormatl\'l' \'l'r~WIl (lI' tlll' gl'nl'nl'-~lll't'ltic ,HT'llll\t l~ 

true. sound denvatioll~ of plH'llOlllt'l1ologlcal laws an' no longl'I' l'('qllll'('d 

for the contirmatIOn or discollfirrnatlllll of tlll' fundallll'ntai la\\'.... SOllnd 

derivatlOns are taken to he a I10rmatIvp Idt'al wlllch Wl' mav IH'Vl'1' arllll'\'l' 

The suggestion IS that attl'Illpts to aChll'Vl' SOIlIHI dl'I"lVatlOlls \\'I(h a 

partIcular hlstorv are good l'('asons to Iwhl'Vl' t hat t IH'l'l' an' fundanll'I\ t:d 

laws that are true He suggt'sts that. 

TC~) If a "pt of fUlIdalllelltal law'> h t 1 UI', thPII WP cali makI' 11I Illllll'Ipl .. "utllt'wlIl 

correctlOll '-, '-,0 a~ to YlPld bptter prp(lil'I IlIIb i:! 

One salient feature of this ~tatement of truth-comht IOns l~, t hat It accolll\l S 

for the faet that Idealizatiolls and appr()ximati()n~ an' llSl'd III aet ual 

derivations ofphYSICS Laymon's proposai also ac('ounls for thl' f;u'l thal d' 

either correction factors or Illore realtstlc iIlltial eOlldlllOlIS ar'(' llsl'd. W(' 

usually obtain more ,.lccurate prpc!IctlOlls 'l'hl' fart 1 hat 0111' t h('()lïl':-' allow 

us to illake these cor1'ectiol1s wh!(~h vlt'Id Iwttl'r pn'clIctlOlIs 1'-, sllppo:-,(·d 10 ht> 

a reliable indicaLor d the truth of the laws Hl' wntl's, 

The rE'lpvance (If the PXIstE'IlCE' of '>uch Ill1plllvalJlhty 1,> 1 h.ll Il h 111(111('1 1 VI' 

eVldencl:' ln f'avor of the ~athractlOn of Hw C0I1"('qllf'111 IIf /{~IT(~:~I, :t 

necest->ary cOlldltIon for truth SlIlIIlarly, failu!!' tll gf'IIf'1 :It f' lIf1plllvf'd 
predIctions OII the bat->I:'~ of Improvf\d H!P.I!JZ.ltIOlh and .. PP"J\(lll1alllln .... (a" 
mput tn theoryJ le, eVldenee agalll~t thl' "atl .... r.lctloll of th,· ('Oll'>f'qUf'l1t (JI J{~, 

and hence for the f~lblty of t hE' thpory 1 Il qU(',,1 lOlI ,11 

TC3, therefore, implies thl> two followmg confi rmatlOlI pl'Il\('ipll's, 

Cl) A set of fundamental laws reCl'IVl'S confirmat.lOn if tilt' U~(\ of Illon' 

realistic specifications of initial or houndary ('()nditi()n~ in f:lCI,. I(·(tds f.(J Illon' 
accurate predictions. 

42Ihld p,359 

51 



• 

• 

C~ 1 A set of fundamental laws recelves disconfirmatlOn If the use of more 
r('all~tje spl'cjficatJ(jn~ of lllitwi or houndary conditIOns dnes not lead to 
lIlon' accuratt' predJ(:tJOn:-, ,11 

'1'111''-,1' Iwu JH'JlInplp" wOllld lmply that the fundamental laws mu~t he 

'111011010111(' lowarrb t 111' t rllth 'l'Ill') :-'lInply mean:-, that the use of more 

r('aIJ~tlr "latelllf'IÜ;-, of lI1ItIal condItIOns wIll yleld more accurate 

pn'dictlO/I:-' and the USl' of less accu rate statements of imtial C()ndlti()n~ wIll 

Yll'Id wor;-,(' pn,dlctIOlls Accordmg tn Laymon, If tll(·re is f.lvldence for the 

1Il1l/1ol,ollint y of a :-,l'I of fundarnental laws, then we can mfer that the laws 

an' t nw 'l'Cl n'iwat, the advantage of UliS account IS that actuall V prnvlding 

SOlI/HI dl'rIVatlOlls IS not the only form of actual practIce which can be used 

t Il ('olllirm our fUlldatlll'ntal laws Cases În wl1lch we are ahle to get 

pn'dlclloJ);-, doser alld dosl'r to the actual truth can also play a 

cllllfirma{J(lIlal rolt> 'l'hus, thesl' two pnnclples Imply that we should he 

('f'altsts ahout SCÜ'l\Cl' LaynlOn wntes, 

~:IV('1l thl' confirmatlOll th!',,>p,> Cl alld C2, It t(lllow::. Immedwtely that we 
..,hould :11111 for IIlcr!'a!::tlllgly mort"' acrurate denvatlOlls of 
phl'llolIIPliologlcal law,,> and IIldlvlduaJ predlctlOlI':;, SIlice III that we 
('lIldir III alld dr">cordirlll our law c:lllchdate::. 45 

Layrnoll gOl'S 011 tll t:ltl' ;-'l'wral cases ill the history of physics which support 

hls JH'oJ)();-,al LOI'Plltz, {(Ir instant:e, showed that more realistic descriptions 

applIt>d to t hl' al'lhel' theory produced worse predIctions The eqUlpartition 

t I!l'ory also Yll·ldpd worse results as more accurate 1l1itial conditions were 

llspd Bot h of t hese f~lcts dplllonstrated to physicists that hoth theones must 

he falsl' 'l'hus Laymon's proposaI IS supported hy the actual practice of first 

llSlIlg Idl'allzat IOns and approxlInations and then USlllg' correctIOn factors 

or mort' l'eahstlc stateInl'uts of houndary condItIOIls tn yleld hetter 

pn'dlctlOns 'l'1lt' mterpstmg point IS that although reahsm is not supported 

Ily t Ill' aet liai prad lel' of produclllg ;-,ound denvatlOI1S (since the denvahons 

do not PXISt) It IS supported by the pracllce of producing denvatlOlls whlch 
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give result~ that are d()~l'r and clo~l'r to tlll' truth l'lU' propo:--al. IlwIl. 1:-

that Wè modlfy the D-N modl'l of l'xplanat IOn and rl'placl' Il \\'1 th a 1ll1)(1l'1 (lI 

explanahon where a deduct IOn which g"l Vl'S ,lll apprO'Il11,lt l' \' ,d lit' I~ 

consldered acceptable If we an' able to prudlll'p l'urt Iwr dedul'l \(lIlS \VIt Il 

more realistlc statE'ment~ of houndary conditlOlls t hat ll'ad tu mol'l' aCl'lll'a!l' 

predictions 

Sorne Objections 

1 would hke to now con si der a fl'W Oh.Jl'ctlOllS tu t his propo:--,d :\lv 

purpose III raising these objectlOns ~h()uld not tH' 1ll1:--takl'll as ail argunwllt 

for anti-realism. The aim in ofl'ering tlWSl' cntIcl~ms IS 10 dan!'y wha! IS ,It 

issue in the realismlantI-realism debatp 111 tlll' hopt' of' danfVlIlg how t Iw~ 

dispute can be settled Recall that the ct'lltral daim to Layllloll's proposai IS 

that, 

If a srt of fundamplltal Iaw .... 1'- tru!', thl'II \VI' cali IIl.1kp III pt 1I1l'lpl,· 

"ufficlent COITE'ctIOIIS -';0 a" to ylf'ld lH'ttpf pn'll1dlOlI'" 1(; 

Thus, one can think of this reah~t respollse III tilt' followlIlg way Hl'n' IS a 

piece of scientific practlce that reqUlre~ l'xplall1l11g Wl' haVl' t hls f'l·gulant y 

which lS: If wc use more realistic 111111<11 ('OlldJt,IIllI:--, wp gl'l, hl'tt!'!' 

predIctions The only tlung thal can Sel'Ill (,0 l'Xplalll t 11I~ f~lct IS il t l'III' 

theory. l would hke to now c0I1s1der how tlll' ddfl'rt'Ilt antl-n',,!Jsh would 

respond tu this proposal and ofl'pr a prohll'm wlllch l, IllY:-'l'1 f, f{Jlllld \Nil Il 

the proposaI. 

Van Fraa'isen and Duhem: 'lbe Strong Anti-Realh;t Resllon~f~ 

Recall that Laymon's IWO confirmatlOnal prmclplps :-,tal,p 1 hat a :-,l't, of 

fundamental laws receive confirmatJOll if tlll' U:-'P {JI' Illon' n'all .... tl(· 

statements of initial conditIOns leads to IllOf(' :tœuratt' prpdict 1<111:-'. alld 

similarly, the laws recelve disconfirmallOll d' the U:-'I' of mon' n·all .... IJ<' 

specification of initial condition:-. leads 10 Il':-':-' accural f' pn·dlct IOIlS Il ('/1<'(', 

a set of laws will he lughly confirmed d' there arl' many IIl:-,ta/I('I':-' of Illon' 



• jt('('Urdtl' pr(>(hrtJ()n:-, when more reah:-,tIc mitial condition~ are u:-,ed Th1:-' 

1'-. nghl, hlll LayrnoJl IIlf'(·r:-. froll1 the faet that thp fundamental law~ are 

11I~~"lv "(jJdirlllt'd ln ,!JI' dallll that tht'v are tru(' The arg-unwnt. tlwrl'f(Jrl', 

1'-. :111 IIdt'rl'Il('(' tfl t h(, IH,'-.t ('xplanatlOll But t hl:-' 1 .... pn'cI:-,('lv \vh,tt t Ill' --trong

itlltl-II'"II'-.t IV.1I1 Frjta'-.:-.(~rl alld Duhemi n'Jl'ctl'u III tilt' tir:-.t place \Vhat l 

will IlIC'all Ily :-,t rcJIIg .mtH'('alist i:-, the pu:-,ItlOn that f('Jecb lllfprencp to the 

I,,·:-,t C'xplallat 1011 t oui ('ourt anu wl'ak antI-reah:-.m is the IwsltlOn that only 

n'wrl:-, ('('rt alll flJfIllS of mfeI'l'IlC(' to the hest explanatiol1 Thus Cartwnght 

IS a wl'ak allt I-n'a":-,! '-.1I1<'L' .... hl' advocates InfL'renCl' to the hest causal 

l'xplallat J(lIl 

• 

()II(' ('oulcl Imaglll(' Van Fraassen responding to Laymon's 

sUgg(':-,tlOlI hy :-'lIllply nloddYlllg- 'l'C:~ to 

If :t .... f'! IIf I.IW-' alf' f'lIlplrlcally ,l(jpquatl', thprl we call make 111 pnnclple 
-,Ufll('J('llt lllllf'l'IIOI ..... "0 :\-, 10 Yll'id !lPtt<'r pre(hctlO!I::' 

li;mpincal adC'quacy, as normally understood, only re4uires that the theory 

Ill' ahlt: t () :--avp t Ill' Oh:-'l'I'vahle phl'nomena This means, III tlus caSl" that 

t l\I'n' 1:-' ail addIl 10llal {,ol1stral/lt A theory is only empirically adl'quate 

wlwH t Ill' 11:-'l' of Illon' J'l·alt:-.tlc statpments of lIutlal conditions Ipad,.., to more 

al'l'urall' pn'dtctlOlls Wl', thus, pn'SL'rve Laymon's two cuntirmatlOnal 

pnm'Iplp:-. llllchallg-l'd In p:-.sencl', thl,.., antI-reahst response arnount:-, tn 

.Just dl'lIyllJ~ Ill(' llSl' of' Illf('renee to the best explanatlOl1 That lS to :-,ay, 

whal, \Vl' II1fi.·r fi'orll the faet that a theory IS the best explanatlOn is that lt IS 

tlw lH'st t'xplanatlOlI and Ilot that It is hue Or in Van Fraassen's terms, 

t hl'ont':-- t hat :-.atlsf'v t lU' two confirmatIOnal princlples are empincally 

adt'l]ll:tî l'and do Ilot han' t () lw trHl' 

Empll'll'al adl'quacy, of course, doesn't reqUlre that the theory 

product' ,ICl'Uratl' dl'f1vatlOns C0I1stra1nts as tn what counts as an 

al'l'l'ptahll' l'xplanatlO11 are internaI to the theory The first constrmnt lS 

t hat t Ill' t IwO! v must provlde sorne model in whlch the predictions of the 

t Iwon' an' Isolllorphlc tn t he data, 'l'hus, an acceptable theury mav contain 

lh'rivat 101l:-. \\ 11Iell g-I\'l' ollly approXIlllatl' pn'chl'tions as opposed to accurate 

Olll':-- TIlt' :lcl'l'ptahk l'!Tor wlthlll wInch tlll' denvatlOll can ülll is [t'lative 

tll tlH' tlwo!'\' 'l'hus, If a thL'orv cines not provlde predictIOns wiuch hrE' the 

:--UIlH' a:-- t Ill' .lcl u.d rl':-,ul t:--, 1 t dot:'S not mean that the theory 1~ not 
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empiricallyadequate F()r It l'ould lw that tilt' thl'ol'\' n'qlllrt'~ (llll\' Ih.lt 

predictions fall witllln a I-.ri,'PIl l'ITor \\'Iwl'l' tlll' l'lTllI' !:trtm' l~ dl'lilll'd \\ Il III Il 

the theory For l'xampll', our pn'~t'nt tl1l'on' t~ t'()I\~ldl'n'd l'Il\IHIïl'.dl\' 

adequate even though II d()l'~ not pro\'ldl' Pt'rfl'l't Iv aCC\lI'at l l'n'dll'I \tIIlS 

The~e l'XplanallOlls .ln' aCct'ptahle ~llll'(' tlle\' f.tll \\'1111111 .1 l'('J'LIIIl l'J'I'OI' 

The error WhICh the prPtill'tI\'(' n ... ·adts ('ail l'all \\'Ithlll I~ It~t'Ir dt'l'l\'I'd 

withm thl' Ou'orv 

Note, that with thi:-; resplm~l" tilt.' antI-rl'alt~t dol'~ Ilot l'l'allv gl\'(' a 

response to the realist's challengl" wlllch IS 10 t'xplam why will'Il Wt' Il:-.t' 

more reahstlc mltial conditIOns do Wl' gl't Ill't tt'l' pl't'dlct IOW,') \\('cal\. t hat 

part of tlH:' anti-f(lahst l'l'SpOIlse was tlH' additlOIl of :1Il0thl'J' l'OIl~tl';III1I, 

namely, that If wp accl'pt il tlwoI'V, II IS n.'quIl'pd that tilt' IISl' or statl'IlH'IlI:-. 

of more realistIc il1ltial combtlOlls \\'111 ll'ad 10 IlPUl'l' 1)I'('(hl'llOlIS '1'1111:-', III 

sorne sense, the strong antI-n'altst fl'SPOllds hy dllnVlll~ thal tl\('I'l' l~ a lact 

that needs explaining-, and USl'S 111l' ('onstrallli as a vlrllll' ftw rhoo:-'llIg Ollt' 

theory over another Thtrt'fore, thl' bct 1 hat WI' gl't l)pl 11'1' pn,(l!rt IOIl~ ~~I Vl'II 

more realistic initial conditions IS cOl1sid('red as a pl'ag-Illai H' vlrt Ill' ..,IIIIIIar 

to simplicity and l'xplanatory power 

The prohlem is that titis COllt!JtlOll IS sumlar lo pragmatlc vlrtlH's likl' 

simplicity and explanatory POWl'l', howpver, II, IS ddlpf'('nt III ail IIllpOrlalI1 

respect Van Fraassen wnt('~ III 11iS (hscussioll of t 11t' pra~~rtlat.\(' VI ri \lI'S, 

In -.0 far .1.., thE'Y go !)f'/ont! COJl..,htl'lllY, l'IIlJlI/)('al ,u!l'qu.tIY, ollld ('111111111:11 
»trE'ngth, thE'y do Ilot conCPrrl thf' ll'Iatlllil bptWl'l'l1 tlw th('OIY and thl' Wfllld, 
but rathE'r thp u:-.p .llld u-.efuIrH'''''' uf thl' tht'OlY, thl'Y pIOVU!1' Il'.1''1111'' tfl Pldl" 

thf' theory lIIdf'pell dPllt Iy of qUP-.tlOfI -. flf t ru th .J7 

Note that unhke the other pragmatlc Vll'tue~, till' (,Ollstralllt of Illon' 

realistic InitIal condItIOns leading- t () mot'(' aceura!.p pn·dld WII.., ri ()l'~, 

concern the relatwn netw(,l'f? thl' fhl'urv (l/Id w()rld 'l'IH' t IH'm'y pla Y'" ail 

intermediary role for the mput:-i (the ~tateIIH'llts (JI' IIlltIal ('(JlJ(l!llOlI ... ) wlllrl. 

we ohtam from the world alld the J'I'sult:-, (prl'dH'tloll!-» litaI. WI' ohlalll w/wh 

are to he compared with tlw n'al world So It "'E'I'lJI~ I.hal. !..lyIIlOIl· ... 

47Bas Van Frau:,."ell, The Scientific Image p HH 
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('(J/lIllI1011 d(J{'''' IlOt tall undl'r l/w caU~g(Jry of pragumtIc vlrtues :\1oreover, 

1/11" pH'(C' I)f ('Vl(j('II('(' or con(llllOIl do('s not üdl undl'r what van Fraassen 

flH'(l/l:--' hy plu'IIUm('lla ('ltlH'r "111('(' t111'-> l'o!lchtwll I~ Ilot a cl a Il 11 only ahout 

prc·c!)('tlOll.." hut r'dt lH'r ahout what haPP('n~ 1/ Il'(' IJ.:,(' more re([!/sU(' lllit/(J! 

('{JI/dlf loti," 1 t '''('l'/Il.., 1 hat Van Fraa:--':--'l'n\ rpspon~(l to why It IS ratIOnal to 

('()n:--.((j/'r ~J mplH'" y and pxplanatory power as pragmatlc virtues C3IlI10t he 

applJ/'d tll t III' (,oll:--.traJllt dl:--'(,Il~:--'l'd ahlJVl" nor l'an he say that it is a 

pIH'lIlllll('llél Id<(' allV otJH'r wl1l('h 1:--' to he :-.aw'd 

('ll'arl y, f IH' ~tl OIlg allt I-r('al!:--.t must t'üher offer :,ome ratIOnal 

Jllstlficat.101l for' COIl:--.H!Prlllg mon' reahstIc mitiai conditlOn:--. which Ipad tu 

Illon' ;t(,(,llrate pn,(1Jct(()ll~ a:--. a virtue or elsl' respond to the challenge In 

01111'1' words, t IH' allt I-reaiist must explam why succe,,>sful t hl'Of)l'S are 

t ho!·.;p that wl\('11 more l'l'al istic mitml conditiOns an' used, more accllrate 

pn·dll'l JOlIS are ohtalIll'd TIlt' evidencl' nted hy Laymoll seems to !->upport 

t hl' ~Id(· (If 1 hl' n'ulist SlIlce, in tilt' pas t, t hos!.' tlwones which we hav(' 

(,oll!->Id(·/'(·d to Ill' SUl'cl'ssful an' thO:--'l' that satlsfy thl~ C()nchtlOll There are 

ph('IHlIIH'Il:t \\ Illch cry out to Ill' t'xplall1cd. and t hl:--' seen1S to Ill' Olle of t lwm 

S(I 1 do Ilot 1111111.. thal tlll' mltl-n'alist ('an just c1alIl1 that a good theor:v mu:-.t 

hl' (lIIl' th .. t satl:--.lies tlH' COll(htlOll that when more n'<dl~tlc lIlltJal conditIOlls 

an' u~l'd. w(' wIll ohlalIl Illon' act'uratc pn'dlctlOli;-. VVILl!,)ut offermg any 

justdïcat 1011 

Furt hl'I'Ill()n', If the anll-rl'alIst does not choose ln answer the 

challpllge, It Sl't..'IllS to kavp tl1l' rl'alism/antl-realism dispute at a stand-off. 

By t lus, 1 Illl'an t hat 1 Iwhl'vl', hke ('art wright, that the dehate over reahsm 

ahout t Ill' fundanH'ntal laws IS an emplflcal issue Thus, what WIll dl'cide 

wluch posItion I~ correct wIll Ill' sCI(:ntdic practicl' ibplf The ldea I~ that 

ohs('r\'atlOlls ahout sCIl'ntific practIcl' aet as eVldl'ncl' fur wlwtlter we ~h()ulcl 

Ill' n'alI~h 01' .tIltl-r('ah~b ThiS IS an Illlpor'tant pOInt SIIlCt' It forces the 

,ll1tl-r(':th~t 10 pro\'I<l(, :,Ollll' l'\'planatlOn as 10 whv we gl't lwtter pr('diction~ 

Whl'II \\(' ll~l' IllOl'P n'alt~tll' IllitIal conditlOll:--' Mon' gelwrally, thi~ IllPdlb 

that ,illY p()~11wn, rl'ah:-;t Of antl-n'aItst. is held ac('ountable tu sl'll'nttfïc 

prad Il'l' Il t IH' :mtl-rt'ahst. IHlWl'Vl'l', dpIlles thl:;, lt lS bard to ~t'l' h()\\: t Ill' 

dl'hatl' l'ail IH.' ~l,ttll'd at aIl SIlll't' Wl' would only be 1eft wlth a prIOri 

ar~uml'nt:-;, and 1 call1lol lIllah'1IH' ",hat such an argument would look hke 
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Thus, it SeeIllS that l'lther the antI-l'l'alt:--t must allo\\' that tl\l'n' IS 

:-.ometlung to lw PXplallll'd or l'l:--e lw COIllllllttl'd to cLlIll1ing that thl' 

reahsm/antl-realism dd)ate h no lllllgl'r :tll I:--Sllt.' n'ail\' worth dl:--l'lI~"lllg 

Tht'~e al tt:'rnatl\'l' cOlldu:--wns. hll\\('\'l'l'. rt':--t (111 tlll' a:-':-'\llllptwll tl1.lt tlll' 

reahslll/antl-n'alI:-.nl dl'l)atl' 1" ,Ill l'Illplnr,tl I:-.:-.lll', ,\I\(I \'.l1l 1<'1".1,1 ...... ('11 111.1\ 

reject tlllS assumptlOn 

Fraasst:'l1 was 10 ask \Vhal Il'uth has 10 do \\'lth l'\.planallOll lIo\\' 1(1 n':-,polld 

to this challenge clparly gops lwyond tilt' hOlllld:-. of tills 1 IH':-' 1:-. , hut 01 Il' Illo"t1 

that could be dnnvn l'rom this IS that If 011l' \V,lllts to rt':-,polld to \';111 

Fruu:5sen and Dulll'm, one :-.hould not look ,II :-'l'Il'!lltlïc pral'llel' l'or ail\' 

support 

Cartwright's Respon. ... e 

The second pomt that J want lu makl' conCl'rns tilt' truth of '1'< ':1 III 

essence, Laymon's claull is that Hlo!luntonic lwhavlOur or flllldallH'nLtl 

laws, 1 e, successive cases of more f(.'alt~tle staU'llH'llts of 11111 lai condlllOlls 

which lead to more accurate Prl'(hctlOn:-., IS a l'l'hahll' IIIdlcat l' Il!l'II' t l'lit il 

Before proceedmg onto tlw second ohjectlOn, w(' sllOuld lïl'~1 hl' dl'ar .1" 10 

what lS meunt hy 'a rl'\whle II1cheator' The USl' or 'n,llahll.' I~ IlIlpOl Llllt 

hecause Laymon lS willIng to g-rant thal tlH're Illav h(' ('as('~, \vltl'n' \VI' Ilav(' 

a true theOl'y yet the use of Illon' realt:-.tll' slatplIll'nt:-. of IlIlLlal ('(I\ldJtIOII~ 

leads tü wor~e predlctlolls Hl' statl's, 

What thl" mra/l" at Ih!' 1f'.I ... t 1.., Ihdt ('1 ,lIId C~ IlIu-..1 IH' IlItl'll'lf'll'<I ,('" 1)I'"I~~ 
111 ::.ome ::.plI..,e pl'llll:l LlelP IIldul'llVP l'IJIIIlllIlatlllll PIIIIl'lplp.., III 
partlcular, the cOfljputatwllal ..,perlhe,> (how 1111' thl'ory 1'> (OIllPUI,lllOII:tlly 
ImplelllE'lItedJ may IJ\PI l'Id!' 1 h(' pl'lllla la('l(' l'Ollflllllaliolldi V:tlllI' lit 
E'Xlstlllg ..,amplf'''' (Jf IlIlprOVPlIlI'lIt III 1l01111llp111VPJlIf'lIf '1H 

Thus the confirmatlOllal pnIH.'lples provldp g-ood l'vld!'I1c(', hlll Ilot d('('I'''.\V(' 

evidence for the truth {Jf the fundanwnLd law:-, SIIl('(' Il 1:-' ollly a n·lla!,I.· 

indicator, Laymoll dol's Ilot expl'ct that for l'very casl' wlll'n' w(' hclV(' a 1 l'Ill' 

set of laws, the u~e {Jf Illore reali~ll(, :-,tatf .. 'IlIt'lIts {JI' IlIltial ('olldILIOII'-, will 

always yteld better predIctIOns. In the~c ('a:-.e~, olle ~hollJd :-,('('k 

51 



• 

• 

,·xplanalJon:-. as lo why the confirmallOnal principles were not satisfied If, 

an l!xplanatJOn cannot he f(mnd, thl'll wc would have a counter-example to 

Layulf)Jl's proposai 

Ll'l us t'onslder an actual case in phYSICS where Laymon's 

('o/lflrlllaLJo/lal prin('lple:-. appear not to hold As I :-.tated earlier, 

(:artwrJght IHlWltt tngly provldes an apparent counter-example to Laymon's 

propo:-.al 'l'hl' ('XlwlH'lIlIal dl'cay law 1Il quantum mechanict:i has received a 

wl'alth 01' l'BlJ)lrJeal :-.upport That 1:-' to say, the law ywlds predIctions 

Whl('h accord wll,lI al'tual results The lllteresting f~lct about thls law is that 

If, 1:-' :\(,l'uratl'Iy dl'nVt'd t'rom the fUlldamental laws of quantum mechamcs 

('(1('1/ wlth Iht' li."" oj' ltleallzatlOfls and approxunatlOns In the Welsskopf

WlglH'r dpr!vat IOll of' tlH' I.'xponentlal, the a:-.sumptions involvl.' 1) assuming 

that tlll' ollly slglllficant ('ouplmg 1:-' between the I.-'xcüed and the de-excited 

st atl'S ami ~) Ill'glectlllg tl'rm:-. which arp slowmg varying 111 omega. The 

l't':-.ult IS odd sille!' wilat we would exppct, IS that a derivalÎol1 l'rom a true set 

of f'ulldallll'ntal law,", and a stateIllent of Idl'ahzed llutial condition:-. would 

yu·ld a rl':-ild t t hat would not be pxact but only clO:-'l' tu the actual re:-.ult. 

What is l'Vl'Il more II1tl're::-.ting tH that If more reali:-.tIc statements of mitwl 

condltloll:-i an' uSl'd, HH' denvatlOn yields results which de/ract from the 

aet ual rl':-.ulü. 'l'hus, 111 thls ca:-.l', if we use more realistlc statements of 

IIllttal l'OndltlOll:-', \\'1.' dl'rIve rl:'sults wlllch geL farther and farther away 

l'rom tlll' aetllal rl'sldts Wt' ohsprvl' Thus, it Îs a case where, 

1) 110 t'llIP"Il'.dly t!!'tPIIIIIIIPt! l'Olll'ltWII" arp rpqulrf'd If apploprwte 
.lppIO\IIl1.\tlOll" alld Hipaltzallllll" alf' u"ed, alld 

~) IlIIplOVt'IIIPllb III tht' rpalhlll ot dl(' al1alY-'I~ wdl Il:'aù to ùl\'l:'rgellce t'rom 
Ilu' dt',,"t'd P1PI!tctlOll ·1<) 

No l'IllPlncally dl'tt'rnllned COITI:' dWI1S are necessary, of course, since the 

dl'n\'l'd n'suit \:-. tlH' same as tl1l' actual l'l'suit It appears that this ex ample 

mav Iw a prohlt'Ill jilt· LaVIllOI1 :-.lllCP what we have is a case 111 WhlCh the use 

(lf' illOn' aCl'uratl' "tatl'Ilwnts of' Illltlai conditions leads to worst-' predictive 

l'l'suIt::, Titus (' 1 would not h(, satl:-.fil'd 

1~)HoJ\:lld L.IV!llUn, Cartwnght and thl' Lyll1g Laws of PhyS1CS, p 364 
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There Îs Li prnbleII1 wlth tlll' u~l' of tins l\xampll' Sillet' tlll' l\\'ldl\IU'P 

availahle tn us now pro\'lclt'-; .i~ ll1ul'h ('onfirmatlOn for tlll' ngol'Ilu:-: 

derivatlOn( i e tht:.' denvatlOl1 whll'h dol's not ll~l' Idl'altzat \Ill 1 .IS~lllllpt IO\lS) 

as much as it does t'or the explll1l'lltial dl'l'av Id\\' TIlt' ad(htl\lll,d tl'rr\l~ Ih,ll 

are included in a ngorous dl'rIvat lOll al'e Vl'l'V ~lIIall ,md onl" l'otH'1' ri 1 t Ill' 

rate of decay for very large tlllll'S 'l'hus. pn'(lIct\(lII~ li)!' tlw dl'rt\'('d l:tw and 

the exponential decay law an.' HU' sanll' ('or short tlIlH' IH'rIlllb hut dl\'l'I'~:l' 

for very large tIml'S As Cart\vnght Ilotl'S. t hl'J'l' havI' hl'('11 :\1.111" 

expennlel1ts concermng tlw t'xponentwl law. but 1l00H' oC t hl's(' ("}lI'\'lIlIl'111 S 

have given any rl'sults concermng the ratl' of' dl'cav fil(' VI'I'V lal~~l' 1IIlll'S 

Thus at the moment, there is 110 eVldelll'1' that f'avOl's 1,,1 11l'l' 1 Ill' ngol'tlus 

derivation or the plwnoml'nological law (tlll' l'XIHlI1('lltlal dl'l'av la\\') 

Thus, it could be that the pl1l'noIlwllological law IS I~tlsl' d' WI' l'lIldd obt aill 

data about radioactive decay over long Pl'nods of t\IlH' Howl'vl'r, 1 will 

assume, as Laymon does, that the plll'llo11ll'llological IS Ilot f:d:w alld Sl'(, 

what prohlems arise 

There are sevéral conclusions that OIW can adopt ('OIlCPlïllllg t 11l~~ 

example, The tirst is that IL shou)d hl' treatpd as ail <llJolllaly 'l'n'al (·d a~ 

such) we should look for l'xplanati()n~ a~ to why Wt' d,d 1101 g('1 1)('1 tpl' 

predictions, For example, we should hl' to looklllg Lo ~l'(, wlH'LIl(·1' t h("'(' IS 

something like a fortuitous cancellation of Idl'altzlIlg- a~su/llpt,oIlS Thll~, 

in cases when accurate results are obtalllcd l'VI'II whl'Il ,dvaltzatloll 

assumptlOlls are used, the fïrst thlllg that olle ~h()llld look for I~ a 

cancellatlOn of Idealization assumpt\On~ If, howevpr, such ail ('xplanallOll 

cannot he found, then it would appear that wc hav(' a ('Ollllt (·r-t·x.l/llpl(· 1 () 

Laymol1's princlple There are, how('v('r, two othl'f (,Olldll~J(JIlS 1 hal (JIll' 

can adopt from this example, reject quantum lJH'chall \('~ (Jr n'I('('1 r·(·all .... "1 

Laymon's re~pollse to the' example IS that wlla!' II, ~llIJw~ J~ Ilot t hat 

realism is faIse, hut rather that quantum m('('halllc~ IS lal~(· H(· Wf'llf'~, 

If df·C:ty could !JP dpt('rrnlllf'd III hi' Iruly PXPflllf'lItl,t1, ,llld If rn)' flr,,1 

IIltelpretatlolh (JfC:lltWllghl \,/('rl' IIH' cflrr('L! way Il) VIPW thl' (:t'ol' 'II', ,dl 

lmprovernPI!t::, wJ1llpad II) a \\llr"'I'IIII1~: III pfl,dllll(JII~), 1111'0 wlJuld IH':t1 IJI',' 
only ,>ufficlent tl) Irfutp qU.lIItUIII rJlPchalllC''> 1 dlJ IIlJt ~(,I' how Ihh Il'llllatllJJI 

would affect rpall;,m 
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If WI' havl' ~(j(Jd rea~on to helleve that the IdealIzôltlOn as~umptions are 

1lll'Illlllllahll', Il)(> ('xample doe~ provlde eVldence for the daim that 

qlla/ll (lfIl Illl'('ha/llc'~ /s f'abp Howc'v('r, 1 End It rath!'r odd that La.vmon 

(Iall/I:-' 1 hat 1 Il!' c'xarnpl(· ha~ no Impllcat IOB:-, fiJr fl'a!Ism The exponentmI 

r!c'('a v la w pt IlVIc!(':-' an examplC' wlH'fl' more mon' accurate :-,tatemenb of 

III/tJ:tI (,Il/lClIt/OIlS Ylelcb wor:-,(' rl·:-,tdt:-, Thus It dppears that we have a 

(,oll/ltc'r-c'xarnple whlch "how'-, that LaY!IlOIl':-' proposai IS t'aIse If his 

JJr'oJ!o:-,al is lal:-,(', I.hl'Il t hls arguml'Ilt cannot stand u:-, a defence of realism 

()rH' 1l11~ht l'(':-,pOl1d hv sayll1g that w(' have alot of other evidence for 

rl'«IIslII 'l'hi:-, may he truc', but we also have alot of confirmmg evidence for 

qualltum llH'chanics abo 

j·'urt Iwrlllore. n'cali tilat what IS in disputl' lS realI!->m ahout the 

f'undallJ(,lltal laws TIlt' onglllai challt>n~l' was to show how the actual 

prad/cl' of' physlcs can provlde t>\'ldl>ncl' tilr t Ill' l'hum that tllt> fG.ndamt>ntal 

laws an' tnH' As Cartwn~ht pOlIltpd out, sound derivatlOns cannot provlde 

('V,dl'JH'P fol' t hl' truth of tlw fundamental laws SlI1ce they do Ilot eXl~t 

Layllloll t IWIl :-.u~g-(':-,ted t hat Wl' conslder another f()rm of actual practlce as 

cClllfinlllllg l'Vlelt'Ilep t'or the fundanll'ntal laws (the practlce of producing 

Ilpt t ('1' p/'P(l!ct \(1Il~ Will'Il Illon' l'l'ahstlc !->tatl'ments of initial conditions are 

lIspd) Tllll!->, LaVlllOIl's whole dt'fpllce of reahsm l'l'sb on the daim that 

lH't t t'l' pl'NlJcl \O1l~ due tn more realistIc :-.taü'menb of' /Illtlèll ('ondItion:-, IS a 

n'habll\ Illdlcator Jill' the t/'uth of tilt> laws Ir. as Layrnoll daims, aC'tual 

l'OUnll'r-lIlstaIlCl\S do Ilot ."erVl' to l'l'fUtl' realtsm or al lt'ast his defence of 

l'l'a ils 111. t hl'Il 1 do Ilot sel' how Ill' can use posittve instances of his 

pnlH'lpll'!-> surh as Uw <tt>t1wr l'xample and the eqUlpartttion pxample to 

allinn IWo; dd'c'ncl' of l'ealism II, could be that Laymon does recugnize this 

pOlllt SIIH'P :-'l'\'l'ral paragraphs Iatpr. Ill' retracts lus daim that 11, does nut 

.. l't'l'ct I"l\all:-.m, 

'l'hl' Id!' .. hl'I (' h th.lt tlll' P,(I~((\IH'e of ..,uch a ..,et nle<lns that the prp"p!1('p or 

,dl"'I'lll'(' Ill" :ll'tual !l10Ilot0l11l' l!phav1Our b !Iut .1 rl'hablp 1/Hheator of long 
1 .1I1~(' III III-Pll!ll'1plp Iwh:1\ lour Although thl'" .Ippro:lch ".Ive.:; qu.\!ltum 
1III'('/1.IIIIl''o fi IlIl\ ,pfutatw!I, II ha" Il.\,,ty l'on"equencp:, for realt::.m 

'~'hliS. II Sl'l\lll:-, that If llO explanatiol1 can be found as tü why an accurate 

n'suit \Vas dt'rl\'pd ('\"l'Il \Vith the use of Ideahzation assumptlOns, then 



• either we must reject realism or concludp that quantum Illl'Chanll':-' 1:-

faIse, 
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A fonu of t'vidence which would pOll1t tll which COI1c1u:-;W!l Wl' :-;llIluld 

adopt is the following, If \ve had sPvl'ral of tlH':--l' ca:-;l':-' olll\' wltlll!l 

quantum mechanics, hut did not havt' instanct's III (lt Ill'I' an'a...; Ill' ph,,:-.1t':-', 

then 1 helieve we w()uld havp good n'asoll to rt'Ipet tlll' t'ulldalllt'iltal 1.1\\:-' Ill' 

quantuln !l1eChanlcs Howl'vt'r. If \Vl' havI' lllallV Ill' t Ill':-'l' caSt':-', III ,dl Id' t Ill' 

other area:-. of physlcs, then ont' mav 11,1\'l' l'l'aSOIl tll l'l'Jl'l'I rl'all~lll 'l'hl' 

reason is that an ahundancl' of tlll'sl' cast'~; onl" \VIt hlll qllant 1111\ IlH'Ch,IIII\':-' 

would show that there is sometlllng pt't'uhal' ahout quantum Il\t'I'II,IIII\':-' 

Thus, it would seem that Illon' accuratl' statt'llwllb of 1IIIIIai COIlll!tlOIl:-' 

which lead to more accurate predIctlOlls would :-;tIll Ill' a n'hahll' 1IIlllt'atlll 

since in a11 of the other specializl'c1 al't'w., of phVSll'S L.tYllllln':-. PI'IIIl'lplt' :-.ttll 

holds However, if we ohtained C:lSl'S winch aplwarl'd ln ail or 1 Ill' an'as or 
physics, it would appear that thp only ('oncluslOll opl'n wOllld hl' III n'wcl 
Laymon's princlple 

As It stands, the exponentlal dl'cav law IS IlOI, a cllulllt'r-t'\,unplt' 

Slllce we do not possess the emplrical l'vicll'Ilcl' wllH'h would show wh!'t b!'1' 

the exponential clecay law is correct [l'or thlS l'xamplt' 10 ('011111 <1:-' a 

counter-example, we will have to wmt t'or phySlCS to produ('(' ail l'XIH'I'II1lt'/It 

which shows what happens to clecay over vet'y largl' pt'rLod of t illieS 
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L~lymon's (}wn Ohjeetion 

A 1)1'( Idl.tl plJll1l d!Joul Lavrn(Jn'~ paper, lf1 WhlCh hl! pr(Jp(J~e"l hi~ two 

1 IIldil "I.ttlllilai IJtïll( Ipll'" il" a ch,jt>llce of rea!J:--nL lS that at ~(lme pOInts. he 

wnll'" d" If III' ha" '-IH'(I'I'd('d III defl'IH!lI1g realI"Ill Howl'ver, a~ he hlm<.,elf 

1)('1111', I!llt lIH'n' an' ,,('vl'ral "('nou~ dlflicultll'~ for hl" own propo"aI 

pOIIlIt'fI 0111 l'arlu'r Ihat the antI-rl'.tII:--t rnll~t explalll \\hv Wp uceept t}wories 

\',:llIrll \\111'11 \\C' Il''1' Illon' ,·palI..,tll' InitIai condltlOn .... Wl' gl't Iwtter 

pn'c/J('llllll" \\'Ill'il 1 "'lIgg1,,,tl'd that thl .... \\ould P(J:-.t' ~l'n()us chflicu!tl(,~ fi,r 

\'.111 l'I':la,,"'('II, 1 :1"'''IlIl11'd that a trul' Iheol'y cun l'xplall1 why \\0'(' get hl'tter 

Jln'dll'IIIIII" \\111'11 Illon' f'('ah"lll' Illltlal conditIOns art' U"I'Ù At the oubl:'t of 

III" piqH'r. 1"IVIIIOI} d"'''llIlH'd th,lt a tnn' theorv dol's explall1 whv \Vl' get 

hl·tll·1' Pl'l'(Il('IIlIIl" \',:IU'II Wl' U:-'l' illOn' n'all:-.tlc Ilutial condltlOn~ wlthout 

n'allv Ofll't'lIlg ally ('xplanatwn. hov:l'vl'r. latl'r on. he fl'ahzl'''l that ~uch an 

('xplttllallllll 1:-. Ilot "0 "lIllpk 

Acconllllg 10 LaVIllOI1. IllaIl}' instance" of using more reuh~tic mitial 

(,Ol\dltUIII:-' wlllch Il'ad to Iwttt'r predictions IS mductive evidencc for the 

t l'ut h III t Il(' fUlldanwIItal t he(Jrll'~ What 1:-' the .JustIficatIOn for tlns 

('olldu:--IIlII') For Il 1 .... Ilot Il!JVIllU:-' taYlllOlI wntes. 

:\1\ (11111 Ilblllll thl'II I~ Ih,1t dl!' Plllltlplp.., ('1 and ('::: ,!long \\Ith I{:~ ,If l' 

~lIfli( Il'Ilt flll l'..,t,lhlhhlll/; Il'all"llI ':1'> df'fillt'd ,lb()\PJ Thr ..,tfongl'f RI 1 __ 

Illlt III'tl".,",11\ Thl'II' dll!'" "l'l'Ill, hIJ\\t'\l'r tllllP ~llTllf> Cllllrlt'ctlOIl ht,t\\ppn RI 
,111111\:..' l ,l.ullI!'d ,lhll\!' tll.lt ('1 ,llId (':; dpflv(' Ihpl! plaLhlbdlt\ frolll R2 
Bllt, If 1111\\ ,I"k \\h,lt Ju"t,()(,.., J{~. \\t' rUll IIlto "OIllP ddficult qUt'..,tlOlI::. One 
Plh"ddl' Il',1i,,,t ..,tl.ltl'g\ \\lIldd IH' to rLlI/ll that thi'fP PXI..,t" '>O!T1P cuntlllUlty 

(1lIIdltlt", "'IHl! th,t! Hl ,lIld f{2 .tn' t'qul\,dpllt gl\PIl th,ll lIHldltll111 That 1". 

tholt tl)t'III Il'~ "h"uld hl' \,1I11tl'IUtlU~ III tIlt' .,1'11'01' th.lt l11onotolllC Il1lpfllvabJllty 

\ll'ld., tlUI' lIutpUt III tlll' hllllt ,-)(1 

I .. I\IIHill':-' Idt'a, thPII, 1:-. that tIlt' pn':-'l'l1Ce of mOI1otOI1lC behaviour of the 

la\\" prO\ Idl':-' IIIcluctlVl' l'vldl'I1Ll' that therl' l'Xlsb :-'OD1l' in pnnciple 

dl'r'lvatwll \\ illch 1:-. "oune! That I~. then' eXlsb a dprivation in wlnch the 

:-.I,IIl'IlH'II1:-. of 1 Ill! laI condltlOI1:-' 1~ tnIt.'. and the predIction IS accurate Why 

"I\(luld \VI' t hlllk that thl:-' monotonie hehavlOur should .Iusüfy thlS 

H2 
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conclUSlOn') Lavmon's respon~l', a~ l'an lw Sl'l'Il III tlll' ahm'l' q\lotatltll\, t:-. 

that there nllght eXIst HlI1ll' l'ont Imllty L'oll(ht IOIl \\ ha'h \\ lIuld 11I~t 1 t\ t 11l' 
1l1duction A:-. LWIllon pOlnb tlut, thls IS wlH'l't, tlll' 1'l',IIt"t ,md ,1111 1-1 l',IlI:--t 

posItions ChL'h La:. mon hIIl1:-'l'lf dol's Ilot ofl't'r .l dl'fl'\l('l' III t 111:-- f'Ol'!lI Id 

mductHln in thl form of l'xphl',ltll1g \Vhat tlll:-- contlllllltv l'tllldltlllll Il\ll~hl 

look hke But pn·:--umahlv, It would l\l\'ol\'l' l\l\'t':--t Ig .. t mg t hl' Il.11 un' of la\\':-

and why in bet thl':" an' monotllIlll' ~lll'h ,1I1 1Il\'l':--1 Ig,lt IlIlt gOt'" Ill'\'OIH! t I\l' 

b(lUnds oftlll:-' tlH'~I~, hut \Vhat 1:-' lIllport:mt tu pOlllt out 1:-- thal lIBtl1 :--ul'h ail 

exolicatlOll IS pro\'ided, Laymon':-. <.'lllldltlOl1 dOl's Ilot stand a:-, a dl'fl'IH'l' of 

reahsm 

Another Ohjection 

Al1othl'r Important pOlllt worth lloting ahout Laymoll's :-,uggl':-.tlOn I~ 

that It l~ unclear whether \\le l'an make any Sl'IlSl' out of what it 1lH':lIl:-' fi))' 

one set of IdealtzatlOn a:-,sumptlOlls to Iw mort' l'pahi->tll' t hall :tlwt Ill'I' 

Laymon n>co1-,Tnizes tlllS, and tl'les to <llft>r :ln ac('ollnt III' dl'('I<llllg wlllch I~ 

more realistic than the other Hl' \\TÎte:-" 

Let T be thE' Iolw or COIl)llIlCtliJl\ III law:-. who..,p Illlth WI' wl .... h III ,1..,['1'11.1111 

And a~"ume Ihat Il and I~ an-' tWIl Clllllpf'tlllg ('oml>lIl,lllOll'" lit 1<l1' • .ll/allllli 
and apprOXITllatlO1l whll"l' 1I'I.Itl\f' n·alt..,rn C:lll1\1I1 IH' (J.·Ii'llIlIlIl'd ,\l'l'IIII!J!I~: 

II) backgToullI! ~talldard-, III pl.le!' A..,..,UIIH·, fillally, Ihal T & Il • l' 1,(1)(1 T 
& I~ , p~, alld th!' 1'\1)('111111'111 ft .. vl·.II .... th.tt pll'dllfllili l'~ l, fllOlI' ,\('111/,111' 

th,ul Pl [n ~lll'h a l'a-,I' , \\1' wlluld la.., ..,hllwll IIY ('arlwll?:hl', 11\\11 Ct.., .. ..,} 

dallll Ipprhap.., IIlIly tplltall\I'IYI thal 12 1"', fllr 1111' "'lludlllJlI l'llIhllll'll'd, l'.dl 

It::., thp 1ll11\!' ,I('curalt> dl'..,Cllpllllll 'il 

Laymon then goes on to d,um that we should PXI)(-'('t. t hat t.ht· :-'1'1 01' 

statements of idealizations will yield hetter predldlOlls Illldl'r :-.i mdar hllt 

different Clrcumstances than s He wntes, 

More accuratply ::.t.ltpd, Ihl)'-,p fl'.lllIrf-.., IIf I~ whlch carry IIVI'r III 1 fil' III'W 

calculatlOll ..,huliid CPtPII.., p.tfl!JU.., n'lt1dlll n,lallvl,ly Illon- IPall..,1 Il' 1 fI,11I 1 III
corrp:-,plllldlllg fpalurp.., (Jf 12 whleh ;nl' earflf'd I)\d'r III 1 hl' IIf'W t',hl', Sil, 

SlRonald Laymon. CartWright and the Lytn)..! Law,~ ut PhY~IU .. , Il :~w 

------------~-----
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r1I'W eakul.lllfJrI" b,hf'd 011 1 :.:! ~h(juld COfltlllUf' tu pruducf' better re~u1tq than 
- ) 

(HlI' • ha~l'd (JlI Il I~ 

Thl'rl' I~ dearly ,Ill IlltUltlvl' apJwal tn Laymon':-, sugge<.,tlOn 1I1 that If a ~et of 

statpllH'lIt ~ of InItiaI ('olldIt IOIl!'> I~ more reahstJc than another then we 

would ('xJ)('cl, the fornH'r to Vlelri I)('tü~r results when apphed under dIfferent 

CIr'(,lllll~tar}('l'!'> For l'xarnple, wheI1 physical tlwory hegan taklng lI1to 

a('('oullt tll(' IlIlH'r ~trll('turt' of tllt' atom, more accurate results were 

obtaIlll'd Irl (1// Clrculll~talH'I':-' than lJl thos(' cases when the derivations did 

Ilot tak(' 11110 (\ccount th!' Illller :-.tructun· 'l'hls, howl'ver. 1:-1 a slnlple case, 

and 1 IIl1agIllt' t hat Jl10"t d(,CI~IOII!-> concernmg wluch ~et of :-.tatt'ments of 

Idl'aliz;ttlOfI aS~llmptlOn:-. are mort' rpalistlc will not hl' '-,0 Simple 

ln casp!'> wlH'rt· gahlean IdeahzatlOn:-, assumptions art' involved, we 

could havp two ca:-,es Suppo:-'l' that we havl' two sl'ts of idealization 

assullIpt IOllS Il and I~, tlll'n 'v,'l' could have the Simple case where one of 

tilt' !'>l'I:-, 1:-' a subsl't of tiw otlwr If Il lS a subset of I~, then clearly Il is the 

Ilwn' rl'ahstic s(.'1 of Idl'alizatlOn!'> smce I~ involves abstracting away more 

causal propl'rt I('S tlll'n Il Thu!'>, the derIvation which irwolves the use of Il 

will Ill' mort' aecufate :-'lIlC(' It involvl's a more accurate descriptIOn of the 

illltIal ('OIHlItIOIlS Howpver, ('an we rnake sense of saYlng that one !'>et of 

assumpt IOns IS mort' fl'ah:-,tIc then the other if neither is a !'>uhset of the 

ot lwr') SUPP(]:-,(\ that Wl' do have two sels of idealizatio[1 assumphons, and 

11ll'1l prOl'l·l·d tn Iry to glVl' explanations of an l'vent Via tlll' constructIOn of 

IIwdels \ .... III('h use tlH'~l' Idl'ahzatlOll assumptlOn:-, Cartwright writt's, 

III pin ~Il'~. II h u~ll.d 10 ~1\ (' alt('mat 1\ p t hf'oft'tJcal trl'atl/lf'nb of thf' "alllP 
plH'1I Il lllP III III \\'1' l'llIhtrUl't dJfft'IPllt lllodpl~ fClr (hfff'rPllt pllrpo~!'~ wlth 
dtfft'It'Ilt :t~~lllllpIICllh to dl:'~l'IJbp thPIII \VhlCh J'o thp Ilght mode!. WhlCh the 
'tltlP' ~pt of l'qU.ltlllll<! Th!' qUP..,tlOlI h Illl:otakp Ont' lllode1 bnn~:o out 
"'Illll!' a"'pPl'b Ilf t IH' pht'lIf1IllI'II011, a d1fT!'r!'lIt lllo(if .. 1 III lIlg.., out Ilther" SonH' 
('qU"tlllll~ g'l\'f' a fIIllgllPr {'..,tllllatf' fil!' ,1 quantl!) of lItt('rE'~t. but arp ea:Oler tn 
"'Illvl' No ... lIlt~11' IIllldl'1 ~I'I \ p.., ail purpo-.p.., bp"t 1 p 111 

('art wnght 's pOint IS t hat Wl' Will use d ifTl'rent lllodeis to explain different 

aspect:-, (lI' t Ill' !'>~Hlll\ l'Vl'llt 'l'hus, we will use different idealization 
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assumptions rlepending on wllIch a~pl'ct of ail t'\'l'Ilt \\ l'art' II'Vll\g III 

explain, That IS. If we an' tr.vlllg tll l'XplalIl prO})l'I"t.v X <lIId Wl' hm'l' :l Chllll'l' 

of two sets of Ideahzatiol1 assumptlOlls. lt coulll Ill' t hat tht' dl'rt\'atltlll \\ Il1rl! 

involvl'~ tht.' Ideahzdtl,lll a~::-'Ul11ptIOIlS. Il. gl\'l''' ll" .lhl,tl!'l' Il'~1I11 tl\l'Il 11\l' 

denvatlOll winch lnv()l\'l'~ tlll' Idl':tlll:atlOll~. I~ Hll\\l'\l"', Ir \\1' \\.11\1 III 

Investigatl\ prOpl'rty Y. thl'Il Ihl' dt'l"lVallOll \\llIl'h 11\\'(1\\'1':-' thl' ldl'.dl/,lll(11l 

assumphons, 12, lIlay glVP U:-. a hltlt'r n'~lIlt tb,lIl tlll' dl'II\allOIl \\llIrll 

involves the Idl' alizatlOl1 assumptlOlls.I 1 Ho\\' c,m tll1~ happl'Il" 

If the IdeahzatlOll assumptlOl1s that \VI.' hav!' ('llIplov('d an' galtll':tll 

or more specIfically causal 1(ll'allzatlOlls, tht'Il Il alld [~ Illvol\'I' IgllOI"Illg 

causal propertIes of an l'Vl'Ilt 'l'Ill' l'asl' wll1ch call:-.p:-. pl'ohl('llls r()1' 

Laymon':-. suggestIOn 1:-' the fClllowlllg Suppo:,(' that two :-'l't:-. of Idl';t1I/..lII(JII~ 

differ slInply by a :-'lIlglt:· Idpalt/.atlOl1 a:-':-'Ull1pIHlIl :\lorl' f()nllallv, 11'1 Il =- III 

+ SI and 12= IO + S2, wlll're l'(teh SI and S2 alllOllll! to ah~tl"dctlllll~ (Jf 1'.11\:-.:d 

Hnes In such a cast.', WP would not want tu say that OIH' ~('( ()I ldl'all/,.1I1011 

assumptlOlls is more realistIc than tlU' otlll'r, t'vell t IlOUg" 01 il' gavt' a b!'1 tl'I' 

prediction than the other for a partIeular plH'1l01lH'nOIl ('Ialllllllg tltat (1IH' 

set of idealization as~umptlOns is Illon' rl'aiist Il' 1 hall IIH' ollH'r wOllld 

anlOunt to clalIlung that ahstractll1g away OIH' causal hm' i~ 1l101t' 1(>:\11:-.11(' 

than ah:-.tractmg away allother '['his woulcl Il(' al!:-.unl Ail Illlpol'l:lld pOJlll 

worth not!ng aboul thls ohJl'dlOll 1:-' Ihat It I~ Olll' that ('at't wnghl IIl<ly linll 

appeaIIng' Slllce the ohjeetlOll only makl's 1'< ll'fPII('(' to t ht, ('XI~,tl'll(·t· of 

causal lines which she grants eXI~t 

Consider, for example, modeb wha'h art' u:-.ed III (·lt'cI tllfll(,~ 10 

calculate the gaIn of amplifier:-. Dl'IWllcJlJlg OB wlll'tht'r OIJ(' walll:-. 10 

investIgate the small ~lgnal propertlP:-' or the largt' :-'Igllal pnlJH'l't 1(''' 01 t ht, 

amplifier, tlectncal engllleer:-. will u:-.t' dl l'l'l'n'Il:, lIlodl·b 'l'Ill' dllfl'II'/II't' III 

models IS, ln part, due to the ddf('n'f!(,(' III what Idt·alll.al \(1I1 a...,...,lllllpt }(I/I~ 

are used. It l~, however, pO~:-'lhl(' 1,0 U~l' f'ltllt'r /)1 tltt, 1l1Odt,l" to 1II1',hIJf(' 

both small and large SIgnaI prop('rtlt'~ Th(· prohll'llI 1" t Il.1I llJ(' Illod,'1 

which IS useful for :-.mall !-lIgnai propertl(,~ wdl glVI' vI'ry poor Iltl'dH 11011" 

for large SIgnaIs, and the the model u:-,eful for larg(' ~Iglldl 1)I'OlH'I t JI", wtll 

brive very poor results for ~mall ..,lgnais Thu.." It "'('(,IIl~ Wt· havI' il ('(1IJ/11('1 

example to Laym(Jn'~ proposaI in deeldlng Will('h ..,tat(·lIlI'l1l,.., of IIl/II.t! 



• (OlldJtIOIl!-. ar(> BIOn' rl'alI!-.tlc thall aIwther The point of the example, 

!JowPv('r, I!-. Ilot Il}('rt'Iy t,o provldt, a counter-example to LaymoIl'~ 

flH'thodo!ogy of (ktl'rmlfllIlg WIllCh !-.et of 1I1Itiai C()ndltlOn~ are mon' 

l'<'ah!-.t 1(' t hall ;\flot h('f, but to pOIIlt out that III ~orne ca...,l!!-., It dOl' !-. not make 

","11:--(' to dalIll 1 hat Oll" I~ mon' rpalI..,tlc than aIlotlwr Tlw pOlllt I~ 

Illl'laphY"'IC'al alld Ilot "pl!--tl'flIc,jlJgI<'al If 1 am r'ght, then tlwre wlll be no 

way (lf d'·VI..,IIlg a g!,Ij(·ral 111('1 hodology fin' detprmII1lIlg whlch :-.et of iI11twl 

('()1J(1I1101I!-. 1:-- Illon' f'(lall'-ltl(, ~III(," Ill'Itht'r I~ TIlt' Ilwn' general prohlem 

tllal tlll.., (W:--(·!-. for Layrnoll or t/w n'all:--t I!-. that LavOlon'.., confirmatlOllal 

prIlH'lpl(·!-. ('aIlIlot 1)(· \I:--l·d a!-. li dt'll:Il('e of' realI~IIl If' we Ci.lnIIOt dl'tprmlne 

whl('/J !-.d of' 1/lllIaI C()lldltIOn:-- art' mon' realistIc Now, Il J:-- tnll' tlwt we 

call dderlllllH' wh Ich an' mort' l'pahstic for som p ca~es, hut what vall 

dt'tc'l'/IlIrH' t1H' Ilspfl!ln(':--~ of LaYIllon\ projl'ct wIll he those cases whlch the 

• 

In (It IH'r words, 111 casl'S \Vhere 

physl<'s provldps all('rnatIVt· tIH'orl'ticaI denvatlOl1S (Jf the same 

(>11('110111('1\:1, an' thl' Idl'.tlIzatlOlI a~:-'llIl1ptlO11s a~~()ciated with (,<1ch of the 

lIlo(!c'b l'l'latl'd III tlll' \Vav 1 descnhed ahove') 'l'he amplIfit'r l'xamplc 

showl'd that tl\l'ft, t'XI~t~ at lea:--t Olle l'x:1mple of tlus 1Il physics Whetlwr 

otlWI' dpfl valiolls ar(' ~lIlll!ar to t Ill~ caSl' will have to he deternllned 

What 1 havl' trH'd to do III tlll~ dwpter IS to cOIlslder an alternatIve 

1Il0dl'! of ('ollfirmallOn wlw.:h U!I~t'S mto a('('(JUIlt the u:-,e of Idealll:atlOn:-, and 

appl'OXIIll.ltlOllS. alld al~o c()n~ld('r ~onH' po:-,sIhle prohlem~ for the proposaI 

III tlll' rlr~t ~l'ctlOll wlll'I'l' 1 cOIl~ldl'rt'd Van Fraa:-,~en's re~pOIlSl'. 1 

qlll':--t IOlwd wh!'! lll'I' 1 hl' antI-rl'alI~t l'an t'xpla1l1 whv \\'hel1 \\!e use m()r~ 

l'palist Il' IInl lai cOII(ht IOns, do \\,p gt't }wttt>1' predictIOns Hpre, l pOlIlted ()ut 

that thls comhtlOH IS ullhkl' the pragmatIc vlrtues \vlllch Vall Fraas~en 

COll~ld('rs, and 1 also pOlntl.·d out that 1 t IS a pIPce of :-,cIentific practlct' that 

IIH' antl-rl'ahst must t'xplalIl Thl' :tntl-rl'ah!-.t caIlIlot SlIllply respond hy 

d:llmlllg t hall Ill'n' IS l10thmg (0 hl' l'xplaiIlt'd, ~Illce, a:-, Layrnoll ha::, notl'd, 

III tlll' Iw,ton' of phVSIl'S \\'l' han· fl'.wl'ted theone~ Oll tlll' basis that more 

l'l'alIstlc llllliai l'()lHht((lIl~ has l('d to \\'or~(' pn'dlctIOns l\loreo\'er, we 

('oll::'ldt'r Il a \'Irt IH' 0: a Ilw()rv If 11 dOl'~ vit'ld lwttl'I' predlctlOIls Wht'll more 

rt'altstll' Illltwl C()ndltioIl~ arC' 11~t' 'l'hen' an', hO\\'l'\,pr. as 1 havt' Ilotl>d 

otlll'r wa\,::, 111 wll1ch an ant l-rt':.lll~t could rt'spolld The first IS to come up 

\\Ith .lB actl1all'a~l' 111 \\'hl('h tilt' use of more realistic lIlltIal condItIOns WIll 
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lead to worse predictlOllS \\' I11Ch I~ lwrhap~ \\ hat IS Ol'ClltTlll~ III t Ill' l'.I~l' lit 

the exponentwl dl'l'a,v law \Vt' wIll han' t() walt untIi phv:-'Ir~ l'ail pW\'Idl' 

evidence conCt'rlllng tilt' del'd\ of.lll atllm O\'t' l' IOllg (!l'I Ille!" III IlIIH' III "l'l' 

whetlll'r It actuallv IS a COlllltl'r-exampll' to [,.IVIlWII'" prll(lo:-.,t1 Surh 

cases, III tlH' end, wIll dl'l'Ide wlll't1lt'r La\'llwlI'" pl'oJ!ll:-.;d 1:-' ,1 Il'lt,tlJtl' 

indieator I(lr tlH' truth of tilt' flllldanwntal la\\:-. :\ IH,,'h:tp:-. 11\ (lI'l' :-'1 ' 1 U1lI', 

difficulty, howcver, wlth LavIllon's propo:-.alls to pr()\'lde ,t ~l'Ill'I,tI • Il'l'lIl1 Ilt 

of h () w t 0 cl l't e rIll 1 Il e t hl' ra Il k III ~ of sI a t l'Il ll' 1\ l " Dr 1111 t 1. d l'II 1 \( Il 1 \(I1l:-. 

FurthernlOre, l'V l' Il If :-.uch ail ê.lCl'OllIlt l'all hl' DIl'l'rl'd, II 1:-' lllldl'ar ",11t'IIH'I' 

a true theorv or realI:-.rn ('an l'xplam whv it 1:-' that Whl'II w(' lISl' Illon' 

realistic mi tiai wndItiolls, Wl' gd lll't ter pn'dlcl lOBS 

Chapter4 

Some Concluding Remarks 

In the prevlOUS threp chaptcrs, 1 havp eOllslclpn,d sPvL'l'al argIlIlH'llt:-. 

for the l'hum that the fundanll'ntal laws an' l'aise 1 did thls Ily (,oll:-'HI('nll~~ 

two anti-reahst pO:-JltIOIlS, Van Fraas:-.en's and ('art wnght ':-. III chapt ('J'~ J 

and ~ In chapt Pl' ;{, l cOl1sIdel't'cl a pO:-':-'lhh, n':tlt~t r{,~()(lll:-'I' whll'h I()(,ll'-,~(Id 

on a particulal' plece of scwntific practH'l' What wa~ (,o\lsHI(lll'd \V.l~ tholt Il 

appears that wc <lecept theofll's Whll'h vteld lH'ttl'f pn,dlctl()l1~ will'Il !llO/l' 

realistic InitIal condItions an' uspd 'l'hus, tlll' I()('ll~ of dl~t'll:-'SI()11 Ita~ IH'('II 

whether the use of ideahzatlOI1 assumptlOlls cali 11(' ll:-'I'd III a dl'll'll(,(, (JI 

realism At tht' end of chapter :1, 1 oflpJ'l'd s('vl'ra! ('ntICl~IlI:-' or Layrll()ll'~ 

proposai which may lead one to !J('!H'Vl' that n'a!ls!, po:-.tt IOll 1'-, hlJp(,I(,'-,~ 

What 1 wuuld Itkp to make deal' III ttl1~ chaplPr IS wlll'n ' 1 !lt·~,.,(, pll:-.tllolI~, 

realism and antI-n'ab~m, ~tand III Itght of tilt' argulIIPIlt:-. whl('h fak(' Illfo 

account the u~e of IdeahzatlOIl a'-,~llmpt IOIl:-' 

In considpnng tlll~ d('hate, 1 l'X;HlIIIll,d two aIltl-n'alt~t p(J~lt 1011:-', (JIll' 

hnetly, Van Fraa~sen':-., and the otlH'r, ln more dl'tad, Cal't,wflgh t \ III 

proposmg these two p(J~Itl!Jn~, l cOIl~Iclered severa! al'gurIlI'llh lor 1 III' ('I.UIII 

that the fundamental laws are [ab(· It 1'-, ImportaIlt to Ilot l' tilt' loglc {JI Ih(, 

dehate \VhlCh 1 con!-'idered in chapter ~ 'l'he purpo'-,(' of dtapt('r ~ was to 1 ry 



• lo I·~j,ablj~h the clalIIl that fundamelltals are faIse 1Il Cartwnght's ca~e or 

do Ilot /l(·ed tll hl' true III the ca~l' of Van F'raassen, and t'rom there 1 tned to 

(·oIl....,ld('r way~ III wtllch !III' rpah....,t could rl-'~pond What 1 would hke tu do 

/Jow 1'-, ~11m/llarJZ(' ('aell of dlP PO:-,!tlOllS lI1dlvldually and Illve~tlgate 

wlJ(,tlH'r th\' W.,(' of Ic!('allzatlflll'-, ('ail hl' u!'->L'd ill a defencl' of reah:'Hl 
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'l'Ill' pnIllary argulllt'f1t r l'(JIl!-1ldered from Van Fraas!'->en WH!'-> the 

f('/"dlOlI of olle (JI' the J't'all:-,b' cl'Iltral telleb, Illference to the hest 

l'xplHllatlO1I If tilt' aun I!'-> /'0 argue for <tlltl-reahsm, the ~"llmple rejection of 

IIIf'l'n'nc(' 10 the I)l'sl explanatlOI1 IS not enough The alltl-rt'alist must also 

~llOw how t Il(' whol!' scwntdic proJect IS ratIOnal yet stdl mamtain that 

thporJPs or Ill!' fundanH'ntallaws 111'('d not he true Tills 1!-1 Van Fraasspn's 

alln III The Seientific Image Van Fraassl'!1 be/..,'1m; by claJIning that the 

pnmary allll \Jf !-1('1('I1('(' IH 1,0 ·...,avl' the phenomena' Hecall that 111 Van 

Fraas!-1(,II'~ attack on II1fl'n'/lCl' to the Iwst explanation, he daims that tht' 

phpJ10Illl'n:l ull(h'rdptprIllllleS tilt' t henry In other words, it 1S, III pnnciple, 

posslhlt' 10 l'OTl!'>tI'Ucl two l'mplncally eqU1valent yet ll1compatIble theories 

Irollically, Ills argument agamst mfl'I'l'nee to the he st explanation qU1ckly 

ralS('s a prohll'Ill for hl!'> own posItion The prohlem is that If it IS possIble to 

conslruel Illon' than OIW t1wory whlch 'saves the phenomena', why IS It 

1 hat \\'1' :-'l'I t Il' Oll (1IIl' t Iw()rv" Van FJ'aas~en\ response 18 to claIm that the 

rp:l:-,oIlS whv \VI' c!WO!-1P t 11l'OrIl'!-1 that an' sIJllpl(~r and have more organlzing 

IWWl'r an' pragmatll' Hl' pJ'oceeds hy arguing that although It is only for 

pragmatJe rl'a:-.ons that we choose theones that are simpler, it is still 

J'at IOnal 10 do Sil 

Tlw/"(' an' sl'vl'ral ways III WhlCh realists have attacked van 

Fraasspn's pO:-.ItlOl1 (hw way is to try to defend ll1ference to the best 

l'xpl:lIlallOll As 1 stakd earlIl'r 111 the dIscussion on infereuce to the best 

t'xplanatIOB, \'an Fraa!-1Sl'lI'S l"l')l.'clIOIl of UliS pnnciple rests on an 

ohst'I'vahlp;'ullohst'rvahll' dlStllldlO1l ~lanv reah:-.ts have l"l'sponded by 

c1allHlIlg t Ilat sucll a dlst met IOn IS untenablt" and thus there IS no real 

difrt'rt'IH'l'lll lISIlIg tlll' mll'n'Ilee III l'jther ca~p Another way of responding 

to van Fraas:-'l'Il IS to attack hls daIm that lt IS, III pnnelple, possIble to 

COBst l'urt Illon' t han onl' till'orv wlllch 'save:-- the phenomena' such that the 

t wo an' Jl1compat ibll' As l l10ted l'arlIer, It IS questionahle \vhether in fad 
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tins can be done sinet' van Fraa~sl'n IIl'n'r prO\'H!l'S ,1IlV ~l'Ill'r<d dl'gUIIH'lIt 

that we èan construct two Illcomp,ltlhll' thl'onl's whll'il '...;an' tlll' 

phenOInena' Another p()~~lbll' \\ ~lV III l'l'~p(llldll\g tu van Fl'aa~~l'n I~ to Ilot 

try tn defend Inference tu t hl' Iw-..,t l'xplall,1t WH, bllt Lli hl'I' 1 0 .lIi~\ll' 1 hal 

under the anh-l'ealist's cOl1strual o[ what tlll' ~Illll of ~C\l'lH'l' IS, t Ill' wlwll' 01 

parts of ~cielltific practlcl' is in'at 1ll1l,t1 'l'Ill' n'~I)ll1lSl' \\'11Ich 1 COIISIt!l'I'('t! 

from Laymull üdls undpr 1 hiS call'gol'\' 

1 noted, earlil'r. that for van Fraassl'Il, tlH' :lllll of' M'Il'Ill'(' I~ to 

corstruet a theury winch 'savps tIll' plll'IHlIlll'lla' ratlH'1' than dl~l'O\'l'I'lllg .t 

theory WhlCh is true The respOIlSl' hv LaYIlwn wl1lch 1 ('OIlSld('1 ('d III 

chapter :~ can he vIewed a~ cIting a pIl'Cl' of SCH'llt rlie pr'actll't' winch 1II\1~1 Ill' 

explained The laws of our pn'Sl'nt t hl'ory ~l'pm t (J sat 1~1'y t IH' lollo\VlIlg 

condition whell Wl' use Illon' l'eahstic lI11tlal cOlldltlOl1~, \VI' gt'l hl'llt'I 

predictIOns Moreovl'r, III the past, Wl' have n'Jl'cjpd t h('orlt,S IH'('.tlb(' t Ilt'v 

have not ~:.lilsfied thts condItion 'l'hus, II Sl'l'ms 1 hal 1 l\(, allt 1-1 ('all:.;t 1II11~t 

offer some explanatlOIl 'l'Ill' prohh'llI a:-. 11O(('d III ('hap!l'I' :\ wa~ 111:11 V:III 

Fraassen cannot consider Uus condition as a pr:lgmat Il' vlr! Ill' 1101 (':III ht, 

consider It as a phenoIllella hkp (jther plll'llOIlH'Il<l slIt'h as IIH' t r:tll'l'Im \' (lf 

a planet If the antl-reabst cannot provlt!l, SOIll(' l',lt 1OI1al Jl!~t di('al III Il 101' 

why we accept theories on thls hW';I~, Wh('fl' do('!'> t 11I~ h'av!' n'all~lll'J 

To answer thlS qu~st)(Jn, Il IS IfTlportant 10 n'('all (llll' of' tIlt' lïllal 

cntici~ms 1 rai."eù COllcerIllng LaynwI1's pl'Opo:-.al H l'n' 1 dallllpd 1 hal II 

wa~ unclear whether a truc tlwory actually ('xplalll~ why, whl'JI \V(' Il',(' 

more reahstIc 1I11tiai c()ndIt.lOn~, we gd heftpr' prp(IIctlOlI:-' Sil 11 l', 1l11l'1I'ar, 

whether the reahst hke the antI-rl'ali~t ('an ,'xplal/l whv Wl' g('1 1)('11('1 

predictions when we use more real!stlc lllltlal (,(}lIdll\()ll~ If ">\1('11 ail 

account can he offered through ~()IlH'thIIlg hkl' a (,ollllJlluty (,Illl(ht HIll, 1111'11 

reahsm seems to he a tenable p(J~I1lOn at Il'ast wllh r('~JH'('1 lu van Fra;I">">"II, 

smce there seem to be several way~ of (J<.fl'IHhllg Illf('f'('IU'1' 10 1111' }H'sl 

explanatlOn, and furthermore dl!' l'l'all,,>t ('ail (Jlfpr d PII'l'(' 01 :-'1'lf'111 di(' 

practice WlllCh the antl-rPdh~t l':tnIlIll l'xplalll 

Van Fraas~en\ form of antI-r(';t1I,,>m, hO'NI'V('r, I~ Jlot !JI(' IIl1ly forlll (JI 

antI-realism that tht' reah!-.t mu!-.t de al WI th Ait hOllgh l "ugg('~:tl'd t hat 

Cartwnght'~ argument t'or antI-l'eah~m wa:., "irnrlar 1,0 van l'raa~''I'lI''', 
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IllI'n' ar(' Important n'~pects wlth whlLh they ddrer Flr..,t, Cartwnght's 

rl'wct.lIJII {Jf lltf('r('nc(~ 10 thp h,,~t explanatlOll ÙOI:'!-> not rest on an 

oh...,f>rvahlf>ltlJlof,,,,'rv.thll' dl"l lTIctioll, and seLOnd CartwrIght doe!-> not daim 

Illat II 1", III IJlïlll'I[JI/', p()~"lhll' lu c()n~truct mon' than one theory WlllCh 

"aVf'.., 1111' pl)('llOlll('llil' Hp!' /('J,'dl/JII ()f tht' prIncip!!' n'..,t~ on a 

IIH'on'llc.t!hlfJlI-tlll·or"tlcal dl~tll1dj()ll, <llId It IS ID the Cd~e oftlH' theofetIcal 

('Xplallatlo/l" tilat Wt' an' IIl1warrankd 10 1l1fer truth Unhke van Fraassen 

who ('Jallils that II, IS, /fi fJr/mïfJ/e, po~slhll> 1.0 COllstruct IIlcompatlhlf! 

l'xplallal I(JII~, Cart wright appl'al~ to ~cI('ntIfic pradicP [~Ild claims that Wl:' 

actllally proYldp alterllativl' tlwort'tleaJ explanatIOns for tilt' same 

pl\(' flO1ll1'11 a Not (>, Il OWI'V(' r, th il t 1 Il de~cri hi ng (' art\vngh t 1 used 

'aIU'rllatIV(", and for' van Fraas~!'11 1 u~('d '1IlcompatIhl(·' Su Cartwnght IS 

Ilot l'Y('I\ c1alllllll:":- that tlte altt'rnatIvl' dl'/'lvatlOlls art' ll1clJmpaühle In ElCt, 

slll' would not dallll that thl'Y are, ',mce she admits that 11, IS pos:Hble to 

l'OIl~trl1ct a Illon' gt'IH>ral denvatio\l WhlCh would capture tlw alternative 

dt>rIVatlOll'-> 

SII\('P Cartwnght's arguIlwnt agamst inference to the hest 

l'xplallat' III dlffers 111 thi~ way l'rom van Fraassen's, arguments winch 

at t l'Ill})t t 0 dl>fl'IHI t lus pnnciple agaIllst van Fraa::-,sen's challenge ~ uel! as 

t hm,l> prO\ ,ded Ilv (~hl1r('hlancp:l alld CIVIllour:ï l c:lnnot hl> u::-,ed agalllst 

(~artwnght Wp ~hould IÏrst SU III Il la rI Zl' and makl' cil'ar what PXêll'tly 

Cal'twn:..:-ht'~ argullll'llt IS agalllst mfer'l'net> to the he::-,t explanation Rl'call 

t hat (~art \vnght dalllls that III phv::-,ic::-, wc tolerate alternative theoretIcal 

l'xplanat IOIIS, hut Wl' do nol tolprale alü'rIlatlVe causal l'xplanations l'hus, 

slw rhullls W(' :1 l'l' warranted tu conclude tlw truth of causal pxplanatlOIls, 

hut Ilot tlworl'llcal l'xpl:matlOl1s 1'Ill'rl' are two important ways ln which 

t 11l~ argullll'llt dIfll'r~ t'ro!ll van Fraa::-':,Pll's The tirst 1::-' that CartwrIght IS 

Ilot onlv d,lIl1l111g that It IS, III pnnl'lplfc>, posslhle to con~truct alternative 

t>:\ P 1 ail a t 10 Il ~ bu t ra t hl>r t ha t w l' al'tually do cons truct al terna ti Vl' 

'-"lp,1lI1 ('hurrhl.lI1d, The ()1/t()lo,~/( al Stafu,\ III Oh\cn'ahlcs ln Prrww (JI the 
SUl't""II//llllt CIl \ 'II tlln, Image~ of Sdencc. E~~a~'s on Rcalbm and Empiricism, pp ;3;)--17 

:-,I( '1.11" (;1\ moul E\pl.lllatlllll alld }{P.dblll, Images of Scit.>nce, Essays on Realism and 
Empil'i("'Mll, pp ~1\I-ll'7 
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explanations of the sanlt' phellollwna 'l'IH' .... l'l'ond l~ Ihat ('.lrl",nght dUl'~ 

not l'hum that these explanatlOn~ an' lIlcompatlhll' 'l'Ill' tïr~t ddll,rt.'lll'l\ I~ 

important hecause the reahst caHIlot appl'al to tlh' ,1q~UIlH'nh IlSl'd ag:\Illst 

van Fraassen COIlCt'rnlng wlll'till'I' WP l'an. III pnIH'lpll'. CIlIlH' IIp \\ III! 

incompatIble the()r1l'~ or l'xplanallOn,-; fol' 1 hl' --allH' phl'\lOIlH'Il,l 'l'Ill' 

second dlfference l~ Important hl'l'ausl' ~\lll'l' t Ill' l'\.plan,lt I()I\~ ,ln' \loI 

incompatIhle, thlS dOl'S Ilot IIllpiv t hat t Ill'rt, I~, !lO t rut' l'xplanal WI\ Ilo\\' 

th en is Cartwnght's antI-l'l'allst c(llldl1:--\()J1 Iw,ttlil'd') 

Recall that Cartwnght nl'Vl'r l'\.plIl'Itlv l'\pn'S~l'~ \Vhal :--hl' IIll'.IllS Il\' 

"alternative theoretical Illodl'Is", hut IIlStl':ld :-.Iw ol'fl'I'~ ail l'\.:llllpll' 

concerning the exponentIal dl'cay law ()n tlH' 1lI()~t plallSlhll' Illtl'I'JU'P( al WII 

of this example, the alternative thl'OJ'l'!lC,d rnodds do llol :ll't.uallv 1111'11 0111 

ta he ll1compatlble "Altl'rnattvl' 1 Ill'ord Ical mocll'h" ~hollid hl' Il 11<1 t '1':-. t ood 

as alternative Illodels wlllch <IlfT!'r ,1cl'oJ'dlllg 10 wh .. ! Hkalll.,11101I 

assumptlOns are used III the construl'llOll of thl' Ill()dl'I~ ()II Ihl~ 1()1I~lrual 

of what i~ meant by "alternatIVl.' tlworl'llcal IIltHh'ls", t hl' IIIIHIl'ls .11t' 

constructed wlthin the ~ame interprl't atlOll of 1 Ill.' t Iwo!'v whl'I 111'1' Il hl' t III' 

Heisenberg plcture or the Schrodmgl.'r plctUJ'l' ThiS IS 10 hl' cOlllra:..,lt·!! 10 

alternative models which are construded VIa ddll'f"('llt IIItl'q)J'l'l al I()I\~ Id 1 lit, 

whole theory itself, Le, the Helsenh('rg and Schl'odlllgl'I pu'tlll'l' of qualll \llll 

mechanics. 

If the models only differ accorcling tu what Idl'altzat.101l a~~llIlIpl IOIlS 

are used, IS lt Ilot pos~ible that there IS (Jill' mo(kl thal :!('('\It'all'Iy l'xJllalll~ 

or predicts phenomena whlch dOl'S Ilot (,Olltalll allV 1(I!,,,III..tllolI 

assumptioIls at aIl? It is, of cuurSl', !J()ss/hle that till'n' IS :-'11('11 :! 1Il()(11·1 01 

thenry, but it is clear that we do Ilot pos:--p:-.s :-,u('h a Ilworv ()/' llIodl,1 al 1111:-' 

moment Cartwright's questIOIl tu the l't'alist l~ ~llllpiv 10 a .... k why WI' 

should we he warranted to helleve fhat tl!pn' 1" ,>uch a Ihl'ory or ')1'1 (Jf law,> 

Laymon's propo~(jl respomb dlrect.ly ln t Ills qlll':-.t 11)11 'l'III' 1.1('1 1 hal will'/i 

we use more realistic InitIal con(htwn:." Wl' gf'1 b!'I!1'1 pr'l'dl('llo/l'> ~~JVf''> 

inductive eVldencl' {(lr the dél'm that If w(' had t III' ac!l'quaU' (,Olllpllt.tt JO/Jal 

ahilitles and the appropriate auxtlmry the()l'I(~'>, Wl' could IJffldlu'(' tht, 

accurate predIctIOn 
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At the l'lld of d1apter :~, 1 offered severa1 criticisms of tins proposaI 

(:art wright. could re~pond hy Clt.lIlg the exponentiai clecay 1 av,,' , whlch 

appl'ar.., to I)(~ il ('(Jllfltl'r-exarnple tu Laymo/1'.., proposaI The law is peculiar 

I)('Cilll:-'P ('V('1l t /lOllgh Ideallzat.wn ci:-,:-,ulJlpti(H!~ and approximatIOns are 

Ils('r! III Il.., dl'rlVatloIl, IL stIll glve:-. accurate pn:dIctlOn~ Furthermore, 

WIWB W(' Il;.,V morl' fl'ali~tIc lIlltlaI COl1clIt.lOn~, we l{et wor:-.e predIctions 

'l'hl' qllt':-.tlOlI w/llch rernalll:-' to he answ!:'red 1:-' whether there 1;" a fortUltous 

(·al\(·('lIallOlI of Idl'ahzatlOll a:-.surnptlO/1S In ItS de!lvatlOn:-, Sinct:' we do Ilot 

hav(' thl' all:-'Wl'r to thls qw.'st 10 Il , thlS t'xample, at the moment, canllot be 

lIsl·d a~ a ('ollllt('r-('xampl(' to Laymoll's proposaI The two othpr dlfflcultIe:-, 

wlllch 1 1Ill'llt 10 Il l'd III chaptpr :1, however, :-,h()uld po~e more serious 

prohl('llls (}JI!' of' 1 hl's(' dlffJ(·ult.ws was t hat for Laymon':-, prlllciple t.u he 

appllcahl(·, we mu:-.t /)(' ahlt· to make :-,ense of what II, means for a set of 

IllltIaI condltIolis to hl' mon' realistic than another In that section, I 

ollt'I'pd an l'>.:tmpll' of a case 111 wluch we could not say that one set of ulIhai 

('()JI(I! tlOns 1 s mort· l'l'alisLic than another, Aithough l grant that there are 

Illall y ('as('~ III wh I('h wc l'an make sense of when one set i~ more realistic 

thall ,lIlOtlll'r, 1 do Ilot grant that we l'aIl in the important easps What do l 

1111':111 hy 1 Ill' Impof't allt cas('s') 

1 t akl' II, 1 hat t hl' purpose of Laymon's proposai is to respond tu 

(~art wng-ht ':-, challl'ngt' sll1ce hl' rnakes several references to Cartwright's 

argullH'llb 111 tl1l.:' IH'O(,(,SSt-'S of devploping hlS proposaI If so. then the focus 

of at t l'Il t 1011 IS Oll t/wsp cases in which we find alternatIve theoreticai 

l'xplanat IOI\S, and W(' stIll do not have une explanatlOn whlch captures the 

adv<lnt agt'S of hot h l'xplanatlOns SlI1CP lt IS these cases w hich CartwrIght 

lISl'S tll ar'gul' lilI' lll'r !()rm of <lntl-reahsm If these examples are sInnlar tu 

t hl' 0111' 1 dl'StTlhl'd for which Wl' l'ould not say that one set of Idealizatioll 

assumptlOl1S IS mon' rpali~tlc than the other. th en IL would seem that 

LaYl11on's sugg'l'stlOll l',lllnot be used against Cartwnght However, if we 

l'an tdl Wllll'h spt of IdpahzatlOns is more reahstic than the othe1', then 

Ill'J'haps t /H'rl' IS a n'SpOn~l) to Cartwright, I say, perhaps, because as I 

llll'l\t ulIll'd ('arlH'1' 1I1 (lIsl'ussmg van Fraassen, until the reahst l'an explam 

ho\\' ~t t rUl' t lll'ory l'xplalI1s why when we use more realistIc imtial 

cOlldltlolls, \VI' gl't Iwttt.'r predIctions. Laymon's proposaI cannot he used to 
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defend reahsm, \Vhere does thlS ll'Hvl' rt.'aliSIll Wlt h l'l'SPl'ct to ('art \\TII~ht') 

Recall that the argument \vhich 1 summarizl'd aho"p 1'" no! t IH' ollly 

argument which Cartwright providl's agalllst t Ill' l'l'al u.;t 1 n hpI' Ilt lH'r 

argument, she concluded that the funrlanll'ntal la", . .., cal1not tkscnlH' tlH' 

faets Therefore, the re~llist must not llnly n,but tlll' argullH'llt t'Illll'l'rtllllg 

there heing altl'rnative theol'l'tical l'xplanatilll1S, hut tlll' n'altst must abo 

rebut the argument aga1l1st tlH' t'achntv vie\\' of' tlll' l'undallH'llta! laws 

Creary55, for instance, provldl'S a way III wlllch w(' rould IIItl'f']H'('t t Ill' 

fundamental laws which seems to t'l'SPOIlds to Cart wnght's l'h,dll'(\gt' 

The point IS that if the realist is tu proviùl' a full rl'SpOnSl' tll ('art wnght, slll' 

must respond ta both of her challl1 nges 

On a final note, although 1 have SPl'llt tilt' ma)OI'lty of 111Is t1w!-lis 

attacking reahsm and investlgatmg the roll' WhlCh idpalJzat.io\ls plav III 

thls debate, Illy intent was not to argue for anh-r'paltslIl IlIstl'ad, tht' Illtl'lll 

was ta try to make cll'ar what rnust h ... ' done to argw' loI' r'l'altslll, and llIort' 

specifically what must he clone 111 tl'rms of appl'alIlIg 10 tilt' lIS(' of 

idealizatian assumptions in a defence of n'altsIlL 

55LewIs Creary, Cau.~al Explanation and the Reullty of NrLtuml C'lIlfLp()ftmt /t'lIrt'(','i 
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