Ronald N. Giere

The Skeptical Perspective: Science without
Laws of Nature

1. Interpreting the Practice of Science

It is a fact about humans that their practices are embedded 1n in-

terpretive frameworks. This holds both for individuals and for -

oroups engaged in a common enterprise. Of course any sharp
distinction between practice and interpretation, whether drawn
by participants or third-party observers, will be somewhat ar-
bitrary. Nevertheless, drawing some such distinction 1s usef:ul,
perhaps cven necessary, for those who, while not direct partic-
ipants in a practice, seck to understand it from their own per-
spective.

Such is the situation of historians and philosophers of science
regarding the practice of science and the concept of a “law of na-
ture.’” The claim of some philosophers, for example, that scien-
tists seek to discover laws of nature, cannot be taken as a sim-
ple description of scientific practice, but must be recognized as
part of our interpretation of that practice. The situation 1s com-
plicated, of course, by the fact that, since the seventeenth cen-
tury, scientists have themselves used the expression ‘law of na-
ture’ in characterizing their own practice. The concept is thus
also part of the interpretative framework used by participants
in the practice of science. That shows that the concept some-
times lives in close proximity to the practice, but not that it 1s
divorced from all interpretive frameworks.

[nsisting on the interpretive role of the concept of alaw of na-
ture is important for anyonc like myself who questions the use-
fulness of the concept for understanding the practice of science
as a human activity. I realize full well that many others do not
share this skeptical stance. Being part of the characterization of
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the goals of science 1s but one interpretive role played by this
ubiquitous concept. Laws played an essential role in Hempel’s
(1948, 1965] influential analysis of scientific explanation, and
they continue to play a central role in more recent accounts
[Salmon, 1984]. Nagel’s {1961] classic analysis of theoretical re-
duction tocuses on the derivation of the laws of one theory trom
those of another theory. Even critics of these analyses, includ-
ing radical critics [Feyerabend, 1962], have generally focused on
other teatures and left the role of laws unexamined. A concern
with the status of laws has inspired many investigations into the
confirmation or falsification of universal statements. Laws also
figure in contemporary analyses of the concept of determinism
Earman, 1986]. And scientific realism 1s often characterized in
terms of the truth, or confirmaton, ot laws referring to theoret-
ical entities.

[t 1s thus not surprising that, like Kant two centuries ago,
many contemporary philosophers take it as given that science
yields knowledge of claims that are at least universal, and per-
haps necessary as wcell. Their problem, like Kant’s, is to show
how such knowledge 1s possible.! Doubting that such knowl-
edge 1s actual, [ have little interest in rebutting arguments that
it 1s possible. More serious would be claims that knowledge of
universal and/or necessary laws 1s not only actual, but necessary
for understanding the practice of science. But I shall not here be
concerned to rebut such arguments.

[ will begin by advancing some general reasons for skepticism
regarding the role of supposed laws of naturc in science. Then
[ will outline an alternative interpretive framework which pro-
vides a way of understanding the practice of science without at-
tributing to that practice the production or use of laws of na-
ture as typically understood by contemporary philosophers ot
science. Finally, I will sketch explanations of how some expres-
stons can play a tundamental role in science without being re-
garded as ‘laws,” and how one can even find necessity in nature

I Among recent philosophers, David Armstrong [1983] seems to me to
come closest to the Kantian stance.
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without there being ‘laws of nature’ behind those necessities. 1
shall thus be offering an interpretation of science even more rac%-
ical than what David Armstrong once called the ‘truly eccentric
view ... that, although there are regularities 1n the wo%‘ld, there
are no laws of nature’ [1983, p.5]. On my interpretation there
are both regularities and necessities, but no laws.

7. Historical Considerations

One way of understanding the role 1':hat a concept plays in an
interpretation of a practice is to examine the history of how-that
concept came to play the role 1t now has. Through the hlSth—
ry one can often see the contingencics that led to that concept’s
coming to play the role it later assumed and realize that 1t need
not have done so. -

Of course there is a standard answer to this sort Dfi historical
argumentation. The origins of a concept, it 1S t.:)ften said, are one
thing; its validity quite another. PhllosoP}}y 12 {:onccr.ned with
the validity of a concept, whatever its origins.” But this answer
rings somewhat hollow in the present context. It 1s typically as-
sumed that we need a philosophical analysis of the concept of 2
law of nature because that concept plays an essential role in our
understanding of science.” Inquiring into how the concept came
to play its current role may serve to undercut this presupposi-
tion.

2 This answer is an obvious generalization of Reichenbach’s [1'938, ‘Ch. 1]
famous distinction between the contexts of discovery and justification tor
scientific hypotheses. |

3 Armstrong, for example, writes [1983, p. 4]: ‘1f the discovery {.“Jf the laws
of nature is one of the three great traditional tasks of natural science, then
the nature of a law of nature must be a central ontological concern tor the
philosophy of science.” Similarly, John Earman describes the concept of
laws of nature as “a notion that is fundamental to the study not czrnly of de-
terminism but to the methodology and content of the sciences in general’

(1986, p. 81].
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Among the characteristics attributed to laws of nature by
contemporary philosophers of science, several are especially
prominent. Laws of nature, it is typically said, are true state-
ments ot universal form. Many would add that the truths ex-
pressed by laws are not merely contingent, but in some appro-

priate sense necessary as well. Finally, laws are typically held to
be objective in the sense that their existence is independent of

their being known, or even thought of, by human agents.*

These characteristics, I believe, came to be associated with
some scientific claims not simply through reflection on the
practice of science, but in large part because of particular cir-
cumstances obtaining in Furope in the seventeenth century
when modern scicnce began to take the form it now exhibits.
Unfortunately, there seem to be few sources that focus dircctly
on this question, and undertaking such a study is beyond both
the purposes of this paper and my own expertise. So here I can
offer only some suggestions and a few references.’

The main sources for the use of ‘laws of nature’ as a concept
to interpret the practice of science are to be found, it scems, in
the works of Descartes and then Newton. For both, the laws
of nature are prescriptions laid down by God for the behavior
of nature.® From this premise the predominant characteristics
ot laws of nature follow as a matter of course. If these laws are
prescriptions issued by God the creator of the universe, then of
course they are true, hold for the whole universe, are necessary
in the sense of absolutely obligatory,” and independent of the

-

4 These arc a subset of the assumed characteristics of laws that van Fraassen
[1989, p. 38] picks out as pre-eminent.

5  Why the question of the origin of the notion of laws of nature has received
so little attention from historians of science is itself a subject for still fur-
ther spcculation. My guess is that the correctness of the idea has been so
taken for granted that few have felt the neced to inquire into its origins,

6 That our modern use of the concept of ‘laws of nature’ is directly traccable
back to Descartes and Newton, and flowed from their conceptions of the
Deity, was argued both by Zilsel [1942] and Needham [1951],

7 tereit1s important to observe the medieval distinction between what is
necessary for God’s creations from what is necessary for the deity itself.
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necessarily connected with that of a personified lawgiver. The

iect not only to God’s veessat W
wishes of humans, who are themselves subject 4 distinction between divine laws for humans as opposed to laws

laws of nature, but to His mor:*al laws as 1:3'&11. . S
There 1s at least one place in Newton's writings

line of reasoning is explicit. In an unpublished draftd{)f Quz;y }3:3
of the Optics, dating from around 1705, Newton draws

! ' is laws of
conception of the deity to support the universality gf h;ls ljmso_
motion. ‘If there be an universal life and all space be the : so-

' . : ' ' cely
rium of a thinking being who by 1mn}cd1at:e pres?r_lceg ;;:;m s
. ‘ risin |
i in it te, ‘the laws of motion a | |
all things in it," he wrote, ¢  anising from T
il iversal extent.”® The modesty cl
or will may be of univer . eat oo
1on 1 serted was appropriate. Wr
the connection is here ass ‘ e What mpint
1 | on have for the universality o :
cal evidence did Newton . ality o) s of
| j as falling bodies, proj
ion? Only terrestrial motions, suc
motion? Only _ he Sun. Moon, plan-
' d the motions of the Sun, ! ,
tiles, and pendulums, an . i o pan-
j | nvest i{dmund Halley, perhap
| nvestigations of Edmu
ets, and, allowing the 1 pund Hal e, periaps
d stars posed a definite p 1,
comets as well. The fixe | | e, tor
what prevented the force of gravity from pl;lﬁlng Ga]l 5}13
oether into one place? Newton had need of his God. toclear
Despite some arguments to the contrary, 1}5661”1]5} prD' el
! the Diety
ide f nature as emanating frrom
that the idea of laws o he Dicty ¢ic
1o 1 artes and Newton, or ¢cven sey
not originate with Descar ) ‘ e
teenth Eenturv 1t all.? Nor were all earlier uses of such not

it 5 so willed. | .
8 Lfggji(ia”:llit)i i;;:{:’lll [1971, p. 3971, 1 owe this reference to Brooke [1991,
UC A all | ,
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‘tion at a distance. | * e

9 Ell;iin:{:i]ﬁ{!l [1942] and Needham [1?51] clalmed fth[mf th;;l(::dn;ﬂ?;i_

laws for nature originated with the rise mf power 1;2{.(311 2;8]Jargucs "

ments in the early modern period. Thus Zilsel [1942, ]i:nuwn L he

equivocally that ‘the concept of physical law was n_mh o O

c enteenth century” and suggests, more tenta‘twel}f, that “the e

:E:iw;f{:rs:a] natural laws of divine origin is possible {JI'!']}’ mT,a[Sta;{;;_ ot
tional statute law and fully developed central soveraignty’ [p.

tor the rest of animate or inanimate nature can be traced back at
lcast to Roman thinkers. On the other hand, by the thirteenth
century, Roger Bacon seems to have thought of the laws of op-
tics, reflection and refraction, in very much the secular way that
became commonplace in the nineteenth. Galileo is famous for

1s employment of the ‘two books’ metaphor in which God is

and Newton seems not to have been part of his understanding
of the new science. Robert Boyle, who shared many of New-
ton’s theological beliefs, nevertheless urged caution in using the
notion of laws of nature on the grounds that, strictly speaking,
only moral beings, and not inanimate matter, can appreciate the
meaning of laws. One finds similar qualms in the writings of
Aquinas.

Therc is another factor in the story which seems relative-
ly distinct from theological influences, namely, mathematics.
Would the concept of laws of nature have gamed such curren-
cy 1n the absense of simple mathematical formulae which could
be taken express such laws? And do not the qualities of univer-
sality and necessity also attach to mathematical relationships?
These questions are as difficult as they are relevant. Galileo had
the mathematical inspiration, but apparently did not think of
the book of nature as containing ‘laws.” Kepler, on the other
hand, thought of laws in somewhat the same way as Descartes
and Newton. Clearly the theological and mathematical influ-
ences both push in the same direction. In any casc, the one does

ley [1961] objects that the idea existed long before in a theological tra-
dition, Ruby argues that already in the thirteenth century Roger Bacon
used the notion in a way thart ‘resembled that of modern science’ (1986,
p- 350] [p. 301 in this volume]. The comments which follow are based on
my reading of all of the above mentioned authors,
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ot exclude the other. Perhaps both were necessary for the.no-
ton of a law of nature to have developed at all."”

[n the end one may still ask why Descartes and Newton were
so strongly inclined to interpret various mathematical formulae
as expressions of God’s laws for nature when thinkers a century
earlier or a century later were far less inclined to do so. I would
suggest the influence of the bloody religious conflicts exhibited
in the Thirty Years War and the English Revolution respective-
ly. These conflicts made 1t very difficult for anyone in France or
England then to think about nature in significant ways without
considering the possible role of God." What matters, howev-
er, is not which ideas one can find when. At almost any period
in history one can find a vast range of ideas existing stmultane-
ously. The important question 1s which of the variety of ideas
available at an earlier period got adopted and transmitted to lat-
er periods and shaped later interpretations. Here there can be
6 serious doubt that for Descartes and Newton the connec-
v on between laws of nature and God the creator and lawgiver sity” of laws. Is it merely an artifact of our .

psychological make-

was explicit. Nor can there be any doubt that it was Newton's up, as Flume argued, an objective feature of all rational th
conception of science that dominated reflection on the nature , as Kant argucd, or embedded in reality itsclf? ational thought,
| itsclt:

of science throughout the eighteenth century and most of the
nineteenth as well."”

The secularization of the concept of nature’s laws proceeded
more slowly in England than on the continent of Europe. By

the end of the eighteenth century, after the French Revolution * nature. but a .
: , way of understanding the ' '
practice of science that

Laplace could boast that he had no nced of the ‘hypothesis’ of does not simpl
. . . ply presu h : "¢ -
God’s existence, and Kant had sought to ground the universality portant role whaioevepfﬂse that such a concept plays any im-

and necessity of Newton’s laws not in God or nature, but in th
constitution of human reason. Comte’s positivism f():md alar )
audience in France during the middle decades of the nincf-':tvef:n%lE
century. But, in spite of the legacy of Hume, whether the laws ;
nature might be expressions of divine will was still much deb :
ed in the third quarter of the nineteenth century in Britain Hjt*
Fhe issue was whether Darwin’s ‘law of natural selection” m; }I;T:
just be God’s way of creating species. Not until Darwin’s rgv—
olution had worked its way through British intellectual life did
the lgws of nature get cffectively separated from God’s will 3
[t1s the secularized version of Newton’s intcrpretation of ‘sc'—
ence that has dominated philosophical understanding of scien 1
in the tm{ept.ieth century. Mill and Russell, and later the LOLE:
ical Empiricists, employed a conception of scientific laws thgt
was totally divorced from its origins in the theological Clima?e
of the seventeenth century. The main issuc for most of this cen-
tury and the last has been what to make of the supposed ‘HCCZI:-

My position, as outlined above, is that the whole notion of

J| , .

aw - : .

g S of nature’ 1s very likely an artifact of circumstances ob-
aining 1n the seventeenth century. To understand modern sci-

ence '
ce we need not a proper analysis of the concept of a law of

10 1 own consideration of the importance of mathematics 1n this history to
conversations with Rose-Mary Sargent. She also pointed out that Boyle’s 3. The Status of Purported Laws of Nat
cautions regarding the use of the notion arosc partly from his conviction Hie
that mathematical relationships abstracted too much from the complexi-

What s the status of claims that are typically cited as ‘laws of na-

ties of nature. . ture’ — N > .
: : . et - ; -~ INEWILO | .
11 ‘Toulmin {1990} has recently emphasized the role of the Thirty Years War fat, Snell’ n's Laws Of Motion, the Law of Universal Gravi-
on Descartes’ thinking. ation, Snell’s Law, Ohm’s Law. the S d
o , the Second Law of Thermody-

12 ‘The influence of Newton’s conception of science on later British thought
hardly nceds documenting. For its influence on French Enlightenment

13 For an appreciation of the i v
thought, see Gay {1969, Book 3, Ch. 3. | Ch. VIII] and Desmond ;&nﬁzil:z [{;g;};_fse debates see Brooke (1991,
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marics. the Law of Natural Selection? Close inspection, I think,
Iy

. . B .
reveals that they are neither universal nor necessary — they ar

14
not even truce.

For simplicity consider the c?mbination f:’)f Newton’s 5&;;2
of Motion plus the Law of Umvcrsﬁalﬁ Gravitation aroun the
year 1900, before the advent of relativity and the quaptu;)n the
ory. Could one find, for example, any two bodies, anlyw Sr; ll;ﬂ
the universe, whose motions exactly satlsﬁ.ec} .these aws? The
most likely answer is ‘no’. The only possibility ?f Newlt(?rés
Laws beiné precisely exemplified b}/ our two bodleshxjfoltjl | .e
either if they were alone in the universe ‘E’.iflth no other 'f0}1?s
whose gravitational force would effr::ct t'helr motionTs‘,horE t 152;
existed in a perfectly uniform graYltatlon_a] field. f e form S
possibility is ruled out by the obvious existence o numcroltll
other bodies in the universe; the latter by inhomogeneities in the
distribution of matter in the umiverse. But there are other rea-
sons as well for doubting the precise applicability of the lalws.
The bodies would have to be perfectly spherical, otherwise they

; :, else electrostat-
-ould wobble. They could have no net charge, e
?c forces would come into play. And they would of course have

to be in ‘free space’ —no atmospheri of any kind which could
produce friction. And so on fmd on." | .
Many excuses have been given for not taking more sefr ously
the lesson that, strictly speaking, most p_urported laws o flatil,;.;’e
secm clearly to be talse. A recent one s that the laws at.,ll:)ucl };
discussed by scientists are not the ‘real laws of nature, but a

14 This thesis was argucd thirty years ago by }11{:}13?1 Sur.wcn [i‘;gci) anj
more recently by others including Nancy Cartwright [19:183, [_ (;1;6
myseclf [1988a]. Even Armstrong [1983, PP- 6-7] and Ifarn}aln 5 ,
pp. 80-81] admit the strict falsity of the tr*adttmr‘lal examples ,U fa: . N

15 For a more extended discussion of the strict fals_uy of the a:cu‘ Dh t r;l;peu-
dulum sce [Giere, 1988a, pp. 76-78]. That classical frlechanlLs as e 3 -
perseded by relativity theory and quantum mechamcsr does not n;nt?;fm
ly change the argument. Cartwright [1983, 1989] pmvt_des exa;np eﬂ:. o
(iuantum theory. Similar examples could be developed tor relativity

ory as well.
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best ‘near’ laws.'® Here I wish only to examine a view that does
take the lesson scriously, but remains still too close to the tra-
ditional view. This is the view, developed by Coffa [1973] and
Hempel [1988], that laws are expressed not by simple univer-
sal statements, but by statements including an implicit ‘proviso.”
As I understand it, Coffa’s and Hempel’s account is that pur-
ported statements of laws of nature of the form ‘All bodies, ...
ctc.” are to be interpreted as really of the form “All bodies, ...,
cte., with the proviso that ...” My objection to this interpreta-
tion 1s that it is impossible to fill in the proviso so as to make
the resulting statement true without rendering it vacuous.

This problem is particularly evident in cases where the jm-
plicit proviso must be understood to be expressed 1n concepts
that are not even known at the time the law containing the 1m-
plicit proviso is first formulated. Thus most of the laws of me-
chanics as understood by Newton would have to be understood
as contawning the proviso that none of the bodies in question is
carrying a net charge while moving in a magnetic held. That 1s
not a proviso that Newton himself could possibly have formu-
lated, but it would have to be understood as being regularly in-
voked by physicists working a century or more later.'” I take
it to be a prima facie principle for interpreting human practices

that we do not attribute to participants claims that they could
not even have formulated, let alone believed.

[t1s important to realize that my objection is not just that the
proviso account introduces indefiniteness into our Interpreta-
tion of science. One of the major lessons of post-positivist phi-
losophy of science is that no interpretation of science can make
everything explicit. Important aspects of the practice of science
must remain implicit. The issue is where, in our Interpretation
of science, we locate the unavoidable indefinitencss. The pro-
viso account locates indefiniteness right in the formulation of

3

what, on that account, are the most tmportant carriers of the

[T

16 For an claboration of this view sce Swartz [1985] and Swart7 in this vol-
ume [Ch. IL. pp. 67-91].

17  For a more extended development of chis objection sce [Giere, 1988b].
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content ot scitence, namely, its laws. I think a more fai.thful inter-
pretation would locate the indefiniteness more within the prac-
tice of science and leave its products, including its public claims
to knowledge, relatively more explicit.'®

4. Models and Restricted Generalizations

Let us return to the example of Newton’s equations of mo-
tion together with his equation for the force of gravity betw?en
two bodies. My reference here to Newton’s eguations of motion
rather than his laws of motion is deliberate. Everyone agrees
that Newton used these equations. The issue is‘ how to interpret
them, whether as ‘laws,” which was Newton’s interpretation, or
as something else, |

Interpreting the cquations as laws assumes that_ the'v_anogs
terms have empirical meaning and that therells an implicit uni-
versal quantifier out front. Then the connection to the wm?ld 1S
relatively direct. The resulting statement is assumed to be either
true or falsc. | |

On my alternative interpretation,. the relationship bc?hf.rtleeln
the equations and the world is ém{zrect. We ne:‘e.d not initial-
ly presume either a universal quantifier or empirical meaning.
Rather, the expressions need initially only be given 2 relative-
ly abstract meaning, such as that m }'cfers to sor:n.eth{ng called
the mass of a body and v to its velocity at a specified instant of
time, £. The equations can then be used to construct a vast array
of abstract mechanical systems, for example, a two-body sys-

18 Cartwright [1983] holds the superficially similar \r*iew" that _lt}wer level
laws, such as Snell’s Law, are to be understood as ceteris paribus l_aw:; of
the form: ‘Lverything else being equal, ..., erc.” But she does not claim tlhat
such laws arc true, only that they arc explanatory in a way not cumpau‘hlc
with a covering law model of explanation. 1 would prefer*a more radical
interpretation that does away with law talk even thulugh this d:epartstfmm
the way scicntists themselves often present their science. I think this can
provide us (philosophers) with a better understanding of what thev (sci-
entists) arc doing.
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tem subject only to mutual gravitational attraction. I call such
an abstract system a model. B y stipulation, the equations of mo-
tion describe the behavior of the model with perfect accuracy.
We can say that the equations arc cxemplified by the model or,
if we wish, that the equations are true, even necessarily true, for
the model. For models, truth, even necessity, comes cheap.

The connection to the world is 2 provided by a complex rela-

tionship between a model and an identifiable system in the real
world. For example, the earth and the moon may be identified
as empirical bodies corresponding to the abstract bodies in the
model. The mass of the body labeled 72 in the model may be
identified with the mass of the earth while the distance r in the
model is identified with the distance between the center of the
carth and the center of the moon. And so on. Then the behav-
10r of the model provides a representation of the behavior of the
real earth-moon system. For the purposes ot understanding the
relationship by which the model represents the rcal system, the
concept of truth is of little value. A model, being an abstract ob-
Ject rather than something linguistic, cannot literally be true or
false. We need another sort of relationship altogether.

Some triends of models invoke isomorphism, which is at least
the right kind of relationship.!” But 1Isomorphism is too strong.
The same considerations that show the strict falsity of presumed
unuversal laws argue for the general failure of complete iso-
morphism betwecn scientific models and real world systems.
Rather, models need only be similar to particular real world Sy'S-
tems 1n specified respects and to limited degrees of accuracy.
The question for a model is how well it ‘its” various real world
Systems one is trying to represent. One can admit that no mod-
el fits the world perfectly in all respects while insisting that, for
specified real world systems, some models clearly fit better than
others. The better fitting models may represent more aspects

19 Van Fraassen [1980, 1989], for cxample, defines scientific realism as that
one of a family of models is exactly isomorphic with the system it is 1n-

tended to represent. [ have objected [Giere, 1985; 19882, Ch. 4] that this
IS too strong a requircment for a reasonable realism.,
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f the real world or fit some aspects more a}ccurately, or botl‘ll:
? trfvrcase ‘fit’ 1s not simply a I‘ClatID}"lShlp betjvflen acis i’
61;;1& the v;orld. It requires a spec1ﬁcat10fn ofhwh;; 5 a:(i oS o
the world are important to represent and, for those aspects,
lose a fit is desirable. | | N
LIOI? this picture of science the primary rgpr::;r:ﬁ;??ilrsysn
tonship is between indrwdual_ modelz s;n f;; two_bﬂdy it
tems, e.g., between a Newtonian mo ‘ e om oo B
tational system and the Earth-Moon systc But i e
els may be developed for the Earth-Sun sysS H,S e Juptter o

stem, the Jupiter-Sun system, the Venus-Su ys d, nc s

53;1 He;*e we have not a universal law, but the restricte g:; e
zzation that various pairs _of objects in the S(:')la:i ziztle;l()de{of ;

represented by a Newtonian twoﬂibod'y gra;ua onal mace o ¢

specified type. Restricted generahizations ?vccon-unctioﬂ " ©!
e, Stﬂtemeﬂi pilus af Pm:l?':; 13:}11;:’ ma;;.v su]ccessfully be
| » systems, or kinds ol systems, thad y su iy €
;I}lidtl;ltc;}fusing the theoretical re§0urcef5 in quiil;?; }:Z}Ef::; :Jri
our example, are Newton’s equations ol motio
ravitational attraction. .
la fgihgﬂr pairs of objects 1n the solar systenﬁ car;:}%zii:v:;:;i,
resented by the same sort of model, the ladrt;irl rinchip[e e,
for example. More(wcr,.although one c:ﬁuh 1l:nct5 P
struct a single Newtoman mod.cl for a the parc ot R e

with the sun, the resulting equations of motion e notso e
by any known analytical methods. One canno evensove L
e(iluati(}ns of motion for a threeebodj_y grasv:.tauoqtemi sem one
intended to represent the E'fxrth—]uplter— un TyL e ;reating n
ple. [Here one must approximate, for' examp eh, y treating e
- fuence of the Earth as a perturbation oni;ztive o e
N Jupiwri; Sl‘tlm SYS‘??:;- S?:ciligiiﬁje Newton himsell,

en part of Newtont ce |

Ei:e}'ziz bgen largely ignorﬁed by the tm(‘htlOnn?:z;sﬁtf;ﬁ;e;?

Newton’s equations of motion as expressing u

Mt I 's success
It is typically said to be a major part of Newton
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The equations of motion used to build models of the Jupiter-
Sun system may also be used to construct models to represent
the behavior of balls rolling down an inclined plane, pendu-
lums, and cannon balls. This was a considerable achievement in-
deed, but it hardly elevates his equations of motion to unjversal
laws. It had yet to be shown that similar models could capture
the comings and goings of comets, and the fixed stars were be-
yond anyone’s reach. What Newton had in 1687 were not God’s
all encompassing laws for nature, but a broad, though still re-
stricted, generalization about some kinds of systems that could

be modeled using the resources he had developed. That he had

fathomed God’s plan for the universe was an interpretation im-
ported trom theology.

5. Principles versus Laws

[t may reasonably be objected that tocusing simply on New-
ton’s equations of motion does not do justice their role in the
science of mechanics. They seem somehow to capture some-
thing fundamental about the structure of the world. One might
express similar feelings about the Schrodinger equation in quan-
tum mechanics. The problem is to capture this aspect of these
tundamental equations without lapsing back into the language
of universal laws.

An interpretative device that has considerable historical
precedent would be to speak of Newton’s Principles of Motion
and the Principle of Gravitational Attraction. The title of his
book, after all, translates as The Mathematical Principles of Nat-
ural Philosophy.®® Whether or not thinkers in the seventeenth,
or even eighteenth, century recognized any significant distinc-
tion between ‘laws’ and ‘principles,” we can make use of the

hinguistic variation. Principles, I suggcest, should be understood
as rules devised by humans to be used in building models to

20 Recall also that Descartes’ main work in natur

al philosophy was titled
The Principles of Philosophy.
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represent specific aspects of the natural world. T husll\?e]:mﬂ:t::n‘:r}]f1 S
principles of mechanics are to be thought (.:;f as rules 0}' €
construction of models to represent mechanical systems},il rmin
comets to pendulums. The rules instruct one to locate t efri:
evant masses and forces, and then to equate the Product of the
mass and acceleration of each body with the f()rceilmpressed up-
on it. With luck onc can solve the re:sultin;,:,I equations of r;l‘l?tmn
for the positions of the bodies as a function time elapsed from
an arbitrarily designated initial time. ]
What one learns about the world 1s not general Fruths a (;ut
the relationship between mass, force, and acceleration, but that
the motions of a vast variety of real world systems can be suc-
cessfully represented by models consfmctcd according to N_ew:
ton’s principles of motion. And here ‘successtul r(?prfescr;tatllpn
does not imply an exact fit, but at most a fit within the lim-
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6. Necessity Without Laws

Traditionally it has been the supposed universality of laws of
nature that has seemed to require their necessity. For, as Kant
argued, how could a universal association be just a regularity?
For an association to be truly universal, he thought, there must
be something making it be so. Thus, denying the existence of
genuine universal laws in nature makes it possible to deny the
existence of necessity as well. But such denial is not required. It
is also possible to deny the existence of universal laws of naturc
while affirming the existence of causal necessities.22

Consider a model of a harmonically driven pendulum of the
sort that one would usc to represent the motion of 2 pendulum
on a typical pendulum clock. Solving the classical equations of

motion for the period as a function of fength (assuming that the

_ -| . - -
n . ol b ™ = Jdar= = a
4 e AEmL = i rar W e — -

| . . - ch- :f angle of swing, 6, is sufficiently small that cos 8 ~ 1) yields the
it_s of what can bi dchcted USE%:;’:;EIEEHZ};P;; lgiilirr:stiilaltesys- I tamiliar result that the period is proportional to the square root
niques. The fact that ?0 rzaii};néu h to justify the high regard | ot the ]er}gth. Now this model provides us with a range of pos-
tems can be so represente Ld : %hree hundred vears. Inter- sible pertods corresponding to various possible lengths. These
these principles ha‘_ve ehjoye 10-1;1 i .b God or Nature is possibilities are built into the model. But what of the real world?
pretillgltlhcm as 121“21;”’&"531 laws laid down by | Suppose the actual length of the pendulum on my grandfa-
not at all required.

ther clock is L. The model permits us to caleulate the period, 7.
It also permits us to calculate a shightly greater period 77 cor-
| responding to a slightly greater length, 7. Suppose the clock is
| running shghtly fast. 1 claim that turning the adjusting screw
one turn counter-clockwise would increase the length of the

pendulum to L’ and this would increase the period to 77, so that
the clock would run slightly slower. This seems

21 Tt is worth noting that in the twentieth century the expression ‘princi- to be a claim

I: lc of relativity’ has had considerable currency, as in the title of the wcl'l— not about the model but about the real life clock in my living
| Emwn collection of fundamental papers by Einstein and ”th‘i’:s [}fms’;rl; | room. Morcover, it seems that this claim could be true of the real
. . . . IR, alle ' " . . ' . +
| et. al. 1923]. Einstein himself [1934] distinguished berwe.e? T 9 el * lite clock even if no one ever again touches the adjusting screw.
| ‘constructive’ theories and “principle’ theories. The special theory ot re * Th Lilitioc 1 - th | phvsical

§ ComHuenTe d f this | t Onec of 1ts principles i1s the ‘prin- ; CSC pOssiDllities, 1t sSeems, arcin the rea phnysicai system, and
4 ivity, he claimed, was ot this latter type. : * e

| :i;]t;}c};et;:;:;qtancy of light in vacuo’ [1934, p. 56]. I doubt, however, are not just features of our model.

; L

| ' > describes the

that Einstein’s intent corresponds to my own, given that -lu, {{Tu:lb{f
advantages of principle theorics over constructive as being Eglia Fier

{ o 1018’ - 118
fection and sccurity of the foundations’ {p. 54]. He seems to think ot | T T y . F B

S ho d eneral truths about the world, and, hke S¢ two positions are represented by van Fraassen } ] an

Reweon, don s on religious, th ical, inspiration sartwright [1983, 1989] respectively.
Newton, draws on religious, though not theological, insp: .
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)

inst such a realistic
‘ourse, many arguments against |
There are, of cou 4 1) claims. Here I will consider on-
interpretation of modal (causal) claims. idence for the
ly the empiricist argument that there cfan blbe1 no evi L.t elating
. | » ' N arl Y
' st evidence for the regu ke
modal claim that 1s not ju . , les
length and period for pendulums. The mferetimie to fi\(/ﬁ;SSlbIllt %
| : Oreover,
.. : - anted metaphysical leap. Moreo
it 1s claimed, 1s an unwarr wctaphi o otk
: srpretation 18 m
. | hat this empiricistinterp | _
will not try to arguc tha . | h View.
. rete > Opposing
less metaphysical than the :
en; only that it 1s no le: . - ' hanges in length
. imenting with various change:
[ claim that by experimen ol Je the
. : . . ectively samp
. : in period one can e ' _
and observing changes . the real sys-
b o ts may €xist in _
»s that the model sugges il
possibilities . lusion that these possibi
- ' s for the conclusio
tem. That provides a basi tound in the model.
. ound in tne
L ughly the structure .
ities are real and have ro A0 1 ve is the
The empiricist argument 1s that the most one gafn obsercwal .

. ) | ® . Or an :':1 .I v -
| lat tween length and perio -
actual relationship be . e Litions. So the is-

Ll : iehtly different imtial conai M M
ries of trials with slight! : | real possibilities 1n a
- , , imentation can reveat real posst ,
sue i1s whether experim L sals,
system or merely produce actual regulanties in a selri_cs 0{1 tI; S

rod a
\}}{;hichever interpretation one favors, one cannot ;: 9}:111:1 t; A e
latter interpretation is somehow less n*llet.aphylsuﬁ tk é:he ot
. . thin

. t metaphysical view. .

mer. It is just a differen . derstanding of the
ot ] | vides a far better under

realist interpretation provide . | demon-
practice of science, but that is not something one can
strate in a few lines, or even a whole paper.
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Brian Skyrms and Karel Lambert!

The Middle Ground: Resiliency and Laws in the
Web of Belief

1. Introduction

In the final section of “Two Dogmas of Empiricism” — entitled
“Empiricism without the Dogmas” Quine paints a striking pic-
ture of the pragmatics of beljcf:

The totality of our so-called knowledge or beliefs, from the most casual matters
of geography and history to the profoundest laws of atomic physics or even of
pure mathematics and logic, is a man-made fabric which impinges on experience
only along the edges. Or, 1o change the figure, total science is like 2 field of force,
whose boundary conditions are experience. A conflict with experience at the pe-
riphery occasions readjustments in the interior of the feld Truth values have to
be redistributed over some of our statements. Recvaluation of some statements
entails reevaluation of others, because of their logical interconnections - the log-
ical laws being in turn simply further statements of the systemn, certain further
clements of the field. Flaving reevaluated some statements we must reevaluate
some others, which may be statements logically connected with the first or may
be statements of logical connections themselves. But the total field is so under-
determined by 1ts bou ndary conditions, experience, that there is much latitude

of choice as to what statements to reevaluate in the light of any single contrary
experience.

But however attractive this picture may be, Quine does not of-
fer any methodology for modeling and mapping the networks
of belief and representing the place of laws within them.

We believe that the best framework for a precise realization
of thesc ideas is the theory of personal probability. The ques-
tion then arises how to map a network of degrees of belicf in a
way which reveals the weak and strong resistances to disconfir-

| Both authors are grateful for support from the University of California
President’s Research Fellowship in the Humanities.




