8o4 Cu. 6 MopeLs oF EXPLANATION

16. This line of criticism is also advanced in ). Alberto Coffa, “Hempel's Ambi-
guity,” Synthese 28 (1974): 141-63.

17. This criticism originated with Paul Hwnplireys. Sce his “Why Propensities
Cannat Be Probabilities,” Philosophical Review 94 (1985): 557-70.

18. Wesley C. Salmon, Seientific Explunation and the Causal Structure of the
World (Princeton, N.J.: Princeton University Press, 1984}, chs. 1 and 4.

7 |
Laws of Nature

INTRODUCTION

Laws play a central role in scientific reasoning. As we saw in chaplers 1
and 4, some philosophers of science think that using laws to explain things
is an essential part of what it means to be genuinely scientific, and support
for the view that scientific explanation must involve laws is widespread
{though nat unanimous). Many also believe that we are justified in trusting
scientific inferences because these predictions rest, in part, on well-
confirmed laws. Our expectations about the behavior of systems, instru-
ments, and malerials are reasonable to the extent that they are based on
a correct understanding of the laws that govern them. Undoubtedly, much
scientific activity is devoted lo discovering laws, and one of the most cher-
ished forms of scientific immortality is to join the ranks of Boyle, Newton,
and Maxwell by having a law (equation or functional relation) linked with
one’s name. But despite the crucial importance of laws in science, it is
difficult lo find a general account of what sort of things laws are that can
do justice to everything we take 1o be true of them.

In this chapler, two important and influential ways of understanding
laws—the regularity approach and the necessitarian approach—will be dis-
cussed and criticized.! In terms roughly hewn, the regularity approach says
that laws describe the way things actually behave, that they are nothing
more than a special kind of descriptive summary of what has happened
and what will happen. The necessitarian approach insists that laws are
more than just summaries, that they tell us not merely how things actually
behave, bul, more importantly, how they must behave. For the necessi-
tarians, both the universality and the necessity of laws are objective, real
features of the world (although necessilarians disagree among themselves
about the nature of that necessity).2

Modern adherents of the regularity approach trace their origins back
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to David Hume and his constant-conjunction analysis of causation. In
“What Is a Law of Nature?” A. ]. Ayer gives a sympathetic account of the
epistemological considerations that drove Hume to deny that causal ne-
cessity is objective and hence to espouse the simple version of the regu-
larity theory of laws. According to this simple version, a law of nature
is nothing more, abjectively, than a true universal generalization. Ayer
explains the severe problems that afflict the simple Humean theory, in-
cluding the problem of laws that lack instances and the problem of distin-
guishing between those generalizations that are genuine laws and those
that are true merely by accident. Ayer’s tentative solution to these problems
is 1o add epistemic conditions to the regularity analysis of lawlikeness.
Thus, according to Ayer’s epistemic regularity theory, a law is a true uni-
versal generalization about which we have certain beliefs and attitudles
and that plays a characteristic role in science.

In “Laws of Nature,” Fred Dretske deals what he considers a lethal
blow to Ayer’s epistemic regularity theory. In its place, Dretske advocates
a theory according to which laws are (express or describe) relations of
necessitation between universals. Thus, instead of regarding laws as gen-
cralizations about events, Dretske regards them as singular statements
about the properties events share. Drelske shows how his universals theory
of laws can solve several of the difficulties facing the regularity theory.

Like other recent advocates of the universals theory of laws, and unlike
earlier proponents of the necessitarian approach, Dretske insists that laws
of nature are contingent, not necessary. This creates difficulties for Dret-
ske’s theory, since it requires that the nomic necessitation relation between
universals hold contingently, not necessarily, and it is hard to see how
merely contingent relations could obtain among abstract entities such as
universals. One possible response to this problem is suggested by Saul
Kripke and Hilary Putnam, who use their new theory of reference to argue
that many laws of nature are not contingent but metaphysically necessary.
D. H. Mellor criticizes the Kripke-Putnam argument in “Necessities and
Universals in Natural Laws.” Mellor also attacks the universals theory on
the grounds that it cannot accommodate laws that have no instances. In
this way, Mellor attempts to cast the regularity theory in a more favorable
light by revealing the deficiencies of its rivals.

Despite their disagreement about whether Liws involve an element of
necessity, the regularity and necessitarian approaches share the conviction
that laws of nature describe important facts about reality. That realist as-
sumption about laws is challenged by Nancy Cartwright in the final piece
in this chapter. In “Do the Laws of Physics State the Facts?” Cartwright
argues that most of the laws physicists use to explain things are not even
approximately true. They are false and are known to be false. Nonetheless,
they provide excellent explanations. Cartwright argues that there is an
irreconcileable tension hetween the goal of accurate deseription and the
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goal of explanation. When lawlike statements are altered to make them
describe the way bodies actually behave, they lose their explanatory power.

[ | | Notes

1. An older approach to understanding laws of nature—instrumentalism—has
largely fallen into disfavor {though Ronald Gicre and Bas van Frassen have recently
made atlempls to revive if). Instrumentalists (such as Erst Mach, Karl Pearson,
Ludwig Witigenstein, and Stephen Toulmin) hold that laws are neither true nor
false; they are simply tools that scientisls use to summarize data and to make
inferences. Gilbert Ryle once described this view by characterizing laws as “infer-
ence tickets.” According to instrumenlalists, neither the necessity nor the univer-
salily of laws are objective fealures of the world: botl: are human inventions that
we impose on the world for the purposcs of representation and prediction. The
main problem with mstrumentalism is that, if laws are neither true nor false, then
it is difficult to make sense of their being lested, confirmed, and refuted. See
Ronald N. Giere, “The Skeplical Perspective: Science without Laws of Nature,”
in Laws of Nature: Cssays on the Philosophical, Scientific and Historical Diren-
stons, ed. Friedel Weinent, {New York: Waller de Gruyter, 1995), 120-38; Bas C.
van Fraassen, Laws and Symmetry (Oxford: Clarendon Press, 1989); and Alan
Musgrave, "Witigensteinian Instrumentalism,” Theoria 47 (1981): 65-105.

2. Regularity theonsls (of different types) include A. ]. Aver, R. B. Braithwaite,
Rudolf Camap, Richard Feynman, Carl Hempel, Ernest Nagel, Hans Reichen-
bach, Norman Swartz, and Peter Urbach, Necessitarians (of different types) in-
clude D. M. Armistrong, John Bigelow, Jolm Curroll, Fred Dretske, W. C. Kneale,
Chiristopher Swoyer, and Michael Tooley. See the Dibliography at the end of this
volume for references,
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7.1 | The Regularity Theory: Ayer and Hume

A. ]. Ayer defends a version of the regularity theory of laws in his article,
“What Is a Law of Nature?” As Ayer noles, the regularity theory has its
origins in David Hume’s analysis of causation.

HuMmE oN CausaTiON

In his Treatise of Human Nature (1739}, David Hume (1711-76) advo-
cated what is called the constant-conjunction (or regularity) theory of cau-
sation. According to Hume, the claim that one event, ¢ (of type A), caused
another event, b (of type B), means only that A-events are, as a matter of
empirical fact, always followed by B-events. (From now on, we shall refer
to events of type A simply as As and to events of type B as Bs.) Objectively
speaking, the causal relation between a and b is nothing more than the
constant conjunction of As and Bs. If As always have been and always will
be followed by Bs, then As cause Bs and, in particular, ¢ caused b. Hume
denied any objective necessity “out there in the world” between As and
Bs in virtue of which A-events produce B-events or make B-events occur.
Our conviction that effects do not merely happen to follow causes but in
some sense must necessarily occur given the appropriate cause results from
a purely subjective feeling in our minds when we experience an A {or
imagine an A) and expect a B to follow. Thus, on Hume's view, we regarcl
As as the cause of Bs when past experience has induced in us the expec-
tation that As will always be followed by Bs in the future.

Hume's constant-conjunction theory stands our commonsense view of
causation on its head. For, typically, we think that we frst discover the
fact that As causally necessitate Bs, and then, on the basis of that discovery,
understand why As have always been followed by Bs and predict that As
always will be followed by Bs. As Ayer explains, part of the case for Flume's
radical reversal of our usual thinking about causality rests on his skeptical,
empiricist analysis of the idea of necessily. If there is a necessary connec-
tiont between causes and their effects, then the necessity is either logical
or nonlogical. Hume denies that the connection can be logical. If it were
logical, then effects could be deduced from causes and we could know,
prior to experience, that one kind of event (the cause) must invariably be
associated with another kind of event (the effect). But no such deduction
and no such a priori knowledge of effects is possible. For any cause, it is
logically possible that its usual effect not follow it; moreover, our knowl-
edge of causal relations is derived solely from experience. Thus, Hune
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and Ayer argue that the kind of necessity involved in causation cannot be
logical.

Curiously, Ayer does not then consider Hume's case against the sec-
ond alternative, namely that some kind of nonlogical necessity links causes
with their effects, Hume’s argument here is epistemological.! He considers
the two sotirces most commonly claimed as the origin of our idea of causal
necessity—namely, perception and the will—and argues that neither gives
us any experience of necessity. When Hume examines his perceptual ex-
periences, he cannot find in them any element (what Hume calls “an
impression”) of necessity. For example, when one billiard ball collides
with another, what we literally see, according to Hume, is simply one
motion followed by another, not the first ball making the second ball
move. With regard 1o the willing of our actions, Hume denies that we
know, independently of experience, which acts of will must be followed
by which actions. Indeed, we are completely ignorant of the immediate
effects of willing {presumably it is some change in the brain that then
causes impulses 1o be transmitted by our nerves lo our muscles), and only
by experience do we learn which parts of our bodies we can control and
which we cannot. As the possibility of sudden paralysis demonstrates, there
is no logical or physical gnarantee that a particular act of willing will be
followed by a particular motion of one’s body.

Having failed to locate any impression of necessity in either our per-
ceptual experiences or in our ability to will actions, Hume concludes that
the source of our idea of nonlogical necessity must be purely subjective.
Ilence, Hume sees nonlogical necessity as an imaginative fiction, some-
thing originating from our patterns of inference and expectation, which
we then project onto nature and mistake for something objective.

So much by way of background in Hume’s theory of causation: let us
return to laws. The regularity theory of laws is often called the Humean
theary because it, too, denies that any sort of objective nonlogical necessity
connects the items appearing in a law. In its simplest form, the regularity
theory says that laws of nature are nothing more than true universal gen-
eralizations. If it is a law that all copper conducts electricity, then what
makes it a law is the fact that all picces of copper, past, present, and future,
conduct clectricity. If it is law that all metals expand when heated, then
it is a law because, as a matter of fact, that is how all imetals always behave.
According to the regularity theory, the objective content of laws is ex-
hausted by what actually happens in the world.

Tue ProsLEM oF Vacuous Laws

There are a number of serious problems with the simple version of the
regularity theory of laws. These problems are discussed by Ayer, and bricfly
by Dretske and Mellor, in the readings in this chapter. First, there is the
problem of avoiding what Ayer calls “vacuous laws.” Modern logicians
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regard the generalization “All As are Bs" as logically equivalent to [t is
false that there is an A that is not a B.” Thus, “All copper conducts el
tricity” is true if and only if it is not the case that there is a piece of copper
that is not a conductor. If we translate the same generalization using pred-
icate logic, then we get (x)(Cx D Ex). Literally, for any x, if x is copper
then x conducls clectricity. But just as before, this generalization is logi:
cally equivalent to the statement “it is not the case that there is a piece
of copper that is not a conductor.” In symbols we would write ~{3x)
{Cx & ~Lx): itis not the case that there exists any x, such that x is copper
and 1 is not a conductor. Now the important point to notice is that if, as
a matter of fact, there is no copper in the universe, then it automatically
becomes true that it is not the case that there is a piece of copper that is
nol a conduclor. But this last statement is logically equivalent to the gen-
eralization “All copper conducts clectricity.” According to the simple ver-
sion of the regularity theory, laws are true universal generalizations. Thus,
any generalization that is automatically true simply because there are no
instances of its anlecedent is a law. For example, according to the simple
version of the regularity theory, it is a law that all perpetual motion ma-
chines weigh ten tons, that all mermaids contain chlorophyll, and that all
particles traveling faster than light are red. Clearly, this is absurd. [ow
can the regularity theorist avoid the problem of vacuous laws?

The most obvious response is 1o add a further condition, an existential
condition, to the regularity amalysis: a true universal generalization is a
law provided there actually are objects satisfying the generalization. In
symbols, “All Cs are s” is a law if and only if (x)(Cx D Ex) & {3x){Cx).
This eliminates the counterexamples mentioned in the previous para-
graph, since there are no mermaids, perpetual motion machines, or par-
ticles traveling faster than light. Hence, on the amended regularity
analysis, no vacuously true generalizations will qualify as laws. ?

Tue PROBLEM oF NONINSTANTIAL LAws

Despite the advantage of modifying the regularity theory to avoid the prob-
lem of vacuous laws, Ayer and many other regularity theorists argue that
the existential condition is too strong, because it rules out some of the
most important laws in science, The classic example is Newton's first law
of motion, which states the principle of rectilinear inertia:

All bodies on which no net external force is acting cither remain at
rest or move at uniform velocity in a straight line.

Now it seems reasonable to assume that, since all bodies exert a gravita-
tional pull on all the other bodies in the universe, no badies are ever free
from net external forces. Nonetheless, scientists accept Newton'’s first law
not because it lacks instances but because it expresses an important truth
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about the world. Newton’s first law is thus an example of a nonvacuous
but noninstantial law. Fere are seme other examples of nonvacuous non-
instantial laws: if two perfectly elastic bodies were to collide, the fotal
kinetic energy of the system would be the same before and after the impact
{discussed by C. D. Broad in the article referred to by Ayer); in a perfectly
reversible process, the entropy remains constant; all lnmps of plutonium
weighing more than one million tons conduct electricity.

The natural inclination is to handle noninstantial laws in terms of
subjunctive or counterfactual conditionals, that is, in terms of how objects
of a certain kind would behave if there were such objects. But this ap-
proach does not seem to be open to the regularity theorist. For regularity
theorists take stalements of law to describe how actual objects behave, not
how possible objects would behave if, contrary to fact, they were to exist.

Broad’s proposal (reported by Ayer) for reconciling noninstantial Taws
with the regularity theory suggests that we distinguish ultimate laws of
nature from derivative laws. Thus, all ultimate laws are taken lo be in-
stantial, but laws derived from one or more such ullimate laws may not
be. Consider, for example, Newton's second law:

1Ifa net foree, I7, acts of a body of mass, m, then the hody experiences
an acceleration, ¢ = Fim.

We can derive Newton's first law from his second law on the supposition
that no net foree is acting on a body. IFor according to Newlon's second
law, if the net force on a body were zero, then the acceleration of the
body would also be zero. So Newton’s first law is a noninstantial, derivative
law because it can be derived from the instantial, ultimate second law.
Similarly, there are ultimate, instantial laws of impact and metion which
entail the nonvacuous, noninstantial law that, if two perfectly elastic bodies
were lo collide, kinetic energy would be conserved. But as Ayer notes,
even if we could always find ultimate laws that would reconcile nonin-
stantial laws with the regularity theory, that theory would still encounter
severe problems with what are sometimes called functional laws.

Tue MisSING-VALUES PROBLEM For FuncrTioNnaL Laws

[Munctional laws assert a functional relation between two or more variables
in the form of a mathematical equation. For example, Hooke's law,
I" = kx, says that the force, F, exerted by a spring is directly proportional
to x, the amount the spring is stretched. Similarly, Flubble's law V = HD,
says that the velocity, V, with which galaxies are moving away from each
other is directly proportional to D, their distance apart. The ideal gas law,
PV = nRT, asserls that the pressure times the volume of n moles of gas is
proportional to the absolule temperature of the gas. In all these functional
laws, the magnitude of the variables range over an infinite humber of
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values only a small finite number of which will ever be realized. For
exatple, no gas will actually be heated to all pessible temperatures, nor
will every spring be streiched to all possible lengths. Nonetheless, the ideal
gas law tells us what the pressure of the gas would be at a temperature of
I million degrees, and Hooke's law says what force a spring would exert
if it were stretched 1o a hundred times its normal length. Thus, the missing
values problem leads us inexorably to using subjunctive conditionals o
express the content of laws in counterfactual situations. Once again, the
prablem for the regularity theorist is making sense of these counterfactual
conditionals while still regarding laws as descriptions of what actually hap-
pens in the world.

Tne PROBLEM OF ACCIDENTAL GENERALIZATIONS

Closely related to the missing-values problem for functional laws is the
more general difficulty of distinguishing between genuine laws and so-
called accidental generalizations (what Ayer calls “generalizations of fact”
as contrasted with “generalizations of law”). Consider one of Fred Drel-
ske's examples. Suppose that, as a matter of brute fact, the only dogs that
have been or ever will be bom at sea are cocker spaniels, Thus, “all dogs
horn at sea are cocker spaniels” emerges as a true, universal generalization,
But, clearly, we would not on this basis predict that, if the dog on board
our ship were a dachshund, then she would give birth to cocker spaniel
puppies. Our expeclalions aboul this and other counterfactual situations
depend, not on accidental generalizations, but on genuinely lawful ones.
We rely on the biological law that purebred dogs produce dogs of the
same breed {at least, when mated with dogs of the same breed). Bul the
simple version of the regularity theory cannot distinguish between those
universal generalizations that are laws and those that are not. So the simple
version of the regularity theory is inadequale.

7.2 | Ayer’s Epistemic Regularity Theory

Because of the difficulty in distinguishing beiween laws and accidental
generalizations, most proponents of the regularity theory advocate a more
sophisticated version of the theory according to which laws are true, uni-
versal generalizations with some additional features. As Ayer puts it, “the
difference between our two types of generalization lies not so much on
the side of the facts which make them true or false, as in the attitude of
those who put them forward” {822). In his paper “Laws of Nature,” Dret-
ske summarizes the sophisticated version of the regularity theory with the
formula
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law = universal truth + X,
where the usual candidates for X include:

= our willingness to use the generalization in question lo make pre-
dictions, especially about counterfactual situations;

®= our acceptance of the generalization as well confirmed even though
we have examined only a relatively small, finite number of its
instances;

® the role that the generalization plays in a deductively organized
system of (scientific) statements; and

® our recognition that the generalization (unlike a mere generaliza-
tion of fact) explains its instances.

Because all of these candidates for X invalve our beliefs and epistemic
attitudes, this sophisticated version of the regularity theory is often called
the epistemic regularity theory. Ayer’s own proposal falls into this category.
In Ayer's own words:

Accordingly [ suggest that for someone to treat a statement of the form if
anything has & il has ¥’ as expressing a law of nature, it is sufhcient (i) that
subject 1o a willingness to explain away exceptions he believes that in a non-
trivial sense everything which in fact has @ has M {ii) that his belief that
something which has € has W is nol liable lo be weakened by the discovery
that the object in question alse has some other property X, provided () that
X does not logically entail not-¥r (h) that X is not a mmnifestation of not-"lf
(¢} that the discovery that somelliing had X would not in itsell seriously
weaken his belief that it had & (d) that he does not regard the statement ‘if
anything has b and not-X it has W' as a more exact stalement of the gener-
alization that he was inlending lo express. (B24)

DreTskE’s CRITICISM OF AYER'S THEORY

As Ayer himself acknowledges (in his concluding paragraph), his proposal
completely ignores the missing-values problem for functional laws. Even
more striking is Ayer's candid admission that his proposal cannot be con-
strued as an attempt 1o define what laws are. A definition of a concept
would give hoth necessary and sufficient conditions, but Ayer offers anly
sufficient conditions for lawlikeness. In other words, Aver tecognizes that
many things could turn out to be laws, even though they fail to satisfy his
conditions. As he says, “I do not claim that to say that some proposition
expresses a law of nature entails saying that someone has a certain attitude
towards it; for clearly it makes sense to say that there are laws of nature
which remain unknown” (824),
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Ayer's candid admission about the limitations of his epistemic regu-
larity analysis of laws—that is, its inability 1o countenance the existence of
unknown laws—is a powerful objection to the whole approach. Dretske
thinks the objection is decisive. As long as X includes factors that refer
essentially to human beliefs, altitudes, and practices, the epistemic regu-
larity approach entails that there are no unknown laws. As Dretske sees it,
the epistemic regularity approach has confused an epistemological issue
{why we believe something is a law of nature) with an ontological issue
{what sort of thing a law of nature is). A more promising approach, in
Dretske’s view, is to address the ontological issue directly. First we should
understand what laws of nature are and then (but only then) explain why
we adopt towards them the attitudes that we do.

7.3 | Dretske’s Universals Theory

Dreiske proposes a necessitarian analysis of laws. {Similar proposals have
been defended by D. M. Armstrong and Michael Tooley.} Dretske thinks
that the law that we would usually express by saying “All Fs are G” really
has the form

I-ness — G-ness,

where F-ness and G-ness are the properties of being F and G. The term
F-ness refers to a universal, the property a thing must have in order to be
F. Dretske suggests that we read the connective “—" as “yields” or “brings
with it.” {Tooley calls it “nomic necessitation,” and Armstrong usually calls
it “necessitation.”) The Dretske-Armstrong-Tooley approach is called the
universals theory because it regards laws of nature as being fundamentally
about relations between universals (properties). Statements of laws of na-
ture, on this view, are not universal generalizations about particulars but
singular statements about universals,

Notice here one prima facie advantage the universals theory might,
on a certain view of universals, be thought io have over the regularity
theory. Adherents of the regularity view had difficulty explaining why laws,
which are taken only to describe the way objects are, nevertheless support
their counterfactuals. On the universals theory laws can support contrary-
to-fact possibilities because universals are taken to be properties that can
be variously possessed, or not, by objects that do, or could, exist. Given a
law expressing (for example} the relation between electrical charge and
magnetic field, we might reasonably go on to speak of the magnetic prop-
erties of vertebrates if they were electrically charged; likewise, if laws do
indeed express relations among universals, we might reasonably state how
a bady would behave if, contrary to fact, no net force were acting on it.
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EXTENSIONS AND INTENSIONS

One of the keys lo understanding the universals theory of laws is to ap-
preciate the difference between the extension and the intension of a
predicate. A predicate is any term that, like an adjeclive, can be used to
describe a thing. For example, the words cat, elustic, and copper are all
predicates. The extension of a predicate is the set of objects {animals,
regions of space} to which the term correctly applies. For example, the
extension of caf is the set of all the objects that the term cat denotes,
namely all the cats in the world.

It is more difficult to explain what the intension of a term is, and
philosophers have differed in their accounts of it. The basic idea is that
the intension of a predicate is its meaning (or what Mill called its con-
notation). The intension of cat is whatever the term cat means—the prop-
erty of felinicity if you like or, perhaps, the concept of catiess. It is evident
that two terms can mean different things {i.e., have different intensions)
but apply to exactly the same set of objecls (i.c., have the same extension).
For example, all mammals (even whales and porpoises) have hair some-
where on their bodies, and mammals are the only animals that have hair,
So the terms mammal and hairy (in the sense of having at least some hair)
are coextensive, since they pick out the same group of objects. But clearly
the intensions of these terms are different. Even though all and only mam-
mals have hair, the term maemmal does not mean hairy.

Now, suppose that it is a law of nature, a biological law, that all
mammals have mammary glands. {It is biologically necessary for mam-
mals, which suckle their young, to have milk-secreting glands.) If it is a
universal truth that all mammals have mammary glands, then it must also
be a universal truth that all Ys have mammary glands, where Y is any term
that is coextensive with mammal. So, in particular, it is a universal truth
that all hairy animals have mammary glands. But, as Dretske points out,
from the fact that “All mammals have mammary glands” is a law and hair
is coextensive with mammal, it does not follow that it is a law that all hairy
animals have mammary glands. Laws, on Dretske’s account, are opaque
in a way that normal statements about universals may not be: statements
that we can deduce from laws by the substitution of terms will themselves
be laws only if the terms in question have the same intension. As Dretske

puls it, “laws imply universal truths, but universal truths do not imply
laws™ (830).

DRETSKE’S NECESSITARIAN VIEW

One of the subtleties of Dretske’s universals theory, which distinguishes it
from earlier necessitarian analyses of laws, is the contrast he draws between
treating laws as intensional relations between extensions and treating them
as extensional relations between intensions. Many necessitarians in the

Commenrary | 887

past have espoused the first position. That is, they have supposed that laws
are opaque because of the special, intensional, nature of the relation con-
necting the extensions of terms in stalements of laws. Thus, on this older
necessitarian view, the reason for the lawlike character of “all copper con-
ducts electricity” is the special strong relation of (nonlogical) necessitation
connecting things that are copper to things that conduct electricity. On
Dretske’s alternative view, there is no need for such a special strong rela-
tion of necessitation. The items linked by the law are not physical objects
or evenls but properties (universals, intensions). According to Drelske, a
law asserts that one property (an intension} is invariably associated with
another property (another intension). As long as one were to substitute
another term that picks out the same property in a lawlike statement, the
new statement thus generated would also be a law. When we construe
terms intensionally (as denoting properties), they will be coextensive when-
ever they denote the same property. Thus, on Dretske’s view, the relation
symbolized by “—" is extensional, while the things linked by the relation
(namely properties, universals) are inlensional.

We can summarize the difference between the two brands of neces-
sitarianism by contrasting how they would represent the law that all Is are
G. Earlier necessitarians would write, “(x}(Fx Cx)"—to be read as,
“anything that is I must (in some nonlogical, physical sense of must) be
G.” Drelske would write, “F-ness — G-ness”—to be read as, “the propersty
of being an F necessitates the property of being a G.”

There are several problems with Dretske’s universals theory of laws,
to which critics such as Bas van Fraassen and D. 1. Mellor have drawn
attention. Van Fraassen calls two of these problems the identification
problem and the inference problem. The identification problem is the
challenge—posed to defenders of the universals theory—of giving an ad-
equate account of the necessitation relation that allegedly holds between
those universals comprising a law. The second {and related} inference
problem concerns the inferential relation between laws and their in-
stances. The universals theorist insists that not only does the FG-law log-
ically imply that all Fs are G, but also that the FG-law explains the
“mustness” or necessity that we think holds between the particular things
that are instances of the law. Presumably, then, the FG-law implies either
that it is necessary that all F's are G or that if some particular thing is F
then it must also be G. As we shall see, it is difficult 1o make sense of
cither inference if, as the universals theory supposes, laws of nature are
themselves not necessary but contingent.

THE IDENTIFICATION PROBLEM

The identification problem is that of giving an account of the necessitation
relation that, according to theories such as Dretske’s, connects the uni-
versals that make up a law. Recall from our carlier discussion that empir-
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icists such as Hume deny that we can make sense of any notion of
objective necessity differing from logical necessity. As far as Hume was
concerned, nomic necessity is simply subjective, a feeling; there is no
objective, nonlogical necessity that connects objects, events, or universals.
What if Hume were right about this? Does this rule out the possibility that
laws involve a logically necessary connection between universals?

If the necessitation relation between the universals in a law were log-
ical, then all laws of nature would be logically necessary. In that case, if
“All Fs are G” is a law, it would be logically impossible for there to be
an F that was not a G. To many empiricist philosophers, this is a sufficient
reason to reject reading nomic necessity as logical necessity, since we
usually assume that laws of nature are contingent, not necessary, truths.
But a degree of caution is advisable here. As Mellor points out in his
“Necessities and Universals in Natural Laws,” some philosophers (notably
Kripke and Putnam) have argued that, although all the laws of empirical
scicnce are discovered through empirical research, nonetheless many of
those laws are not contingent but necessary. This issue is explored later in
this commentary, in the section “Mellor's Defense of the Regularity

Theory.”

Tur INFERENCE PROBLEM

The inference problem is that of explaining the “mustness,” or necessity,
that necessitarians believe lo hold between the particular things or events
that are instances of a law. For example, if necessitarians believe that it is
2 law that gold has an atomic number of 79 and that a patticular piece
of metal is gold, then they would infer that the piece of metal in question
must have an atomic number of 79. As Dretske acknowledges, one of the
main challenges for his universals theory of laws is to explain the “must-
ness” that appears in the conclusion of this kind of inference. On Dreiske’s
theory, we can write out the inference as follows:

F-ness — G-ness
ais F

a must be G.

Where does the must in the conclusion come from? Presumably, it derives
from some smust implicit in the first premise, which is Dretske’s way of
representing the law that all Fs are G. In ordinary English, we could state
the law using must in two different ways. We could say either “It must be
the case that, if anything is T, then it is G” or “Anything that is I must
be G.”

Clearly, the first way of stating the law will not help. From the prem-
ises “It must be the case that, if x is F, then x is G" and “a is F,” we
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cannot validly infer the conclusion that ¢ must be G. All that follows is
that, as matler of contingent fact, a is G2

So we have to read the law as Dretske intends it to be read, as saying
“Anything that is F must be G.” But as far as Dretske is concerned, this
s just another way of saying that the property of being F necessitates the
property of being G. In other words, according to Dretske’s theory, the
law thus stated is not a generalization about ohjects or evenls (which are
particulars); it is a singular stalement about properiies {which are univer-
sals). To repeat, on Dretske’s view, the law does not say “Each individual
thing that is F' must also be G.” Rather, it says that the propetly of
Feness necessitates, or brings with it, the property of G-ness. How, then,
given Dretske’s understanding of what the FG-law asserts, can we use it
to deduce the conclusion that a particular thing must be G? As Dretske
admits, the only inference that is uncontroversially vahd is the inference
from “F-ness — G-ness” to “All Fs are G.” Bul “All Fs are G” does not
validly imply that anything that is F' must also be G. (Were this inference
valid, the distinction between accidental generalizations and laws would
collapse.)

In response to this difficulty, Dretske offers an analogy with the offices
and branches of a government. There is a legal code in the United States
that lays down what powers pertain to the office of the president, the two
houses of Congress, and the Supreme Court, and how these branches of
government are related to one another. The code itself is contingent; the
Constitution of the United States could have been different. But given
that Constitution, it is now true of anyone who holds the office of president
that that person must consult Congress and receive its approval before
declaring war. The law is not about the particular people who hold the
various offices; the law is about the powers and duties of the offices them-
selves and the relations belween them. But because the law is what it is,
anyone who holds a particular office must behave in a certain way.

An analogy is not a proof, and Dretske does not claim to have proven
anything. Some critics (such as van Fraassen) have stressed the disanalo-
gies between a legal code and laws of nature. With a legal code, we un-
derstand the origin of the law’s prescriptive force, namely the commitment
of citizens to enforce it. But what is the origin of the analogously prescrip-
tive force of laws of nature? Given the mystery that seems lo surround the
notion of contingent relations between tmiversals, other advacates of the
universals theory have candidly admitted that necessitation is an inexpli-
cable basic concept that the theory is forced to postulate. The justification
for accepting the concept lies in the superiority claimed for the universals
theory as a whole in accounting for the essential leatures of laws.
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MELLor's CRITICISM OF DRETSKE:
CAN LawS B NONINSTANTIAL?

Recall the prima facie advantage discussed carlier that the universals the-
ory might be thaught to have over the regularity theory: that is, if univer-
sals can exist without heing instantiated, then noninstantial laws can be
accommadated easily by the universals ihicory but nat so casily by the
regularity theory. Mellor argues that this supposed advantage is illusory
because the universals involved in laws must, after all, have instances. He
reaches this conclusion by adopting the account of universals championed
by the British mathematician and philosopher Frank Plumpton Ramsey
(1903-30).

To appreciate the motivation for Ramsey’s proposal, consider the tra-
ditional view that there are particulars—individual objects such as this
apple and that apple—which exist in space and time—and universals—
properties such as redness and greenness—which are neither spatial nor
temporal. Somehow or ather, on the traditional view, lhese two very dif-
ferent kinds of entity—particular objects and wniversal propertics—com-
bine to form facts, such as the fact that this apple is red. Bul how can this
combination be possible given that particulars and universals are so utterly
dissimilar? Taking his cue from Wiltgenstein’s Tractatus, Ramsey proposed
that the world consists, not of particular things and universal i)mpcrl'ies,
but of facts.* According to Ramsey, universals and particulars should be
regarded, not as two fundamentally different sorts of thing cach having an
independent existence, but as mutually necessary parts of particular facts.
On this view {whicl is a version of nominalism), particulars and universals
;lllikc are aspects of facts. For example, the particular denoted by this apple
is what is common to all the particular facts about this apple, while the
universal denoted by red is what is comman Lo all the particular facts about
red things.

Mellor agrees with Ramsey that if we make the mistake of thinking
of wniversals and particulars as having some kind of independent real
existence, then we will be led into such “dotty conundrums” (861} as
worrying about how two such radically different kinds of thing can com-
bine to form a fact. On Ramsey's view, universals are just the part that is
common 1o all the facts of the relevant class. The relevant class of facts
for the FG-law must include facts such as Fa. Therefore, F-ness, the
universal in the FG-law, must have instances if the law is to be gen-
uine. Gennine laws, on such an account of universals, cannot be non-
instantial.
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7.4 | Mellor's Defense of the Regularity Theory

In “Necessities and Universals in Natural Laws,” Mellor defends the Iu-
mean regularity theory of laws. A key element of that theory is the insis-
tence that laws of nature are contingent, nol necessary, truths, and this
insistence is one of the main differences between the regularity theory and
traditional versions of the necessitarian theory. Until quite recently, it was
thought that, whatever the defects of the regularity theory as an adequate
account of laws, il was at least correct about the contingency of laws. And
as we have seen, the conviction that laws of nature are contingent has
proven to be a stumbling block for the newer, universals version of the
necessitarian theory.?

The main arguments for the conlingency of laws derive from Hume.
Take any scientific law of the form “All s are G.” Even though the law
is lrue, we can casily conceive that something could be I without that
thing also being G. Since whalever is conceivable is possible, the FG-law
could be false. Thus, it and all other similar laws are contingent. More-
over, laws of nature are discovered by empirical rescarch, and this scems
to be the only way we can find oul which lawlike generalizalions are true
and which false. If laws of nature were necessary, then we should be able
to discover them through a prior reasoning. But we cannot do this, There-
fore, the laws of nature are contingent.

It is now widely acknowledged that HMume’s arguments are unsound.
Conceivability is not an infallible guide to possibility.’ Morcover, as Saul
Kripke has demonstrated, the fact that a proposition is a posteriori does
not entail that i is conlingenl.® The classic example is the simple identity
claim that esperus is (that 1s, is identical wilh} Phosphorus. The discovery
that the two names Hesperus and Phosphorus refer to one and the same
physical object {somelimes seen around sunset, at other times seen around
sunrise} was empirical. No amount of a priori reasoning about the mean-
ings of the names Hesperus and Phosphorus could have revealed this truth
to us. Nonetheless, the fact that the object picked out by the name Hes-
perus (namely, the planet Venus) is identical with the object picked out
by the name Phosphorus {namely, the planet Venus) is a necessary truth,
since every object is necessarily identical with itself.

In understanding Kripke's view about the necessily of identily claims,
it is important 1o appreciate the distinction between melaphysical necessity
and logical necessity. As with logical necessity, it is impossible for a meta-
physically necessary proposition to be false (that is, there is no possible
world in which such a proposition is false). But unlike a logically necessary
proposition, its necessary truth is not guaranteed solely by logic and deh-
nitions. The proposition that Hesperus is identical with Phosphorus is
metaphysically necessary, but not logically necessary.

Kripke's case for the necessity of identily claims rests on his theory of
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reference, specifically his theory of rigid designation, Obviously, if it were
possible for the names Mesperus and Phosphorus to refer 1o different plan-
ets, then the assertion that Hesperus is identical with Phosphorus woull
nol be necessary, By saying that the names Hesperus and Phosphorus are
rigid designators, Kripke is denying that this is possible. There i nol time
here to consider Kripke's ingenious (and, o many minds, convincing)
atguments for his thesis that simple names such as Hesperus and Phos.
phorus are rigid designators.” Suffice it 1o say that part of the plausibility
of his thesis rests on the fact tha names such as Hesperus and Phosphorus
are indeed simple names with no connolative meaning. So it is tempting
to think that their reference, the things they refer 1o by virtue of some
initial baptism, completely exhausts whalever meaning they have,

Of immediate concem to us is whether something like Kripke's view
can be extended to laws of nature. The problem is that only a few scientific
laws make identity claims, and when they do, these claims concern classes
of objects and properties, rather than single objects designated by simple
names. Saul Kripke and Hilary Putnam have argued that, as with the
identity of Hesperus and Phosphorus, a significant class of laws of nature
are metaphysically necessary, namely, those laws attributing essential prop-
erties to natural kinds. It is these arguments that Mellor tries to refute on
behalf of the regularity theory.

KriPke AnD PurNan on NaTuraL Kinps anp LssENcES

Natural kinds have traditionally been thought lo include such things as
chemical elements and compounds like arsenic and hydrochloric acid,
and biological species like tigers and chn trees. The basic idea is that each
menber of such classes shares 4 common nature in virtue of which it
belongs 10 that relevant kind. The intended coutrast is with artificial kinds
or groups, such as all animals weighing over fifiy pounds or all compounds
whose chemical name in English begins with the Icticr A, where there is
nothing ¢lse that the items in these groups need have in common. Essen-
tial properties are those properties of a thing that it cannot exist withou
—or, perhaps, properiies that 2 thing of some kind cannot lack while
remaining of that kind. If the essentia] propertics of tigers are P, P,, and
P;, then nothing that lacks onc or more of these propertics can belong to
the natural kind tiger. Thus, the doctrine of natural kinds and the nation
of essential propertics go hand in hand: natural kinds are classes of things
sharing a common nature or core set of essential propertics.

Kripke and Putnam usually take the essential propetties of things to
be their microstructural properties. They say, for example, that being H,0
is an essential property of water; having atomic number 79 is an essential
property of gold; having a particular set of genes is essential for meinber-
ship in a biological species. Consider the example of gold. Undoubtedly,
modern scientists belicve that having atomic number 79 is 4 fundamental
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property of gold. According to Kripke and Putnam, gold is, by its very
hature, something that has 79 protons in ils nucleus and 79 orbiting elec-
trons. It is possible that some picces of gold may not be hard, shiny, or
yellow, but it is impossible that any piece of gold—any piece of that very
element—could fail to have atomic number 79, So according to Kripke
and Putnam, the law that gold has an atomic number of 79 is a necessary
truth: given the essential nature of gold, it could not be otherwise s Of
course, the discovery of the law is empirical, but it does not follow from
this that the law is contingent; statements can be necessary and yet 4
posteriori. Consider our earlier example that Hesperus is identical witl;
Phosphorus. Given what Hesperus and Phosphorus designate (namely, the
planet Venus), the identity could not fail to hold, since one thing could
not be two distinct things; nonetheless, it was an empirical discovery that
Hesperus and Phosphorus name one and the same planet.

Mellor rejects the Kripke-Putnam doctrine of natural kinds and es-
sences, charging that their arguments are both unsound and question beg-
ging. Since Kripke and Putnam give different arguments and hold s| ightly
different versions of the essentialist theory, we will focus exclusively on
Putnam'’s account in what follows,

Putnam’s task is to explain why the extension of natural-kind terms
such as water, gold and tiger must include all and only those things that
have the same essential properties. Let us focus on the term water. The
traditional theory of meaning, stemming from John Locke (1632-1704)
and developed by Goitloh Frege (1848-1925), maintains that extensions
are defermined Dy intensions: the intension lor meaning) of water is a list
of properties that define what we mean by water. Since people were talking
meaningfully about water long before the advent of modern atomic theory,
the intension of water does not include “being H,O.” Presumably, water
means something like “the colorless, odorless liquid that fills lakes and
rivers, falls from the sky, and is the most common solvent.” According to
this traditional theory of meaning, the term water need not refer to the
same substance, with the same microstructural properties, in all possible
worlds. The most common solvent that is odorless and colorless and flls
the lakes and rivers of a possible world might be something other than
waler—say, XYZ. So Putnam has to give us a new theory of reference in
which natural kind terms, such as water, gold, and figer, do not have their
extensions fixed by their intensions,

PurNam’s NEw THEORY oF REFERENGE

Putnam’s new theory of reference comes in two parts. First, he contends
that a natural kind term gets its reference fixed in the actual world by
means of archetypal specimens and not by mere description or intension.
In this picture, we fix the reference of water in our world by pointing to
samples of that particular liquid and (for all practical purposes) saying
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“water is this kind of stuff, the stuff in our lakes and streams, the stuff that
falls from the sky when it rains.” The key here is that we fix the reference
by cmploying the relation of same stuff or same kind—a deep relation
among all those things sharing, not merely superficial characteristics, but
important microstruciural features, (In the present case, these important
properties are taken to be the molecular properties of the compound ,0).
We thus collectively refer to all and only liquids standing in that same-
kind relation to our particular sample.

Second, Putnam claims that we can then extend the reference of
water to other passible worlds by saying (for all practical purposes) “Some-
thing is water, in any possible world, if and only if it is the same kind of
stuff as this sample here.” On such a view, then, nothing—in any world
—can be water unless it stands in the same-kind relation to this liquid
here in our glass or pitcher. That is lo say, water refers to a single kind of
stuff in every possible world: necessarily, whatever is waler is H,O. In this
way, it emerges us a necessarily true law of nature that if x is water, then
x comtains hydrogen and oxygen.

MELLOR’S CRITICISMS OF Putrnanm’s THEORY OF REFERENCE

Mellor rejects both parts of Putnam’s account. IFirst, he denies that terms
like water and gold gel their reference fixed in this world by means of
archetypes (rather than, say, by means of deseriptions). One group of cases
that Mellor thinks refules Putnam's view are those in which there are no
archetypes to point at when the term is first introduced. In an carlier paper
(entitled “Natural Kinds™), he writes:

Consider clements high in the periodic table, that do not occur in nature
and have never been made. We have names for them, but there may never
be archetypes to constrain our use of the names. Even if specimens eventually
appeatr, the discovery, creation or synthesis of previously unknown Rindamen-
tal particles, elements and compounds can surely be predicted. The term
‘neutring’ applied to just the same particles when it was used 1o predict their
existence as it has applied to since their discovery. Ostensive reference (say
to-a bubble chamber pholograph) could not have fixed i extension then;
why suppose exaclly the same extension is fixed that way now??

Second, Mellor thinks that Putnany’s analysis of the same-kind relation
across possible worlds begs the question. The issue, remember, is whether
the term water must refer to exactly the same kind of stuff, wiil exactly
the same essential nature, in all possible worlds. Putnam’s procedure relies
on “important” physical properties. But there is nothing in Putnam’s pro-
cedure per se that guarantees that these important propertics will be ex-
actly the same in every possible world. Suppose, for example, that all
samples of water share ten important properties but that water could lack
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any one of them."* Now imagine two possible worlds, PW1 and PW2. A
liquid in PW1 shares nine of these important properties with water in the
actual world. Let the property missing in PW1 be P,. A liquid in PW2
also shares nine of these properties with water in the actual world, but in
this case the missing property is P.. When compared with water in the
actual world, the liquid in PWI and the liquid in PW2 both qualify as
water. But the two liquids would not seem 1o be essentially the same,
since they differ in two important properties. So Putnain’s procedure for
fixing the reference of water in other possible worlds does not entail es.
sentialism; it does not guarantee that all the things referred to by the term
water must have exactly the same essential properties in all possible worlds.

Putnam would reject Mellor's criticism because Putnam assumes that
the same-kind relation across possible worlds is an equivalence relation
and all equivalence relations are transitive. If the same-kind relation is
transitive, then if the liquid in PW1 is the same kind of stuff as water in
the actual world and if water in the actual world is the same kind of stuff
as the liquid in PW2, then the liquid in PW1 has to be the same kind of
stulf as the liquid in PWZ. Thus, Patnam’s assumption that the same-kind
relation is an equivalence relation entails that all things that belong 1o the
same kind have to share exactly the same set of important properties.

Mellor complains that this move of Putnam'’s begs the question be-
cause it illicitly takes for granted the very point at issue, namely, whether
water has a fxed essence. In Mellor's words, “for Putnam to claim the
same-kind relation to be transitive, which he does in taking it to be an
equivalence relation, is for him gratuitously to assume the essentialist con-
clusion he is out to prove” (857),

Mellor's eriticism scems 1o be correct. Putnam’s new theory of refer-
ence does not, by itself, guarantee the truth of essentialism. Essentialisim
requires that the same-kind relation be an cquivalence relation and hence
transitive across possible worlds. Putnam’s theory of reference does not, by
itself, entail that the same-kind relation is transitive hecause, according lo
that theory, things in other possible worlds count as water by comparing
them with archetypes in the actual world, not by comparing them with
each other. Insisting that the same-kind relation be an equivalence relation
entails that all possible things that are water must have the same funda-
mental properties as archetypes in the actual world. But that is simply to
insist on the truth of essentialism, not to give an independent argument
for it. Mellor’s second criticism does not prove that Putnam’s theory is
false, but it does leave Putnam the task of responding 1o Mellor's first
criticism (that archetypes do not seem necessary for fixing the reference
of natural kind terms). And even if Putnam were to succeed in rebulling
Mellor here, we would still be a long way from the conclusion that all
laws of nature are necessary truths, for Putnam’s theory applies only to
natural kinds {such as molecules, animals, and plants), and it is nol ob-
vious that all laws of nature are about such kinds. {For example, consider
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the laws of thermodynamics and the laws of motion. None of these laws
is about any specific class or category of objects having a common nature.
They apply to all objects and systems regardless of their nature.)

7.5 | Cartwright's Antirealism about Fundamental Laws

It is noteworthy that at the end of his article, “Laws of Nature,” Dretske
limits himself to a conditional claim. He does not purport to have shown
that there actually are universals and contingent relations of nomic ne-
cessitation between them. Rather, he asserts, if there are any laws of nature,
then the universals account of them is correct. This raises the question
that Cartwright addresses in “Do the Laws of Physics State the Facts?”
Namely, are there laws of nature? Undoubtedly there are many generali-
zations in science, and many of these are called laws. But can any of these
so-called laws play the role traditionally assigned 1o them, especially that
of explanation, while at the same time being true? Do our explanatory
laws truly describe how bodies actually behave? Cartwright thinks not.
Cartwright defends the following disjunction: either laws are false but
can be used to explain things, or laws are true but are useless for expla-
nation. There is, in her words, “a trade-off between factual content and
explanatory power” (875). Thus, Cartwright admits that some laws—those
referred to as phenomenological—can be fairly accurate descriptions of
how bodies actually behave. But these phenomenological laws achieve
their descriptive accuracy at the price of being highly qualified and thus
highly restricted in their scope. It is the unqualified, fundamental laws of
wide explanatory scope that are the target of Cartwright's antirealism. (For
an extended discussion of antirealism, see chapter 9 of this volume.)
Much of Cartwright's case against fundamental laws rests on her il-
lustration involving the laws of gravitational attraction and clectrostatic
attraction (and repulsion). If the gravitational law were true, then it would
describe how bodies behave. In particular the law would predict the real,
actual forces that act on gravitating bodies. But nearly all gravitating bodies
are also electrically charged, and the smaller the body, the greater the sole
that charge plays in determining its behavior. Thus, taken at face value,
the gravitational law seems false; it does not state correctly the actual net
force acting on all gravitating bodies because the actual net force experi-
enced by most bodies depends jointly on their mass and electrical charge.
One way of trying to relain the gravitational law as a true description
of how bodies actually behave would be to limit its scope to just those
bodies on which only gravitation is acting—to bodies that are not charged
for affected in any way by nongravitational forces). But that would dras-
tically limit the number of bodies that the law describes and would render
the law virtually useless for most explanatory purposes. Thus, Cartwright
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concludes either the laws we use for explanation are false, or the laws are
true bul virtually useless for explanation: we cannot be realists about ex-
planatory, fundamental jaws.

A RESPONSE TO CARTWRIGHT'S ANTIREALIST ARGUMENT

One way of responding to Cartwright's argument for antirealism about
fundamental Taws is to distinguish between the actual net force acting on
a body and the component force due to gravily. Indeed, this is how most
of us are laught physics and mechanics. First we use individual laws 1o
calculate the component forces acting on a body due to gravitation, clec-
tricity, tension in a spring, and so on. Then we use vector addition (the
parallelogram law) to sum these forces and derive the net force acting on
the body. If the nel force is not zero, then the body will accelerate in
accordance with Newton's second law of motion,

Cartwright denies that this response is an adequate defense of realism
about fundamental laws. Her main objection is that only the net force,
the actual force that determines the acceleration of a body, is real. Nature
does not add component forces. Indeed, component forces are fictitious;
they are not real forces at all. Why not? Because if they were real, then
they would act in addition 1o the net force and thus give the wrong pre-
diction about the body’s motion.

Cartwright's double-counting objection to the reality of component
forces seems to depend on the assumption that real forces produce actual
accelerations and are measured by those accelerations. Thus, Carhwright
would say that if o body were pulled in opposite directions by equal com-
ponent forces and thus remained at rest, then there is no real force acting
at all. i this is indeed her view, then it secms mistaken. After all, a ball
on which equal and opposite forces are acting is in a different state {a
state of tension) from a ball that is free from external forces. Component
forces can have real effects, even if they do not produce a net accelera-
tion."

One merit of Cartwright's paper is that it makes clear the ptice one
must pay to be a realist about many laws in physics. lndividual laws de-
scribe component forces, but component forces do not determine how
hodies move (only net forces do that}. So individual laws do not describe
how bodies actually move. At best they describe, not actual behavior, but
tendencics to behave, They specify capacities or dispositions of bodies by
telling us how they would move if they were free from all other forces.
And this, clearly, is a far cry from the traditional empiricist view of Flume
and his followers, who would limit laws to describing what actually hap-
pens in the world. Taking laws seriously and realistically scems to require
an ontology of powers and dispositions that is inconsistent with the regu-
larity theory of laws.!?
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7.6 | Summary

Most philosophers atlempting to explain what laws are adopt one of two
approaches: the regulanity approach or the necessitarian approach. Inspired
by Hume’s analysis of causation, regularity theorists (such as Ayer) insist
that laws are simply descriptions or summaries of what actually happens
in the world. In its simplest form, the regularity theory insists that the law
that all Fs are G says nothing more about the world than doces the gen-
eralization that, as a matter of fact, all Fs are G. This simple version of
the regularity theory has a number of problems, such as the problem of
accounting for those scientific laws that, like Newton's first law, have no
instances. But the severest objection to the simple version of the regularity
theory is that it cannot distinguish between genuine laws and accidental
generalizations. In response to this difficulty, many regularity theorists im-
pose further conditions on a true generalization before it can qualify as a
law. Because these etra conditions refer to the belicfs and attitudes of
scientists towards the generalization in question, this more sophisticaled
version of the regularity theory is ofien called the epistemic regularity
theory. Ayer advocates one version of the epistemic regularity theory. But
as Ayer acknowledges, the cpistemic regularity theory makes laws inher-
ently subjective by taking the lawlike status of a generalization to depend
on whether scientists lreat it as a law, Obviously, scientists cannol treat a
generalization as a law if they have nol yel discovered it. So the epistemic
regularity theory entails that there are no unknown laws. This conclusion,
that there are no unknown laws, is so counterintuitive that Dretske offers
it as a sufficient reason for abandoning the enlire regulasily approach.
Dreiske advocates a version of the necessitarian approach. Unlike
older versions of this approach {which regarded laws as asserling a special
relation of necessity between objects or events), Dretske’s theory regards
laws as relations belween properties. Since properties are universals, Drel-
ske's proposal is called the universals theory. One group of problems with
the universals theory centers around the special relation that is supposed
1o hold between the universals thal make up a law. Usually we think of
the relations between universals as being logical relations. But if the ne-
cessitation relation were logical, then laws of nature would be necessary
truths. Dretske himself rejects this, insisting that laws of nature are con-
tingent. Against this view of the contingency of laws, some philosophers,
notably Kripke and Putnam, have defended the claim that s wide class of
natural laws, namely those that attribute essential properties lo natural
kinds, ate metaphysically necessary. The case for the Kripke-Putnam doc-
trine rests largely on a new theory about how terms that refer lo natural
kinds get their meaning. Mellor, a regularity theorist, criticizes Putnam’s
new theory of reference on the grounds that, as a defense of essentialism,
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it is question begging. If Mellor is right, then Putnam has not given a
compelling reason for regarding many laws of nature as metaphysically
necessary. But this still leaves necessitarians such as Dretske with the task
of explaining how the special nonlogical relation characteristic of laws can
hold contingently between universals. This difficully—the problem of
identification~is closely related to a second difficulty—the problem of
inference. The problem of inference is the problem of explaining how
according to the necessitarian, we can validly infer that a particular thin ,
that is I must also be G (a conclusion about a pasticular object) from thg
law that F-ness necessitales G-ness (a premise about universals). Dretske
offers an analogy between laws of nature and legal codes (such as the
Constitution of the Uniled States) that define the powers and relations
between the branches of government. The laws are about offices and in-
stitutions, but they imply that the people who hold those offices or serve
in ll?osc institutions must do certain things. Dretske admits that the anal-
ogy is imperfect and confesses that the necessitation relation is not casy to
'undersland or explain. Nevertheless, he thinks that the regularity theory
is so flawed that the universals theory must be on the right track, despite
its difficulties. o
One major difference between the regulatity theory and older versions
of the necessitarian theory is that the necessitarian thinks that the regularity
theory is too weak. The regularity theorist regards laws merely as true
descriplions of how objects actually behave. 'The necessitarian insists that
laws do mare than this: they not only describe how the world is, they also
assert how the world must be. But both theorists agree that a genémlizution
must be true in order for il o be a law. Nancy Cartwright challenges this
us§nmpti0n. Cartwright argues that many of the laws we use to explain
things are, in fact, false because they do not describe what actually hap-
pens in the world. Laws about clectrostatic, magnetic, and gravitational
forces, for example, do not as a rule describe how badies actually move
Rather, they specify how bodies would move were certain ideal conditions.
realized. Bul such conditions, as a matter of fact, hardly ever obtain. Al-
though Carlwright’s argument involves some controversial claims al;otlt
the nonreality of component forces, one of her conclusions seems quite
plausible, namely, that many laws specify the tendencies and dispositions
of bodies rather than their actual behavior. Thus, neither the regularity
approach nor the older necessitarian view can be deemed adequate, since
both approaches entail that laws describe how bodies do or must I)::Imvt:.
Universals theories such as Dretske’s are nol inconsistent with Cartwright's
position but much more needs to be said by their supporters about the
nature of the two ingredients in a law—the universals (properties) and the
(contingent) relation of necessitation that holds hetween them—and about
the relation hetween laws and the bebavior of particular objecls.
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[ ] | Notes

1. See David Hume, “Of the Iden of Necessary Connection,” Section 7 of An
Enquiry Concerning Human Understanding (1748)

2. It is impottant not to be misled by language here. Rather than saying (i) “It
must be the case that, if Jones was elected, then he received the mosl voles,” we
might say, more idiamalically, (ii} “If Jones was elected, then he must have re-
ceived the most voles.” But if we add to (ii) that (i) “Jones was indeed elected,”
we cannot conclude from this that “Jones mast have—that is, necessarily—received
the most voles.” Since, in this exanple, (i) is merely an equivalent way of saying
(1), all that validly follows from (i) and (iii) is that, as a matter of contingent fact,
Jones received the most votes. So, too, in Dretske’s example, All that follows from
"It must be the case that, if x is F, then x is G” and “a is I'” is that, as a maller
of contingenl fact, ¢ is G, nat that ¢ must be G,

3. See the opening propositions of Ludwig Wiltgenslein, Tractatus Logico-
Philosophicus, trans. D. F. Pears and B, T, McGuinness (London: Roulledge and
Kegan Paul, 1961), p. 7.

1. For a lively attack by a fellow necessitarian on the contention (by Dretske,
Armstrong, and others) that nomic necessitation between the universals of a law
of nature is always contingenl, see Martin Tweedale, “Universals and Laws of
Nature,” Plifosophical Topics 13 (1982): 25-44.

5. Part of the difficully with Hume’s conceivability test is ils vagueness. For it is
one thing to conceive that something is water without also conceiving that it
contiins oxygen. Anvone who is ignorant of chemistry could do this. But can [
conceive that something is water and that it does not contain oxygen? The problem
is the unclarity surrounding the notion that | could properly be said to be con-
ceiving of water—real, actual water—when [ imagine a liquid that looks like water
but does not contain oxygen.

6. See Saul A Kripke, Naming and Necessity (Cambridge, Mass.: Harvard Uni-
versity Press, 1972).

7. For a good introduction see Kripke, Numing and Necessity, and Stephen P.
Schwartz, ed., Naming, Necessity, and Natural Kinds (Ithaca, N.Y.: Coruell Uni-
versity Press, 1977}

8. A word of caution: Kripke and Putnam recognize that our best scientific the-
aries might be mistaken. So, strictly speaking, their claim is conditional: if modern
science is right about the nature of gold, then the Jaw that gold has an atomic
number of 79 is a necessary truth,

9. D. 1. Mellor, “Natural Kinds,” British Jounal for the Philosophy of Science 28
(19771 306.

10. The example and argument are from Mellor's “Natural Kinds.” If Mellor's
example seems implausible, consider biological species. Surely, not all tigers have
exactly the same set of genes; but, presumably, tigers share a sufficiently large
number of genes {or very similar genes) to be members of the same species. Sim-
ilarly, we know that the stuff we usually call water is in fact 2 mixture of three
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compounds—hydrogen oxide, deulerium oxide, and tritium oxide—and althayg|
hydrogen oxide is by far the most common of the three in the actual world i;g-]
logically possible that the ratio might vary. Moreover, it is at least imaginable th li
advances in clementary particle physics might reveal that not even all mo]eeu|a
of hydrogen oxide have exactly the smne internal structure. =

I1. For mare on Cartwright's double-counting objection 1o the reality of cap,.
ponent forces, see Lewis Creary, “Causal Explanation and the Reality of Nutyry)
Component Forces,” Pacific Philosophical Quarterly 62 {1981): 148-57: A, Davig
Kline and Carl A. Matheson, “How the Laws of Physies Don’t Even Fib,” in PSA
1986, ed. A. Fine and P. Machamer (East Lansing, Mich.: Philosophy of Science
Association, 1986), I: 33—-41. Carlwright replies to Creary in Nancy Cartwright
How the Laws of Physics Lie (Oxford; Clarendon Press, 1983), 62-67. '

12. Cartwright develops such a view, whicl she traces back to John Stuart Mill,
m Nancy Cartwright, Nature's Capacities and Their Measurement (Oxford: Clar-
endon Press, 1989). There has been a debate about whelther Cartwright’s realism
about capacities (which includes such things as dispositians, powers, and tenden-
cies) is conststent with her antirealism about fundamental laws (which she contin-
ues to maintain). See Alan Chalmers, “So the Laws of Physies Needn't Lie,”
Australasian Journal of Philosophy 71 (1993): 196-205; Steve Clarke, “The Lies
Remain the Same: A Reply to Chalmers,” Australasian Joumal of Philosophy 73
119951 152=55; and Alan Chalmers, “Cartwright on Fundamental Laws: A Re-
spanse to Clarke,” Australasian Journal of Phitosophy 74 (199G): 150-52,



