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One usual question commonly debated by philoso@retphysicists alike is

Realism: Are the well-confirmed laws of physics likely to tree?

As an empiricist my answer to this question is Yie8ause | take empirical confirmation
to be our best guide to what is likely to be ttu€his question should be clearly
distinguished from a very different question trathe topic of this chapter, a question

concerning an issue that often goes under the tditeetausal closure of physics’

Closure: Are there (in God’s great Book of Nature) lawspbiysics that dictate
everything that happens in the natural world? Gyremarrowly, everything that

happens in the physical world?

This is a question not about whether the laws gkps are true but rather about how far
they stretch — what are the limits on their domi®id maintain that we do not have
sufficient empirical evidence for a confident yaswer to this question — and as an

empiricist, empirical evidence is what | demanghall argue that this follows from an

1| do however hold much stronger strictures abawt far up the ladder of abstraction empirical watra
can flow; hence | may take less than usual to begirgally well-confirmed.



even stronger claim. We do not have sufficient eiogli evidence for a yes answer to the

guestion

Sf closure: Are there (in God’'s great Book of Nature) laws dfygics that
dictate everything that happens that can be readpteken to be in the domain

of physics itself?

I shall call this the question abotite self closure of physics — is physics closed with

respect to its own effects?

When | was at Stanford University | was in love lwguantum physics and — being a
committed empiricist — particularly with the star empirical successes that speak for
its credibility, especially lasers and supercondigstwhich | made a special area of my
study. | was especially impressed simultaneouslitdoy crucial quantum considerations
are for understanding these devices but also by hithw they can do for us by
themselves. They need to be combined with huge ataai classical physics, practical
information, knowledge of materials and finally erdingly careful and clever
engineering before accurate predictions can beatggeand none of this is described —
or looks as if it is even in principle describablén the language of quantum physics. It

was these studies that led to my hesitations abewself closure of physics. What | have

2 30 | do not think we are in a position to buy vef@artedly the central premises of the argumeats th
generate many of the problems about the role dhkpooperties in the determination of events cgrein
the role of human action that seem to be at thet bé&harles Townes’s worries.

3 Clearly one really needs to ask much more cagefiibout specific branches of physics at specifies.
But | shall speak far more loosely since | am riging specific arguments here but rather sketclirige

of approach from which detailed arguments may lbedfin.



come to conclude is that we have strong empiricalemce for a far weaker claim and
that there is not strong empirical evidence for ddded assumptions that it takes to go

beyond the weaker claim to accept the self closfinghysics. Crudely put, the weaker

claim is this:

Narrow self closure: Physics works well when it can say where it i9éoput to

work.

| use the word ‘say’ here and | intend a kind ofi e it. | mean the thesis under both of

two different interpretations:

Say = dictate
» Physics works well when it can dictate where tbi®e put to work.

Say = describe

* Physics works well when it can describe the coadgiunder which it is

put to work.

As | remarked, | came to these conclusions by stgditow physics is used to make
accurate and precise predictions about the behaviolllasers and superconductors,
which | take to constitute some of the best evidefor the truth of the physics claims
used in those predictions. But talking about lasamd superconductors here is like
carrying coals to New Castle. So | propose anradtere approach. Since | have been at

LSE | have been studying the social sciences. lmaplat some of the ways social



scientists have compared their disciplines withgats/can provide a good way to see and

to articulate my concerns. In particular | shatikat the following:

Giambattista Vico

Tyrgve Haavelmo

Max Weber

Karl Popper

Otto Neurath

Conventional social science concerns about exteaiality

John Stuart Mill

Giambattista Vico (1668 — 1744Great Italian social theorist.)

Vico argued that social science should be the em&y We build social institutions
ourselves so they should be intelligible to uss hatural science that we should expect to
be difficult. 1 shall argue that in a sense physa#ws Vico’s suggestion: It becomes
less difficult because it treats primarily what weake, or, less contentiously, what we
can make plus naturally occurring situations tlesemble ones we make in an important

way | shall explain.

Tyrgve Haavelmo (1911 — 1999. Norwegian economist who won a Noliglepfor his

work in founding econometrics.)

* Vico (1730/1743) [1976]
® Cf. Morgan (1990).



Haavelmo in conversation about physics versusdbmlssciences remarked that physics
has it easy. No-one asks physics to predict theseoof an avalanche. But economists are

expected to predict the course of the economy.

Where then does physics work best? My answer istltieadetailed precise predictions
that can give us confidence in the truth of physlasms come for the most part in highly
engineered, highly controlled situations, insidtzoratory or inside the wrappings of a
technological device, whether it be a laser or @hinary flashlight battery. There are of
course notable exceptions; the planetary systepnoisably the most striking. But here

we have two pieces of extraordinary good luck @hpps good planning on God’s part).

First, there is the inverse square law. It is reabte to suppose that every tiny bit of
matter must obey the law of gravitational attractiowhatever that law is. As we know
the inverse square law has a wonderful featureeitstkie (rough) spherical symmetry of
the planets, the attraction between their centfesass will obey the inverse square law
if the attraction between all of their parts do€kis ensures the kind of regularity we
record in Kepler's laws. There might otherwise hdeen no systematic or lawlike
behaviour among these huge massive objects. Setlomplanetary system has few
perturbations. Little affects the motions of thargts and the sun other than their mutual
gravitational attraction. They have, as"1and 18 century Deists urged, a natural
structure, like a clock, and are naturally shieldéthout need for the kind of thick casing

that our flashlight batteries have. This last wilhtter importantly to the second of my



two readings of ‘say’: Physics works in situatidhat physics can fully describe. For the
planets there are no major perturbations that wexatoknow how to describe in the

concepts we have available in physics.

Karl Popper (1902 — 1994. Great methodologist of the sociatrsmes and advocate of
the open societygnd Otto Neurath (1882 — 1945. Founding member of the Vienna Circle
and head of the Commission for Full Social Planndhging the very short-lived

Bavarian socialist government after World War 1)

Popper was in favour of piecemeal social plannkig.argued in opposition to Neurath,
who was impressed by the power of new statistieahniques and the vast amount of
information that was gathered by tWerein fuer Sozialpolitik and other such groups.
Neurath thought that it would be possible to predlee course of the economic
avalanche; that with proper planning and coordamathe roller coaster of expansion,
inflation, depression and unemployment that plag&egopean economies could be
controlled. Popper was extremely sceptical. He adtenl picking the problems to solve
for which we have the tools for solution. His g#gy is the one that Haavelmo and Max
Weber (as we shall see) attribute to physics. Aaily we do a vast amount of detailed
difficult work, but in the end we build a laser bese we see how — we see how to build
a device that will work precisely and accurately docertain end; we do not approach an

arbitrary end and succeed in building a devicestuesit.

6 Cf. Cartwright (1995) with Cat, Fleck and Uebel.



Max Weber (1864 — 1920. One of the founders of modern sogig)’

In efforts to become an exact science physics lyggea advantage over any of the social
sciences, Weber argued. Physics can adjust itseptscrefining, discarding, adopting

new ones, till it finds concepts that have exatitrens from which precise predictions

can be made. That's a tall order, of course, anught never have been possible. Social
science is even more difficult however, for its cepts can admit little adjustment. Social
science is mandated to provide generalizations tath@uconcepts we are interested in

and there is no guarantee that these kinds of pteieinto any exact laws.

Weber’s ideas point to both of my different readired the narrow closure claim. The
first is the point | have illustrated with Haavelrand Popper. The striking successes of
physics are for the most part in situations thatraade to suit what physics knows it can
do, as in a laser or a lab. The second remind$ tire dight constraints on the concepts of
physics. Physics is above all an exact scienceolt€epts must be precise, measurable
and fit in exact, mathematical laws. This means gy may well not be able to describe
everything that affects even outcomes that can skbras be described with proper
physics concepts. This is the source of the wabguaexactly what form of self closure
is supported by the evidence. The stronger corausértainly does not follow from the
admitted fact that there are a vast number of s where physics-style concepts —
concepts proper to physics, satisfying all the detsave make on such concepts— can
describe both the causes and the effects andtdittight laws linking them. We cannot

infer from this that there are proper physics-stytscepts that can describe for any

" Weber (1978).



situation all the causes for even the effects thecepts can describe. This worry about

the stronger conclusion is reinforced by considganother social science discussion.

External validity

Social scientists are very attuned to the distimchetween internal and external validity.
An experimental result is internally valid when tthesign of the experiment can ensure
that the result really does hold in the experimesg#ting. But that kind of a conclusion is
generally of little use. The result has externdidity when it can be presumed true of
target situations outside the experimental settthgusual way of claiming external
validity is to see the experimental result as ataince of an inductive generalization. It is
not just the gyroscopes in Francis Everitt's Gragitobe experimefithat are caused to
precess by coupling with the spacetime curvatufiehe inductive generalization we
presume is thaany gyroscope that is not subject to other sourcesretgssion will
precess by the predicted amount. The inductiveergdization carries the conclusion

from Everitt’s gyrosopes to all others that satitfe antecedent conditions.

This illustrates the first point | have been makinBveritt's experiment is beautifully
controlled. He tried to fix it so that all otheruses of precession are missing; hence all
the other causes ang@so facto, describable in the language of physics! MoreoYédrei

had not succeeded and other causes occurred, tiyethat he couldn’t describe would

8 Cf. Lammerzahl, CC, CWF Everitt, FW Hehl. (ed20@1). Sedttp:/einstein.stanford.ed{Accessed
24/4/07] for updates on the experiment.




make prediction impossible. It should be no sugtien that all the good confirmations
of the laws of physics occur in very special situa where we can describe all the

causes with proper physics concepts.

My central point in introducing this example had do with external validity and
inductive generalization. In general the breadtlamfinductive generalization supported
by an experimental or observational outcome — #mge of cases it can encompass —
depends on the level at which we describe the acolf we describe the trajectory of
Mars in terms of its position across time, it carve as an instance of Kepler’s laws. But
if we describe it more abstractly, say in termghaf accelerations it experiences and the
forces imposed on it, it can be seen as an instahBiewton’s laws. If we can correctly
describe the outcome of our observations in thisenadstract way then, via the greater
breadth of the inductive generalization the outca@peaks for, we secure a far greater
breadth of external validity for it. Thus the restdn speak in favour not just of elliptical
orbits for planets circulating the sun but alsq fay, parabolic orbits for cannonballs.

This is a common feature of inductive generalizegidn general the maxim is true that

We can buy greater breadth in the inductive geizatadn that an outcome
supports, and hence in the external validity of eécome, by climbing up the

ladder of abstraction in describing that result.



But there is a well-known problem. What goes up theosne down. Generalizations at a
high level of abstraction are of little use. ThewN€estament urges that we should love
our neighbours as ourselves. But what specificoasticonstitute loving our Iraqi
neighbours in our current muddled situation? Plsybigs the same kind of problem. In
exact science just as in everyday life abstrachdeneed to be translated back into more
concrete terms at the point of application if treeye to be of practical use. One of
Weber’'s points is that this is very difficult witkocial science concepts. Consider a
modern example from what must be the most exaduofsocial sciences, economics.
Utility is a key concept; it plays a central role in altrals current theoretical models.
What does it mean more concretely? In the contéxd given model there is often no
problem in figuring that out. In game theory modéks pay-offs are laid out. The maxim,
‘Rational agents act so as to maximize their exqeedtility’ turns into ‘Rational agents
act so as to maximize their payoffs’. In other nledke interpretation also comes almost
for free. There is nothing in the model for agettscare about except, for example,
profit, wages and leisure, or power, prestige aodign of the legislative body. The
trouble comes when we want to move outside thesar¢itical models. Then what utility
amounts to is up for grabs — too much up for grabsllow us to make precise
predictions even though the theory itself mightdxgressed in precise mathematical

equations.

Physics, we know, is in a far stronger positionefEharerules for how to apply its

concepts, strict rules, even though the conceptalastract. Physics concepts are abstract

in two different ways and the application of boihds of concepts is heavily policed.
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The first kind of abstraction occurs when one cphgaggy-backs on more concrete

ones.

Consider for instance the abstract conceptle quantum Hamiltonian. It is never just
true that a system in a given situation evolveseurgdparticular Hamiltonian. Whatever
Hamiltonian applies, it applies because somethingenconcrete is true of the situation.
For instance, the first of the three componentshef Hamiltonian in the original BCS
model of superconductivilyis the so-called ‘Bloch Hamiltonian'. It is apprégie for
situations that can be more concretely described esrtain kind of periodic lattice, a
Bravais lattice. To be moving in a Bravais lattisevhat it is for an electron to be subject
to the Bloch Hamiltonian and the Hamiltonian is fegitimately applied to an electron
without the commitment that it is located in a Baevlattice. This kind of constraint is
always in play with Hamiltonians. There are rulekihg them with more concrete
descriptions, ultimately very simple descriptionkel central potential, Coulomb
interaction, scattering, or harmonic oscillator. It is not proper physics just to write
down a Hamiltonian that will produce correct preios. There are rules for how to do it

and they must be obeyed.

Other concepts in physics are not abstract inviig particular way that they piggy-back
on more concrete descriptions but just in the sémsethey are highly technical and have
mathematical definitions that link them with othgarts of the theoryAcceleration is an
example, orcharge. These do not apply in virtue of some more comrcoktaracteristics

obtaining. Nevertheless there are extremely stommgtraints on their application. These

° Bardeeret al. (1957). For further discussion of this example Gagwright (1999).
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guantities are subject to precise measurement taisdexpected that the results from
different procedures will converge; they must behas they are predicted to under the

huge network of interlocking laws accepted in pbysetc.

So the concepts in physics unlike most in sociEme are strictly constrained in how
they apply to the world. This is the fact that Peppraised so highly in his well-known
demand that proper science be stri€lgifiable. It is what gives physics its great powers
of precise prediction. But there is a cost ang & icost that was pointed out by Popper’s
adversary in the debate over social planning, @#orath. Most of the world, as Neurath
saw it, does not lend itself to description bycstacientific concepts of the kind Popper
praised. That means that strict science, whereegtaare tightly constrained by a web
of mathematical laws and by highly precise critefta application, may not be
universally possible but at best constrained tdketscof reality. Neurath’s worries bear
immediately on issues of closure in physics. Weehaary strict constraints on concepts
in physics and so in thinking about its range gflejation we must bear clearly in view

the underlying principle Neurath appeal¥to

The more highly constrained a category of concepis its rules of application,

the more narrow will be the possibilities for apply concepts from that category.

| think it should be clear how these worries beaclsure. Self closure requires that for
any outcome in the well-confirmed laws of physiesany situation, all the factors

relevant to its determination can be subsumed umuieper concepts. But proper

19 Neurath (1983).
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concepts in physics are highly constrained and tiave severely narrowed possibilities
for their application. In the face of this ‘a piioworry, if we want to claim that self
closure is true, we had better have very good ecapievidence. Neurath certainly
doubted self-closure. My point is that whether tmavhat extent Neurath was right is an
empirical question. And it is a question that we rd have anything like sufficient
evidence to answer, one way or the other; in iftaseems likely that it will never be

settled.

There are naturally arguments to be had on theesuldiperhaps the history of successes
in expanding physics to treat new kinds of phenamean support closure. But there is
equally a history of failures. To establish anyaiglle results one way or the other by this
method seems hopeless. Surveying and weighingishery of science, the reasons for
successes and failures and the areas in which dleeyrred, is well beyond any
methodology we have, or can ever hope to have,istorly. Alternatively there is
Pythagoreanism, the view that Nature is at basehenatical and thus necessarily
describable with mathematical representations. tBig view, though venerable, is a
metaphysical doctrine, not a well-established tesfutmpirical enquiry, and thus not one

that we should use to arrive at consequences ahe@atosure of physics.

My overall point indeed is just this. The claims dbsure for physics, whether self
closure or even grander claims that physics caawtdor every feature of the empirical
world that can rightly be called physical, or tipatysics can account for every feature of

the empirical world full stop — these are all claithat call for empirical evidence. And

13



we simply do not have the right kinds of evidermédve confidence in any answer. Any
answers now, one way or the other, are sheer mgtmghand as an empiricist 1 am
resolute that we must not let answers to thesetignssplay any role in our scientific
consideration$t As with David Hume | recommend, if it is metaplogsiconsign it to the

flames.

There is an additional caution. Consider variodeotnetaphysical doctrines that play a
role in science: the claim of universal determinismof the determinism of the macro-

world; or of individualism in the social scienceshe doctrine that all social phenomena
are reducible to the actions and characteristicmditidual people. It has been urged
repeatedly that these are metaphysical doctringslhould play no role in science. In an
effort to salvage their role advocates sometimgs that, although we can not hold them
as true, we should adopt them as methodologicaleguiLook for deterministic theories;

look for individualist theorie$? But why should we do this? Ultimately we wantdok

for true theories, or at least effective theoriesl avhy should we hunt in one special
category only when we have no assurance that tih@sright category? Metaphysics

should be avoided equally in our claims and inraathods.

M That naturally does not mean that we cannot suppsearch programmes that presuppose some answer
one way or the other; it means rather that the naraghe must be judged on its immediate scientific
credentials and not get any extra dollops of suppecause it presupposes our favourite metaphysics.

2 Sometimes the dictum has a more plausible formeMrer possible formulate a theory deterministcall

(or individualistically, or ...). Whether or not this good advice depends on what one intends toittoitw

We often do this in econometrics, where relatiomsraade to look deterministic by adding in ‘unknéwn
‘error’ terms. Sometimes this can be harmless big not when we are misled about the probabilistic
features of the phenomena by thinking of them amigged by these unobservable hidden variables. (Fo
one such problem, see my discussion of the cauagkdw condition in Cartwright (Forthcoming)).
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John Suart Mill (1806 - 1873. Influential British economist, plsibpher,

administrator}®

But, you may ask, do you really think that fundataéparticles behave differently inside
the laboratory and outside? That's daft. | agreat’s daft, and it is not what | argue. The
distinction | draw is not between inside the labonaand outside, nor between the large
and the small, nor between situations where coonsnrss matters and those where it
doesn’t, nor (as with Aristotelian physics) betwéeavenly masses and earthly masses.
Instead it is between environments that are prgrictured so that the laws of physics
can act without interferences not subsumed undepeprphysics concepts and those

where the environments are more messy.

John Stuart Mill thought that the laws of physiosl @f political economy werendency
laws. They describe not how things do behave, but hiogy tend to behave. The
tendencies result in the canonical behaviours wntige right environments. For instance,
women, he believed, have the natural capacityridependent and creative thought. But
we will develop independence and creativity onlpriévided with the proper education,
the proper stimulation and the proper opportuniteespractice our developing skills.
What happens otherwise? We do not know and pertiegoe is nothing systematic to
know. Without the right environment the natural acifies for independence and creative
thought may have no systematic or predictable onéso Messy input yields messy

output.

13 Mill 1836 [1967] and 1843 [1973]
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| see physics operating in the same way. We caik thi the laws governing even the
fundamental features of fundamental entities adaeay laws. Our successes in precise
prediction show that these features behave asathe dictate in properly structured
environments — indeed these are the only envirotsnetere we can produce such
predictions. Whether there is systematicity outsidguctured environments is
speculation. So too is the assumption that allrenments are secretly structured in the

right way, even if we have not yet discovered it.

Laboratories are structured, so is a laser, affyadied a bicycle. So too are a very great
many naturally occurring situations. The planetrstem is structured and seems to have
little disturbance that cannot be subsumed undepeprphysics concepts. In the BCS
model, superconductors are structured too, in flstright way to allow a quantum
treatment of them. Recall the rationale that | nogr@d before for the first component of
the BCS Hamiltonian: The free electrons float ispeecial kind of periodic lattice — a
‘Bravais’ lattice; this environment is properly debed by a Bloch Hamiltonian. Notice |
say here ‘according to the BCS model'. That is beed wish to stay neutral about what
happens when superconducting materials appear ssymsgtuations outside laboratories
and other engineered environments (like a SQUID).tHese situations the mutual
tendencies of the electrons and the ions of thgcéatmay or may not give rise to
systematic behaviour. That, | take it, is what tisstake in the distinction between my
narrow and epistemically conservative hypothesrsugthe bolder and — | have been

arguing — far less well supported hypothesis efg#lf closure of physics.
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In sum

I want to dislodge a particular vision of how thend must be if the laws of physics are
to be true, a vision of a world where all of phgsaffects are well-ordered under its laws.
We begin, unproblematically, with the idea thatr¢hare fundamental particles or fields
(or whatever is the best choice from some futuealigphysics) and these have certain
fundamental features. What is problematic is thd step, the automatic assumption that
everything that happens to these fundamental estithust be the result of the
interactions of these fundamental features. | ddfprcture of a far richer world, one with
a vast variety of features, most of which cannot#&etured under concepts that could be
regimented into systems of relations and measureprenedures that look anything like
those of modern mathematical theories in physics especially not of any one single
consistent theory. These features too can affeeh ée behaviour of fundamental

particles.

This picture of a rich untidy world is not a fantagicture. Here | have offered two

different but related lines of defence. First, fhisture is drawn from how in general | see
physics working when it works best, that is, wherprovides accurate and precise
predictions. In most cases it works by engineesitgations so that all the causes that
obtain are ones that can be represented undercghgsncepts; by excluding other
features that could have disturbing effééts/hatsoever they might be, not by bringing

them under the concepts of the theory. As an eoigliri insist that these cases must be

14 Or by putting special ‘ad hoc’ terms into the eipres to account for their effect. These termsaatéioc
in that they do not provide a description of thésetors in the language of physics that can refidda
repeated for similar cases, as the connection leet\Beavais lattices and Bloch Hamiltonians can.
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taken as our evidence base for claims about tlenegt the laws of physics, for these are
the cases that provide evidence for their truth. aMenot after all interested in how far
some speculative laws stretch but rather in thergxtf the domain of those very laws
which have a claim to truth, and are formulatedqust the right way that the evidence

available will support them strongly, not overstreng the bounds of that evidence.

The second line depends on the nature of the ctsceemselves. Physics is
undoubtedly the most exact science. Its concegssabject to huge constraints. They
must be precise, they must be reliably measurapla fariety of different procedures
that give convergent results. Crucially, as Welimssed, they must fit together into a
web of highly intricate, highly detailed, entirgbyecise laws. And there must always be
a way — an entirely systematic and principled wagf—climbing down the ladder of

abstraction.

These characteristics of the concepts are what gitgsics its great powers of precise
prediction. But it would be no surprise if concefite these were not available to
describe the great bulk of causes at work in Naewen of all the causes that can affect
the fundamental behaviour of physics’ fundamentatities. There might be such
concepts in the great Book of Nature. | have saitiing that argues that there cannot be.
But if we are going to give a credible answer — gesi0 — to the question of the self
closure of physics, ‘might’ is not enough. We sliblb&ve strong empirical evidence and
in particular evidence that can jump across the fgap my epistemically conservative

hypothesis,
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Physics predicts the effects in its domain wheoam; and where it can predict, it

predicts well

to the bolder conclusion in favour of self closure,

Physics can (in principle) predict — and predicll weeverywhere in its domain.

We do not have good empirical evidence for thengfeo claim and without empirical

evidence it must not play a role in science.

Concluding remark

| think it is a miracle that we have what we do éav physics; | await the evidence that

we can have it all.
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