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Preface

This book is not a textbook to become acquainted with the laws of nature. An
elementary knowledge about laws of nature, in particular the laws of physics, is
presupposed. The book is rather intended to provide a clarification of concepts
and properties of the laws of nature.

The authors would like to emphasise that this book has been developed —
created — as a real teamwork. Although the chapters (and in some cases parts
of the chapters) were originally written by one of the two authors, all of
them were discussed thoroughly and in detail and have been revised and
complemented afterwards. Even if both authors were in agreement on most
of the foundational issues discussed in the book, they did not feel it necessary
to balance every viewpoint. Thus some individual and personal difference or
emphasis will still be recognisable from the chapters written by the different
authors. In this sense the authors feel specifically responsible for the chapters
as follows: Mittelstaedt for Chaps. 4, 9.3, 10, 11.2, 12, 13 and Weingartner for
Chaps. 1, 2, 3, 5, 7, 8.2, 9.2, 9.4. The remaining parts are joint sections.

Most of the chapters are formulated as questions and they begin with
arguments pro and contra. Then a detailed answer is proposed which contains
a systematic discussion of the question. This is the respective main part of
the chapter. It sometimes begins with a survey of the problem by giving
some important answers to it from history (cf. Chaps. 6 and 9). However the
main part of each chapter is not historical and the authors do not identify
themselves with a historical position. The main part of the chapters tries to
give some systematic answer to basic questions in the light of our knowledge
today. The method to begin with arguments pro and contra was chosen in
order to stimulate and to draw the reader’s attention also to specific problems
connected with the question of the chapter. Since the problems of the pros
and contras are not always central they are discussed and clarified in the
commentaries (answers) to the objections at the ends of the chapters; first
because these commentaries presuppose what has been said in the main part
of the chapter; second they are not included in the main part of the chapter in
order not to distract. It has to be emphasised however that what is expressed
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in the pros and contras is not the opinion of the authors. It is sometimes the
opinion of other scholars as shown by quotations. The opinion of the authors
is expressed in the main part of the chapters and in the commentary to the
objections.
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Introduction

In our ordinary experience, we observe regularities: The daily sunrise, the
sequence of seasons during the year, and the regular increase and decrease
of the visible size of the moon. Do these observations indicate strict laws
that hold rigorously and without any exception? David Hume argued that
induction is not sufficient for concluding that there are strict laws behind the
observed regularities. Hence, we cannot be sure that there are laws at all and
our first question reads: Are there laws of nature? According to Hume, Kant,
and many other philosophers this question cannot be answered by induction
alone. Moreover, we are also confronted with the inverse question. If there are
regularities that are based on strict laws that hold necessarily, may these laws
be considered as genuine laws of nature? We discuss this problem with respect
to the laws of logic and with respect to some laws of mathematics. Our first,
still preliminary answer is that these formal and necessary laws should not be
considered as laws of nature. But then we must find an answer to the main
question of these first investigations: What is a law of nature? We discuss this
kind of problem in Part I of the present book.

Instead of giving a hasty answer to the two questions mentioned, in Part IT
we investigate at first properties of relations that may be considered as can-
didates for “laws of nature”. We study these problems not in the greatest
possible generality but we restrict our considerations in general to physics
and thus to the laws of physics. There are several reasons for this restriction.
First, physics is a highly developed field of science — a mature science — which
no longer consists of a large collection of isolated and merely empirically con-
firmed rules, but of networks of multiply connected (empirically confirmed)
laws which are called theories. This holistic structure implies that only the-
ories can be tested empirically and not isolated relations, which means that
the laws of physics have a much higher reliability than individual law-like
rules in other fields of science. Second, from a reductionistic point of view,
physics may be considered as basic for science in general, since the laws of
astronomy, chemistry, biology etc. can, in principle be based on the laws of
physics. The reason for this important observation is not the higher accuracy
and reliability of the laws of physics, but the fact that physics is concerned
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with the most general structures of the empirical reality, with the most ab-
stract laws of space, time, and matter, which are also fundamental for all
other fields of science.

According to these arguments, we investigate the properties of physical
laws and physical theories in more detail. In particular, we discuss the in-
terrelations between laws and invariance principles, between laws and initial
conditions, and between laws and constants of nature. Furthermore, we inves-
tigate the relations between laws of nature — in the sense of laws of physics —
and causal relations. Is the principle of causality a law of nature and are laws
of nature necessarily causal? And what can be said about the predictability
of future events by laws of nature? Finally, we discuss the important question
whether there are two kinds of physical laws, dynamical laws and statistical
laws, — or whether statistical laws can always be reduced to dynamical laws. In
other words, is a statistical law merely an expression of an incomplete system
of dynamical laws or are there in addition also irreducible, genuine statistical
laws?

The detailed knowledge of properties of laws and the answers to the various
questions mentioned will help us step by step to understand the meaning of
the concept “law of nature”. In particular, it will become clear in what sense
a law of nature refers to a structure of the real world and in what sense it is an
expression of our intentions and our means of cognition. The known laws of
physics contain in general objective elements referring to the external reality
as well as constructive and conventional components, which are induced by
subjective decisions of the scientist. Only on the basis of our knowledge of
this complex structure, can we hope to successfully attack our last and most
ambitious question: Why are the laws of nature valid?

Clearly, this question must not be understood as falling back to the meta-
physics and theology of the 17th century, to the justification of laws by meta-
physical principles as we find in the writings of philosophers from Descartes
to Leibniz and Wolff. And we are equally not interested in the naive recourse
of this question to theology as we can find it even in the work of physicists in
the 20th century. The answer we are looking for is intended to be free from
metaphysical speculations and based exclusively on our detailed knowledge of
the complex structure and the properties of the laws of nature.

It is obvious that we can put the question for ultimate reasons only with
respect to the most general and most fundamental laws. It is meaningless to
ask why Faraday’s law of induction, discovered in 1831, holds. The answer is
trivial today, since it follows from Maxwell’s equations. Most laws of physics
are imbedded in “theories” and we could ask only why these theories hold. In
addition, according to some contemporary attempts the well-established the-
ories can presumably be incorporated into a unified final theory of everything.
Hence, the search for rational reasons of the laws of nature must be concen-
trated and restricted to the most fundamental and most abstract features of
physical theories. Two examples of this kind are elaborated in more detail in
Part III of the present book.
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What is a Law of Nature?
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Are there Laws of Nature at All?

This question has many facets and provides many different answers. A law
of nature is a law and hence a conceptual and linguistic entity, and a law of
nature refers to nature, i.e. to the real world. At first glance it is not quite
clear how these two aspects fit together. Here we will briefly discuss several
arguments and counterarguments which can be put forward and which might
serve as a smooth introduction into the problems of the present book. All
details will be discussed in the following Chaps. 1, 2 and 3.

1.1 Arguments Contra (Objections)

1.1.1 Every law of nature is a representation of some structure of nature (i.e.
of the real world). However, nature, or the real world, is in permanent change.
But what is an accurate representation of something in change needs to be
changing too. On the other hand a law is something which does not change.

Therefore: no law is a law of nature; and consequently there are no laws
of nature.

1.1.2 A law is called a law of nature in so far as it represents some structure of
nature (viz. some structure of the real world). Now every law is a conceptual
(or linguistic) object (entity). But conceptual (or linguistic) objects (entities)
are independent of the structure of nature (structure of the real world). On
the other hand no law of nature (since it represents nature) is independent of
nature or the real world.

Therefore: no law is a law of nature or, what follows from that: no law of
nature is a law. Thus there are no laws of nature.

1.2 Argument Pro

1.2.1 Laws of nature are usually expressed by law statements. But there are
lots of law statements which have been established and extensively confirmed
by the natural sciences.
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Therefore: there are laws of nature expressed by law statements (of the
natural sciences).

1.3 Proposed Answer

In what follows we give a preliminary answer to the first question which aims
at clarifying conceptual and terminological points. Further details will become
clear from further questions. The following answer will be divided into three
steps: We shall start with a very wide concept of law which will be illustrated
by a few examples (1.3.1). Secondly, a clarification of the concept of “law of
nature” will be given with the help of several distinctions (1.3.2). Thirdly, a
more detailed answer will be given to the question whether there are laws of
nature at all (1.3.3).

1.3.1 Wide Concept of Law

A law is a rule, order or description by which certain things (objects) and the
relations among them are arranged (ruled or ordered) or described. Concern-
ing this one might ask three questions: (1) What kinds of things are arranged
(ruled or ordered)? (2) Who has invented or discovered the rule? (3) What
kind of thing is the rule (law) itself? If the law in question is a juridical law,
then the things ruled by it are human actions, the inventor(s) of the rule (law)
are human persons (for instance the members of a parliament) and the rule
(law) is a law statement expressed in some (natural or juridical) language and
announced publicly (promulgated).

If the law in question is a law of logic or mathematics (say arithmetic)
then the things ruled are propositions or numbers (i.e. conceptual objects or
entities), the discoverer is a logician or mathematician and the law is a law
statement formulated in logical or mathematical language. Finally, if the law
in question is a law of nature, then the things (with their properties and
relations) described or ordered by the law are things of nature, i.e. objects of
the real world (universe), the inventor of the (true) law can be the creator
of the universe, the discoverer(s) of the law are human persons (scientists)
and the law itself is a law statement formulated in the language of some of
the natural sciences.

1.3.2 Clarification of the Concept “Law of Nature”

As to the clarification of the concept “law of nature” we shall first deal with the
objects described by the law and second with different meanings (concepts)
of the expression “law of nature”.
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1.3.2.1 As to the first it is convenient to divide things, objects or entities into
three categories: natural objects, concrete human artefacts and conceptual
objects.! Examples of natural objects are protons, planets, fields of force,
lakes, plants, human persons, societies, etc.

Examples of concrete human artefacts are particular computers, houses,
works of art, linguistic tokens, etc. A bird’s nest or an anthill will be counted
as natural objects.

Examples for conceptual objects are: concepts, propositions, sets, num-
bers, inferences, hypothesis, laws, theories, etc. Observe that linguistic ex-
pressions (letters, words, sentences) are usually understood not as concrete
artefacts, i.e. as tokens but as conceptual objects; for instance the letter “A”
is understood not as a token at a certain place but as representing a class of
letters of same (similar) shape. Otherwise we couldn’t say that we find the
same letter in some line below, i.e. “same’ means “same form’. Likewise a law
statement ‘dx/dt = v(x,t)’ is usually understood as representing a class of
expressions (formulations) of same (similar) shape with the same meaning;
i.e. it is understood as a conceptual object. Further “electron microscope”
is usually understood as a conceptual object, except in the case of particu-
lar concrete electron microscope in a particular research institute (which is
a concrete artefact). Observe further that all concrete artefacts are built up
from (consist of) natural objects.

If we use the words “objects” and “things” we want to point out that
objects are not just identical with the set of properties describing them even
if they constitute often that part of the object which is known to us and which
enters laws. We assume that these properties have a bearer or that the real
world consists of individuals with their properties which we call “things” or
“objects”, though we are aware that the concept of “individual” is not an
absolute one. A similar view was taken by Einstein.?

Concerning the question now which kinds of objects, together with their
properties and relations, are described or ordered by laws of nature we can
answer: natural objects and concrete artefacts.

On the other hand conceptual objects without material basis are not de-
scribed or ordered by laws of nature. They are ordered and described by laws
of logic and mathematics. But nothing hinders that natural objects and con-
crete artefacts are described by laws of nature with the help of conceptual
objects.

1.3.2.2 As to the different meanings of the expression “law of nature” we notice
that this expression can mean at least five different things:

L1 The “law” as it “is” in the thought of the inventor or discoverer;
L2 The “law” as it “is” in the things which are ordered or described by it;

! This distinction is due to Bunge (1973, MMM), p. 114.
2 cf. Einstein (1944, BRE). See also Chap. 10.
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L3 The “law” as a law statement formulated in some scientific language and
belonging to some scientific theory;

L4 The “law” as an ideal true law, with respect to (w.r.t.) which laws known
at present in the sense of L3 are approximations;

L5 The “law” as an ideal conceptual entity more or less independent and
separated from law statements.

As to L1 we can have some partial understanding if we speak for example of
(Newton’s) law of gravitation in the sense that Newton thought about it or as
Newton had it in (his) mind. And historians of science are sometimes providing
historical or biographical evidence for this or that version of reconstructing the
thoughts and views of the genius concerning such a law. But for a discussion of
“law of nature” L1 is not suitable. This can be seen as follows: (i) If Newton
would not have written down his law in his language, discussion about L1
could not rest on a solid basis but would be open to speculations. (ii) Newton’s
thoughts can only be known via other written linguistic expressions by him
anyway. (iii) The precise formulation in his scientific writing is by all means
preferable to (vague) conjectures about his thoughts; i.e. L3 is preferable by
all means to L1.

Concerning the inventor or creator of a lawful universe we cannot have an
adequate knowledge of the thoughts of an omniscient being on laws of nature
anyway.

However, we can formulate a metaphysical principle which underlies all
realistic scientific investigations: The world (universe) is ordered and struc-
tured by laws. Popper called this assumption the “law of lawfulness”. To this
principle we may add a second one, connected with the first, which says that
there are true laws of nature:

“To assert that there exists a true law of nature may be interpreted to mean
that the world is not completely chaotic but has certain structural regularities
“built in”, as it were.”?

“Our belief that there are true natural laws is undoubtedly based in some
way or other, on observed regularities.”*

As Popper points out, such a belief may still be justified, even if it will
be difficult to point to a particular law of physics and say: this is a true law
in its present formulation and interpretation. However, what can be scientif-
ically discussed are just these present formulations of laws in their present
interpretations, that is the laws in the sense of L3.

Therefore in a discussion of “law of nature” meaning L3 is to be preferred
by all means over meaning L1.

As to the second meaning of “law of nature” L2 we have to notice that
a law cannot exist in the things (natural objects) as a law statement (L3)
or as thoughts of a thinking person (L1). Such a view would be a too direct
and naive “picture theory” of language or of mind. We are making here only

3 Popper (1983, RAS), p. 74.
4 Popper (1983, RAS), p. 72. cf. Schlick (1930, FEt), p. 106.
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a claim of modest realism: What corresponds to a true law of nature is a
structure of things (natural objects) with their properties and relations among
them. One may call such a structure a “law in the things”® in a derived (or
metaphorical) way of speaking but one should bear in mind that there are
essential differences between the meanings L2 and L3:

(i) Law statements are true or false, structures of natural (real) objects are
not.

(ii) Law statements can be tested, confirmed, disconfirmed, refuted, revised,
etc. Neither of those can hold for structures of real objects.

(iii) Law statements can be nearer to the truth than other law statements.
Structures of real objects cannot.

(iv) Law statements can contain sentence negations and can therefore express
negative facts like “there is no perpetuum mobile”; but structures of real
objects cannot contain sentence negations.®

From (i)—(iv) it is plain that law of nature in the sense of L3 must not be
confused with sense L2 and moreover that neither of the two is a mapping of
the other.

Concerning meaning L4 we interpret a law statement L3 — usually — as
an approximation to the true law L4 in the same intended field of applica-
tion. “Usually” means here that we are never sure — even in the case of the
most highly confirmed laws known — that they would not have some false
consequences even if they have lots of informative and interesting true conse-
quences; and if they have some false ones they are not completely true (having
only true consequences). The true law — like the “Final Theory” — is of course
not known. Nothing beyond that is claimed: For example the true law need
not to have the same form or structure as the law statement which is an ap-
proximation; i.e. the true law could be non-linear whereas the approximate
law statement is linear.

To say it in somewhat more general terms: Most if not all of our laws
and theories will have some or other consequences which are false (already
known to be false today or proved by test to be false in the future). Therefore
it is important that the methods of science enable us to distinguish that
law (theory) which is nearer to the truth (which has more true relevant and
informative consequences and less false ones) from another law (theory) which
is further away from the truth in this sense.”

® Recent examples are what Pagels calls the “cosmic code” (cf. Pagels (1983, CSC))
or the final symmetry structure of the universe, which some people believe to be
described by “string theory” (cf. Barrow (1991, TOE), Chap. 2), or what Bohm
describes as “Implicate Order” (cf. Bohm (1980, WIC)) or what Weinberg calls
the “symmetry group of nature” (cf. 5.3.2(1) below).

5 ¢f. Weingartner (2000, BQT), Chap. 8: Are there negative facts or properties?

7 See Weingartner (2000, BQT)), Chap. 9: Can one theory be nearer to the truth
than another?
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Sense L5 of law comes close to Bolzano’s and Frege’s view about laws of
logic and mathematics and to Popper’s interpretation of them by abstracting
from the knowing subject with the help of his theory of the third world.®

It seems to us however that sense L5 is more suitable to laws of logic
and mathematics than to laws of nature. Whereas law in the sense of L5
should not be abstracted or made independent from thinking or knowing of
(rational) beings in general (even if from particular ones), for laws of nature
it holds in addition that they cannot be completely abstracted of or made
independent from any type of real and material world (universe) of which
they are descriptions.

In conclusion we want to say that the expression “law of nature” as it
will be used in this book — if not otherwise indicated — is law in sense of L3;
i.e. “law of nature” will be understood as a law statement formulated in the
language of some scientific theory.

1.3.3 Answer to the Question:
Are there Laws of Nature at All?

(1) In a preliminary sense there is a straightforward answer to this question.
It is this: There are laws of nature in the sense of L3. This is evident from
any textbook of physics. However this answer is preliminary at this place
since important questions about the properties of laws of nature have not
been discussed so far. This will be done in the subsequent chapters.

(2) There is a structure of natural objects with their properties and relations
among them in the real world which is described by a true law statement
or described partially by an approximate true law statement. If one wants
to call this structure in a more metaphorical sense “law of nature in the
real things” or “law in nature” then there are also “laws of nature” in this
(metaphorical) sense.

(3) There are the thoughts of the inventor and discoverers of laws of nature.
Although these thoughts (L1) are not identical with the law statements
(L3) they may be expressed by linguistic signs in the form of law state-
ments (L3). In this specific sense, namely as those thoughts of discoverers
which are expressed by a law statement (L3) laws of nature also exist in
the sense of L1.

(4) Laws of nature in the sense of L4 do not yet exist in the thoughts of dis-
coverers (even if they can exist in the thoughts of an omniscient being)
but they can “exist” in the sense of L5 if they are not understood as
completely independent from the real world (universe). Since the usual
realist understanding is that it is a necessary condition that laws of na-
ture are dependent on nature (on the real world) in so far that they are

8 ¢f. Bolzano (1929, WSL)), Sects. 20-25; Frege (1964, BLA)), Introduction; Popper
(1969, EKS).
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descriptions of the real world and can be discovered and invented from
investigating the real world.’

1.4 Answer (Commentary) to the Objections

1.4.1 (to 1.1.1) “Structure of the real world” can be interpreted in a twofold
way: (1) First as contingent structure. To this structure belong all initial
conditions, singularities, random conditions (except constants of nature) and
possible microstates or branchings which make up the same macro-state. Of
this contingent structure it is correct to say that it changes permanently.
(2) Second as necessary and invariant structure. To this structure belong
properties and relations of things (objects) of the real world (universe) which
are conserved and invariant relative to a set of changes of certain magnitudes.
This can be illustrated by the following examples: Consider first the simple
spherical pendulum: although the pendulum is in permanent change there are
invariant structures like the period of oscillation (neglecting damping) or the
relation between length and period of oscillation. A further simple example
is this: p - V (pressure times volume) is invariant with respect to the changes
of the magnitudes (quantities) p and V' (where T is kept constant). When T
is incorporated, p -V = R - T is a better approximation. Of this structure,
in the second sense, it is not correct to say that it changes. Now laws of
nature describe the invariant, necessary and conserved structure of nature (of
the real world).!? They abstract from hic et nunc (from here and now) as
already Thomas Aquinas pointed out very clearly;'! i.e. they do not tell us
singularities, particular initial states, particular random or microstates. Since
laws of nature describe the invariant and conserved structure of the world
they do not change even if they are accurate descriptions.

Thus the answer to the objection 1.1.1 is this: The second premise of
the argument uses the contingent structure of the world, whereas the fourth
premise uses the conserved (invariant) structure. Since this is a fallacy of
equivocation the conclusion of the argument is not proved.

1.4.2 (to 1.1.2) Concerning the independence of conceptual or linguistic ob-
jects from the structure of the real world we have to notice that two different
meanings of independence have to be distinguished here: The first is concerned
with the different ontological status (1) and the second is concerned with the
deviation of the law statement from the correct (true) description of the world

(2)-

(1) As to the first we see that the means by which we describe the world
do usually not have the same ontological status as the world. Only in

9 See Sects. 2.1.1-2.1.3 and 2.4.1-2.4.3 for the view of Kant.
10 For further details see Chaps. 5 and 6 on invariance.
"1 Thomas Aquinas (STh)I, 46,2.
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exceptional cases we use things to signify things as we use a particular
flag to signify a particular nation or a portrait to refer to a particular
person, or we use linguistic entities to describe other linguistic entities.
But in the normal case and especially in the sciences we use conceptual
and linguistic entities to signify and describe things of this world.

Now this difference in ontological status does certainly imply a certain

kind of independence which is quite different for different natural lan-
guages: Wittgenstein’s idea of a picture theory of language in his Tracta-
tus — only one mapping structure can be the correct picture of the real
world — was given up by himself in his Philosophical Investigations, where
he says of this view: “Ein Bild hielt uns gefangen.” 2 The diversity of nat-
ural languages with their different structures — compare Indo-European
languages with Arabic languages or with Chinese or Japanese languages —
refute every too simple minded picture theory. Moreover no scientific lan-
guages, as for example the languages of modern physics or chemistry have
a simple picture structure.
Concerning the second meaning of independence we understand that a
law statement should be dependent (i.e. not independent) on the real, or
corresponding to the real world in the sense that every new knowledge
(experiment) about the real world may lead to a revision and correction
(even perhaps refutation) of it. If however the law statement deviates
from the true law (or even from a better approximation to it) it has a
certain degree of independence w.r.t. certain series of tests. Thus for ex-
ample Galileo’s law for throwing bodies and the parabola as the trajectory
cannot be corrected (o