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Preface

To a very large extent, this manuscript mirrors the course of my actual
thinking on these matters. When I first arrived in graduate school | was nbafami
with the subject of information theory, let alone quantum information theory.
Therefore, not knowing the subject my dissertation, this seemed an intriguanof are
research — new, exiting, promising. Quantum information theory seemed to me to be
philosophically promising because much of its successes draw from thosts ape
guantum mechanics which had been puzzled over by physicists and philosophers
since day one. It did not question these oddities; it embraced them, and got results. |
was exiting because the approach in the foundations of physics, seemed to make the
claim that physics, at least quantum physics, was “about information”. | did not
know what this meant, | am not sure | do still, but it is enticing. It lends itsatf t
least two obvious interpretations. One, classical mechanics is about pant&les,
and motion, and this seemed to have real ontological significance. Classical
mechanics is about describing the things out there in the world. So if quantum
mechanics was about information, then by analogy, information must have some sort
of ontological significance. Rather than a world made up of particles and waves, it is
a world made up of information. Very sci-fi. Two, if guantum mechanics is about
information, then it is about our knowledge. So the theory of quantum mechanics
tells us simply about what we know and that some of our most fundamental physics is
inherently reflexive in some way.

Neither of these approaches felt particularly satisfactory to me.ir§he f

hardly coherent, the second just a refrain on instrumental interpretations of quantum



mechanics. It does not bring new justification for being an instrumentalist, roitdoe
make it any more realist. So | spent some time analyzing why these @ms eae
not promising. But then the question becomes, what good does quantum information
do us regarding the fundamentals? Is it simply an alternate mathamnsaticture
which does not shed any new light on interpretational issues?

Here, Clifton, Bub, and Halvorson (CBH, 2003) provide a third way, though it
was only discussed briefly. The idea was that information-theoreticiplies could
be provided from which the general features of quantum mechanics could be derived.
This, in turn, could mean that there ipranciple theoryof quantum mechanics, just
as there is for relativity theory. But for me, this also raises questionsfast, a
principle theoryjpso factq interpretationally preferable, and if so, why, and why
does this now make quantum information theory important (there could be principle
theories without quantum information-theoretic principles)? This is whereahos
my investigation lies. What makes a principle theory valuable? And does that apply
in the case of quantum mechanics? And is quantum information theory the right
approach?

| was skeptical that in virtue being a principle theory, there was autaihagtic
SO to speak, some interpretational groundwork done or swept aside. Einstein did
formulate relativity theory as a principle theory, but he also took thermodgs&mn
be a paradigm example of a principle theory. The final verdict is perhaps ot ye
but it seems to be far from obvious that thermodynamics is a more fundamental
theory than statistical mechanics, which many take to underlie thermoitynam

phenomena. The lesson is that being a principle theory is not, in itself, enough.



After trips to more distant territory such as Kant and logical positivisvas
better able to understand the role principle theories play in foundational physics and
be more precise about what qualities make them foundational via historical examples
There are times and instances where principle theories can play thisdets],imust
play this role. The next question then is: is now such a time and is quantum
mechanics such an instance? | conclude that yes, itis. So is quantum information
theory the place to get such principle from? Perhaps. There is npthirgfacie
intrinsically special about quantum information theory; however, it is perhaps the
only place which is in fact offering plausible constitutive principles. Otheruesein
guantum mechanics, | contend, unless drastically reformulated, cannot plaiethe r
which is necessary. So | see myself as pursuing the quantum informatoetithe
approach to see how it could work. In the end, | think that it can if applied in the
right manner. In particular, the CBH approach hit on something important regarding
guantum mechanics and the potential for approaching it as a principle theory using

information theory. But more work needs to be done.
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Chapter 1: Introduction

The principle aim of this dissertation is to investigate the philosophical
application of quantum information theory to interpretational issues regarding the
theory of quantum mechanics. Recently, quantum information theory has emerged as
a potential source for such an interpretation. The main question with which this
dissertation will be concerned is whether or not an information-theoretic
interpretation can serve as a conceptually acceptable interpretaticenddmu
mechanics.

Since its formalization in the 1920’s, quantum mechanics has been resistant to
any sort of universally accepted “interpretation”. One need only look to theturre
philosophical literature on quantum mechanics to verify this. Moreover, such an
interpretation has seemed necessary due to the particular nature of quantum
mechanics and its results, which seem to contradict both classical physarad
and commonsense physical experience. As a result, throughout the years, many
interpretations of quantum mechanics have been formulated, all of which try to make
sense of these quantum puzzles in various ways. Part of the project is to ahaltyze
counts as a successful interpretation of a physical theory.

Apart from quantum mechanics, thé"agntury saw the advent of another
successful theory, the theory of relativity. While this theory brings wetartling
results from the standpoint of previous physical theories, it is genecihypaledged

that it does not necessitate the kind of further interpretation for which quantum



mechanics begs. Quantum mechanics is at least as successfuhagyrislatiry in
terms of making accurate predictions about the physical world to which it applies
This begs for an answer to the question: what is essentially different abthadhge

of quantum mechanics which makes it so difficult to interpret? Is it just that the
world as revealed to us by quantum mechanics is so fundamentally different from
experience and classical theory that it is beyond understanding in the ussfal @ay
is there a structural or conceptual difference in the type of interpretatenethy
relativity theory which separates it from those which have been offered fotuqua
mechanics?

One possible approach to answering these questions has arisen from the field
of quantum information theory. Within recent decades, the field of quantum
information theory has blossomed, with an array of researchers exploring the
possibilities of this newly tapped resource. Among the areas that havelsgen f
research are quantum cryptology, quantum computation, and quantum information
theory. Essentially, the promise of this field comes from the fact tretagnizes
that quantum mechanics has several interesting features that can becxplbite
real world with remarkable results, such as quantum teleportation, the pyssibil
exponential increases in the speed of certain computations, and new communication
protocols. Until the 1990s, these features of quantum mechanics had not generally
been of central focus for practicing physicists; only an outsidetliteramong
philosophical circles paid them much attention, usually as problems to be solved, as
opposed to features to be exploited. Now, it appears that quantum information theory

might be able to offer new insight into an interpretation of quantum mechanics.



For all the interest quantum information theory is currently generatisig|
remains a fledgling field. The theories that do exist are still relgtnewv and it
would seem that many have yet to be discovered. Nowhere is it more evident just
how fresh this approach to quantum theory is than in the research into the
foundational issues of quantum mechanics. Here, there is a new push into the
perennial problems of quantum mechanics from the standpoint of quantum
information theory. Advances in the understanding of quantum information tantalize
with the promise of providing insight into what it is to be a quantum theory.

However, approaches to the philosophical issues in quantum mechanics from this
perspective are largely disparate and less than cohesive. Just what megn to
provide an information-theoretic interpretive approach to quantum theory, or any
physical theory for that matter?

The application of the concept of information to physical theories or to the
physical world can be made quite specific and technical in one sense, but on the other
hand, it remains an enigmatic concept. In much of the literature on quantum
information theory, and generally on information in physics such as thermodynamics
there is a tendency to link information and knowledge. The ease with which the term
“‘information” can be anthropomorphized accounts for much of its appeal when
dealing with fundamental issues in physics. As is the case with many of the
foundational issues in physics, more abstract and complicated theories raretiede
according to principles or concepts that are easier to intuit. From a philcgophic
perspective, this is done because these more basic concepts offer a better

understanding of the phenomena than more abstract theories. The concept of



information might be in the position of offering this kind of understanding for a
guantum theory long in need of such interpretational clarity. At first blush, the
concept of information may seem to be promising. However, a second look makes it
apparent that matters are not so simple.

The central question of this dissertation is “Why quantum information
theory?” Philosophical interpretations of quantum mechanics through quantum
information theory have gained traction in recent years. But does this proyide an
genuinely new insight into the interpretational issues quantum mechaniestpfes
There are several types of approaches which utilize information theory teransw
philosophical questions regarding quantum mechanics. Answering the question
above requires determining whether or not any of these approaches is suct¢essful
argue that none have been, and some approaches appear unlikely to bear fruit. Does
this mean that quantum information theory is an interesting theoretical diversion, but
that it cannot play any interesting philosophical role?

After exploring various approaches, | find that quantum information theory
does offer a promising framework for resolving the standard philosophical pblem
posed by quantum mechanics. This dissertation will argue that, upon analysis,
fundamental physical theories (e.g. space-time) play the role that thegalaske
they define the conceptual framework of empirical meaning. The ebtaklin of an
appropriate conceptual framework is necessary, and the type of analygis whi
precedes it generally arises out of crisis, when there are fundameatdllgtiong
concepts that require resolution. There is substantial reason to think that quantum

mechanics is in such a state. What a foundational constitutive theory does is provide



the coherent structure, through conceptual analysis, which defines an explanatory
framework. The potential benefit which information-theoretic approaches hold over
other interpretations is analogous to trying to develop general relatityhe

geometric structure of Minkowski spacetime and other non-Euclidean geometri
models available, as opposed to trying to develop it from Lorentzian mechanics.
Information theory opens up a broader framework in terms of the concepts available
to the theorist, and it provides a new way to analyze the structure of quantum
mechanics as it stands.

The next chapter introduces the notion of information theory, delineating what
philosophical work it is suited to do, and what it is not. This chapter also outlines
some basic information-theoretic approaches to interpreting quantum medhanic
have been proposed. The view that information is somehow the fundamental “stuff”’
of the universe is considered and dismissed as incoherent. This chapter alsosonsider
guantum Bayesianism, as represented in the work of Fuchs, who argues that the
guantum state is a measure of subjective belief. Instead of describingsgEuecd
the world, the quantum state represents our degrees of belief regarding timeesutc
of measurements. | find that, for foundational issues in quantum mechanics, this
approach fails in virtue of its focus on the subjective nature of quantum information
theory. Essentially this approach results in a purely instrumental interpneof
guantum mechanics.

Chapter 3 takes a detailed look at another information-theoretic approach to
guantum mechanics, originally proposed by Clifton, Bub, and Halvorson (2003). The

authors purport to have found three information-theoretic principles which can be



shown to be equivalent to the general features of a quantum theory. The
interpretational significance of this approach is found to reside in the discafveery
principle theoryversion of quantum mechanics analogous to the principle theory
approach of relativity theory. However, in this particular case, it is found to be
unsatisfactory. Despite the theoretical utility and interest in thawradem, there is
no reason to suppose that the information-theoretic principles are any more
fundamental than the quantum mechanical physics to which they are equivalent.
Accepting these principles requires accepting that measuring instisimast
ultimately remain “black boxes,” leading again to instrumentalism.

This chapter also discusses the distinction betweeniple theoriesand
constructive theoriesas suggested by Einstein. The distinction is evaluated
according to the function of these types of theories. The best way to understand this
distinction differs from what other authors have said in that it is based pyioari
the explanatory roles fulfilled by each type of theory. Itis concluded timzigie
theories act functionally as framework theories, providing explanation ferdeav
unification. The explanatory role played by constructive theories is to proavicale
mechanical explanation.

Tracing the analysis of philosophers from Kant to the logical positiasts t
recent works by DiSalle, Chapter 4 argues that certain types ofdateog.g. those
involving space and time — require an added dimension of conceptual analysis. These
theories supply the necessary framework for all the physics that taleeswithin
their scope by establishing the meaning of the empirical structufe Wghen

revolutions occur in the physics of space and time, there is a pattern, friv@o Gal



Newton to Einstein, of conceptual analysis which addresses inconsistencies and
contradictions within current conceptual schemes, brought on by empirical discovery
Appropriate constitutive principles are developed such that they can redefine
structural concepts for the framework of physics by reconciling previously
incompatible frameworks. Principle theories necessarily act as oufeuastational
physics by establishing the basis for meaningful physics.

Chapter 5 returns to an information-theoretic interpretation of quantum
mechanics with this new conceptual background in place. Bub and Pitowsky (2007)
take the information-theoretic principle md cloningand use it to develop an
interpretation of quantum mechanics which shifts froty@amicsbased theory to
thekinematicframework of Hilbert space, analogous to the shift in special relativity
to the kinematic framework of Minkowski spacetime away from the dynamic theory
of Lorentz. This is presented as a realist interpretation of quantum mechetias
special relativity is a realist theory of spacetime. | argue thahibt the kinematic
nature of special relativity which makes it a realist theory. Realisiotie central
guestion. Instead we must look to the principle of no cloning to determine if it is
constitutive in the right way regarding concepts of measurement and reaheme T
is no compelling case to be made that it is.

Chapter 6 applies what has been argued in the preceding chapters by
speculating about where a resolution to the interpretational difficulties nfuqua
mechanics might lie and that quantum information theory is best placed to make such
solutions possible. The standard philosophical concerns with quantum mechanics all

involve the notions of measurement and causality. There is also a tension between



guantum mechanics and the causal structure of relativity theory. Quanturmiogcha
needs to be subject to conceptual analysis, and it needs to play the role of being a
constitutive theory — that is, a theory not simply of empirical generalizatut one
which defines the concepts which establish a causal structure and meaningful
measurement within the physical world. This may very well require ptunale
resolution with relativity theory. Progress in quantum information theory broadens
the conceptual space as did advances in geometry prior to the founding otyelativi
theory, thereby presenting new conceptual frameworks in which to unite previously

incompatible conceptual schemes.



Chapter 2: Quantum Information

2.1. Introduction

As outlined in the introduction, the purpose of this dissertation is to
investigate the role that the concept of quantum information theory might or might
not be capable of playing in the philosophical foundations of quantum mechanics.
The relatively recent advancements in quantum theory and its novel approach to
investigating and, more importantly, utilizing various aspects of quantum phenomena
have also sparked the interest of philosophers, for whom this new development
potentially offers grounds for new insight into the intractable interposiatissues
traditionally surrounding quantum mechanics.

In this chapter, | want, first, to establish more clearly what it is teadne
talking about when we refer to information theory and quantum information theory. |
also want to outline some of the various approaches that have applied some notion of
guantum information theory in attempts to answer foundational philosophical
guestions regarding quantum mechanics. There are, | think, two ways of iimegrpret
the role of information theory in quantum mechanics which suggest themselves
immediately, and which have been pursued in various ways, sometimes in concert.
Both follow from the general idea that ‘physics is about information.” But vt t
means in unclear. The first interpretation of this claim is that the application of
information theory to quantum mechanics shows us that the world is made up of

something even more fundamental than matter and energy, particles and waves, and



that basic constituent is information. That is, this is a reductionist pictures tiiger

basic stuff of the universe is information and so physics is ultimately abostuffis

and its characteristics. The other way to see physics as being about irformsati

not to view information as some kind of stuff or basic constituent, but to see physics
as about our state of knowledge or belief, stemming from the link between knowledge
and information. Quantum information theory is the final vindication for those
according to whom quantum mechanics was never a theory about the world, but one
about our information, or knowledge, regarding it. At the end of the day however,
both of these are motivated by a misunderstanding about the concept of information
and they are untenable positions.

In this chapter we will see that information theory as applied to physics and
guantum mechanics involves a very technical notion of information. In fact, this
technical concept of information has only a partial overlap with the other carfcept
information in everyday use, which necessarily involves knowledge, language user
and meanings. None of this is a part of the technical concept of information at play in
information theory. This technical notion of information is an abstract noun due to
the fact that it can only be understood #&gpe of thing, as opposed tatakenwhich
instantiates that type. Information is a statistical property of somematmn
source. As such, it is a category mistake to think of information as somehow being
the basic stuff of the universe. Upon analysis, it seems that this approach borders on
incoherent. We shall also see that a prominent information-theoretic approaoh, tha
the subjective quantum Bayesian, fails as a full blown interpretative stacedsi

all intents and purposes this approach is backed into an instrumentalist outlook.
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2.2. There's Information, and then there’'s Information

In undertaking our investigations, it is necessary to make more preciseswhat
meant by information and quantum information. Much of the excitement surrounding
the field from a philosophical perspective stems from a vague idea that bygringi
the concept of “information” into the realm of physics we can discover something
fundamental about the world and our knowledge of it. This is especially the case in
the age of the rise of the dominance of information throughout (information super
highways, the power of information, information technology, etc.). But a lot of the
talk is vague and enigmatic despite its promise. John Bell lists among the fnairds t
should be kept out of the formulation of quantum mechanics “information”. He asks,
“Information? Whoseformation? Information abowthat? (Bell J. S., 1990, p.

34) This line of questioning pinpoints the fluidity of this term and highlights its
various connotations, including the odd juxtaposition of a term, which usually implies
that someone has information about something, with using it in a scientific context.
We ought to heed Bell's warning and proceed with caution. What is information?
What is the proper use of the concept in quantum mechanics?

Briefly, the most common definition of the technical concept of information,
Shannon information, has to do with quantifying the amount of information in a
communication channel. The communication channel consists of a source, a receiver,
and the channel between them. Nielsen and Chuang (2000) characterize an
information source as a set of probabilifgg = 1, 2, ...,d. The source emits strings

of lettersj, each with a certain probabilify. For example, the sptnight be the
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letters of the English alphabet, ggaorresponds to the frequency of the use of each
letter in standard English. However, it is important to notejtheed not be letters

from any human ‘language’. All that it means is thiata discrete set of outputs

from the source. A message produced by the source then is some sequencejof letters
of lengthN. For messages with very larjethe message can be compressed to

rri.
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bits of information (Nielsen & Chuang, 2000, p. 52), where a ‘bit’ (short for ‘binary
digit’) is used to refer to the basic unit of classical information in tern&hahnon
entropy, and to an elementary two-state classical system consideegresenting

the possible outputs of an elementary classical information source labeled & or

is the measure of Shannon information, or the source probability distribution 81 term
of its compressibility, the Shannon entropy.

The analogous measure corresponding to quantum information is the von
Neumann entropy. The von Neumann entropy is the measure of the compressibility
of a quantum information source in terms of quantum bits, or qubits. Qubits are two-
state quantum systems which may be labjiénd|1). Whereas, a bit may only be
in states 0 or 1, a qubit can, in general, be in a superposition of its basis states;
|v) = «|0) + ]1). The von Neumann entropy for some state is defined as

S(p) = —tr(plog p) = — Xy Ay log 4y,
wherep is the density operator atig are the eigenvalues gf(Nielsen & Chuang,
2000, p. 510).
In a particularly clear and sober analysis of the concept and use of

“information” and “quantum information”, Timpson insists on the crucial distinction

12



between the technical concept of information used in information theory and defined
as Shannon information, and information in the everyday sense. Others have also
insisted that this distinction be maintained, including Shannon in the introduction to

his seminal paper “The Mathematical Theory of Communication”, whereyse sa

The fundamental problem of communication is thatepiroducing at one point either exactly
or approximately a message selected at anothet. peirquently the messages have
meaning that is they refer to or are correlated accordingome system with certain physical
or conceptual entities. These semantic aspeasromunication are irrelevant to the

engineering problem. (Shannon, 1948, p. 379)

There is a critical distinction to be made between the technical notion of inf@mgmat
as used in quantum information theory, and our everyday sense of information.
Timpson emphasizes and addresses this distinction in a number of places (2004;
2005; 2006). With careful philosophical taxonomy, Timpson is able to show that
these two concepts are distinct and that it is also not feasible to argue frootlome
other.

Any philosophical work that is to be done regarding quantum information
theory must first be very clear on the distinction between the everydagptaic
information and the technical sense of information. Timpson (2004) argues as
follows. The everyday concept of information is based on the more primitive idea of
that which is provided when oneirdormed To inform is to bring someone to know
something. Furthermore, “Concerning information we can distinguish between
possessing information, which is to have knowledge; acquiring information, which is
to gain knowledge; and containing information, which is sometimes the same as

containing knowledge” (Timpson, 2004, p. 5). The important distinction is between

13



possessinghformation andcontaininginformation. To have knowledge, or possess
information, is for the knower to have an ability with regard to that information. An
ability is a power or a disposition, which only persons have. To contain information,
however, is to be in a certain state, and this is categorically distinct froespwgs
information or knowing, which is an ability. This state is either providing or being
able to provide knowledge. That something can be in such a state — that of possessing
information about something — comes from the fact that it contains information
propositionally In other words, containing information about something requires that
the sentences or symbols in which it is expressed carry meaning. Such sympbols onl
possess meaning because of their place in a framework of language and language
users (Timpson, 2004, pp. 6-7). “[T]he concept of knowledge is functioning prior to
the concept of containing information: as | have said, the concept of information is to
be explained in terms of the provision of knowledge” (Timpson, 2004, p. 7).
Therefore, the everyday concept of information is necessarily linkedamgiuage

and knowledge, and, therefore, a knowing subject.

Any statement of fact is a candidate for beinmeseof knowledge. Timpson
makes a further differentiation between 1) a statement or proposition, 2) a sentenc
type, and 3) a sentence token. Starting at the bottom, a sentence token is arparticula
instance of a spoken or written sentence type, instantiated in the sound waves or ink
patterns of which it is composed. The sentence type can be repeated, instantiated b
more tokens of that type. Writing “Today is a holiday,” and then saying “Today is a
holiday,” is to have produced two token sentences of the same type. This sentence

type also expresses a proposition; that is, it carries meaning to a conugeteott the
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language. A proposition is distinct from a sentence type, since a given poposit
may be expressed with a different sentence type — in another languaganfiqitesx
but carry the same meaning.

A sentence token is the kind of thing that exists in a particular time and space.
It is a concrete thing. Sentence types and propositions, however, do not exist in any
time and space. They are abstract things, not part of the material worldsohim
continues to argue that the abstractness of types comes from the fact tlaa¢ they
properties of a given kind. The object, in this case the token, which hasotierty
of being a certain type, will be a concrete thing, but the properties which itehas ar
abstract things. Thus, the information, in the everyday sense, which is egpresse
proposition, is an abstract noun. Again, a proposition has meaning only in the context
of language and language users.

For the technical notion of Shannon information, the everyday notion of
information, having to do with meaning and knowing, is irrelevant, as is the notion of
sentence type, or that a particular token is instantiated. All that matthes i
particular pattern output by the source. This pattern is a type, of which there can be
different tokens. Successful communication involves outputting another pattern of
this type at the other end of the communication channel. Shannon information
characterizes not individual messages, but the source of the messageseadsii@m
of the quantity of information, it represents the maximum amount a message
produced by a particular source can be compressed without losing the reproducibility

of the message at the receiver.
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Though Shannon information is primarily concerned with being a measure of
the quantity of information of a source, one can derivatively express information per
letter associated with a message Witletters wherd\ is large. Apieceof

information can also be defined derivatively.

[llnformation is what it is the aim of a communiiatt protocol to transmit: information (in
the technical sense) is what is produced by anmmmdtion source that is required to be

reproduced if the transmission is to be countedcaess. (Timpson, 2004, p. 21)

This necessitates characterizing information sources, what they proddieehan
counts as success. For the communication to be a success, it must at least lee possibl
to reproduce a token of the type emitted by the source at the end of the protocol. The
piece of information is the sequence type, since to identify the sequence produced by
the source, we refer not to the token, but to the type. Successful transmission of the
type means to produce a token at the source, and then reproduce a token of that same
type at the output. The sequence type or probabilistic structure of the output has no
bearing on questions of meaning and knowledge.

At face value, this technical definition of information has very little to do with
the everyday concept of information discussed above. Shannon information does not

give the irreducible meaning of the messages. Meaning is irrelevant.

...informationmust not be confused with meaning. In fact, twessages, one of which is
heavily loaded with meaning and the other whichuege nonsense, can be exactly equivalent,

from the present viewpoint, as regards informati@¥.eaver, 1963, p. 8)

Timpson introduces the label informatido discuss the technical concept of
information and to distinguish it clearly from the everyday sense. The sioggest

seems to be that much of the excitement and confusion over the development of
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guantum information theory stems from an unfortunate selection of language. If it
had been called “Shannon statistical compressibility”, as opposed to “Shannon
information” dangerous conflations would never have arisen. This is not to say there
is no relation, but instead of beginning there implicitly withpniona faciewarrant,

the connection would need to be explicitly demonstrated. For more on attempts that
have failed to make the connection see Timpson (2004).

Both types of information end up being abstract nouns, but for entirely
different reasons. As we saw, everyday pieces of information, true propositens, a
abstracta. Shannon information, as a measure of the compressibility of a sauarce is
abstract noun, not concrete. And pieces of information, as sequence types, are also
abstract. Information in both senses is abstract, but since the notions areestépara
basis for this judgment likewise differs.

This exposition of Timpson’s serves two purposes. First, it emphasizes the
independence of two uses of the term “information”. Second, it establishes the
ontological status regarding both concepts of information as being types, and
therefore, as abstract nouns, analogous to concepts such as number, which as an
abstract concept implies that there is no place in the material world thahdsia f
number or a piece of information. What one may find in the world is a token which
instantiates some piece of information. Both of these points will be exceedingl|
useful in determining the proper role for information theory in the foundations of

guantum mechanics.
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2.3. “All things physical are information-theoretic in origin.”

Some views on what makes the quantum information-theoretic approach
foundationally interesting is that it supports a claim that information has sotvreé sor
ontological significance, either that it is the fundamental “stuff’ of thearse or
that the universe is best viewed as a massive quantum computer. If this sam of cla
could be made, then quantum mechanics could indeed be reduced to a simpler and
more basic set of ingredients, information. Though perhaps this seems a radical view
it would not be an entirely new proposal. Various authors have suggested that
information is physical and that the world is basically made of informatan.a
variety of views see (Wheeler, 1990; Landauer, 1991; Lloyd, 2006). For example,

Wheeler says,

It from bit. Otherwise put, every 'it' — every fiele, every field of force, even the space-time
continuum itself — derives its function, its meapiits very existence entirely — even if in
some contexts indirectly — from the apparatustelitanswers to yes-or-no questions, binary
choices, bits. It from bit' symbolizes the idbattevery item of the physical world has at
bottom — a very deep bottom, in most instances imamaterial source and explanation; that
which we call reality arises in the last analys the posing of yes-no questions and the
registering of equipment-evoked responses; in stiwat all things physical are information-

theoretic in origin and that this is a participataniverse. (Wheeler, 1990, p. 5)

Landauer, as another example, argues that “information is physical” andadps

that the laws of physics as algorithms for calculation (Landauer, 1996), atldetha
“laws of physics are, in turn, limited by the range of information processing

available” (Landauer, 1991, p. 29). It has been argued that the formal resemblanc
between Shannon information, or entropy, and thermodynamic entropy suggests that

there is a non-trivial link between them (see Leff and Rex 2003), perhaps painting t
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something deep about the world. The problem, of course, is to specify what would it
mean to say that information is somehow a fundamental constituent of our world?

First of all, it is again important to keep the everyday sense of information out
of the picture. The question is whether information in the technical sense is the kind
of thing that can be the fundamental stuff. Would this mean revising our concepts of
things and of properties? What then is this manifestation of a physical world?

As Timpson (2004) has noted, the question of determining the meaning of a
view like this is presented with a dilemma. On the one hand, if what is meant is that
information, in the technical sense — itself a physically defined quantity erdga
exist if it is instantiated in some physical manner, then the positionlistfarral
and, from a philosophical standpoint, uninteresting. Landauer can certainly be read in
this way. However, as shown above, the actual occurrence of some information type
means that it must occur in some physical token of that type, so it should be no
surprise that all actual instances of information must be realized in Zahysi
representation.

On the other hand, if what is meant is that the world consists of some basic
stuff, and that stuff in information, then employing Timpson’s analysis, it is
immediately apparent that a category mistake is implicated in ctaigasding the
type of thing that information is. Information, in the technical sense, is neerely
statistical measure of compressibility. A ‘piece’ of informatioa sequencype
And it is instantiated in a physical token. Information is an abstract noun. To say
that the world is made of information is analogous to the claim that the world is

ultimately numbers. This is simply a confusion about what kind of thing a number is.
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I will not here pass any final jJudgment on this proposition, but simply
maintain that if it is to be carried forward, there is much that needs to be worked out,
and it is not immediately obvious that it is not a non-starter. Such a view must
recognize the category mistake and must then somehow argue around it, that,
nevertheless, an abstract noun can somehow come to be the fundamental stuff of the
universe. An analogously strange argument would need to be made to claim, for
example, that the world is made out of numbers, or of relations. | cannot rule such an
argument out as in principle impossible, but it would require a very strange ontology

indeed, and seems at present to be incoherent.

2.4. Quantum Bayesianism

2.4.1. The View

Another recent trend in the philosophy of quantum mechanics hearkens back
to interpretations offered by some of its original founders, particularly, Botwgh,
with an information-theoretic spin. Since the days when the formalism of quantum
mechanics was conceived, the peculiarities of the theory have led theorissdom
a realist interpretation of quantum physics. Issues such as not being able to
simultaneously ascertain the exact values of variables such as position and
momentum, where classically this is in principle possible, or the fundamentally
probabilistic predictions of the theory and related measurement problem, convinced
many theorists that quantum mechanics is at best a purely instrumentaligt the
Quantum mechanics, with its overwhelming success as a predictive theory, was
merely an accurate tool for such predictions, but it offered no access to some

objective reality about the world. Niels Bohr phrased it thusly:
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There is no quantum world. There is only an albstgigantum physical description. Itis
wrong to think that the task of physics is to fmat how Nature is. Physics concerns what we

can say about Nature. (Bohr as paraphrased by Ratgsen, 1963, p. 12)

Additionally, realistic theories of the same physical phenomena appeared blocked.
Einstein, Podolsky, and Rosen (1935), argued that the assumption that quantum
mechanics was complete was incompatible with commonsense assumptions about
reality. These assumptions a@eparability— that physical properties in one region

are completely determined there regardless of other systemdeeality, which is

the condition that there are no instantaneous influences across a spatial region.
Together, these amount to an assumption of the possibility of a common-cause
explanation. Bell (1964) was the first to show conclusively that a theorghwhi
includes the conditions of separability and locality, could not arrive at the poedgicti
of quantum mechanics, which corresponded with experimental results. Quantum
mechanics, then, describes phenomena which simply cannot be explained in any
purely standard causal manner. Einstein’s issue is that physics must@spore

than this. It must be able to describe a world where such explanations are in principle
possible. But quantum mechanics does not allow this.

Spurred by recent advances in quantum information theory, some authors
have suggested that quantum mechanics is simply about our own state of belief
regarding the quantum world. Quantum information theory introduces a farmalis
for this approach to an interpretation of quantum theory. At first glance, it aigght
seem to offer a simple and intuitive structure on which to base the more abstract
mathematical structure of quantum mechanics, thus providing a better understanding

of the theory. | wish to show that despite aspirations to the contrary the susfjecti
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approach is essentially a sophisticated descendent of Copenhagen-style
instrumentalism. Moreover, embracing the formalism of quantum information theory
does not lend any support to motivate or justify this view. The basis for adopting the
subjectivist standpoint come from the standard issues regarding quantum mechanics
and is not specific to quantum information theory. Any temptation to think otherwise
would only arise from not being careful about keeping the everyday concept of
information, with its connotations regarding knowledge and mental states, distinct
from the technical concept of information, which has nothing to do with claims of
subjectivism.

Though the details differ, the basic inspirational spark for these viewarappe

similar. For example, Zeilinger makes the following claims:

The most fundamental viewpoint here is that thentum is a consequence of what
can be said about the world. Since what can betssdo be expressed in propositions and
since the most elementary statement is a singlgogition, quantization follows if the most
elementary system represents just a single praposit
It is evident that one of the immediate consequeigéhat in physics we cannot talk about
reality independent of what can be said abouttgedlikewise it does not make sense to
reduce the task of physics to just making subjecitatements, because any statements about
the physical world must ultimately be subject tperxment. Therefore, while in a classical
worldview, reality is a primary concept prior todaimdependent of observation with all its
properties, in the emerging view of quantum medadtsttie notions of reality and of
information are on an equal footing. One implies dther and neither one is sufficient to

obtain a complete understanding of the world. {@gédr, 1999, p. 642)

Fuchs, one of the main forces behind what we might call subjective quantum

Bayesianism says that it was actually Einstein who led him to the pa$iéibn
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guantum mechanics is about subjective information or belief (2002). He quotes an

excerpt from a letter of Einstein’s to Michele Besso:

What relation is there between the ‘state’ (‘quamttate’) described by a functignand a
real deterministic situation (that we call the Irsate’)? Does the quantum state characterize
completely (1) or only incompletely (2) a real stat...

| reject (1) because it obliges us to admit thate is a rigid connection between
parts of the system separated from each otheraicesim an arbitrary way (instantaneous
action at a distance, which doesn’t diminish wHendistance increases). Here is the
demonstration: [The EPR argument]

If one considers the method of the present quartheary as being in principle
definitive, that amounts to renouncing a completscdiption of real states. One could justify
this renunciation if one assumes that there isanoftr real states i.e., that their description
would be useless. Otherwise said, that would mears don’t apply to things, but only to
what observation teaches us about theffhe laws that relate to the temporal successfon
this partial knowledge are however entirely deteistic.)

Now, | can’t accept that. | think that the stétisl character of the present theory is
simply conditioned by the choice of an incompletsdiption. (Letter from Einstein to Besso

1952; quoted in Fuchs 2002, p. 10. Italics areemin

Fuchs takes the results of no-go theorems such as Bell's as estalthahing
completing quantum mechanics in the ways philosophically required by Einstein is
impossible. As far as it goes, Einstein’s argument is taken to be airtigipt éxae
Einstein’s refusal to accept such incompleteness in a physical theory does not
logically follow from his argument that quantum mechanics is incomplete.
Therefore, the quantum stasanformation. Fuchs says, “The complete
disconnectedness of the quantum-state change rule from anything to do with

spacetime considerations is telling us something deep: The quantum state is
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information. Subjective, incomplete information” (Fuchs, 2002, p. 11). Instead of
describing some aspect of the world, the quantum state represents our degrees of
belief regarding the outcomes of measurements.

Fuchs argues that an accurate formal account of how quantum information
works is by using non-commutative Bayesian probability theory. The bgdbwa
understand probabilities is from a Bayesian perspective and this is eypecetf
guantum probabilities. Quantum mechanics is the formal tool for arriving at the
appropriate degree of belief for the outcomes of measurements. Once a measure
has been made, the collapse in the wavefunction is nothing mysterious in the world; it
is just the updating of one’s previous beliefs about the quantum system. The solution
to the measurement problem and EPR-style paradoxes comes by shovwerayeéhes
not a problem when looked at from this purely subjective perspective. Nothing weird
happens upon measurement; one just gains some new information, and so one’s belief
state changes. There is no unexplained collapse, no spooky action at a distance.
Quantum states are not probability assignments to states of the world. Ag for an
Bayesian account of probability, there is no right or wrong state of belief di@out
probability of an event, just one’s subjective beliefs. When new information is
available, one updates one’s subjective beliefs on the basis of the information and
Bayesian conditionalization rules.

Timpson (2007) argues that quantum Bayesianism is not an instrumentalist
position. The basis for this claim is that the Bayesian approach has pretenses at
ultimately reaching a very realist position. It is, for example, Fugpbal in building

a robust subjective quantum theory in order to be able to strip all of the subjective
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aspect of quantum mechanics away so that some fundamental core which can answer
the question about what makes it the case that the quantum world can only be

represented as a subjective degree of belief.
The quantum system represents something real degémdent of us; the quantum state
represents a collection of subjective degrees lidftabout something to do with that
system... The structure called quantum mechanidsoatahe interplay of these two
things—the subjective and the objective. The tafkite us is to separate the wheat from the
chaff. If the quantum state represents subjedatifcemation, then how much of its
mathematical support structure might be of thatesaharacter? Some of it, maybe most of it,
but surely not all of it.

Our foremost task should be to go to each andyesdom of quantum theory and
give it an information theoretic justification ifaxcan. Only when we are finished picking off
all the terms (or combinations of terms) that carnrterpreted as subjective information will
we be in a position to make real progress in quarfaundations. The raw distillate left
behind—miniscule though it may be with respecti® full-blown theory—will be our first
glimpse of what quantum mechanics is trying todslabout nature itself. (Fuchs, 2002, pp.
5-6)

That is, this program is presented as a realist one. As Timpson notes, yes, the
guantum Bayesian is an instrumentalist about the quantum state, however, not an
instrumentalist about quantum mechanasge court Timpson ultimately rejects the
guantum Bayesian position on other grounds. However, what | hope will become
clear is that these grounds all stem from the same source, and it is th&t ¢here
fundamental tension between holding that our best and only possible theory of the
guantum world is and must be about our subjective degrees of belief, i.e. it must be

instrumentalist, but that we can nevertheless “get at” some picture oédl quantum

structure of the world. It is consistent to hold that our theories are purelymesttal
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and that there are facts which are true of the world. Where the problemioamas
assert that what the theory provides is a way to update our purely subjective
probability assignments. In doing so, it is left unexplained why we should use this
method as a reliable way to make predictions. So while the ultimate aim of the
guantum Bayesian to find a realist kernel of quantum theory, it is nevertheless backed

into an instrumentalist position on the basis of it opening assumptions.

2.4.2. Critique

Timpson poses three problems for the quantum Bayesian picture. These are
the problem of explanatory deficit, that the quantum Bayesian is committed to a
Moore’s paradox-style problem, and that the means employed by the quantum
Bayesian are not appropriate to their ends. The first of these problems is that the
guantum Bayesian has trouble with providing scientific explanation. Timpson holds
that for a non-instrumentalist theory, some level of explanation is a requireswed
while quantum Bayesianism is purportedly not instrumentalist, it is hard to give an
account by which it can provide adequate explanation for phenomena which we
generally take quantum mechanics to explain. That is, quantum Bayesiaamm se
to suffer from an explanation deficit. The Bayesian can explain how agentsaarrive
their beliefs about some event taking place, but what a theory is supposed to do is
explain why the event takes place.

For example, we want quantum mechanics to be able to explain why some
solid bodies conduct electricity and others do not. For quantum Bayesianism, the
guantum state does not tell us anything at all about the quantum properties of objects.

All that the quantum state is is a tracking device regarding our subjectiveedeaxr
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belief about what we expect the system to do. There is no fact of the matter,
regarding the microstructure of solid bodies, which explains their various conductive
properties. The same story applies to any number of phenomena which we would
naturally want and take quantum mechanics to explain. If the quantum state can say
nothing about the microstructure, quantum mechanics can only be a predictive tool,
not an explanatory device, without some further story about explanation which differs
from the standard conception.

The second problem Timpson is concerned with is what he calls quantum
Bayesianism’s analogue to Moore’s paradox. The apparent paradox here is in making
a statement such as, “It is raining, but | believe it is not raining.” Timpsontseen
is that the quantum Bayesian position is committed to a similar type of asserti
what he calls the quantum Bayesian Moore’s paradox or QBMP: “I am certam that
([e.g.]that the outcome will be spin-up in thdirection) butt is not certain that”
(Timpson, 2007, p. 35). That s, it is often the case that a quantum state will be in a
pure state with respect to some observable. In this case, the subjective jpyobabil
that a measurement of that observable performed on the system will rgtuem a
value will be one. That is, the result is believed to be certain to occur given the
measurement. However, even in the case of a pure gquantum state, the subjective
guantum Bayesian view is committed to the idea that the quantum state is sl purel
subjective. There is no objective fact of the matter which determines the
measurement outcome, even in the case of pure states. Therefore, there seems to be
some sort of tension here between the expectation that an outcome will occur with

certainly, and the claim that there is no fact of the matter before hand.
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The Bayesian response is that nothing surprising is going on here if we look at
it from the right perspective. A story about some underlying structure withake
it any less surprising for the agent whose subjective beliefs are trgatghtum
system is in a pure state. Whatever Bayesian process occurred for thevagdnt
led to that assignment, entirely explains the expectation that a partesudrwill
occur with certainty. What needs to be distinguished is the difference between an
agent being certain of something, amideing certain” that something is the case.
The first is a cognitive state. If | (an agent) do not consider it poshkéibe then |
do not consider it to be possible that rofThis is logically independent from the
claim that “It is certain that,” which is about facts in the world. Therefore, it is not a
logical contradiction to say, “I am certain thabut it is not certain that”

Likewise, it is possible for the Bayesian to contend that it is perfectlytdie to
give subjective probability assignments of certainty for the agent, whilgtaming
thatit is not certain that the outcome will obtain.

Timpson replies to this defense by allowing that we can admit that providing
any underlying facts will not alter the subjective belief set of thatagleo is certain,
thereby disconnecting the certainty of the agent from certainty of thiHgwever,
the problem is greater than this. It is not simply the disengagement of ardiffer
notion of certainty which needs to be addressed, but the further tension that the
Bayesian agent must be certain of a particular measurement outcome, actd/gbt
denythat there are any relevant facts which determine it. “Isn’t the ageplysi
convicting themselvesid as irrational?” (Timpson, 2007, p. 36) Moore’s paradox,

presents a puzzle for an individual case where the certainty of an agent sonthct
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what seems ought to be the case regarding what is in fact certain. The quantum
Bayesian is committed to a much more general and systematic adoptionsoftlok
position.

The third difficulty Timpson brings up is what he calls theans/end
objection The basic problem is that for the quantum Bayesian there is a fundamental
disconnect between the ends which they seek and appropriate means to reach them.
According to Timpson, there are two distinct ends for the Bayesian view: “one of
finding out how the world is; the other the pragmatic business of coping with the
world” (Timpson, 2007, p. 37). For the latter of these ends, fundamentally, this
means using quantum subjective Bayesian updating, on the basis of the data we have
available, to make predictions about future outcomes. However, there is a gap
between our means, subjective updating using data from experiments, and the end of
being able to make successful predictions. If there are only subjective ptadsbili
then there seems to be no reason to expect the data to help lead to better predictions.
The Bayesian view blocks the possibility of there being any good reasons tb expe
our subjective beliefs to match outcomes.

To this I might add my own means/end objection, though of a different nature.
This has to do with the first end Timpson notes, the quantum Bayesian goal of
discovering some fundamental quantum truth, and the means of reaching it, the
subjective Bayesian approach. The concern is that the strategy of “pickadbté
terms... that can be interpreted as subjective information” to discover the “raw
distillate left behind” (Fuchs, 2002, p. 6), depends on the subjective approach being

justified independently. If it is not, and it is employed to diffuse standard puzzles
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such as the measurement problem, then stripping away quantum axioms which can be
reformulated in subjective terms, such as the quantum state, may verytliely s

away all aspects of the theory which make it a quantum theory. With nothing left but

a subjective theory, we are left in an instrumentalist position. It is not blgar t

stripping out what can be put in subjective terms is not stripping out what might be
important from a “raw distillate.” This is a concern which may of course besaedw

by the still open program of the Bayesian approach, but it is not obviously clear that
the strategy for finding some deep quantum structure this way is not a non-starter.

the task it to answer the question “why the quantum?” then relabeling and removing
guantum aspects of the theory, such as entanglement, as subjective may amount to

plastering over the issue as opposed to analyzing it.

2.4.3. Walks Like, Swims Like, Quacks Like

All of the difficulties Timpson discusses are symptomatic of the underlying
problem, and that is that quantum Bayesianism, by adopting as its most central tene
subjective interpretation of the quantum state, is unable to get beyond an
instrumentalist theory. Timpson argues that the quantum Bayesian positiomis not i
fact instrumentalist, due to its realist ambitions. However, this may sheply
splitting hairs, when, at the end of the day, the problems suffered by quantum
Bayesianism are those suffered by instrumentalism and when no cledmietlie
is available.

The three problems Timpson describes are all problems which arise not just
for quantum Bayesianism, but are also central objections to instrumentalism. The

first is that we want more from our theories than to be merely successfuiaiools
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calculating predictions. We want them to explain phenomena. By maintaining that
the quantum state is just a subjective probability, we can say very littletabout
guantum level which would explain things we want quantum mechanics to explain.
Likewise an instrumentalist interpretation of a theory gives very tatkxplain
phenomena which the theory covers. It is not good enough to account for the agent’s
expectations. Instrumental theories also give us a means to develop rational
expectations about future events. What neither does is explain why the events
themselves come about.

As far as the problem of Moore’s paradox is concerned, the instrumentalist
does not really fall directly into it since the instrumentalist need not makelams
that any theory provides the agent with certainty except regarding erhpirica
outcomes. There is a similar, though weaker tension nevertheless. The
instrumentalist maintains some level of trust in the predictions a theoryatgs)er
why go with a theory at all, yet at the same time denies there isasgnrbehind this
past and expected future predictive success related to the real world. Aslivges,
the Moore’s paradox problem for the quantum Bayesian is tied both to the problem of
explanation and Timpson’s means/end objection, which are central concerns for an
instrumental stance.

The means/end objection, which Timpson says is related to the problem of
Moore’s paradox, is also a problem for the instrumentalist. Theories are predictive
tools. We may say that we have evidence that they work as predictors on $hef basi
experience with using the theory. That is, the justification for their usescivame

their predictive success. It may seem then that the means/end objection is just a
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problem for the subjectivist and not for the instrumentalist, who can defend the view
on the basis of empirical success, whereas the subjectivist does not even have that.
However, Boyd (1973; 1984) makes an argument against instrumentalism very
similar to the one which Timpson makes against Bayesianism. On the standard
instrumentalist account of scientific theories, the content of a sciehgfecyt makes

no assertoric claims which are true or false of the world. That is simptiieiojob.

The only elements of a theory which are assertoric are its empirgchtpons, and

these can be tested via direct observation. Boyd argues that an instriginentali
conception of scientific theories fails to account for the instrumental dedyaddi

theories however. Instrumentalism does accept this reliability, sirsces flist the
statement that we can trust the empirical predictions made by the thednyifhout

this, science is doing nothing for us). However, Boyd argues, the predictive
reliability of theory-dependent judgments can only be explained if, to somd,exte
they are approximately true. Making empirical observations alwaysres theory-
dependent judgments.

The problem of explanation seems to be creeping in for the instrumentalist as
for the subjectivist. The explanatory gap problem is that an instrumental ectstej
theory can not explain phenomena, but merely predict them. The means/end
objection is simply the redirection of the explanatory gap problem towards the
application of the theory itself. For Timpson, it applies to the quantum Bayesian,
because, for the Bayesian, there iseasonto look at the data and use it for
updating our beliefs and think that it should help us “cope with the world”.

According to Boyd’s, and similar arguments, any observation is theory:la&iey
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test of the predictions it makes must include a principle such as the following: “a
proposed theor§y must be experimentally tested under situations representative of
those in which, in the light of collateral information, it is most likely thatill fail, if

it's going to fail at all” (Boyd, 1973, p. 10). However, such a principle is reliabje onl
insofar as it is explained according to a realistic interpretation obllsaral

theories. For the quantum Bayesian and the instrumentalist, there is no explanat
account that would justify how the desired ends (being able to make predictions)
should be met by the means (data gathering) one uses to do so. Itis here that the
explanatory gap argument is particularly forceful.

At the end of the day, the problems for instrumentalism and subjectivism are
more or less the same (in some respects, the Bayesian may have moee troubl
answering the problems). The most central problem for instrumentalism can be
summed up with Putnam’s claim on behalf of the opposing view that “[r]ealism is the
only philosophy that does not make the success of science a miracle” (Putham, 1975,
p. 73). Thatis, from a realist perspective, quantum Bayesianism and Copenhagen-
style instrumentalism are on a par and suffer from the same issues bittougrtma
view of the theory which specifically and consciously does not make claims about
any fact of the matter, and which nevertheless guides what we ought tb texpe
observe. Of course, the quantum Bayesian position offers a promissory note of some
deeper realism. One may hold out hope of such a program finding success, but it is
not yet clear how it will come about or if it can.

It should be noted that it may very well be compatible with an instrumentalist

approach to scientific theories in general, or to a particular theory, that isteotly
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maintain that there is some fact of the matter regarding reality lgntidependent of
our theories. The claim is that our theory tells us nothing about such a realitys This
an epistemological claim. As Leplin notes, more recent accounts of instrlismenta
responding to problems with formulating entirely non-assertoric accounts of
instrumentalism, allow that theoretical claims can be true or falgeture of the way
the world is (2000, pp. , 394). But this is only metaphysical realism; the truth or
falsity of a theoretical claim can have no bearing on its scientifityutiTruth or
falsity is impossible to verify and irrelevant in any case. Instrumentas an
epistemological stance breaks any connection between the predictive sigcess
theory and the possibility of its success as an approximately true descapthe
world. If quantum Bayesianism can do no more than this, any aspirations to
metaphysical realism are empty. That is, without a clear meanbnaf ifil its
metaphysical hopes, quantum Bayesianism seems to fall into this account of
instrumentalism.

The point is that while Timpson allows that quantum Bayesianism is not an
instrumentalist approach, since it ultimately aims at discovering sorgetal
beyond what is merely subjective, the criticisms which can be strongly lageenst
the Bayesian views are just those brought against the instrumentalist appfaaeh. |
demands that this is not an instrumental approach on the basis of its aspirations, this is
compatible with what | have to say since the issue primarily rests on a offioice
terminology and categorization. At the end of the day, however, the view fails to
deliver for just those reasons that a realist insists on rejecting the iastalist

position.
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A central point of my argument here is that the subjective quantum Bayesian
approach to quantum mechanics, such as Fuchs’, needs to beware of violating
Timpson’s warnings that information theory is not about knowledge or knowing
subjects. It is not about belief either. If we seriously heed this warhisglear
that the argument that quantum mechanics is subjective (i.e. it is a theory about our
knowledge) relies completely on the same crucial points of a very old debate in the
philosophy of science about whether the task of science is to develop theories that ar
about an objectively real world, or whether this is a metaphysical goal béyend t
reach of our epistemological capacities, often on the basis of the logical
underdetermination of theories given the data. This leads to the idea that science
about developing theories as instruments that merely help us make accurate
predictions. They have nothing to say about reality. Of course, the situation gets
more complicated when it comes to quantum physics, because here a cleahstut r
theory actually seems to be fundamentally blocked by limitations sucHlgs Be
inequality. Nevertheless, the claim that quantum mechanics is purely instruimenta
an epistemological claim, which is a conceptually separate issue from quantum
information theory. Quantum information theory may appear, at first sight, to be the
ideal way of formalizing a quantum mechanics that is only about our beliefs
regarding the world. That is, | fear there is a temptation to slide from new
developments in quantum information theory, to claims that this shows that quantum
mechanics has always been about information, and that it is only about what we can
say about the world and not the world itself. However, this is a slide from a purely

technical concept of information to information in the everyday sense, whichis the

35



linked to a subjective state of belief. But this is an illicit confusion. As suchthehat
term “information” is used in a purely technical sense should not be regarded as in
any way backing up the instrumentalist claim that quantum physics is only about our
state of belief. Any philosophical hay that might be made from quantum informat
theory must be due purely to its technical formalism, and not that it is morg/close
related to any subjective account of the foundations of quantum mechanics.

It follows that any arguments for the subjective quantum Bayesian approach
will be based on standard instrumentalist arguments. Information theory does not
enter the picture. Likewise, any arguments against a subjective quantunaBigyes
views, such as Fuchs’, are, therefore, based on broader realist argumiasts aga
instrumentalist interpretations of quantum mechanics. At the forefront of thélse, i
feeling that the very success of a theory that is about the updating of our states of
belief ought itself to be explained, and therefore justified, if we are to haee go
reasons for using the theory. Otherwise, its success seems compiettalgous.

Another argument is simply that physics must be about an objective world and offer
approximate explanations of it or it is not clear what we are doing in science

In any case, my argument here is not against instrumentalism, though | do not
endorse it. | take such an argument to be ultimately fruitless and basedlypma
conviction rather than argument and evidence. The conclusion of this section is that
the subjective quantum Bayesian approach to quantum mechanics, which uses
guantum information theory, must be wary of equivocation regarding what is
contained in the notion of information in the technical sense and that in the common

usage sense. The fact that, from a technical standpoint, we can apply irdormati
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theory to quantum mechanics does not give us any reason to think that quantum
mechanics is about our states of belief. It follows that, despite claimsdorttrary,

guantum information theory does not resolve any foundational issues in quantum
mechanics when it is used to develop a subjective interpretation of what quantum

theory is about.
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Chapter 3: Principle Theories and Constructive Tieso

3.1. Introduction

We have now looked at some information-theoretic approaches to
interpretational issues facing the theory of quantum mechanics. It has been show
that these approaches either hinge on a category mistake about the kind of thing
information is in its technical sense (or everyday sense), or amount tdiagetel
the instrumentalist story regarding quantum mechanics, but in subjectiesi@ay
terms. Whatever merits there may be in employing the language of ationm
theory in discussing quantum mechanics — and there may be interesting ones, both
theoretically and practically speaking — the approaches discussed in Chdpteot
suffice to answer the traditional philosophical concerns with quantum mechanics.

However, there may be another way in which the concepts of quantum
information theory may be utilized for philosophical gain. In a careful use of the
technical notion of quantum information, Clifton, Bub, and Halvorson (CBH 2003)
propose to have found three information-theoretic principles that can be shown to be
equivalent to that which they take to be the general features of a quantum theory. In
their formulation, CBH are careful to maintain that the notion of information used
here is restricted to the technical version. The philosophical work, it is argued,
done by formulating quantum mechanics, using straightforward informatiorettweor
constraints, in a manner analogous to the way Einstein used simple empirical

principles in the formulation of special relativity.
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This chapter will investigate the CBH approach, the ideas explored in the
original paper, as well as considerations undertaken by Bub in subsequent papers
(20044a; 2004b) articulating the program further. The question is whether this
information-theoretic approach is philosophically fruitful. In particulaggit meet
its interpretational goals regarding the philosophical issues of quantumgihyic
preliminary task is to determine what these interpretational goals ar@n As
interpretational program, there are three possible routes by which CBH meght off
novel insight. By the end of this chapter we will also be able to offer some idea of
what it means to ask for and to give an interpretation of a theory. What we will find,
broadly speaking, is that a demand for interpretation is a demand for explanation.

The first way of reading CBH is as a fairly straightforward argptm
establishing the view that quantum mechanics is best interpreted as anensatigin
theory, where the measuring instruments are to be treated as opaque blaclabdxe
that information-theoretic language is best suited to formulating thisagprd his
approach should be discounted for a number of reasons. First, an instrumental
interpretation is not much of an interpretation. Second, the role played by
information-theoretic principles appears unnecessary from a philosophical
perspective. The call for instrumentalism can be made whether couched in
information-theoretic language or in the standard mechanical formulation, but as
CBH has shown, the two are formally equivalent. So nothing extra is gained which
establishes this conclusion by switching to an information-theoreticestanc

The second possible reading is not particularly viable. A realist spin might be

to propose that we should not think of physics as about particles and waves, but

39



information as the basic stuff and that CBH gives us the means to do so. This type of
approach has already been dismissed as suffering from a category magtaking
the concept of information. It does not seem to be the aim of CBH to put forward
such a claim, and as we have seen this is not a promising approach. We will not
discuss it further.

Finally, in this chapter we will investigate the role played by principle
theories. Perhaps, because CBH is a principle theory, as opposed to a cemstructi
theory such as the standard mechanical formulation of quantum mechanics, CBH can
offer some alternative interpretational solutions. To investigate thigfurtie will
take a much closer look at the distinction betwamciple theoriesandconstructive
theoriesmade by Einstein in describing his theory of relativity. What we will
discover is that the interpretational role of both kinds of theories derives from the
kinds of scientific explanation they provide. Constructive theories are fundalyental
explanatory. Their source of explanatory power comes from the ability to offer
causal-mechanical explanations of phenomena, a type of scientific explanation
advocated by Salmon (1989).

Principle theories are also explanatory. The preliminary conclusion of this
chapter is that the primary function of a principle theory is tied to the explamater
it plays through unification. The standard account of explanation as unificatioh is tha
advanced by Friedman (1974) and Kitcher (1989). While principle theories may often
offer this kind of explanation by unification, it turns out that a better understanding of
the role of principle theories for Einstein and for CBH can be articulated. In Chapte

4, it will be argued that in these instances, the role played by principle thsoaie
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constitutive one. It is this role that is of primary importance for understanding
principle theories such as special relativity, and as | will argue, forgmant
mechanics. It will also be left to Chapter 4 to argue that the constitutive nature of
foundational principle theory has an explanatory function essential for esitadplis
the explanatory framework for empirical theories by way of resolvingeginal
inconsistencies. This occurs at a different level than the unification of phenomena
described by Kitcher, and it functions as a precondition for this type of uroficati
With this explication of the roles of principle and constructive theories, we
can see why a successful constructive theory of quantum mechanics has been so
notoriously difficult to find, since a standard causal-mechanical explanatiortaihcer
phenomena is blocked by Bell-type no-go theorems. Reformulating quantum
mechanics as a principle theory, in itself, does not provide an interpretatiosef the
difficulties or make them go away. If a principle theory approach is to succeed
interpretationally, it must establish the possibility of unification whictegia
principle theory explanatory merit. Itis argued in this chapter that the&@pBkbach
does not provide unification in the standard Friedman/Kitcher sense beyond that
which is already given by quantum mechanics. As such, though it is presented as a
principle theory, in this particular sense, CBH does not offer any further etiplana
for quantum phenomena. Therefore it does no interpretational work either. In
Chapter 4, we will consider the conceptual work that can be done by a principle
theory and the interpretational role they can play as constitutive theoriesl] as w
the success of CBH considered in this light. Having done the preliminary work in

this chapter of establishing the explanatory role of principle theorie®waslipg
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explanation by unification, we will be able to see how the success of theotegssuc
special relativity stems from the constitutive nature of their principfeSBH is
going to provide an interpretation of quantum mechanics, it is this aspect of principle

theories, which is discussed in the next chapter, that must be at work.

3.2. Informational Constraints as Principles of Quantum Mechanics

Clifton, Bub, and Halvorson’s paper, “Characterizing Quantum Theory in
terms of Information-Theoretic Constraints” (CBH, 2003) shows that the furmdaime
elements of a quantum theory can be deduced from three information-theoretic
principles. This technical result motivates the claim that quantum mechamios ca
viewed as rinciple theory The primary inspiration for thinking that quantum
mechanics should be viewed as a principle theory comes from a direct analogy with
Einstein’s insight into his own theories of relativity, combined with thepasent
lack of need for interpretation as perceived by the physics and philosophical
communities. The fact that quantum mechanics can be derived from a relatively
small set of principles, which are in fact a set of information-theoretistaints, is
itself a strongly motivating breakthrough. In the most complete version of this
program, Bub (2006) advances this line of thought, arguing that from a foundational
perspective, “quantum mechanicaitheory about the representation and
manipulation of informatioronstrained by the possibilities and impossibilities of
information-transfer in our world, rather than a theory about the ways in which

nonclassical waves and particles move” (Bub, 2006, p. 95).
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The CBH result, with Halvorson’s (2004) addendum, shows that quantum
mechanics can be successfully represented as a set of constraints, oeprianighe
transfer, manipulation, and representation of information. It is at leastithyplic
argued that a physical theory which is based on a small set of principlesaoffers
interpretational advantage over existing interpretations of quantum mechanges. O
argument for this seems to rely on the interpretational success of thé apdcia
general theories of relativity as seen through the lens of Einstein’s atemsihts
regarding these theories as principle theories. Specifically, ragaydantum
mechanics and the CBH approach, Bub (2004a; 2004b) argues that the information-
theoretic approach is the only viable option for the foundations of quantum theory.

The CBH approach develops a theory of quantum mechanics from simple and
conceptually appealing principles. For them, information-theoretic plascfit the
bill the best. CBH begin with a structural framework broad enough to include all of
the various physical theories that are available to modern science. Thenatathe
framework used is the abstract C*-algebra. This framework capturesivatasses
of theories including classical and quantum ones. The strategy is to come up with
restrictions on this abstract structure, which divide it into those theoriesehat ar
classical in nature and those that are quantum mechanical. The first task of t
authors is to find physical characteristics that are definitive of a@emneantum
theory. These are:

o that the algebras of observables pertaining tandisphysical systems must commute, usually
called microcausality dkinematic independence
o that any individual system’s algebra of observabtest be nonabelian, i.@on-

commutative
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e that the physical world must m@nlocal in that spacelike separated systems must at least

sometimes occupy entangled states. (CBH 2003, 4)

The authors claim that there are three information-theoretic prindi@eare
entailed by these characteristics and which likewise entail them. @&ges@lent
information-theoretic principles are:

e the impossibility of superluminal information trdasbetween two physical systems by
performing measurements on one of them;

e the impossibility of perfectly broadcasting thearrhation contained in an unknown physical
state; and

e the impossibility of unconditionally secure bit comtment. (CBH 2003, 3)

The CBH argument shows that a classical theory is equivalent to an abelian C*
algebra. This means that a quantum theory must be non-abelian, or non-
commutative. Furthermore, non-commutivity mathematically entails non-local
entanglement, but only mathematically. The possibility of broadcasting isigbow
imply an abelian framework, and the reverse, that commutivity entails thibiptyss
of broadcasting, is also shown. Therefore, non-commutivity entails the impogsibilit
of broadcasting information. The impossibility of superluminal information teansf
is shown to be equivalent to kinematic independence. Finally, no bit commitment is
shown to guarantee the existence of non-local entanglement. In this paper, CBH are
only able to motivate the entailment of no bit commitment from non-local
entanglement, but this entailment is proved in Halverson (2004). Thus, CBH have
shown that their three information-theoretic principles are equivalent to thei
characterization of quantum mechanics.

The question is now, so what does this mean? There is no doubt that this is a

very interesting result. CBH take it to show that quantum mechanics can be
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represented as a principle theory, specifically, one that postulatesvé&hiae in a
world in which there are certain constraints on the acquisition, representation, a
communication of information” (CBH 2003, 3). As we shall proceed to show, a
principle theory can potentially offer what Einstein calls security ofabhadations,
but can this formulation do any philosophical work for us?

If we are dealing with these information-theoretic principles usiryg the
technical concept of information, then how do we decide whether this formulation is
more philosophically successful than the traditional mechanical formulation of
guantum theory that deals with particles and waves? In a follow-up aotitie t
original CBH, paper Bub (2004a) addresses this question. He argues that if we
assume that these three information-theoretic constraints hold in our world then we
are faced with the measurement problem. This is a problem involving the linear
dynamics of quantum theory, which describe the interaction of a quantum system
with a measuring instrument such that they result in a superposition of states. The
eigenvalue-eigenstate rule then holds that only a state in the eigenstptetafudar
property actually has that property. Thus, it is possible to have an object and
measuring instrument in an entangled state such that the measuringemsthas no
definite property corresponding to a particular pointer reading. This does nat accor
with experience however. The measurement problem involves working out how it is
that we experience what we do given the quantum description. One route to
developing a solution is to fiddle with the dynamics. The “orthodox” interpretation of
guantum mechanics postulates a “collapse”, such that the quantum state coitapses i

one of the eigenstates upon measurement. Such a solution, however, provides no
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physical account of this collapse, essentially leaving the instrument out of the
physical description, leaving it a black box through which we access the observed
features of the world. A GRW-type collapse theory (Ghirardi, Rimini, b,

1986) also alters the dynamics of quantum mechanics by postulating that there is
small probability that the wavefunction of a particle will collapse spontaneoBsily
(2004a) argues that this alteration of quantum theory would violate the principle of no
unconditionally secure bit commitment by allowing cheating due to the dgstro¢
entanglement from spontaneous collapse.

Alternatively, one might propose solutions given by no-collapse theories such
as Bohm'’s or Everettian many-worlds interpretations. Bub (2004a) argues that
according to the Bub-Clifton Theorem (Bub & Clifton, 1996) no-collapse theories
should be regarded as theories required to offer a mechanical explanation for the
behavior of the measuring instruments, and so must give an explanation of the
informational constraints that have been assumed to exist. On the one hand, such
theories may provide a mechanical account of measurement results and violate the
information-theoretic principles. But then such theories are not quantum methanica
in the sense defined by CBH. If a theory is quantum mechanical in this sense, then it
must be empirically equivalent to orthodox quantum mechanics. Therefore, Bub
argues, such theories, by their very nature, cannot provide empirical evidence f
their mechanical account of measurement devices beyond that of orthodox quantum
mechanics. Therefore, there are in principle no empirical grounds for accapto-
collapse theory over standard quantum mechanics. All of these theories are

explanatorily equivalent. The rational epistemological stance to takis @ioint is to
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suspend judgment on these mechanical theories. This means that measuring
instruments remain black boxes in the theory. As such, the quantum theory amounts
to a theory about the representation and manipulation of information. Thus the three

theses of Bub’s paper:

1) A quantum theory is best understood as a theorythe possibilities and impossibilities of
information transfer, as opposed to a theory althetmechanics of nonclassical waves or
particles.(By ‘information’ here | mean information ihe physical sense, measured
classically by the Shannon entropy or, in a quantorid, by the von Neumann entropy.)

2) Given the information-theoretic constraints, anycimanical theory of quantum phenomena
that includes an account of the measuring instrusdrat reveal these phenomena must be

empirically equivalent to a quantum theory.

3) Assuming the information-theoretic constraints iréact satisfied in our world, no
mechanical theory of quantum phenomena that inslageaccount of measurement
interactions can be acceptable, and the appropréte of physics at the fundamental level

then becomes the representation and manipulatiagmfefmation.(Bub, 2004a)

This argument is basically an application of Occam’s razor. When we are
presented with a set of underdetermined theories, we are not warranted inipgstulat
extra metaphysical assumptions that are in principle untestable. Indjs ca
mechanical formulations of quantum theory are necessarily underdetermined in this
way. As a result, we cannot explain the way instruments interact with quantum
systems to give us the empirical results that we see macroscopicallymdéuns that
instruments remain black boxes at some level. According to Bub, this is equigalent t
saying that quantum theory is a theory about information. Measuring instruments,
depending on where one draws the line, at some level, must be viewed as information

sources.
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3.3. Principle and Constructive Theories

3.3.1. Introduction

We have been looking at this paper of Bub’s to determine whether this
information-theoretic formulation of quantum theory is somehow more
philosophically successful than the standard mechanical formulation of quantum
mechanics. As pointed out in the introduction to this chapter, Bub’s paper lends itself
to three possible readings in terms of the interpretational work of which the CBH
approach is capable. The first is that it is an argument that quantum mechanics ought
to be interpreted instrumentally, with the preferred fundamental structure deduce
an information-theoretic framework. Second, it is trying to carve out aquositi
which information has some kind of special ontology, and so we are better off
thinking of the world as information, rather than as particles and waves. If these
readings are rejected — as we argued in Chapter 2 they should be — the infermation
theoretic principle theory must purport to offer some other interpretive stance, i
virtue of being a principle theory, to which the standard mechanical formulation does
not have access.

This third interpretive possibility will require a bit more investigation
occupying the remainder of this chapter and the next. This approach trades on the
distinction betweeprinciple andconstructivetheories, and the framing of a principle
theory approach to quantum mechanics. First, however, it is important to understand
that though quantum mechanaan be represented as a principle theory does not
imply that this representation provides a more successful interpretatasisifdr

guantum mechanics. For CBH, there is a great deal riding on the role of principle
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theories, versus that of constructive theories. We need to explore how this can be
cashed out.

In this section, we explore the distinction between principle theories and
constructive theories. We will discuss how this distinction has been understood by
others. In particular, Flores argues that a better way to understand thigtidisis
in functional terms as opposed to the ontology which supports it. He revises the
distinction somewhat into what he cdllameworkandinteractiontheories (Flores,
1999). | emphasize that the particular function of central importance to thionevisi
is the explanatory function of the theory, either as a unificationist explanat&gon or
causal-mechanical explanation. Both unificationist and causal-mechanical
explanation are valid and scientifically valuable. As such, both types of theorie
principle and constructive, can be considered to have important functions in science,
with different, but equally strong roles to play. This chapter concludes with the
preliminary claim that the distinction between principle theories androatise
theories is best understood as depending on explanatory requirements.

It will be argued, however, that this is not the whole story. Marking the
distinction between constructive and principle theories merely as a dtincti
between causal-mechanical and Friedman/Kitcher-style unificatexpsanation,
respectively, misses important nuances regarding the role played bpamaint
class of principle theories. A principle theory can provide explanation by uifica
in the Friedman/Kitcher sense, and we will see that CBH does not succeed in
providing unification in this sense of explanation. However, this is not the only sense

in which a principle theory can do philosophical work. Principle theories can
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function at different levels in terms of establishing the possibility of exptanby
unification. In Chapter 4, we discuss in more detail this aspect of the function of
principle theories, specifically in foundational theories such as Newton'’s or
Einstein’s. There it will be argued that the best way to understand this dbstimct
relation to its invocation by CBH is according to the constitutive charaatehat
principle theories can have. Principle theories can be constitutive of empirical
meaning and thereby act as preconditions for the explanatory framewdrk\it&el

will discuss the success of the CBH approach as a constitutive principle ithdoey
next chapter. As it will turn out, this latter sense offers a better unaleirggeof
Einstein’s introduction of the notion of principle theory as it applies to theories such

as special relativity as well as for CBH.

3.3.2. Laying Some Groundwork

Central to the CBH argument is the distinction betwgamciple theoriesand
constructive theories a distinction raised by Einstein (1954b) regarding his own
theories of special relativity and general relativity. The CBH nogexplicitly
compares itself with that of Einstein, who formulated his special theoryatif/igy
from the two principles that 1) physics in any inertial frame is the saththah?)
the speed of light is constant for all observers. Regarding this theory, Einstein
invokes a distinction between two conceptually distinct types of theories +pjpginc

theories and constructive theories — in “What is the Theory of Relativityhgayi

We can distinguish various kinds of theories ingby. Most of them are
constructive. They attempt to build up a pictur¢he more complex phenomena out of the

materials of a relativity simple formal scheme fraunich they start out... When we say we
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have succeeded in understanding a group of ngitmaésses, we invariably mean that a
constructive theory has been found which coverptbeesses in question.

Along with this most important class of theoriksre exists a second, which | will
call ‘principle-theories.” These employ the analyhot synthetic, method. The elements
which form their basis and starting-point are nggdthetically constructed but empirically
discovered ones, general characteristics of napuoalesses, principles that give rise to
mathematically formulated criteria which the separocesses or the theoretical
representations of them have to satisfy...

The advantages of the constructive theory are taiepess, adaptability, and
clearness, those of the principle theory are ldgiegfection and security of the foundations.

(Einstein, 1954b, p. 228)

For Einstein, paradigmatic examples of these contrasting types of physical
theories are represented in the kinetic theory of gases, which is a solidiyctivest
theory, and thermodynamics, which is a principle theory. The kinetic theorged ga
is a theory that begins with, or makes primary, the physical, molecular aengtit
and their interactions. It is from these constituents, and the physical premérti
these bodies, that the more general theory is built up or constituted. In cntrast
this, thermodynamics does not depend on there being any such constituents; rather,
thermodynamics begins with a small set of principles — namely the zlerotigh
third laws of thermodynamics, including the second law of thermodynamics, one
formulation of which is the impossibility of constructing a perpetual motion machi
From these broad constraining principles, which are supposed to apply in all physical
situations, one can then deduce all aspects of thermodynamic phenomena. Further
examples of principle theories are Einstein’s special theory of rejadind general

relativity. Indeed, it is Einstein’s aim in “What is the Theory of Relativid explain
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them as such. For the special theory of relativity, the conditions that theflaws
physics are the same in all inertial frames, and that the speed of light Bntpast
principles which allow the deduction of the consequences of relativity thebry.isT
a fundamentally different type of theorizing from Lorentzian mechanics,adpeci
relativity’s predecessor and challenger. Lorentz’s theory repeadistinctly
constructive theory, depending as it does on the contraction of physical bodies
moving through the medium of the aether to explain the same phenomena as special
relativity. In this approach, the phenomena are explained by hypothesizing
mechanical interactions, which describe in a causal manner that which igeobser
Einstein’s principle theory won the day; Lorentz’s constructive theory lost.
One may reasonably ask, what is the connection between the type of theory that was
presented and which theory was accepted. That is, what is the relationshgnbetwe
the type of theory and its success, particularly for a fundamental theotyykicg?
On the one hand, one could perhaps argue that it was Einstein’s use of principles
which allowed for his success and that this shows that principle theories were bet
suited to meet the problem in this case along with many other fundamental theories
such as thermodynamics and Newtonian mechanics. As Einstein notes, however,
constructive theories are not without substantial merit, and as we shai seay
have even preferred them. If one is looking for completeness and a gredtef leve
understanding, then constructive theories are better suited to this purpose, as can be
seen in the kinetic theory of gases.
On the other hand, principle theories have their own strengths. One of these is

the security of their foundations. The very general principles are geagoms
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extrapolated from empirical conditions which have been found to hold universally.
They are then elevated to the status of postulates. In making such principles
postulates of the theory, they function logically as more than very strongaahpir
generalizations. They become principles whose truth is basically no longer in
guestion, and which can only fall should the theory as a whole collapse. The
foundational security Einstein talks about is this analytic formal strutdureled on
essentially irrrevisable principles. It is this foundational securityeaig a principle
theory which appears to best characterize Einstein’s motivation behind using
principle theories to resolve the fundamental conceptual tensions betweeraklassic
electrodynamics and mechanics in the case of special relativity, anohiteptual
tensions underlying the Newtonian notion of gravity in the case of genetalitgla
CBH take their cue from this prospective insight into theory building, and
appeal to the distinction made by Einstein between constructive theories anderincipl
theories and apply it to their reformulation of quantum mechanics as a set of
information-theoretical principles. Bub (2004b), appealing to Einstein’s distmcti
argues on two separate grounds that the principle theory approach is not only
justified, but preferred and perhaps even necessary for there to be any foundational
grounding for quantum mechanics that is philosophically satisfying. Tiefir
these arguments is the more explicit, and it is just that previous inteiqmestati
guantum mechanics fail, based on Bub’s argument from underdetermination.
Therefore, the only rational recourse we have available to us is the CBidpasi

claim about information-theoretic constraints that hold in our world.
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The second argument is less explicit, as it seems to rely on an appeal to the
authority and the success of Einstein’s methodology. The reason that | thinkghat thi
argument is implicit in the CBH approach is that the above argument is raerely
negative argument. It shows essentially that all we are left with iafthreniation-
theoretic principles on which to formulate quantum mechanics. However, this does
not in itself offer an interpretation of quantum mechanics beyond the claim that a
measuring instrument is a black-box. The worry is that this remains an inperentl
instrumentalist approach. Simply eliminating the feasibility of othercamtres does
not in itself show that what is being offered is a better interpretation of quantum
mechanics. But it is clear that the CBH view is after more than this. Sowpethi
about being a principle theory needs to be doing some work here. However, what this
is is not spelled out. Hence the implicit appeal to the success of Einstein’s
methodology here. Let us see if this positive argument can be elaborated.

Einstein’s distinction, at least for those theories he discusses
(thermodynamics, the kinetic theory of gases, relativity theory), is quiteuaiple
distinction to make. That each type of theory exemplifies its respeataregsts is
likewise convincing. Moreover, by arguing that special and general iglatre
principle theories, Einstein bolsters the idea that principle theories alaaly
well suited to give foundational security to a physical theory. The theoripeafb
and general relativity are both powerful fundamental physical theoriesoriekly,
they have been viewed as self-contained from an interpretational standpoiat and a
exemplifying a type of theorizing which solves philosophical issuesrrtdtae

creating a host of new problems. The same can not be said to have been the case with
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guantum mechanics. The more prominent among such interpretations might arguably
be seen as more constructive theories. The Bohmian hidden variable approach
explicitly postulates definite particle positions guided by the wavefuntdierplain
guantum phenomena. GRW collapse theories also postulate a mechanism, the
stochastic collapse of a real wavefunction, as an account of quantum phenomena and
classical characteristics of macro-systems.

In the Everettian many-worlds interpretation of quantum mechanics, there is
no collapse of the wavefunction. The wavefunction of the universe plays an
ontological role, as it is taken to be a complete and real description of the enivers
On this interpretation, a number of things require explanation. The first is the
appearance of collapse, or more accurately on this view, the splitting of themtorld i
non-interfering branches. The second is an explanation of the decomposition into the
preferred basis that we observe. The third is the Born rule and the appearance of
guantum probabilities in a universe where all measurement outcomes actuailly occ
In recent formulatior’s the explanation for all of these employs the mechanism of
decoherence involving the large number of degrees of freedom of particles making up
the composite macro-system of the object being measured, the measunmganst
and the environment. The many-worlds interpretation of quantum mechanics takes
the formalism of quantum mechanics at face value, without adding any additional
structure, as a complete theory, and instead depends on the ontological role of the

wavefunction. However, to explain some important features of experience, and so t

! This view is sometimes called the “Oxford” versimirmany-worlds. See (Deutsch, 1999; Saunders,
1995; 1998; Wallace, 2002; 2003; 2006)
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succeed as an interpretation, the current view is that this approach mustlgxplici
appeal to the causal role of decoherence.

Within the professions of physics or philosophy, there is not the general
perception that relativity theory requires some further interpretationttfy jos make
sense of it. To a large extent — more for philosophers than physicists perhaps — there
is, however, an ongoing effort to provide such an interpretation for quantum
mechanics, or to explain why no such interpretation is reqfifBerefore, it does
seem reasonable to think that taking a different tack in the area of quantum
mechanics, from various versions of what might be seen as more constructiestheor
to a new principle theory based approach, is a smart and innovative straiggic m
To sum up, we have reason to reject standard interpretations of quantum mechanics
and to look at the CBH principle theory approach on two distinct fronts. First, as Bub
and others have arguedther approaches to interpreting quantum mechanics, which
now may be viewed as more constructive approaches as compared with a
information-theoretic principle theory approach, ultimately seem ttagagenerally
accepted interpretations, and we have reasons to think that they might never succeed.
At any rate, for various reasons, none of these interpretations has gained wide
acceptance. Second, as suggested by Einstein, principle theories canématival

model for success in developing fundamental theories.

2 For some evidence of this see a compilation ofesprofessional meetings in this area by Fuchs
(2002, p. 2)

¥ Bub’s argument from underdetermination presenten/@ makes this argument on behalf of the CBH
approach. Other broad claims that this is the base been made by Fuchs (2002, pp. 1-3), whose
claim is based on historical evidence that for ckegears of trying no consensus has been reached.
For a related statement regarding this failurevsgeFraassen (1989, p. 110).
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So, the question is now do these arguments justify the CBH approach in
particular? That is, if one can in fact formulate a set of information-theoret
principles from which the general features of quantum mechanics can be demaed f
a technical standpoint, is this something which illuminates or otherwise agkltlbas
traditional problems associated with quantum mechanics since its inceptidréf Par
the task of the rest of this chapter and the next is to specify what it mightanean t
answer these questions and to answer them. It needs to be spelled out what positive
argument might be given for the interpretive role CBH plays beyond an
instrumentalist conclusion. In the rest of this chapter, we will continue to@tiie
distinction between principle and constructive theories. We will also explore the
interpretational value of principle theories from the standpoint of their atality
provide explanatory unification in the sense advocated by Friedman and Kitcher. We
then need to consider whether or not the CBH approach can provide this. It is not
clear that it does. As we will see in Chapter 4, this is not the only way to view the
interpretational role of principle theories. It will have to wait until the chapter to
provide a detailed analysis of how this constitutive conceptual resolution works in

principle theories such as special relativity.

3.3.3. Einstein’s Use of the Distinction

Klein (1967) argues that Einstein, in formulating his special theory of
relativity, relied heavily on his understanding of the theory of thermodynamics a
used it as a model of good theory building, among other things. As Klein argues, the
primary reason for this was that thermodynamics was essentiadlyatifffrom other

contemporary theories in terms of its basic structure. Where most thefathesday
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were constructive theories, thermodynamics represented a primelexaf a

principle theory. Einstein says about thermodynamics,

A theory is the more impressive the greater thebaity of its premises is,
the more different kinds of things it relates, dimel more extended its area of
applicability. Therefore the deep impression thassical thermodynamics made
upon me. It is the only physical theory of uniamsontent concerning which | am
convinced that, within the framework of applicatyilof its basic concepts, it will

never be overthrown. (Einstein, 1949a, p. 32)

Since thermodynamics does not depend on any particular causal-mechanid¢airmode
hypothetical constituents, Einstein was sure of its security and of its abigtyide
him in further investigations. Historically, this guidance occurred at twdsleve
First, the firm grounding of thermodynamic principles quite literallylgdi
Einstein’s early work in the area of thermodynamics by offering virtually
unguestionable axioms, delineating further avenues of research. Second, the model of
thermodynamics as a principle theory served as a philosophical guide, imfluenc
Einstein’s ideas about how to develop physical theories in general, and in developing
relativity in particular.

According to Klein, a number of concerns guided Einstein in searching after
this type of theory. One was that the current state of physics presdstetl se
contradictions and incongruent structures, particularly between Newtor@ehanics
and Maxwellian electrodynamics. Newton’s laws hold for any inertiateace
frame, but the form of Maxwell’'s equations hold in only one frame, the frame in
which the aether is at rest. For Einstein something needed to be done to resolve these

difficulties. As was the case for thermodynamics, the principle thegampach could

58



offer similarly secure foundations to guide his search for a theory whictdwoul
address these concerns.

Furthermore, in various places, including the passage above, Einstein
indicates a driving preference for a unified foundation for physics. Congéuct
theories must always begin with the underlying constituents, often still hyjcathe
emerging scientific inquiry. Sometimes, later developments in sciemndg the
existence of these hypothetical entities on a realist interpretatioetises not. The
originally hypothetical elements of atomic and molecular theory have lsaese
verified. However, constructive theories, such as Descartes’ vortex theory of
planetary motion or the caloric theory of heat, eventually proved ¥afinciple
theories, on the other hand, arising from very general empirical claims —sstieh a
impossibility of building a perpetual motion machine — can remain independent of
any particular physical picture. Therefore, a principle theory, acaptdiKlein,

“could serve Einstein as an absolutely sure guide in dealing with the otherwis
inexplicable difficulties of the physics of 1900” (Klein, 1967, p. 510). This notion led
Einstein to construct his theories of relativity around this model of a princigeythe
thus guaranteeing their foundational security.

Thus far, all we can say regarding the success of the principle theory approach
is that they have this “security of the foundations” stemming from the elewaiti

empirical generalizations to the position of postulates of the theory. That 15, whe

* One could argue that a constructive theory coffler @qually secure foundations by postulating
some basic ontology. Doing so, however, breaksdone of the central characteristics of the
distinction. Elevating some ontological elementhig status puts it on par with being a fundamenta
principle, thereby making the theory analytic ituna. As we shall see in the next section, thesmi
epistemological dimension to this distinction adlwé constructive theory, properly understood, is
based on hypothetical constituents.

59



certain conjectures or empirical generalizations are made postulateally ey

are made secure by that very process, removing such principles froncahtesting

and establishing them as axioms whose consequences are developed into the theory.
Of course this is not a sufficient reason for the success of principle theucteas

special relativity. As presented by Klein, this is merefyedthodologicakort of

security, based on the strictly formal conditions of these theories. Thagis, as

method for scientific discovery, this approach lends itself to success, and, no doubt,
for scientific investigations such exploration is valuable. But from the standgoint
providing philosophical interpretations of physical theory, more needs to be said. The
philosophical question is not whether or not beginning with strong principles is a
successful methodology for scientific advancement, but whether or not such
principles can justifiably anchor our most fundamental theories and why. Thes is
guestion we must continue to explore.

On later accounts of the development of special relativity, perhaps suggested
by Einstein himself, Einstein’s principle theory approach to specativiey has been
contrasted with the other current theory at the time, that of Lorentz, whese pre
relativistic theory has been portrayed by Einstein and others as beingraciores
theory of the same phenomena. Therefore, the argument seemed to go, it was not as
good, primarily because Lorentz’s theory was not as foundationally sdanentz’
theory explained the apparent inconsistencies between Newtonian meemahics
Maxwellian electrodynamics with a set of transformations for Masvetjuations
for different frames relative to the aether. Lorentz accounted for the alsfenc

experimental evidence of the aether from experiments such those by Michedson a
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Morley (1887) by hypothesizing that the measuring instruments were dorgras
they moved through the aether, thus compensating for the null result. Einstein
accused Lorentzian dynamics of beingadmoctheory, attempting to fit this single
experimental result into the theory. This treatment of Lorentz turns out to be unfai
We will return to this particular debate in Chapter 5 where a more carefysiarat

the contrast between Einstein’s and Lorentz’s theories will be undertakenanNe
say, however, that a constructive theory might open itself up to bdihgcin a way
that a principle theory is less prone to according to its nature. The postulation,
however well evidenced, of specific mechanisms to explain phenomena, when those
mechanisms themselves cannot yet — or in this case in principle — be enypiricall
verified, leaves room for accusationsadf hoctheory building. This was a

motivating factor for Mach'’s distrust of unobservable entities in general antstiga
atomism specifically. For him, such purely theoretical constructive olgjantat

best be of instrumental value.

But there seems to linger an unanswered, perhaps un-posed question, which is
at issue here. What exactly is a physical theory supposed to do for us? And are
different roles played by different types of theories? Without addresssg t
guestion, it is hard to answer the questions we are asking. These are about whether a
principle theory or a constructive theory might be somehow better, or more able to
fulfill an interpretational role in some sense, and what sense this might bed Sleoul
conclude that because special relativity is a principle theory, it is betteore
fundamental than Lorentz's? Why? After all, why should such a causal-mesdha

explanation, such as that offered by Lorentz, not be more interpretationally dequa
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than one, such a special relativity, which requires the entire restructuspgaes and
time itself? The next section will develop the principle/constructive digimcand,
in the process, uncover the role that explanation plays in the motivations behind
developing both principle theories and constructive theories. This will help us

understand the roles these types of theories play in physics.

3.3.4. Framework vs. Interaction

One way to approach this issue is to look into the roles which constructive
theories and principle theories play in physics as a whole. Much of what follows
comes from ideas proposed by Flores (1999; 2005). Flores first notes that #rere is
even higher level distinction to be made, also attributed to Einstein (1954a). This
distinction is betweetheoretical physicandphenomenological physicd his
distinction is important to us because it gives us some insight into Einstein’s

conception of the ultimate point, or functional goals, of scientific theorizing.

The aim of science is, on the one hand, a compeitrerascompleteas possible, of the
connection between the sense experiences in ttality, and on the other hand, the
accomplishment of this aitmy the use of a minimum of primary concepts araticeis
(Seeking, as far as possible, logical unity inwheld picture, i.e., paucity in logical
elements.) (Einstein, 1954a, p. 293)

The category of theories operating as phenomenological physicetidse f
most part, at the purely descriptive level. Phenomenological theoriepaeeented
clearly in Kepler's law describing the period of motion of bodies relativiegain,
or in the ideal gas lavRV = nRT These theories accurately describe precise
mathematical relationships, but they are not embedded within a broader framework

from which those relationships may be derived, or within which more consequences
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may be derived, or understood. Physical theories such as these arise, @gsge or |
directly from the empirical technique of simple induction. As a result,
phenomenological physics “has to give up, to a large extent, unity in the foundation”
(Einstein, 1954a, p. 302). Phenomenological physics is a purely descriptive
enterprise, closely tied to the phenomena themselves.

‘Theoretical physics’ goes beyond merely ‘phenomenological physics’ by
locating the theories in larger deductive structures, more removed fronebe di
empirical data. This structure permits greater sets of relationsdreti@eious
phenomena and theories, hence providing greater unity. For Einstein, theoretical
physics progresses beyond a purely descriptive theory of phenomenological
relationships and adds unity by going up a “layer”, as it were, embedding more
diverse phenomena in a larger theoretical structure. Indeed, this is ditithataim
of science for Einstein. The progress of science supports this view tleaistier
greater role for theoretical physics to play. Theories beyond the purehptiesc
are more powerful, in the sense that they can offer simpler theories wigfera la
domain of predictive power.

Within theoretical physics, for Einstein, as we have said, there argpes t
of theories, principle theories and constructive theories. Flores descrises thr
grounds on which Einstein justifies his distinction (1999, pp. , 125-7). First, there is
an ontological difference. This ontological distinction is cashed out by noting that
constructive theories are designed to answer the realist question “WdelPiswith
theentitiesthat they postulate. That is, constructive theories are realistic about the

existence of entities, or they are concerned with what Floresecdilfg realism
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Principle theories cannot offer this type of realism nor are they meahtdtead,
principle theories are concerned witbmological realism Principle theories are
concerned with establishing which scientific principles are true in our World.

The second basis for the distinction between the constructive theory approach
and the principle approach is their differing epistemological basis. F@egains
that, for Einstein, principle theories begin with empirically discoveesteral
principles, and then, as is the case for special relativity, “we raiseothjecture |,
that the laws of electrodynamics hold in all reference frames,]... to tis stad
postulate” (Einstein, 1905a, p. 38). The empirical generalizations are usedrin the
building as axioms for deriving the body of the theory. This is a theoretical move, but
its central epistemological aspect is that it begins with empirigathsl On the other
hand, we arrive at constructive theories by hypothesizing the existermeeeftities
in question, or by way of free creation, in order to explain some other phenomena.
When a constructive theory is successful, it is because the existence of these ent

is confirmed later experimentalfy.

® Note that both theories which could be classifiedonstructive or as principle theories may be
viewed in a purely instrumental manner. Howeveml not considering this approach for two reasons.
First, | take it that the CBH approach is not meariie a purely instrumental interpretation of
guantum mechanics. More importantly, howeverjrkithat any discussion regarding the
foundational significance of different types of ¢hies based on this distinction from an instrumienta
position would not be particularly meaningful. @s view, there may be a structural difference
between constructive and principle theories, howeasy foundational difference would not rest on
the distinction but merely on the theory’s empirgaccess and criteria such as simplicity and
elegance (and quantum mechanics might require noefureinterpretation). | take it that if the
distinction is to be at all relevant it is due soaspect of realism gained from the constructive
approach.

® | think this particular epistemological distinaiiss somewhat tenuous. At the very least, in thebr
seems that a principle theory could come aboutttidree creation and not be based on any
particular empirical generalizations. The proagfssoming to know or “discover” a theory is
notoriously difficult to capture in a simple, all@psulating formula and | will not address it itya
detail since this particular distinction is not tahto what follows.
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Finally, Flores discusses a third way in which types of theories can differ.
This is in terms of the conceptual roles they play, or their function. For Einstei
principle theories function as universal constraints on any further application of
theory under those principles. Starting as they do with general empirioappes
made into postulates, principle theories set the general conceptual and matiemati
constraints imposed by the theory for any physical description falling undEnig
is not the case with constructive theories. They are the theories whose glemsint
satisfy those conditions set by the overarching principle theory covering it
Constructive theories are, of necessity, developed under conceptual constraints,
delimiting what is simply off limits. If such a constructive theory meétis w
difficulty, then, methodologically, we first attempt to modify it rather than the
structural constraints imposed on it from above. It is only in times of deep thaloretic
crisis that such a radical move is made. In this way, the two types of thaasies
distinct functional roles in science.

According to Flores, for Einstein the ontological dimension of this distinction
is primary and the other dimensions are only derivative of that differeridee
epistemological distinction is a direct result of the difference betveefotus on
entity realism and nomological realism. The law-like regularities otiple
theories, according to Einstein’s view, are empirically discovered and\aethe
result of free creation. The hypothetical elements of constructive themeeever
empirically discovered. Likewise, the functional roles that the types ofidisquay

follow from their ontological status.

| am not certain Flores’ portrayal of Einsteirt®tights on this issue are entirely complete. As we
shall see in the next chapter, Einstein was wedlravaf the functional role of principle theoriesldns
philosophy reflects considerable thought abouttestitutive nature of this role.
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Flores resists the idea that the ontological distinction is primary, anddnste
argues that we should emphasize the functional aspect of the distinction between
principle theories and constructive theories. Central to this shift issFenmgument
that there is no clear ontological distinction that applies to all thedmnesome cases
it is unclear where the fundamental starting point for a theory is; is it@gdror an
underlying entity? Flores provides an example of such a theory in Newton’s
universal law of gravitation. This theory cannot be classified without problem as a
principle theory since it operates within the structure of Newton’s laws admdiut
it is not entirely derived from these without appeal to the phenomena. As such it
cannot be a theory of principles because a set of principles is not its gtéatiag
rather, it is partially a consequence of another principle theory. However, the
universal law of gravitation cannot be considered to be a theory based on underlying
entities — even if these were broadly construed to include gravitational forces
because no such entitiesplainthe law. Quite the contrary, the universal law of
gravitation is the description of this force. This means that the universal law of
gravitation does not fall neatly into either the category of being a prirtbigbey or a
constructive theory on the basis of its ontological foundations.

Instead, Flores proposes that we must focus on the functional roles that
theories play. In order to more clearly define the distinction Einstisies;aFlores
slightly revises it, calling the “upper-level” theories “framework thesiiin lieu of
calling them “principle theories”, because it is the role of these tlsetorijgrovide the
overarching framework by imposing constraints or restrictions on othergbeor

“The main elements of these ‘upper-level’ theories are general physiaples
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(typically expressed as ‘laws’) and definitions of physical termghvare expected
to be applicable in the analysis of any physical system.” (Flores, 1999, p. 126) The
theories that these upper-level theories constrain Flores calls “irdardetories”,
since they typically involve the interactions of various, more elemenbastituents
(though not necessarily mechanical ones), thus recalling the original idefoiita
constructive theory. Interaction theories “describe specific physiceépsesvithin
the constraints imposed by the principles (or one of the consequences) of a
framework theory” (p. 129). The distinctions betweenstructiveversusprinciple
andframeworkversugnteractionistdo not follow a strict one to one mapping.
Principle theories and framework theories are coextensive, but, although all
constructive theories are interactive theories, not all interactive¢teoe
constructive. According to Flores, this permits the classification of tisesuieh as
Newton’s universal law of gravitation into the category of interaction theay i
they are not constructive due to their functional role rather than their ontdlogica
basis.

This revised distinction then sheds light on the nature of scientific theorizing
in general. What is it a theory is supposed to be doing? A great deal of litbwagure
been written on the nature of scientiéxplanationand the emphasis on function
highlights the important role which scientific theories play in providing exptana
Two of the more influential philosophical viewpoints regarding explanation now
appear ready made to fit in with this new distinction. The Friedman/Kiprbgram
(Friedman, 1974; Kitcher, 1989) has long been to give an account of scientific

explanation, or how we explain a law, by arguing that laws are explained through the
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unification of different phenomena. Friedman argues for this approach with the basi
idea that “A world with fewer independent phenomena is, other things equal, more
comprehensible than one with more” (1974, p. 15). Kitcher is more precise saying,
“Science advances our understanding of nature by showing us how to derive
descriptions of many phenomena, using the same [argument] patterns of derivation
again and again, and, in demonstrating this, it teaches us how to reduce the number of
types of facts we have to accept as ultimate (or brute)” (1989, p. 432). The more
descriptions able to be derived from an argument pattern, the better an explanation i
is all things being equal. As Flores notes, this is essentially explanatioritfe top
down, explaining by unifying phenomena within an upper-level theoretical structure.

Contrast this with the bottom-up view most prominently expounded by
Salmon (1984; 1989). Salmon’s position is that scientific explanation essentially
stems from the ability to provide a causal-mechanical basis behind physical
phenomena. A law is explained by detailing the causal mechanisms which make it
hold. Like Friedman and Kitcher, Salmon also links this type of explanation to a
notion ofunderstandingsaying that there are “intellectual benefits that scientific
explanation can confer upon us, namely... knowledge of how things in the world
work, that is, of the mechanisms (often hidden) that produce the phenomena we want
to understand” (1993, p. 15).

Flores’ revised distinction among types of scientific theories can now shed
light on this other debate going on in the philosophy of science, that of explanation.
The different types of theories — interaction theories and framework thearesn

fact theories which center around and exploit different types of sciestfianation.
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If different types of scientific explanation are exhibited by differepésyof scientific
theories, it may not be possible to rectify the unificationist and cawsatamical
approaches to explanation or settle on one definitive model of scientific exptanat
However, one can orient them with their respective type of theory and peelaaps
the conclusion that both are equally valid in their place. Instead of competing
theories on how scientific explanation works, they can be seen as complimentary
aims, both with their own merits, but which serve different underlying roles in the
scientific process. When we ask for scientific explanation, perhaps thdveoare
conceptually distinct kinds of things one might be asking for, although both are tied
to the notion of increasing our sense of understanding about the world. Different
types of theories reflect this.

The analysis of Flores’ is insightful. When we go back and look at Einstein’s
distinction between constructive theories and principle theories, we can see som
degree of ambivalence towards their value on his part. In some statenapmesats
that Einstein prefers the constructive theory approach on the grounds that it provides
us with a deeper understanding. On the other hand, sometimes it seems that the
logical certainty provided by principle theories is the true aim of our gatent
endeavors. It seems that Einstein might actually agree with FloreékeHanctional
roles of principle theories and constructive theories are both equally validhthoug

conceptually distinct.

3.3.5. Theoretical Pluralism

One way of getting at this question is to look more deeply into Einstein’s

motivations for ultimately taking the principle theory route and his commitioe
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sticking with it. On a deeper analysis, it turns out that Einsteimaiasedded to
principle theories. This fact, and the reasons behind it, will shed further lighe on t
role that a principle theory approach can play in fundamental physicalekeori

By way of background, this distinction between types of physical theories
along the lines of constructive theories and principle theories had been nuade pri
Einstein. Something close to this distinction was noted, interestingly, byiaisst
contemporary, Lorentz. This connection is the subject of investigation foh Frisc
(2005). Lorentz had already proposed a distinction between types of theories by
1900. One type of theory begins by postulating “general principles” (1900, . 335)
or “general laws” (p. 336) which express “generalized experiences” (p. 337e The
are, however, also theories which postulate a “mechanism of the appearances” (p.
336). Examples of the first type of theory include the second law of thermodynamics
and conservation of energy, while examples of mechanism theories include the
kinetic theory of gases.

Clearly, Lorentz’s distinction resembles greatly the distinction &etw
principle and constructive theories made by Einstein, and it predates Emstein
distinction which was discussed at length in 1919 in “What Is the Theory of
Relativity”. Moreover, if we look at Lorentz’s classifications using timglege
suggested by Flores, we can see that there is also a similar adistinetiveen the
functional roles played by either type of theory. Principle theories achagaints,
guiding further theorizing. Lorentz says, “only when there is absolutelyher o
way out to be found’ scientists will ‘dare to diverge from the generalizedierpes’

embodied in principle-theories” (Frisch 2005, 668 quoting Lorentz 1900, 337). The

8 All translations from the German by Frisch.
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overarching structure imposed by the principles is subject to revision only émextr
circumstances, providing the rules under which other theories operate. This does not
mean, however, that such constraints are ultimately not revisable, but thag barr
direct challenges that cannot be overcome, principle theories structureaimefeas

of scientific discourse. The role of principle theories as unrevisable frakewor
connects with the idea that principle theories offer security of the foundatidas

also get a hint of a better way to understand the meaning of this security. The
security is derivative of the constitutive characteristics of framewodditse This

will be taken up in Chapter 4.

The prevailing view, both historically, and to this day, is that Lorentz
preferred the mechanism approach to scientific theorizing. Just as Lardntz a
Einstein offered competing theories of what is now considered relativistic
phenomena, this view contends that they also held competing visions of what an ideal
physical theory ought to be like. Einstein was able to formulate the special dieor
relativity because he embraced the principle theory approach over thamstic
one of Lorentz. The view that Lorentz was guided by his predisposition towards
mechanism theories is supported by the historical resistance Lordrtaweds
Einstein’s special theory of relativity in favor of his own far more mechartigeory.

However, Frisch makes a compelling case that the philosophical views of
Lorentz and Einstein in this regard are in fact much closer than is gerieaalght.

In the first place, Lorentz thought that both principle theories and mechanisnesheori
had a valuable role to play in science and he did not fail to recognize thedehafit

scientific theory which uses the principle approach. In a view similar totha
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Einstein, who argues that principle theories offer more foundational security, for
Lorentz, principle theories offer strong empirical generalizations cayerbroad
domain of physical phenomena. Whereas, mechanism theories will, nearly
universally, employ some element of hypothesizing, the foundations of a principle
theory are particularly strong, since they rest on already establisipaucaim
generalizations, and thus can serve as guiding conditions for empirical discove
Mechanism theories, in lieu of this security, offer the possibility of great
understanding, by postulating the underlying processes which explain gcientif
phenomena. For Lorentz, a principle theory can say “nothing or only very little a
the mechanisms of the appearances, [thus] lead us to desirable resulthf,fmit wi
show us much during the trip” (1900, p. 355). What is interesting for our purposes is
that Einstein was also highly attuned to this advantage which mechanism — or
constructive theories as he referred to them — can offer, as well as toitiendifs
of principle theories. Principle theories, based as they are on empirical
generalizations, do offer security in their foundations, as they are ldgsdikee
overturned. Butin terms of explanatory advantage, just as Lorentz thought that
mechanism theories provide understanding in ways that principle theories cannot,
Einstein also recognized that, “When we say that we have succeeded in maddaysta
a group of natural processes, we invariable mean that a constructive theory has been
found which covers the processes in question” (1954b, p. 228). Understanding is
highly valued as an aim in scientific theorizing. It should be recognized that
‘understanding’ is itself an unclear term. However, it seems to be doing worérhere

a rather intuitive, commonsense level, and that is that if we have a causahitacha
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story of how phenomena come about we can understand it in something like the way
we understand how a billiard ball gets from one end of the table to the other.

To further demonstrate this fissure between constructive theories and principle
theories in Einstein’s approach to scientific theorizing, it is worth notirtgHingtein
informs us that he first pursued a constructive approach to resolving the diicultie
presented by the conflict between Newtonian mechanics and electrodynaoni¢s pr

the formation of special relativity.

By and by | despaired of the possibility of discorg the true laws by means of
constructive efforts based on known facts. Thegéorand the more desperately |
tried, the more | came to the conviction that ahky discovery of a universal formal

principle could lead us to assured results. (Eins949a, p. 53)

This failure to find a constructive theory led to his eventual principle theord base
approach to developing special relativity. Klein (1967) argues that from the very
earliest times in Einstein’s career he was guided by the exampilerofddynamics

as a principle theory. This may very well be the case, but it does not lessen the
importance Einstein attached to constructive theories. Indeed, as discussed above,
Klein’s history portrays the thermodynamic model of theorizing as a model for
procedureandmethodologynd not for thgustification of foundational theories.
Principle theories serve as guides, or constraints, in theory developmetitrigy se
parameters in the form of universal laws. For this purpose, principle thearies ar
ideal, offering a firm foundation due to their generality and security of logical
foundations. Lorentz also seems to see the benefits of the principle theory based

approach in terms of a strategy for success, as opposed to offering a jistifima
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foundational theories (see Frisch 2005, 669). Einstein at times also appears to take

this view as well. For example, Klein says,

even in his very early work Einstein was not cohtertake thermodynamics only on
its own terms, so to speak — to take it as a giglsed system. As a “theory of
principle” it had to be intelligible from a moreia point of view. In other words,
Einstein also concerned himself with statisticath@mnics as a way of providing that

deeper understanding of the laws of thermodynartidsin, 1967, p. 510)

Having the constraining principles or laws of thermodynamics at his disposial
being sure of their solidity, allowed Einstein a restricted and guidechskearihose
underlying constructive elements of statistical mechanics, includingdnisam
Brownian motion. But from this passage, it seems that for Einstein it was at this
mechanistic level that real understanding and explanation of the phenomena,
including justification for the laws of thermodynamics themselves, whas found.
With this new perspective on Einstein and Lorentz, and their views on theory
construction, it becomes less clear what we are supposed to say @gtadtatus
of principle theories as fundamental theories. It had looked as though perhaps
principle theories were the appropriate model for doing fundamental physicshevit
path forged by Einstein himself as a primary example. However, it aghaatse
did not necessarily favor principle theories when theorizing. None of the views at
which we have been looking has resolved the question concerning any
interpretational factors that necessarily motivate a principle tregagpgoach over a
constructive approach, or visa versa.
Flores advocates slightly altering the distinction based on the functioaal rol

which different types of theories play, particularly when it comes to expanato
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framework theories and interaction theories. This distinction differesttgpes of
theorizing done in physics, but it does not favor one over the other, as Flores
specifically allows that there are different roles, satisfied diftyewhich are

involved in scientific theorizing. Lorentz, as Frisch notes, was explicitigarétical
pluralist, saying that it is a matter of personal preference and not a ofattieich

type of theory is objectively superior or more fundamental to scientific gnquir

(Frisch, 2005, pp. 669-670). Even Einstein seems, at best, to have been ambivalent.
One the one hand, he seems to favor the constructive approach and its clear advantage
in providing realistic, causal-mechanical explanation. Yet his giteedatributions

to modern physics, special relativity and general relativity, are prouidisedfas

principle theories along the lines of thermodynamics, which Einstein touts dda hig

successful and paradigmatic model of a principle theory.

3.3.6. The Role of Explanation

The question seems to come down to explanatory preferences and what type
of explanation our physical theories are supposed to be offering, and even notions of
what it means to “understand” some phenomena. However, it seems that, through our
analysis, very important, and what we may call fundamental theories, in physic
sometimes principle theories and sometimes constructive theories. Compaisd side
side specific examples demonstrate this. The kinetic theory of gases igrthe m
fundamental theory, meaning that it, by and large, is taken to explain the principle
theory, thermodynamics. Whereas, special relativity, a principle thezs\pden
adopted over the more constructivist theory of Lorentz. The preceding discussion

shows us that there are at least two distinct kinds of physical theories wifechndi
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their content and the function they play in our scientific endeavors, in terms of the
explanatory structure they can offer. And this makes sense. Explanation eé&ems t
about this somewhat vague notion of understanding. Understanding is, to a large
extent, a psychological pressure to feel as though something is “understood”.
According to this view it is reasonable, and indeed expected, that there may be
multiple meanings of explanation all united by the idea of increasing understanding
which as a psychological state is, by its nature, imprecise. Thus thdgkreism

is also to be expected.

Flores argues that the distinction Einstein defined as that between principle
and constructive theories emphasizing their ontological difference is better
understood as a distinction between framework and interactionist theories onshe basi
of their functional role. Recall the distinction noted earlier, between
phenomenological physiendtheoretical physics The inevitable progression of
science from the phenomenological level to the more abstract theoreticas level
rooted in the fundamental drive to unify the disparate phenomena under fewer and
fewer basic elements. We should now be able to see that there are two ways this can
occur, and these ways are tracked by the distinction between constructive and
principle theories. The first way is that the unification comes about with the
postulation of a causal-mechanical mechanism explaining the phenomena

corresponding to Flores’s notion of an interactionist th8ofyie second way is that

° The phenomenological/theoretical distinction is mard and fast, but one of degree. Any principle
theory must be relatively theoretical. Construetilreories, it would seem, need not be. So
constructive theories need not be unifying, thoogimy are. To be clear, it is not in virtue of the
unification that constructive theories are explangtbut their causal-mechanical basis.
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the unification provides explanation via theoretical unification, corresponding with
Flores’s notion of a framework theory.

Theoretical physics seeks to unify. Within theoretical physics therevare t
differentiable means by which this takes place. One is through causaltionfitiae
other is by theoretical unification. As Salmon notes (1989, pp. 182-3), this second
type of explanation is essentially different from the first. It is of a kinddbes not
actually transcend descriptive knowledge. This type of explanation increases
understanding by organizing and systematizing knowledge. The central ehatiact
essential to causal explanation is that it goes beyond purely descriptive dgewle
the mechanisms and processes behind the nature of things. These two distinct types
of explanation, however, are not incompatible. In Chapter 4, we will return to
analyze more closely the nature of theoretical unification and furtherehffate
between unification in the sense of Friedman/Kitcher and a more fundamerdal noti
of conceptual resolution which is necessary for the possibility of such explanati

Flores argues that the distinction between types of explanation is derivative of
the framework/interaction distinction. However, it is clear from the pragedi
discussion that the basis for the distinction we are talking about rests on the
explanatory motivations behind the theory. Flores notes that there are three
dimensions to this distinction — ontological, epistemological, and functional. When
we focus on the upper-level principle, or framework, theories, their functional role
comes to the fore. It is their ability to unify the theoretical structure bingnit
diverse phenomena under a single description or by defining its operational

framework. This is why the principle theory approach in Newton’s mechanics or
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special relativity is so explanatorily successful. However, when we fechettom-
up constructive, or interactionist, theories, it is their powers of causal-nieaha
explanation that makes them attractive. This in turn depends on their ontological
aspect, their realism about causal-mechanical entities. Therefoséikiis wrong to
think that it is the ontological characteristics of theories on which the distirist
made. Likewise, the way Flores’s characterizes the functionaltasitbe
distinction glosses over the central role played by explanatory ch&étacser The
problem is that if the framework/interaction theory distinction is prior to the
explanatory role, then it becomes unclear what particular function it is thesgahon
theories are supposed to play. A framework theory defines the framework, but an
interaction theory, on this dimension, is defined as a non-framework theory, a theory
which is constrained by some upper-level framework. But this fails to capture the
importance of its ontological basis. Being constrained does not imply any causal
mechanical basis. But this seems fundamental to how Einstein cashes out his notion
of a constructive theory. The dimension of most importance which | propose is also a
functional one, but the function is explicitly an explanatory one. The explanatory
dimension to this distinction is primary. This captures the theoretical uroficati
framework theories as well as the causal-mechanical role of congrtetories. |
will continue to use the terminology of Einstetonstructiveandprinciple theories,
but with this explanatory dimension in mind.

One of the difficulties with this distinction, it that while it is quite usefuld
can do a lot of work for us, it is not necessarily exhaustive no matter which damensi

of the distinction one focuses on. But this seems to be a problem regardless of
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dimension along which the distinction is made. It can still be a useful distinction
though it may be better to see it as defining opposite ends of a spectrum, within which
there are theories whose explanatory roles can overlap and function as hybrids.
Nevertheless, we should not lose sight of the centrality of the types of eigalanat
behind the distinction.

At this point, it is necessary to fully clarify the notion of explanation by
unification. The most prominent view of unification as scientific explanation is along
the lines of the Friedman/Kitcher program. On this view, something is a better
explanation if it is able to unify a wider range of phenomena. Many prirttipteies
participate in this kind of explanation. Newton’s and Einstein’s certainly do. For
instance, Newton’s laws of motion, together with the universal law of gtiavifa
unify celestial and terrestrial phenomena from planetary orbits, to thetodes,
behavior of objects on earth. As | will conclude, CBH does not appear to unify in this
manner. However, this type of unification is not the only, nor the most fruitful, way
to understand the role of principle theories as applied by Einstein or by CBHI. 1t
be argued that in these cases, the primary function of the principle theories is to
establish principles which are constitutive of the very framework of some set of
physical concepts. This constitutive role is adequately fulfilled onheiforinciples
successfully establish a coherent conceptual framework. As such, theohi@s suc
Newton’s and Einstein’s, play a fundamental explanatory role by establisi@éng
explanatory framework itself. Though this argument must be left for Chapher 4, t
conclusion here is that the distinction between principle and constructive theories i

best understood as based on their explanatory roles. With this understanding in place
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we will be able to see the centrality of unification for the principle theory agiproa
This in turn will help us to understand the role of constitutive theories in establishing
that explanatory framework.

We can now perhaps say something useful about the nebulous idea of
interpretation. Often is seems that there is a call for an ‘interjorétaf a theory
because at least one of two aspects of the given theory remain unclearstlike fir
how that theory fits into a broader understanding of physics. How do we make sense
of this theory given other things we know? Why is it the case that this theory holds?
The second issue which begs for interpretation is to explain how the world is such
that the predictions made according to the formalism of the theory turn out the way
that they do. What is the world like if the theory is true? That is, an interpretation, i
this case, is supposed to allow the theory to explain the phenomena it covers. Both
calls for interpretation are calls for explanation. The first is a demanthéhtheory
be explained, providing an external explanation for the theory itself. For example,
why is quantum mechanics or special relativity true of the world? What esphe
principles or properties of the entities it postulates? The second is a demdhd that
theory itself be explanatory. How does the theory explain the phenomena icovers
For example, how does quantum mechanics explain qguantum phenomena?

A theory cannot be expected to provide its own interpretation in the first
sense. One must go outside of the theory to explain it. Although such interpretations
are sometimes called for, they will require a broader theory in which todetimde
theory we wish to have interpreted. The broader theory explaining it will be its

interpretation. However, we can ask for an interpretation of a theory thas allew
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theory to explain. This interpretation often comes built into the theory itsethis
case, the theory requires no further interpretation. Here we may look at¢hie ki
theory of gases for example. In fact, any constructive theory, affasnt does a
causal-mechanical explanatory structure, generally requiresflithgy further
interpretation. We will also see how a principle theory, such as specialitglaan
supply its own interpretation later in Chapter 4, thereby not requiring anyrfurthe
interpretation to be applied to it.

Quantum mechanics has nearly always been viewed as requiring further
interpretation. Historically, resolution has been sought in both senses of
interpretation. Certain phenomena covered by quantum mechanics have generally
been viewed as inadequately explained, thus quantum mechanics requires
interpretation of the second kind. Problems such as the measurement problem and the
EPR phenomena are expressions of the need for interpretation. It is the demand that
some account be given for how quantum mechanics can explain these phenomena.
However, interpreting quantum mechanics in the first manner may also bel fruitf
That is, if quantum mechanics can itself be explained, perhaps this explanatin mig
help to explain quantum phenomena as well, thereby offering a suitable
interpretation. Different ‘interpretations’ of quantum mechanics can baatkared
variously along this division. The point is, the demand for an ‘interpretation’ of a
scientific theory, and in particular quantum mechanics can often be seen as the
demand for an explanation of some kind or an account which shows that such an
explanation is not called for. The need for an interpretation in such cases stems from

the need to know the reason why and the apparent inability of the theory itself to
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provide it. Interpretation is not explanation, but often the two issues appear to go

hand in hand.

3.4. Some Words on Constructive Quantum Mechanics

Before returning to the CBH approach using information-theoretic principles
to create a principle theory of quantum mechanics, | would first like ta tay
things regarding the role of constructive theories in quantum mechanics, having
explicated the explanatory role intended by such theories. This discussiongpertai
constructive theories in quantum mechanics in general, and potential constructive
theories using quantum information theory as a basis. Why would such an approach
be appealing? For the same reasons which influenced both Lorentz and Einstein:
understandability and explanatory power. A constructive theory provides
mechanisms which in turn provide explanation by way of providing causal-
mechanical understanding.

Again, turning to the insight of Einstein for clues, we find that his very early
work, leading ultimately to the formulation of quantum theory, was fraught with the
difficulty of fitting puzzling new phenomena into a constructive framework. As
Klein’s paper demonstrates, the theory of thermodynamics was heavilynirdlue
Einstein’s thinking. In the case of quantum mechanics, eventually, Einsteid tarne
the model of thermodynamics for inspiration, frustrated by the impossibility of
discovering any constructive theory which reconciled the problems between
electrodynamics and the kinetic-molecular theory, such as the problenckifdody
radiation and the photoelectric effect. Eventually, of course, guantum mechanics

developed out of these difficulties. Of interest to us is the fact that Einstefirsvas
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driven to find an acceptable constructive theory for the burgeoning quantum theory,
as was also the case for his work ultimately leading to the formulatigeoifs

relativity. Einstein’s modus operandi, when presented with incompatible sets of
results, was to first turn to an underlying mechanism which could explain them, thus
extending our understanding of them. It was only when such goals were thwarted,
that Einstein turned to the strategy of using principle theories.

By the time quantum mechanics had been developed, Einstein famously had
serious qualms with the theory. Most notably, Einstein faced off with Niels Bohr on
the adequacy or completeness of quantum mechanics. Einstein’s most famous
objection to quantum mechanics came in the form of a thought experiment presented
in the EPR paper (Einstein, Podolsky, & Rosen, 1935). It might be claimed that
Einstein’s powerful objection here was in fact a way of articulating higrdtien that
guantum mechanics fundamentally ruled out a constructive formulation in its most
rudimentary sense. The incompleteness Einstein was worried about, steneming fr
the basic assumptions of separability and locality, was an incomplete causal-
mechanical explanation for the correlations involved.

Klein seems to take a different perspective on the point | am making.
According to him, Einstein, in the EPR paper, is again using reasoning based on the
thermodynamic model, that is, reasoning according to constraining pring{jes,

1967, p. 516). While it is true that the basis of Einstein’s argument relies on his
principles of separability and locality, | would argue that these are not pes@ph
particular theory, but rather they are meta-theoretic epistemologieleor

metaphysical, principles, which for Einstein constrain the very possibitifidoing

83



physics. That is, a principle theory, such as thermodynamics or speaii@itsel
employs empirical generalizations as principles. In this case, thepsimvolved
are at a different level entirely. Specifically, if these principlesviolated, then it is
inherently impossible to provide a constructive theory. This is distasteful t@iBins
because it precludes the possibility of ever obtaining any understanding of the
physical world. And for Einstein, physics is about providing that deeper
understanding.

As a matter of fact, Bell's later analysis (1964) of the problemlglear
illustrates the impossibility of such a straightforward constructive yhafoquantum
mechanics. The assumptions behind the Bell inequality show that quantum
mechanics rules out the possibility of there being any common-cause exyplarfet
such, any constructive theory of quantum mechanics, in its standard sense of
providing causal-mechanical explanation, seems to be in principle ruled olie At t
very least, it is no straightforward task to show how to go about designing or
envisioning a constructive theory of quantum mechanics.

In the case of quantum mechanics, a successful, straightforward, constructive
theory is not obviously available. One might argue that other approaches or
interpretations do attempt this. It has been suggested that Bohm’s approach, which
maintains a causal framework and is constructed from quantum particles and waves,
does provide a constructive theory and that had history been different there would be
no interpretational qualms surrounding quantum mechanics for that very reason
(Cushing, 1998). It seems like this might have the appropriate elements of a

constructive theory, and proponents of Bohmian mechanics certainly seem to claim
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that it has the standard advantages of a constructive theory: causal-mwedchani
explanation and understanding. However, as all issues in quantum mechanics seem to
encounter, there are roadblocks for this view as well. If | am right and the

interpretive value in a constructive theory stems from its causal-meahanic
explanatory basis, then it will not be a successful interpretation as a ctimstru

theory unless its causal-mechanical explanatory role is fulfilled. Bgaimng
determinism, by Bell's theorem, Bohmian mechanics must be nonlocal. Foidohm
mechanics, any change in the environment results in the instantaneous change of the
guantum potential (Cushing, 1998). GRW collapse theories must also incorporate
nonlocal factors. As such, these theories violate the assumption of locality behind the
EPR problem and an assumption part of the concept of common-cause. As such, the
standard notion of causal explanation is violated by these theories. The proposed
ontology of Bohm and GRW collapse theories both require non-loalitherefore,

they cannot function as constructive arguments unless what it is to be coeststuti
reinterpreted. Therein lies the root of the fundamental disagreements betwees var
interpretive schools. Constructive interpretations are attempted, but theyt are

unequivocally constructive in the traditional sense. The many-worlds intéigmeta

% For a discussion on Bohmian mechanics, GRW cddl#ipsories, and non-locality see Maudlin
(2008) . Maudlin says, “While in Bohmian mechaniesn-locality is achieved by the way the wave
function choreographs particle behavior, so thatvame particle does may depend on how a distant
particle is treated, in the GRW theory non-locailityachieved through the collapse of the wave
function itself. It is this which, in the non-rélastic theory, is instantaneous and insensitivéne
spatial separation between particles. Interagtiitly a particle at one end of the universe caneaus
collapse that alters the physical state of an geanparticle at the other end” (2008, p. 166)r the
‘the mass density ontology’ version of collapseotiies, the mass density of a particle spread out in
space (e.g. in a two-slit experiment) will undeegspontaneous collapse, instantaneously localizing
the mass density. Maudlin also discusses a reekativistic formulation of GRW theory by Tumulka
(2006). Albert and Galchen (2009) point out théd formulation introduces a new type of non-
locality: temporal non-locality. The relativistiormulation does not remove non-locality; it makes
compatible with relativity. There may still be splike separated events where the distribution of
events alA depends on eventsBt But on the relativistic model, the directiond#fpendence is not
fixed (Tumulka, 2006, p. 9).
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as a constructive theory based upon a particular ontological structure, does not
straightforwardly fail to be a constructive theory. It is however not ungmadtic.

One challenge is against the expansive ontology of postulating the existence of
perhaps infinitely many ‘worlds’ and histories in addition to the one we experience.
Another is the derivation of quantum probabilities on a theory where all possible
outcomes actually occur with certainty. As an explanation, the interpretsti
arguably both ontologically over indulgent and insufficient.

Bub also objects to Bohm’s and other interpretations. Bub argues that it is not
rational to accept this or other mechanical interpretations of quantum mechanic
because of the underdetermination of any interpretation equivalent to standard
guantum mechanics discussed above. As an explanation, any modal interpretation
such as Bohm'’s that is empirically equivalent to standard quantum mechdsiby fa
being inherently hypothetical. Interpretations such as this can not provide a reason,
or an explanation, for quantum phenomena, since the hypothetical mechanism in
principle has no empirical cash value beyond the predictions of quantum mechanics.
Bub and others show us that there is no consensus among philosophers, and that
furthermore, as of yet, there appears to be no principled way to chose between the
various interpretations available to us — e.g. wavefunction collapse, hiddeniegria
or an Everettian world structure — except on the basis of some predilection or
preference for certain epistemological or metaphysical principlasinBisting on
one set of such principles means that others must be dropped. This suggests that there
can be no principled reason to choogm#dicular constructive approach that does not

contain some element of arbitrariness based on metaphysical leaningasyooie w

1geen. 2
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another. It is difficult to consider these successful constructive théoritgse two
reasons that, for some, the mechanisms are inherently underdetermined, amg that a
one of them must give up some part of the standard realist views of causal
mechanism. This explains the lack of any convergence in the field. The interpreti
work that must be done is not in coming up with a constructive theory and thereby
explaining puzzling quantum phenomena. It must be in explaining why the
interpretation counts as explanatory at all given that it must give up sonaspegt

of the traditional understanding of causal-mechanical explanation.

3.5. Conclusions

In this chapter, we have been able to demonstrate more precisely what role a
theory, either as a principle theory or as a constructive theory, plays icghysi
Principle theories offer explanation through unification. Constructive theories are
best understood as fulfilling the role of providing causal-mechanical exglanati
The lesson that we can take from this with respect to quantum mechanics is valuable
By framing the issue in terms of this distinction, we can see why broadly
“constructive” approaches to quantum mechanics, such as Bohm, GRW, or Everett,
have remained unsatisfactory interpretations of quantum mechanics to maay, si
they have failed to provide a straightforward causal explanation for certain
phenomena; indeed quantum mechanics might seem to prohibit such an explanation.
This is a failure of the basic strength of a constructive theory. Hence thrertppa
failure of such attempts has led thinkers such as Bohr to embrace the instlismenta
perspective. Itis not my goal to conclusively argue that none of the other

interpretations of quantum mechanics are unviable. The literature is replesuoh
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arguments, and | need not repeat them here. The point is that these intengretati
have by and large been constructive spins on quantum mechanics. There has been as
of yet no consensus on such interpretations. And this lack of consensus can be
explained because the goal of developing a constructive theory has not been met
without giving up some other aspect of a traditional constructive theory.

So why not develop a principle theory? If there is an interpretational aim for
CBH it seems it must stem from such a motivation. It does not offer a readigstrve
of quantum mechanics as about information as the basic stuff. And an instrumentalist
interpretation both violates the spirit of the CBH approach, and it fails to jusgify t
philosophical use of the information- theoretic language. What we have seen is that
one motivation behind taking a principle theory approach might be that it can provide
explanation in the Friedman/Kitcher sense of unification. That is, perhaps an
interpretation based on a principle theory approach can take advantage of explanatory
virtues not available to a constructive theory approach to quantum mechanics.
Without significant further work, CBH does not seem to provide any additional
aspect of unification in this sense. CBH offers principles which are presented as
having formal equivalence to some general quantum properties of theories. Formal
equivalence is, strictly speaking, not unification of any apparent sort. Nothieg mor
has been shown to be incorporated into an information-theoretic reformulation of
guantum mechanics than quantum mechanics itself. It is hard to see how it could
offer more unification than quantum mechanics already does. As such, the CBH
principle theory-based approach does not provide any explanatory benefit of the

Friedman/Kitcher variety without further analysis. If the more constei¢or
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mechanical) account which it is supposed to be replacing fails to be explanatorily
satisfactory and is thus instrumentalist, so is this approach, if the workijgpgesed
to be doing is this sort of unification.

Having established the explanatory basis for the principle/constructiwgy theo
distinction and the unificationist role played by principle theories, in the next chapte
we will continue with the analysis of principle theories. In particular, Itveil
shown that there is another way to understand the role of a principle theory,
particularly when it comes to high-level theories such as Newtonian mechadics
Einstein’s theory of relativity. Specifically, principle theories sucthase play a
constitutive role in physics. As we shall see, this is a more illuminatingovay
understand the role of principle theories in certain cases, and the information-
theoretic approach to quantum mechanics needs to be looked at in this light. After the
analysis of the constitutive role of principle theories and the conceptual rgle the
play, we will be in a better position to evaluate the success of the CBH appnoach a
say something about the role for an information-theoretic principle theory in
interpreting quantum mechanics. If CBH is to provide a successful interpnedéti
guantum mechanics, it is in this sense of principle theory that it will do so, juss$ as t
is the sense of principle theory behind the success of theories such as special

relativity.
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Chapter 4. Constitutive Principles

4.1. Introduction

Having now clarified, to some extent, the distinction made by Einstein
between principle theories and constructive theories, | wish to take a cokeait la
different and more foundational role principle theories can play. Does this approach
hold any hope of illuminating the foundational issues which have plagued quantum
mechanics since its inception?

As indicated in the previous chapter, | do think there is an important role
which principle theories can and do play, especially for what we might call
foundational physical theories. This will be cashed out more in this chapter, but
broadly speaking a foundational theory has large scope, with many theomes falli
under it and not falling under many theories itself. A foundational theory is a theory
which provides the basic conceptual framework under which other theories may
function. As such, the foundational nature of such a theory comes from the functional
role of being a framework, or principle theory. In particular, principle thea@ie of
foundational significance when they are constitutive of the framework in which other
theories can operate. The clearest examples for such theories come freinspac
physics such as Newton’s laws of motion and relativity theory.

In this chapter, | hope to show, through the analysis of historical theory
revision and the evolution of ideas in the philosophy of science, that the uppermost-

level theories, such as theories of space and time, must be principle theories. Those
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principles must provide the conceptual framework which establishes the meaning of
empirical observation and measurability within the framework. The em&igioal
character of such principles is that they serve a partiaydaiori role of being

necessary prior to observation, but that their choice is, to some extent, conventional.
However, there are good philosophical reasons, given particular moments in the
progress of science, for selecting which principles ought to be put in place. This
choice is guided by the careful conceptual analysis of the existing fraiemhich

is at the time unviable due to fundamental conceptual inconsistencies in the theory.
This requires careful revision of concepts to generate a new theoreticalvoakrin

which meaningful empirical claims can be made.

An adequate principle theory, i.e. one that lays out principles which do allow
us to deduce the basic structure of broad physical theories, such as CBH does for
guantum mechanics, does not necessarily offer a better interpretation of heory
virtue of being a principle theory. This can be seen even in Einstein’s take on his
favorite example of a principle theory, thermodynamics. While Einsteimtirely
convinced of the security of the laws of thermodynamics, based as they are on
strongly evidenced empirical generalizations, it is nevertheless not the mos
fundamental theory regarding its covered phenomena. In this particular instance, the
kinetic theory of gases offers a better interpretation of the phenomena from
fundamental explanatory standpoint. As we saw in Chapter 3, an interpretation for a
theory is often seen as required when the theory appears to require external
explanation, or when the theory appears not to be intrinsically explanatory. In this

case, the causal-mechanical, or constructive theory of the kinetic thegagesd has
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this explanatory power, both explaining the laws of thermodynamics and showing
how they explain. In this case, the direction of explanation comes not from the
principle theory, but the constructive theory.

However, one source of explanatory power, and one which a principle theory
might naturally be seen to offer, is by providing unificationist explanation iretises
of Friedman and Kitcher. CBH, as a principle theory, does not appear to unify in the
way necessary for claiming interpretational advantages regardintuguanechanics
on this ground. | do not claim that this cannot be done, but only that it is not clear
how it might be accomplished, and that being a principle theory is not, in and of
itself, sufficient. Moreover, it does not seem to be the case that it is thué dien
CBH approach to provide unification of this kind.

Special relativity and general relativity are undeniably clgamgples of
principle theories. They are also currently and historically viewed a$/hig
successful theories both in their predictive power and as foundational thelicas w
are generally not thought to require further interpretation. Indeed, thergence
onto the theoretical scene propelled a newfound interest in the philosophical
foundations of science itself. It is no coincidence that there was both a resurgence o
Kantianism around this time and also the development of the logical positivist
movement in the philosophy of science. Both took the success of Einstein’s theories
as significant developments representing scientific and philosophicalzihgaat its
best.

What sparked this flurry of philosophizing was not only the raw success of

these theories, but also the scope of what they covered: the structoaeefad
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time itself. For over two hundred years, the physics of Newton had reigned supreme
and Einstein brought about the thorough overturning of this longstanding theory.
Moreover, theorizing about space and time is, in many respects, uniquely different
from other physical domains which are addressed in physical theories.ledgevof

the characteristics of space and time has very much to do with accomplishing any
other physics at all. For Newton, space and time constitute the arena in which
physical events take place. Therefore, our theories and conceptions of spaoe and t
are inherently foundational for the general body of physical knowledge.

As we shall learn, such theories must be framework or principle theories,
given that their role is to establish such a framework for the rest of physics.
principle theory provides explanation by unification. However, in the class of
theories at which we will be looking, the principle theories work at the conteptua
level by establishing the necessary preconditions for explanation. We find in both
Newton and Einstein, conceptual analysis revealing that current theory is
conceptually inconsistent. The work which they do provides necessary conceptual
resolution by establishing principles constitutive of the meaning of erapierms.

The constitutive work done by these theories establishes the explanatory and
interpretational framework itself.

Einstein’s description of principle theories is better understood in this light.
Likewise, it is a much more productive understanding of the principle theory
approach of CBH. We will investigate the question of whether CBH meets the
standards of being a constitutive principle theory which, through conceptual gnalysi

establishes a coherent explanatory framework for quantum mechanics, leéaling i
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Chapter 5, where we discuss a more comprehensive version of this program as

advanced by Bub and Pitowsky (2007).

4.2. Historical Development

4.2.1. The Kantian Origin of the Constitutive Role of Principles in Science

More than a century before the emergence of relativity theory, follatang
Newtonian revolution in physics, itself a revolution of our knowledge of the
fundamental framework for doing physics, Kant was also concerned with the
foundational issues of physics and scientific knowledge.

Kant argues that the intuition of space and time “is nothing but the mere form
of sensibility, which precedes the actual appearance of the objects, sinddtin fa
makes them possible” (Kant, 2001, p. 284). The concepts of space and time are
concepts of théorm of experience and not of tineatterof experience. That is to
say, space and time are “formal conditions of our sensibility” (p. 284). For Kant, the
formal structure of these conditions on experience was crystallized in thefvor
Newton and specifically took the form of Euclidean space and time. The
epistemological nature of concepts such as space and time is that thyythetic a
priori judgments. That is, the nature of the forms of intuition regarding space and
time cannot be proven from any concepts alone, and thus analytically. ,Tihit is
not part of the concept of “space” itself that it is Euclidean, in the way tisgbétri of
the concept of “triangle” that it has three corners. Nevertheless, on th@bpsre
intuition, we can see that our particular concepts of space and time areangcess

known with apodictic certainty. No empirical knowledge can have such an apodictic
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character, it is always contingent. Therefore the concepts of spacenandust be
knowna priori, though not analytically.

Kant’'s argument, as presented in fvrelegomena to Any Future
Metaphysicsis a transcendental argument, starting with the claim that we have pure
mathematical knowledge. The question is how? Among the two types of judgment,
there is theexplicativeor analyticwhich adds nothing beyond what is given in the
concept itself. All such judgments aeriori and are justified on the basis of the
principle of contradiction. The other type of judgmeranspliativeor synthetian
nature. In this case, the judgment adds something beyond what is contained in the
concept itself. Among these agosteriorijudgments, justified empirically.
However, for Kant, there is a vital categorysghthetigudgments, which are known
a priori. That some judgments fall into this category can be seen by looking to the
realm of mathematical judgments. According to Kant, mathematical judgraent
all synthetic They cannot banalytic because nothing in the conclusion is contained
in the concepts themselves. Some synthesis must be involved, since the conclusions
cannot be established simply using the principle of contradiction. Moreover,
mathematical judgments are known with apodictic certainty — that is, absolute
necessity. Necessity, however, cannot be known empirically. Therefore,
mathematical propositions asgnthetic a priorjudgments (Kant, 2001, pp. 266-8).
Because they are nahalytic such judgments must come via intuition rather than by
analysis of concepts alone. This intuition must be pure, or free from empirical
sources. Mathematical judgments are gained from pure intuition. But how can it be

that we intuit anything purely @ priori? And what is the nature of such intuition
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which, since it isa priori, must take place without an object of intuition? That is,

pure intuition must precede the empirical intuition of the object.

Therefore in one way only can my intuition anti¢géhe actuality of the object, and be a
cognitiona priori, viz., if my intuition contains nothing but the form ohsibility, which in
me as subject precedes all the actual impressimgigh which | am affected by objects

(Kant, 2001, p. 282)

In other words, the only way it is possible gynthetic a priorjudgments to exist is
for them to exist as a precondition for sensibility, by providing the form of how the
objects of sense appear to Bynthetic a priorjudgements do exist in pure
mathematics since such judgments areanalyticor a posteriori Therefore, so

goes the argument, there are such preconditions brought to experience by our
intuition.

At the foundation of pure mathematics, for Kant, are the concepts of space
and time, representing the quintessential concepts of pure intuition. The concepts of
space and time compose the structure of empirical intuitions, and if we rerhove al
actual intuition of empirical objects, the concepts of space and time resnaimes
of possible experience. The form of space is the Euclidean space, having three
dimensions such that, “not more than three lines can intersect at rightianmhes
point” (Kant, 2001, pp. 284-5). As a pure intuition, this judgment is apodictically
certain, yet cannot be determined from the concept of space itself. Kant pravide
further argument to back up this claim. This argument involves a supposed paradox,
wherein two figures are given, whose complete spatial description of shape and
dimension are identical, yet the two figures cannot be made to coincide. Aplexam

is a hand and its image in the mirror (the glove which fits the original could ret f
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counterpart). Kant argues that there is nothing internal to the figures by which the
understanding alone could differentiate these two figures. It is only iroretat
space as a whole that one can tell the figures apart. Therefore, the tioniot

the form of space itself is a prerequisite for this judgment of incongruity. Kgst s

Hence the difference between similar and equagthimhich are not congruent (for instance,
helices winding in opposite ways), cannot be matigligible by any concept, but only by the
relation to the right and the left hands, which iettiately refers to intuition. (Kant, 2001, p.

286)

This is clearly a rejection of Leibniz’s view of space as the relatiomdagt objects
themselves. Itis also a rejection of Newton’s substantival view of absphde as
something existing independently of the mind, in the world itself. Space isdrestea
relation imposed by our own cognition on what we perceive; “pure space is not at all
a quality of things in themselves but a form of our sensuous faculty of repres€ntati
(p. 288).

Kant distinguished betwee@onstitutiveprinciples andegulativeprinciples.
Constitutive principles concern the possibility of experience or appearanegsly M
regulative are “those principles that are to bring the existence ofrappea under
rulesa priori.” (Kant, 1998, pp. A179, B221). The possibility of experience is
necessarily given by pure intuition; therefore ssighthetic a prioriprinciples are
constitutive of experience. Sinaetualexistence is not given with necessity,
principles concerning it are merely regulative, that is, not necessting as rules
for the synthesis of experience out of perception.

Although this is a transcendental argument, starting from the premise that

there issynthetic a prioriknowledge, the resulting explanation for the validity of such
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judgments in turn offers support for the claim that there can be such knowledge.
Kant’s unique approach introduces the idea that our cognition imposes certain
constraints on all that we can experience. This accounts for the apparentyetessi
certain judgments about the world. Indeed, for Kantathaori conditions of the
possibility of experience simply are the objectively valid universes laf nature.

Kant’s view on theprioricity of the principles of Newtonian physics and of
Euclidean space-time was, of course, shattered by the development of non-Buclidea
geometries, which hinted that the framework of Euclidian geometry was not in fac
necessarg priori. The subsequent arrival of relativity theory confirmed this in
beyond a reasonable doubt. The characteristic, which Kant sees as intoérteily,
is that space has the form dictated by Newtonian physics. This conflextydwith
the geometry of non-Euclidean relativity theory. Not only does modern physical
theory deny the content of Kant’s thought, it also throws doubt on his methodology.
What Kant took to be apodictically certain according to pure intuition is in liagtrs
to be false, and, therefore, most definitely not apodictically certain. Nelesghe
neo-Kantian philosophies hung on with great tenacity. The challenge for angrKanti
theory is to show that any physical principles at all can be proven to be gyathet
priori truths in the Kantian sense. What Kant took to be intuitively certain was
shown to be wrong. So how can one argue that any other principles can be known
with certainty in a similar way?

It is not possible to argue from actual scientific theories that any pris@pte
necessary. This is merely an empirical claim and is open to refutatiecjadspin

light of scientific revolutions. On the other hand, what transcendental arguraents c
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be given that any principles are necessary? Pure intuition cannot provide self-
evidently valid principles, since, as we see with Kant, what might appear to be
apodictically certain only appears so due to limitations of the imaginatitey than
cognition itself.

The challenge for the neo-Kantians is to square the Kantian philosophy with
the advent of relativity, which explicitly denounces this form of space and time. O
option is to insist that Kant is correct. This means either maintaining thavitglis
wrong or that it applies only to scientific space and time, while Kant's notispaufe
and time applies to our psychological concept of space and time. The other option is
to reject the content of what Kant thought was necessarily given by pure intuibon. T
remain in line with the tenets of Kantian critical philosophy, this means disagver
another set of concepts which stand in the same relation to our knowledge of the
physical world as do Euclidean geometry and Newtonian physics for Kant, but which
conform to the principles of the theory of relativity.

One of Einstein’s criticisms of neo-Kantianism, in this latter form, isitha
seems to be an irrefutable theory. Just as there seems to be no transcendental
argument for the absolute necessity of any given neo-Kantian prinbipte,does
not seem to be an argument that there cannot be any such principle. As such, in any
physical theory, one can always posit some “syntlaepigori principle”. Einstein
says,

| am even of the opinion that this standpoint camigorously refuted by no development of
natural science. For one will always be able tothat critical philosophers have until now

erred in the establishment of the a priori elemeants one will always be able to establish a
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system of a priori elements that does not conttadgiven physical system. (Einstein, 1924,

pp. 1688-89)

4.2.2. Logical Positivism and Constitutivity

The logical positivist or empirici§tresponse to Kantianism is to deny the
apodictic certainty of any principles. On the other hand, they did not reply wvidth str
empiricism either — that the laws of nature can simply be inferred from the da
through generalization. Instead, they acknowledged the contribution Kant had made
in recognizing soma priori component of scientific theories. That is, inseparable
from a physical theory is that which is brought to it by us before any observable
physical content can have any meaning. A conceptual framework must teel erec
first, just as for Kant there are preconditions necessary for the possibility of
experience. The essential difference between Kant and the logical ptssivthe
precise nature of such principles. Kant was limited by the logical, maticemand
scientific viewpoint of his time, but the logical positivists argued that specif
structures, such as Euclidean space-time, are not given with apodictic gertaint
Rather, the space-time structure which must be in place is chosen as amatter
convention or by “coordinating definition”. It is necessary that such a steuguin
place to provide meaning for empirical science, but the exact nature of tharstrsict

open to choice. Schlick is explicit in his delineation of empiricism from Kantignis

[M]ere sensations and perceptions are not yet sasens and measurements; they only
become so by being ordered and interpreted. Taufotming of concepts of physical

objects unquestionably presupposes certain prixipl ordering and interpretation... An

12 Among philosophers of this school (e.g. SchlickidRenbach, Carnap) there were of course
differences among their views. For a much morepeta history of the development, context, and
analysis of their views see (Friedman, 1999; Howa894).
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empiricist, for example, can acknowledge the preseri such principles; he will deny only
that they are synthetic aadpriori in the sense [of having the property of apodigf]ci

(Schlick, 1979, pp. 323-4)

Once the framework is established, then, in combination with observation, the
physical theory falls into place. And so, just as the geometry of spacestimat i
simply given by pure intuition, it cannot be established by purely empirical digcove
either. “[l]t is in no way a straightforward empirical matter of fact thbespace is
Euclidean or non-Euclidean” (Friedman, 1999, p. 7). The issue is taken to be closely
analogous to the axiomatic structure of logic or pure geometry. Nothing tie
world, or our cognition, imposes specific axioms of geometry, but once selected they
completely define the geometric structure which follows from them. Lie¥ar the
structure of space and time.

Reichenbach is explicit in his separation of the two distinct aspects of iKantia
principles: apodictic certainty and constitutivity. He rejects the apodiettainty of
any principles. In so doing, Reichenbach does not entirely reject the iKantia
approach, since he embraces their “constitutivity”. Apodictic certamdy a
constitutivity need not necessarily go hand in hand as they do for Kant (Reichenbach,
1965). Intuition has no role to play in specifying particular principles with niégess
Any supposed such intuition, like that for Kant, cannot eapeori grounding since
progress in the empirical sciences can always override it in the future. However
what is recognized is that without sufficient non-empirical definition, eogditaws
cannot be meaningful. For example, attempts at empirically discovering the
curvature of space by measuring it are bound to fail if they implicitly relygbi i

traveling in straight lines. But that light does travel in straight lines cdrentatsted
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absent some coordinative definition. Some discussion among the positivists revolved
around the exact nature of such definitions, but the general consensus was that their
status is best understood as conventional, with there being some disagreement and
discussion as to whether other restrictions must be considered regarding ttet choi

In Reichenbach’s terms, only once these “axioms of coordination” are sis&btian
“axioms of connection” be well-defined and have meaning. We see in this distinction
the emphasis on function, on the necessity of a framework in which to define theories
which fall under its scope, which motivates Flores’ move to distinguish between
framework theories and interaction theories as we saw in Chapter 3. i@iche

too, classifies Newton’s laws of motion as an upper-level theory, as axioms of
coordination, and Newton’s universal law of gravitation as an axiom of connection
which can only be given concrete meaning within the framework establishbd by t
laws of motion. We see in Reichenbach, Schlick, and Carnap rigorous attempts at
making this divide between axioms of coordination and axioms of connection sharp
and coherent’

We also find here the seeds of the fall of logical empiricism. Though there
has probably been historic misrepresentation and certainly no one single logical
empiricist position, this strict distinction between axioms of coordination and axiom
of connection as different kinds of scientific propositions did not withstand attacks
from Quinean holism, according to which there can be no such in principle
distinction. The logical positivists also face objections for their adheterstact
epistemological (and hence purely philosophical) strictures, such asateifism,

as leading to philosophical advancement in the philosophy of science.

13 For a much more detailed discussion of this prolfier positivism see (Friedman, 1994; 1999)
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4.2.2. Summary

Nevertheless, we have now a basis to think that there is a need in science for
principle theories in order to frame further scientific inquiry in the playsiorld,
and we have come a substantial way towards illuminating this relationship.vétpwe
there is more to be said. We have established, as was first noted by Kant anidl was st
recognized by the positivists and Einstein, that it is necessary to havatheswork;
however, it has not been resolved what the nature of these principles must be. What
is the role played by intuition, or by empirical discovery, or are they purely
conventional stipulations chosen on pragmatic grounds? Can we meaningfully make
a principled distinction between principles of coordination as different in kind from
other propositions in the theory? And finally, what role does explanation play in all
of this?

Kant argued that there are preconditions which must be in place for the
possibility of there being any physical experience at all. For him theserptitions
took the form of necessaaypriori conditions given by pure intuition. Newton, for
Kant, had clarified and formalized these preconditions for experience. TVed afri
general relativity, and its use of non-Euclidean geometry, showed thah&abkeen
wrong in thinking that those preconditions for experience were necessary in the sens
Kant had argued. However, Kant’s point was recognized: there did need to be
preconditions for experience that had to be in place prior to scientific observation. It
is just that those principles were chosen contingently to establish the foandtvis

necessary to have them, but what they are is a matter of choice.
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The principles of a foundational principle theory must be of this sort. They
must supply the framework, or the preconditions, which establish the meaning of the
measurement of physical properties. Measurability is a necessary @offiditdoing
science, and establishing a conceptual framework is a necessary condition for
measurement and observation. Kant recognized this, but he was mistaken about the
source and the nature of the principles which establish that framework. The
positivists saw that flaw in Kant, but also accepted the necessity of having a
framework. They saw it as a contingent choice. They too were mistaken about the
source and nature of the framework which must be established.

There are a number of problems for the logical empiricist approach, which
come from opposing sides. One problem is that, though there might be a meaningful
distinction between axioms of coordination and axioms of connection, the choice of
coordinative definitions is held to be entirely conventional, letting in an unacceptable
degree of arbitrariness for the realist. It will be argued below thahtheecof
constitutive principles is not entirely conventional, that there are significant
philosophical considerations which come into play in determining such principles.

From the other side, it is argued that positivism fails to even make an adequate
distinction between purely constitutive principles and empirical laws. Thising
taken early on by Einstein, saying that the distinction must be made, but where it is
made is itself arbitrary. Later developments in the philosophy of sciscea@ded
challenges to the logical empiricists. Kuhn (1962) argues that there are no
philosophical arguments, such as the epistemological ones adhered to by #ie logic

empiricists, which can be made that justify the choice of one theoretioa\rork
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over a different framework. | will argue that there are philosophical coasioles
which dictate to some extent where constitutive principles must play aEwistein
presents us with typically insightful thoughts on the matter. Perhaps there is no
principled place to make the distinction; nevertheless, given the structwierofes
and its concepts at a particular place in time, this decision is not entlgharys, but

based on conceptual inadequacies of the theory or theories in place.

4.3. Conceptual Foundations

DiSalle (2006) provides an analysis of the conceptual foundations of physical
theories in a particularly nuanced manner. DiSalle’s analysis paggisasis less on
the nature of the conceptual framework of theories and more on the evolution of such
frameworks, but in the process identifies some of the essential qualities of the
frameworks which make such evolution possible. By approaching the task in this
way, DiSalle is able discern where concept revision comes to be seenssanece
and where convention plays a role.

When we look to historical examples in the evolution of our theories of space
and time, and the actors who play the role of developing them, we see that there are i
fact remarkable similarities in terms of how they come to the conceptoadvirark
which they do. This will hopefully shed some light on what the nature of these
principles, which serve as the framework for scientific endeavors, mugebe li

Kant introduces the idea that such frameworks must be there, and what has
been up for debate is what they must be like, if they must be like anythihg at al

DiSalle shows us that there are some aspects of forming principle thebrobsat
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times does in fact become necessary — not in Kant’s seasgriofri necessary, but
necessary in order to overcome something like what Kuhn describes asdagberi
crisis. What this crisis amounts to, as DiSalle shows us, is the emer@ence o
conflicting concepts within the current scientific framework. Until thisi€iis
resolved, not much progress, at a fundamental level, can continue. Of course the
more intractable the conceptual inconsistencies are perceived to be, the more
impressive the new theory which manages to resolve the crisis will be seen.
Important examples of this include the theories of Galileo, Newton, and Einstein.
The manner in which the new principles resolve the old concerns reveals that
aspect of principle theories which we are trying to uncover — that aspiett makes
them foundational theories in need of no further interpretation — and which will
hopefully aid us in resolving the interpretational issues which are presentsdy

guantum mechanics.

4.3.1. Galileo

To investigate this further, it is useful to look at DiSalle’s analysis iresom
detail. Let us go all the way back to Galileo and the revolution that he produced.
Galileo recognized that the traditional Aristotelian concept of naturabmeas in
fact incoherent. The Aristotelian concept of natural motion is based priroarihe
composition of an object, and its tendency to move towards its natural place in the
universe. All objects are made up of the four basic elements, earth, air, wdter, a
fire. The natural place for the element of earth is at the center of thesanitdence
objects made primarily of earthly stuff will naturally move downwards, tdsvehe

center of the earth, unless otherwise forced. Fire, the lightest eleniehgwe a
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tendency to rise from the center of the universe. The proportion of different edement
in an object dictates its weight. This then determines the speed at which @n objec
moves according to its natural motion. Heavier bodies will fall faster, gropakto

their greater weight. The Aristotelian system also holds that theigatdtionary, as

it is the center of the universe. Neither is there any natural motion whicd aiten

that condition. Applications of this framework, as later analyzed by Galileeglre
serious inconsistencies.

Aristotelian evidence that the center of the universe is the non-rotatirey cent
of the earth, is provided by the fact that a stone dropped from a tower will land at the
foot of the tower. If the earth were rotating, by the time the stone hits the ground,
moving as it would directly towards the center of the earth, the base of the tower
would have moved along with the rotating earth. However, as Galileo points out, this
argument for the non-rotation of the earth fails because it is circular. AsdGal
notes, if the earth is rotating, then that movement would be transferred to the
horizontal motion of the stone in addition to its vertical motion, thus explaining the
fact that the stone lands at the foot of the tower.

If the Aristotelian insists that such horizontal motion is not transferred, as
should be the case given the natural motion of bodies according to Aristotelian
physics, then there is a conflict wighrerydayexperiences, where we do not even
consider doubting this transference of horizontal motion. On a moving ship, one does
not adjust for this movement if one drops a ball from the top of the mast. Instead, that

motion is transferred. Indeed were one in the hull of the ship, there would be no way
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to determine if the ship is in motion or not based on the relative movement of objects
in the hull. Many other examples demonstrate this as well.

Aristotle offers arad hocaccount of this type of “violent”, or unnatural
motion, possessed by a projectile with horizontal motion. As the projectileateviat
from natural motion, the unnatural motion must be initiated externally; it neust
form of violent movement. Therefore, Aristotle tries to solve the problem by
postulating that the air closes in behind the object and forces the horizontal
movement. This solution is rather problematic for obvious reasons. But if this
solution, even aad hocas it is, is adopted, then the original argument for the non-
rotating earth is circular, assuming that the horizontal component of motion cannot
persist without an external cause.

Galileo further points out the internal inconsistencies of the Aristotelian view

with the following thought experiment:

Salviati.But, even without further experiment, it is possilb prove clearly, by means of a
short and conclusive argument, that a heavier ldogg not move more rapidly than a lighter
one provided both bodies are of the same mater@lrashort such as those mentioned by
Aristotle. But tell me, Simplicio, whether you aifithat each falling body acquires a definite
speed fixed by nature, a velocity which cannotrmedased or diminished except by the use
of force or resistance.

Simplicio.There can be no doubt but that one and the samerhoding in a single medium
has a fixed velocity which is determined by natame which cannot be increased except by
addition of momentum or diminished except by soasestance which retards it.

Salviati.If then we take two bodies whose natural speeddiffezent, it is clear that on
uniting the two, the more rapid one will be partyarded by the slower, and the slower will
be somewhat hastened by the swifter. Do you neteagrith me in this opinion?

Simplicio.You are unquestionably right.
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Salviati.But if this is true, and if a large stone moveshégtspeed of, say, eight while a
smaller moves with speed of four, then when theyuaited, the system will move with a
speed less than eight; but the two stones whendgether make a stone larger than that
which before moved with a speed of eight. Hencehdaevier body moves with less speed
than the lighter; an effect which is contrary taysupposition. Thus you see how, from your
assumption that the heavier body moves more rafiidly the lighter one, | infer that the
heavier body moves more slowly.

Simplicio.l am all at sea because it appears to me thatth#es stone when added to the
larger increases its weight and by adding weigld hot see how it can fail to increase its
speed or, at least, not to diminish it.

Salviati.Here again you are in error, Simplicio, becausg ot true that the smaller stone
adds weight to the larger.

Simplicio.This is, indeed, quite beyond my comprehensionlilggal 954, pp. 62-3)

Here, the Aristotelian view, depending on how it is applied, produces contradictory
results. The Aristotelian system maintains concepts regarding mdtioh are
incompatible upon application.

Galileo argues that the principles of motion must be changed. In particular
the principles which must be changed are conceptual ones. The concept of motion
itself needs to be altered due to conflict within the traditional Aristotel@ohein
Galileo recognized the departure of the Aristotelian model from principlagitin
everyday phenomena and was able to formulate a new principle, the nasdent vers
of Newton’s principle of inertia. Though the correct rendering of this prinaipke
only fully formed through the later work of Descartes, Huygens, Newton, and others,

the principle of relativity still bears Galileo’s name.
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4.3.2. Newton

Newtonian mechanics also rests on constitutive principles, which are formed
out of the ashes of previous theories that Newton had the insight to see as
inconsistent, both internally and with observation, and therefore headed ifar cris
DiSalle demonstrates that this is the case in at least two separateasstahere
Newton sees the problem with Descartes’ framework, and analyzes that pnoblem i
order to develop new principles, which stand as constitutive of the concepts needed to
do physics. DiSalle focuses on the concepts of absolute time and absolute space.
These become, under Newton, defined concepts, which can in turn be used to define
further the measurable quantities of classical mechanics. These oesinre
deemed as necessary by Newton in order to construct an empirical stialhce a

The Cartesian view, a mechanistic philosophy predominant in contemporary
physical science, contains within itself two separate, and incompatibleaahps.

One approach focuses on the mechanical explanation of motion following from the
work of Galileo. The idea is that uniform motion persists unless influenced from
without, and this influence requires a mechanical explanation. Such an influence
must involve the direct impact of one body on another for it to be mechanically
intelligible.

The second approach develops out of Descartes’ philosophmadyri,
perspective. For Descartes, the essential property of materitdrstdbgs extension,
making it distinct from spiritual or mental substance. Space, as a nhon-mental
substance, must likewise have extension. Thus, space, having the essenegailf mat

substance, extension, must also be material. & pr#ori conception of space and
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substance serves as the basis for Descartes’ theory of planetary moliody #nd

space are substances with extension, then the entire universe is enticdlynfatter.

The universe, as an infinite plenum, only allows motion as circulations about various
centers, because matter moving from one location can only move if that location is
vacated, and so on. The motion of the planets and celestial bodies can then be
explained mechanically by the introduction of the motion of fluid vortices, which
carry the planets in their orbits. The universe is a plenum completetiiite

matter, whose motion could only be accounted for by the existence of vortices. Since
“space” too is a fluid, motion on this philosophical view is not motion with respect to
any kind of absolute space, but motion with respect to the immediately adjaaknt flui
medium.

For Newton, these two separate approaches, the geometrical and the
mechanical, were incompatible with each other, and prevented any clear acancepti
of empirical measurement. The two viewpoints appear to be at odds over the concept
of motion, which reveals, on deeper analysis, that they are also at odds with t@spec
the concepts of space and time. Within the Cartesian system, there apbeaas
vicious circularity regarding the definition of motion and body. Without a single,
coherent concept of motion, measurement and any meaningful empirical inv@stiga
could not be done. Therefore the preconceptions of space and time needed to be
analyzed such that this could be accomplished.

For Cartesian mechanics, the motion of the planets around the sun could be
causally explained by the movement of the vortices as carried from thenatathe

sun at the center. However, from the viewpoint of the earth, using the Cartesian
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philosophical perspective, Descartes could say that the earth was entiesly at
given that it was surrounded by the fluid, and relative to it, immobile. Thus, there is a
tension in the Cartesian framework regarding the concept of motion, which Newton

articulates:

[T]he individual parts of the heavens, and the elarthat are relatively at rest in the heavens
to which they belong, are truly in motion. Forytehange their positions relative to one

another (which is not the case with things thattary at rest). (Newton, 1999, p. 413)

Additionally, DiSalle addresses the famous thought experiment Newton
devised, which envisions a bucket full of water twisted on a rope, and which has
traditionally been taken to be an argument by Newton simply meant to show that
space is absolute and not relative. DiSalle points out that this interpretation is
misguided, and that the real point behind the thought experiment is to show that the
Cartesian position is inconsistent, even within its own physical theorst, Wi
imagine a bucket of water suspended from a rope. In it, the surface of theswater i
flat. Then the rope is wound tightly, and with the bucket and water at rest, the bucket
is released with a rapid rotation so that the unwinding of the rope will drive the
rotation. First, the bucket will spin rapidly relative to the water, with thtewa
surface remaining mostly flat. But the motion of the bucket will be transferrid to t
water, and the surface of the water will become concave as it eventualg ¢o rest
relative to the motion of the bucket. If the bucket is stopped, the water will continue
rotating, no longer at rest relative to the sides of the bucket, and with its concave
shape until it eventually returns to the initial state (Newton, 1999, pp. 412-3).

From the Cartesian point of view of rotating vortices, when the bucket is

released, the water begins to rotate, and it is in motion relative to the sungpundi
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bucket. As the water becomes more concave, its motion relative to the bucket
becomes less and less, until at its greatest concavity — an effeat weeaaure — it
has ceased moving altogether from the Cartesian standpoint. Now, however,
immediately after the bucket is stopped, the same concave shape is @ ppartbe
motion of the water is at its greatest, just as it had been when the bucket iakhg init
released. But of course, then the water had been flat. Finally the water witsstop i
motion relative to the bucket and will also be flat. In other words, according to the
Cartesian philosophical standpoint, precisely the same motion of the water at t
different times, i.e. motion relative to the sides of the bucket, produces vergmlffe
dynamical results. At one time that motion is associated with a conadaeesto the
water, at another a flat surface.

The dynamical results of the water climbing the sides of the bucket is, for
Newton, the objectively measurable phenomenon. Cartesian motion can say nothing
about this phenomenon. Yet, the dynamical phenomena must provide the measure of
motion. More condemning for the Cartesian system is the contradiction which arise
from the explanation of the bucket experiment with the causal explanation for the
movement of the planets and stars. The Cartesian explanation depends on the
centrifugal forces, along with the resistance of the fluid in other esttio describe
the motion of the planets. But these forces are ruled out by the philosophically
motivated mechanical conception of movement. For the Cartesian, non-rectilinea
motion needs to have a mechanical cause to explain any deviation from natural
motion. Planets would continue their straight line path except that the fluid in the

vortex alters that motion to constrain the planet’s movement in orbit. But on the
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Cartesian philosophical theory, the planet has no motion at all, for it is at tlest wi
respect to the medium surrounding it. A planet has, at once, non-rectilinear motion,
which needs to be explained by some force acting upon it, and no motion, which
precludes the possibility of forces acting on it. So the entire theory of ggnet

motion in the solar system is self-contradictory.

If motion is defined in the Cartesian manner, then no planet or star will be in
motion, or at least, it becomes impossible to say what its motion might be or mean.
More importantly, it is impossible to say whether a body is free of for¢cegagpon
it, and impossible to say whether it is in uniform motion or not. Ultimately thas lea

to a breakdown in the ability of the physical science to function.

The crux of Newton’s dynamical argument, thenhat the Cartesian definition ignores the

aspects of motion that are central to Cartesiasiphy It defines a univocal velocity for every
body — indeed, every particle — in the Universeit iBdoes not offer any physical measure of
the accelerations and rotations that are centralitainderstanding of the fundamental causal

interactions. (DiSalle, 2006, p. 33)

Newton also takes up the definition of uniformly moving time in his analysis
of motion, since it is a concept, which, along with space, is integral to the
understanding of the concept of motion. Newton evaluates the concepts that are
involved in the contemporary view of time, argued for by Leibniz, according to
which, like space, time is a purely relational construction. The assumptions of thi
approach were ones which Newton also held and which supported his view, but
which, when brought to light, exposed problems with the relationalist view. As for
Cartesian physics, the relational view of time implicitly requires a notiabsdlute

simultaneity, or the notion of succession. Newton makes this explicit. Newton'’s
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laws of motion served to define the notion of uniform time, specifically determining
how to differentiate between equal and unequal time intervals. Among the implicit
assumptions shared by Newton and his contemporaries is that there is a “genuine
physical distinction between inertial motion and non-inertial motion, and that ¢here i
an unambiguous way of determining all of the forces involved in every non-inertial
case” (DiSalle, 2006, p. 22). Newton'’s three laws provide a means of differentiati
between inertial and non-inertial motion, first by defining it in terms of theguce
or absence of external forces. The other two laws establish the means oinilegerm
those forces or the absence of them.

Thus, what we see in Newton’s reasoning is the analysis of the concepts
which were being used in contemporary physics, both explicitly and implicitlyat W
he recognized was that some of these concepts were in need of more precise
definition. Indeed, to make the concept of motion, as understood at the time,
meaningful, those presuppositions behind it needed to be first developed into a
coherent conceptual framework. DiSalle’s argument is that Newton’s deaibpin
the principles of motion was not simply the positing of hypotheses about the
existence of absolute space and time. Rather, Newton was defining the goncept
necessary for making hypotheses that could be meaningfully understood and tested in

the first place.

4.3.3. Einstein
Following DiSalle, we now turn to Einstein and his work in developing the
special and general theories of relativity. Einstein saw that theatomfiich had

arisen between electromagnetic phenomena and the Newtonian theory of motion was
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rooted in the implicitly held concepts of space and time. The central proble
emerging at the time was an apparent conflict between Newtonian dyreardics
Maxwellian electrodynamics. Newtonian dynamics adhered to the principle of
relativity, that the physics in one system is the same for any system imunifation
with respect to it. Electrodynamics stands as a possible exception torthipleri
since it only holds in a frame at rest with respect to the aether. This wasocatepl
by the inability to measure any electrodynamic phenomena in motion with réspect
the aether, most famously demonstrated in the Michelson-Morley (1887) experiment
Lorentz explains this failure by appealing to molecular forces, which contract
proportionally to movement through the aether, thereby accounting for this null
result.

Both Lorentz’s and Einstein’s theories account for the empirical data. The
crucial difference, according to DiSalle’s analysis, is that Eingecognizes that the
Newtonian framework on which Lorentzian dynamics rests is conceptually
inadequate. The notion of an inertial coordinate system in undefined. For this we
require a kinematic description of motion, for which the concept of time must be
defined. The Newtonian system fails to do so because it relies on an intuition of
simultaneity which cannot be connected to any empirical definition. It depends on a
notion of the instantaneous propagation of gravitational force. However,
approximating this empirically relies on physical processes and wdlyra light
signaling. But this approximation completely fails if light fails to obeyldwes of

velocity addition.
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According to DiSalle, the breakdown occurs because the “inttiteayof

simultaneity” fails to meet the “intuitiveriterion of simultaneity” (2006, p. 111).

That is, operating to form the contemporary theory of simultaneity is &ptoc of

its role in the theory of space and time. However, Einstein determines thatuhé
theory departs from the common sense conception of the role simultaneity ought to
play. Specifically, “[Einstein] seeksaaiterion of simultaneity that is independent of
position and motion, that has a foundation in physical laws that are independent of
any observer, and that makes simultaneity a symmetric and transitiven‘elat
(DiSalle, 2006, p. 110). The condition which Einstein establishes is that, “we
establishby definitionthat the ‘time’ required by light to travel froAito B equals the
‘time’ it requires to travel fronB to A” (Einstein, 1905b, p. 894). This satisfies the
criterion Einstein requires.

This definition does not, however, establish whether or not the velocity of
light isin factinvariant. The invariance of Maxwell’'s equations could be explained
by the universal contraction hypothesized by Lorentz. However, what the Newtonian
framework of Lorentzian dynamics lacks, Einstein’s theory of specativiey has,
and that is a clear and meaningful definition of simultaneity, and, therefoeara cl
and meaningful definition of time, space, and motion. Lorentz must explain the
theory and the Lorentz invariance of otherwise disconnected phenomena, whereas
Einstein’s theory covers all of this with the definition of simultaneity, and ikare
need of postulating any sort of hypothetical explanation. Einstein recognized the

implicit role that signaling had in defining the inertial frame, but that itiessh

117



possible to overlook this until then. In overlooking it, however, the concept of an
inertial frame had not been given a clear meaning.

We can see how Einstein’s postulate regarding the propagation of light takes
on ana priori character. It is not simply the result of inductive generalization. If this
were the case, the constancy of the speed of light would require explanatiorr, Rathe
the postulate acknowledges the constitutive role of the velocity of light and tses it
impose a structural framework wherein physical explanations can be made. As
DiSalle (2006, p. 118) notes, from this standpoint it makes no sense to demand an
explanation for the principle itself. To do so must always be circular, just as asking
for an explanation for force and acceleration in Newtonian dynamics is oadpla
These concepts serve as defining principles which can impose meaning on the
concept of an inertial frame. There can be no external justification for such
constitutive principles.

In the development of general relativity, a similar conceptual analyss ta
place. Einstein’s analysis discovers in the Newtonian system anothecesthere
implicitly held views, upon analysis, cannot serve to form coherent definitions
without arbitrary stipulation. Implicit in Newton’s measurement of absolute
acceleration, and hence inertial frames, is the ability to distinguish beboees
with inertial motion and bodies in gravitational free-fall. However, just as, upon
analysis, it turns out that the notion of absolute simultaneity rests not on actual
empirical principles but on abstractions, so does the idea that we can distinguish a
center of mass in gravitational free-fall from one in inertial motion. But ¥f the

cannot be distinguished, i.e. if the equivalence principle holds, an acceleration
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relative to the center of mass can only be relative acceleration. Choosingttdre ce

of mass as an inertial frame is only an arbitrary choice of a coordinadensy$the
apparent inconsistency, from the Newtonian point of view, is that two frames can be
seen as inertial and yet be in relative acceleration to each othemptiAgabe
equivalence principle means implicitly accepting the notion of geodesic motion,
where, “what is distinct about free-fall corresponds to what is distinct abodésgie
trajectories: the only objectively distinguishable state of motion correspoitids

only geometrically distinctive path in a generally covariant gegrhéiSalle, 2006,

pp. 131-2). The apparent contradiction from the Newtonian framework is, under
Einstein’s framework, the precise means by which we measure the cufature

spacetime.

4.4. Analysis

DiSalle’s overall thesis demonstrates a number of points about theory
building. Among the points that are made are broad arguments that previous
philosophies have run roughshod over the more subtle issues involved, historically, in
the evolution of space-time theories in physics. In particular, DiSaks fakue with
the Kantian approach, with the logical positivists, and the Kuhnian perspective. What
DiSalle tries to draw out is that all of these philosophical approaches are too
simplistic in their analysis of theory construction. On the other hand, DiSalle is
concerned to maintain the idea that philosophical analysis, at least in certai
situations, has a strong role to play in theory development. It is just that thiaasole

been misrepresented. What is important is the role of conceptual analysis, which
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takes the existing theory and analyses its presuppositions in the face of euntinge
empirical facts that have arisen since the time of the theorieshakigiception.

The reason we have looked at DiSalle’s analysis in such depth, from Galileo
through Einstein, is to demonstrate the consistent pattern of conceptual analysis i
theory generation. It also shows that this analysis specifically addresly
particular kinds of theories. These are theories which serve as preconditithres for
possibility of scientific knowledge by establishing a consistent conceptoatirark
that defines the meaning of empirical investigations under it. In DiSalle’
investigation, the most fundamental of these are theories regarding sdaceea
There are, arguably, other framework theories, based on principles which setve to se
the framework in which empirical questions can be asked. Examples of such theories
might be thermodynamics, and from the point of view of this paper, quantum
mechanics. Theories of space and time occupy a unique position, in that the level a
which they function is so high that they must be constructed as framework theories.
They establish the structure within which all physics operates. This gisonsxthe
a priori character they seem to have, as recognized by Kant and the logical
positivists. The justification for such theories is not solely empiricalhiy &ctually
serve to define what counts as an empirical justification in the first. plHoeories of
space and time, as developed by Newton and Einstein, define the structuresiofter
which the notions of causal interaction and measurable physical phenomena are
meaningful.

Space-time theories, are going to be “framework” theories in the

nomenclature of Flores, because of the role which they must play in physiegd)
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they are the ultimate class of all framework theories, setting up theioosdor

doing any meaningful physics in the first place. As we saw in Chapter 3, any
framework theory will also be a principle theory, insofar as it is based on corsditi

or principles constitutive of that framework. We see, therefore, that in theupearti

case of space-time theories such as Newton’s or Einstein’s, the principlesteger

in fact of a particularly foundational nature, and why. These broad theoabisst

the structure on which other theories must be built. There is, therefore, a connection

between being a foundational theory and being a principle theory.

4.4.1. Holism

Here we must pause to consider a significant objection, one which was also
posed to the logical empiricists both by Einstein and Quine. This is that there can be
no principled distinction between those aspects of a theory which are constinhdive
those parts which are empirical. If this is the case, then it might put any fiaunadia
role that principle theories could play in jeopardy by collapsing any unique ahd vit
function they might fulfill.

Quine (1951) presents a view of holism which regards theories as a
complicated conjunction of statements. Therefore, in testing a hypothesig we ar
really testing the theory as a whole, since the hypothesis cannot be meaningfull

tested in the absence of the rest of the theory.

If this view is right, it is misleading to speaktbe empirical content of an individual
statement — especially if it be a statement ateafiote from the experiential periphery of the
field. Furthermore it becomes folly to seek a litany between synthetic statements, which
hold contingently on experience, and analytic sta&tets which hold come what may. Any

statement can be held true come what may, if weerdakstic enough adjustments elsewhere
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in the system..Conversely, by the same token, no statement isumento revision. Revision
even of the logical law of the excluded middle haen proposed as a means of simplifying
guantum mechanics; and what difference is thepgintiple between such a shift and the
shift whereby Kepler superseded Ptolemy, or Eindtewton, or Darwin Aristotle? (Quine,

1951, p. 40)

This Quinean holism means, not only that any element of a theory is in principle
revisable, but that any distinction between axioms of coordination/constitutive
elements of a theory and axioms of coordination or empirical/factual eleofents
theory is undermined. In turn, this undermines the functional distinction between
principle/framework and interactionist/constructive theories, since bothbauysirt

of a theory’s holistic structure and from a logical point of view on a par.

Although holism, and the idea that no hypothesis can be tested in isolation,
has come to be known as the Duhem-Quine Thesis, Friedman (1994; 1999) notes that
there are important differences between the holism of Duhem and that of Quine. The
logical empiricists did not fail to recognize the problem of holism from garly on.

While there is significant danger of lapsing into Quinean holism, whereby the
distinction between conventional and factual is meaningless (as occurs litk'Sc
conventionalism), this does not have to be the case, at least not immediately. Carnap
(1937) accepts Duhemian holism, that a hypothesis cannot be tested in isolation and
that any statement in a theory, constitutive (L-rule) or empirical @;ngl open to

revision. However, he still maintains that there can be a distinction betweessL-rul

and P-rules. The difference is that in revising an L-rule the languagetbkthry is

altered, whereas the revision of a P-rule does not change the language itseailfy but

the empirical statement within the given language (Friedman, 1994, p. 31). This
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ability to hold onto the distinction between non-empirical statements and empirical
ones, while accepting general revisability, is what marks the distinctioedet
Duhemian holism and Quinean holism.

Howard (1994) explores the depth of the relationship between the thinking of
the logical empiricists and Einstein. This relationship traces back to tlesear
attempts at expounding the logical empiricist program. As we have noted, the
development of logical empiricism was strongly encouraged by the advent of
relativity theory. Howard even suggests that it may have been Einsteinrstho fi
floated the idea that treepriori character of some physical principles is better seen as
conventional. However, Einstein did see such conventions as necessary for science.
He says, “[the conventional “categories”] appear ta lpeiori only insofar as
thinking without the positing of categories and of concepts in general would be as
impossible as breathing in a vacuum” (Einstein, 1949b, p. 674).

Where the logical empiricists and Einstein eventually departed wias wit
Einstein’s much more holistic view. As noted, choicea priori principles are
conventional. Thus, the choice between a Euclidean geometrical structure and a non-
Euclidean structure as a theorg priori principles is determined, not empirically,
but for pragmatic reasons. The choice is more or less conventional. However,
Einstein’s conventionalism does not exist at this level alone. It is also a ofatte
convention as to where one makes the division between which elements of a theory
area priori and which are posteriori Carnap’s dissertation (1921) provides an
example of this idea. It is not only that there can be a choice among gealmetric

structures, which then, along with empirical considerations, determines your
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measuring rod. Itis also the case that one may instead choose to select one’s
measuring rod by convention, thereby determining one’s spacetime metriteiis
position is that there is no in principle distinction between axioms of coordination and
axioms of connection, or constitutive principles and empirical claims. However,
though there is no fixed line, one must be drawn in order to test a theory. There must
be constitutive principles, though what they are and how they must be chosen is not
determined. This necessary condition for testing is in line with Duhemian hatism, i
that only a theory as a whole has content and can be tested, and that any principle is

open to revision. Einstein provides a useful analogy:

All that is necessary is to fix a set of rulescsinvithout such rules the acquisition of
knowledge in the desired sense would be impossiblee may compare these rules with the
rules of a game in which, while the rules themseke arbitrary, it is their rigidity alone
which makes the game possible. (Einstein, 195420)

He follows this up saying,
The question as to which of the propositions dhaltonsidered as definitions and which as
natural laws will depend largely upon the chosgmesentation. It really becomes absolutely
necessary to make this differentiation only whea eramines the degree to which the whole

system of concepts considered is not empty fronplysical point of view. (1954a, p. 293)

In other words, the axioms of coordination are arbitrarily chosen, and the distincti

between axioms of coordination and axioms of connection is also arbitrarily trawn.
Just as Friedman’s account of Carnap does, Einstein seems to thread the

needle between Duhemian holism and Quinean holism, though leaning more towards

Quine than did Carnap. He does this by allowing that while there is no principled

* A historical note: Howard (1994, pp. 97-98) notest tEinstein’s holism and its impact on
verificationism as well as the distinction betwearalytic and synthetic predates the publication of
Quine’s “Two Dogmas of Empiricism” (1951).
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distinction between constitutive principles and empirical ones, in practice the divide
can and must be made. However, we are not provided with much information on
what this divide might consist in apart from mere psychology perhaps. Carnap, as w
saw, tries to spell it out in terms of the basic language of the theory.

| argue that the analysis provided by DiSalle provides a way to shedrdight o
this issue. | think that it can give us a robust enough picture of theory revision and
structure to construct a viable option between the pitfalls presented by holibm, K
and concerns regarding unwanted degrees of arbitrariness in theory formation. We
can in fact accept some degree of theoretical holism and even embrace it — that
theories are only meaningful as a whole, and that there is no in principle distinct
between constitutive principles and empirical ones. However, we learn fraaeDiS
that contingent aspects of scientific progress mean that, upon serious gahcept
analysis, certain concepts of the body of theory reveal themselves to be iict confl
either with the main body of the theory itself or with empirical facts waicde. In
principle, we could revise the theory anywhere so that it can absorb or adjust to this
conflict. However, we revise it where we see it (or where individuals likedear
Einstein see it), and those conceptual locales become established as the alefining
constitutive propositions in the body of the theory. That is, while there is no stric
determination of where theoretical revision occurs, it is deemed nectssary
revision should occur for reasons of internal consistency, and there are plenty of
reasons, given the particular contingent facts about the actual state o¢ stidre
time, which explain where the revision takes place and which principles become

constitutive.
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This is where the philosophical considerations DiSalle is concerned to
demonstrate enter into the picture. Recognizing that the theory as a whole is
incomplete or internally inconsistent and determining not just what is easiest t
revise, but even understandingw it might be revised, requires serious conceptual
analysis of the theory from a standpoint, which to some extent, is outside of the
theory itself. This picture provides a response to the Kuhnian, since there is rational
progression from one theory to the next. For those involved in this process, there
cannot be any incommensurability between the old framework and the new, since it
requires deep understanding the conceptual limitations of the old theory if wee are t
develop a new structure which is holistically sound. We can also drop the need for a
principled way to divide our theoretical language into two distinct parts, axioms of
coordination and axioms of connection using Reichenbach’s terms. We can see,
however, that any concept revision will require non-empirically justifieacppies, to
establish the meaning of the theory. The epistemological divide is theredoed in
the state of science and in the particular conceptual analysis that talesThaugh
conventional to a certain extent, there are good philosophical and contingent
empirical reasons for choosing the conventions that get chosen. This resultgin a sor

of structured holism.

4.4.2. Unification and Explanation

From a holistic standpoint, lack of conceptual coherence represents a
breakdown in meaning within a given theoretical structure. Since a theory stands or
falls in its entirety, any element of the theory which is incompatible Wwehéest

shows that the theory must be altered to maintain that coherence. Of course, a theory
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may function successfully for a long time, perhaps indefinitely, with hidden
underlying conceptual inadequacies. This was the case with Newtonian pbysics f
example. As we saw, it operated with an implicit understanding of the notions of
simultaneity and of the ability to distinguish inertial motion from gratel

motion. For much of the long history of Newtonian physics, that these were not well
defined simply did not matter. However, contingent empirical discoveries made it
clear that there were underlying conceptual inconsistencies that hacesohed for
future science to be well defined. Hence, in some circumstances involving
foundational theories regarding notions like space, time, and causation, conceptual
clarification becomes a necessary aspect of theory progression.

This also allows us to discuss more concretely the relationship between
principle or framework theories and the unificationist program in scientific
explanation of Friedman and Kitcher. Unification by covering the most veith the
least argument patterns (Kitcher, 1989) is the product of bringing more phenomena
under one theoretical structure. Principle theories can offer explanation by
unification in this sense as discusses in Chapter 3. Principle theories carvalso ha
significant foundational merit in some cases because they establish teptcah
framework necessary for a theoretic structure with empiricahimgaby providing
the preconditions for the explanation and understanding of phenomena that fall under
the theory as established in this chapter. That is, theories such as this ssargece
for any explanation at all because they provide the conceptual framework.

We can also say something about the historical connection between

conceptual analysis of this sort and Friedman/Kitcher unification. When it becomes
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apparent that a particular framework is in a state of crisis, icesuse of the

emergence of phenomena unanticipated by it and about which the theory can say
nothing. That is, a problem becomes apparent because of disunity at the level of the
phenomena, and the intractability of the problem can sometimes point to an
underlying conceptual problem. This is what Einstein was able to see. In cases of
where conceptual problems are resolved, it will often be that they are notieegdec

of problems with unification at the level of the phenomena. Likewise, the resolution
of their conceptual issues will often allow the possibility Friedman/Kittyyee

unification and explanation of the problematic phenomena. We see this in the special
theory of relativity. The necessity of conceptual revision becomes evidentdecaof

the apparent conflict between Newtonian mechanics and Maxwellian
electrodynamics. Einstein’s analysis establishes the constitutivevirar defining

a functioning concept of simultaneity and of spacetime. The conceptual analysi
allows for the unification of the fields of electrodynamics and mechanicahaigs.

The tools necessary for evaluating the framework, of necessity, come from
outside of it. This requires a broader perspective, from which it is possible to
reestablish a meaningful definition of those concepts necessary to do physics. This
was the case in developing Newtonian mechanics, special relativity, aeclige
relativity. This will often lead to the unification of new sets of phenomena. Fhis i
function of how the crisis presents itself. For this unification to be possible, the
conceptual framework must be such that the empirical terms employed are wel
defined. This requires conceptual analysis according to which the principlesathat

the appropriate constitutive roles can be established.
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The concepts of the prevailing framework come up against empirical facts
which do not fit. As DiSalle, shows, philosophical analysis is then the vitally
important tool in determining just what conceptual presuppositions are at stake and
which are in conflict with the new physics. This in turn leads to further asag<o
how to carry on by resolving the apparent inconsistencies. As a procedurdl fact, a
least historically, this analysis comes at a time of crisis, whidtligigs the problem.
This process generates a conceptual framework that allows for medusicightific

explanation.

4.5. Conclusion

In summary, some types of theories are necessary as the preconditions
necessary for defining empirical measurement and hence, the precorfditions
scientific or empirical explanation. The most obvious, and perhaps only clear
historical, example of this is found in space-time theories, hence theirlspecia
relevance in the history and philosophy of physics. These theories are tnkmew
theories in Flores’ sense. They establish the framework within whichtodaies
can be formulated and within which questions can be asked with the possibility of
getting empirically meaningful answers. Thus it is necessary thabtlasant and
the positivists realized, these theories must havem@iori character that is not based
strictly on empirical discovery since they define the nature of that espiric
discovery. Therefore, these theories are constructed in part via a piotkEsds
definition. As definitions they are, therefore, principles restrictingrtbaning of

empirical claims. As a matter of fact, not epistemic necessity, newpglesare
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formed when it becomes the case that we need a new constitutive framework, when
the old framework becomes insufficient in light of empirical discoverids tha
eventually come to be seen as falling outside the scope of that conceptuatestruct
The principles arise, as a matter of fact, from the necessity of resobmagptual
conflict. Framework theories of this foundational type are generated out of aneed t
resolve conceptual conflict. “This interpretive aspect of the laws ofgshigsthe
source of their a-priori and seemingly unrevisable character; theal aevisability
reflects what a stringent requirement it is upon such a theory, that it be capable of
bringing the relevant phenomena within its interpretive grasp.” (DiSalle, 2006, p.
161) In other words, the crisis arises from conceptual conflict or lack ofecateer
and this drives the need for conceptual analysis and revision.

To reiterate, we are talking about a small class of theories. This is ant me
to be an explication of all physical theories or a general philosophy otsciém
Chapter 3 we saw that both principle theories and constructive theories aim at
explanation, but the mode of explanation defines the distinction. Principle theories
explain by way of unification. The upper-level type of theory that we have been
looking at in this chapter works at the conceptual level and established the
preconditions for explanation via unification. To clarify, these upper-level theories
such as those discussed involving space and time, must be principle theories. Their
purpose is to define the conceptual structure of physics. Recall that a call for the
interpretation of some theory often stems from some explanatory failureefdilee a
principle theory that succeeds from an interpretational standpoint will futfitable

explanatory function either by unifying or, as an upper-level principle thbgry,
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constituting the explanatory framework itself. The theories we have been l@bking
in this chapter fulfill this function through the resolution of conceptual conflict and

hence the establishment of preconditions for scientific explanation. Addsagsk,

When we ask how the principles of a theory areetinkerpreted, or how the structure
associated with a theory is to be interpreted, axetalready lost sight of the genuine content
of those principles. For the principles are néigraall, purely formal principles in need of

interpretation; rather, they are themselves priesipf interpretation. (DiSalle, 2006, p. 160)

The foundational conceptual work in these theories is the deepest and most basic
precondition for explanation, of increasing understanding, by conceptual revision to
formulate a coherent whole out of previously inconsistent conceptual parts, thereby
establishing an explanatory framework.

Once again, to remind ourselves of where we are, recall that our aim in
continuing this line of investigation is to determine the viability of using the
developments of quantum information theory to solve the interpretational problems
historically attending quantum mechanics. We have ruled out certain types of
approaches which this perspective might seem to engender, namely the instrument
approach of subjective Bayesian qguantum mechanics and any sort of ontic or
constructive approach using information. This still leaves the possibility of
developing a principle theory along the lines laid out by Einstein.

One such approach has been carried out by CBH and further by Bub. We saw
in the last chapter that it could not be seen as unifying in the sense of Kitcher and
Friedman. Do the information-theoretic principles presented allow the conceptua
analysis necessary for developing an interpretation of quantum mechanics

constitutive of the concepts which need to be resolved? | would argue that they do
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not. Among the central concepts which sit at the center of the storm are those of
measurement and causation. Like space and time, these concepts arehamurs] t
fundamental and basic for the understanding of empirical science. Ther&éone, |
the case of theories of space and time, a clear and consistent conceptual sch
regarding these notions must be in place prior to any other physical science. The
constitutive approach along the lines outlined by DiSalle is thus entirely agteopri
The CBH approach, however, does not establish for these concepts any clearer
meaning, reconciling somehow the intuitiheoryof measurement and causality
which fails to meet the intuitiveriterion of measurement and causality. The
argument is that if the information-theoretic principles hold, measuring institsm
must ultimately be viewed as information sources, or as black boxes. In the sense
that it does any analysis, it seems to be an argument for instrumentalibe. If
principle of the constancy of light is constitutive of the notion of simultaneity by
revising that concept such that it must be a relative description, then the no-cloning
principle restricts the concept of measuring instrument such that quanturamasc
must ultimately be only about prediction and can say nothing of how measurement
results come about. This is essentially the argument for complementarity @auche
information-theoretic terms. Unless somehow there is some ontological role for
information, the no-cloning principle is equivalent to the claim that the structure of
guantum mechanics is non-commutative. So this is not a new argument that quantum
mechanics is best seen as instrumentalist. The information-theoretit aisihe

argument plays no role.
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Leaning on the analogy with special relativity a bit further, the prirciple
special relativity are constitutive of the concept of simultaneity anditherfea
coherent notion of time, space, and motion. There is a principled derivation behind
this definition of simultaneity. And we can accept this principled reason because
without it there is no coherent framework. This is not the case for CBH. We might
think that because there is a principled argument for instrumentalism, that the sam
sort of thing is being done. One reason that this is not the case is that the
information-theoretic principles, as such, are not doing any work which theuséruc
of quantum mechanics does not already provide. The no-cloning principle implies
instrumentalism. But the non-commutivity of quantum mechanics implies
instrumentalism in just the same way. But | take it that there is supmobed t
something additional going on by using information-theoretic principles.nétis
clear what this is.

There is something of a self-supporting, or circular character to Einstein’s
argument. Normally this might be considered a bad thing, but as we have seen, itis a
fundamental aspect of constitutive principle theories. It is also whakisdgin the
CBH approach. The structure of the argument seems to be the following: Quantum
mechanics can be axiomatized by some set of information-theoretic pcipthis
set of principles is true of the world (as they appear to be), then quantum mechanics is
best seen as an instrumentalist theory (along with the specific det&itstbebry). |
take it that the overall CBH objective is to establish not just the consequent of this
conditional, but also the further conclusion that the antecedent is the best

representation with which to understand quantum mechanics. The same is the case in
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the argument for special relativity. If its two postulates are traleeoivorld (as we

have reason to believe they are), then the concept of simultaneity must lizvex rela
one (along with the specific details of the theory). But there is more goingean he
To this we add that if the concept of simultaneity is not understood in this way, then
there is no clear meaning of essential empirical terms such as spacantime,

motion. Therefore, we ought to accept these principles since they are constitutive
this concept of simultaneity. The justification for the principles is that treey a
constitutive in a way that is necessary for establishing the meaning a¢ahys
concepts and an explanatory framework.

The CBH argument does not seem to have this feedback loop which is vital
for a constitutive principle theory. The objection does not rest simply on the fact that
the principles imply instrumentalism and that is objectionable (though I think that i
is). The objection is that the analogy with special relativity does not hold up. There
is not the additional constitutive aspect such that if instruments are not considered
black boxes, then there is no clear meaning of the relevant empirical terntss, ftha
iIs necessary to understand instruments as black boxes just as it isnydodsaae
this new conception of simultaneity for the sake of providing a well
definedconceptual framework. The issue is indeed how to understand concepts like
measurement and causation in quantum mechanics, but the argument here does not
seem to go any way towards proving any conceptual insight. The approach
establishes it a as postulate of the theory that these are irresolvable s.ottosaty
be that this is the best way to see quantum mechanics; that Bohr was aways r

But the CBH argument does not have the same constitutive characteristis as doe
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special relativity or Newton’s laws of motion which justify those principlesthé

end of the argument, the troublesome concepts are no less so. So there is no reason,
as there is for special relativity, to accept the principles as constituiveay that

clears up interpretive issues. And because the principles are not constietigas t

no more reason to prefer them as the basis for an argument that measuring
instruments are ultimately black boxes over that given according to the Copenhage
interpretation. That is, the information-theoretic aspect is not operational in any
justification for instrumentalism, if there is one.

The conclusion of this discussion will need to wait until the next chapter
where an important extension of the CBH program advanced by Bub and Pitowsky
(2007) is discussed. We are in a better position now to offer insight into how this
strategy, of developing a principle theory around quantum mechanics, could be
successful. Likewise, the language of quantum information theory does seem to be
an ideal candidate for attempting this, in the same way that the development of non-
Euclidean geometries provided a language and broader framework within which
Einstein could develop a theory of relativity. So while the CBH program itsaditis
successful, it does point the way to a potential framework, or how to find one. The

Bub and Pitowsky extension will be considered in the next chapter.
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Chapter 5: Bub and Pitowsky

5.1. Introduction

In a recent paper by Bub and Pitowsky (2007), the authors pursue the analogy
between quantum mechanics interpreted as quantum information theory and special
relativity. As in Bub (2004a; 2004b), quantum mechanics is presented as a principle
theory, but the emphasis is shifted away from the direct implications of being a
principle theory. Instead, the primary lesson to be taken from special rglatiditits
success is the explanatory structure it offers, which is seen as sgigoifie to a
shift from a dynamic viewpoint to a kinematic one. It is this shift which is taken to
make special relativity preferable over Lorentzian dynamics. Theqtrigr Bub and
Pitowsky is to make a similar shift in quantum mechanics, thus offeringisticea
information-theoretic interpretation of quantum mechanics.

The Bub and Pitowsky paper works on a number of levels. In the broadest
sense, it offers a comparison between various interpretations of quantum mechanics
specifically between the Oxford Everett view and Bub and Pitowsky’s new
information-theoretic position, with somewhat less emphasis on contrasts with Bohm
and GRW. The problem for quantum mechanics is defined in terms of two
measurement problems, thig measurement probleamd thesmall measurement
problem The big measurement problem is the standard measurement problem

dealing with the apparent “collapse” of the quantum state. The small problem is how
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to account for the classical characteristics of the macroworld geantum
underpinnings. The small measurement problem is more easily dealt with using a
physical solution by appealing to the process of decoherence. Essentiallithtive a
argue, the big measurement problem arises when one adheres to what they call the
two dogmas of quantum mechanics. These two dogmas consist in 1) the demand for
complete dynamical analysis of a measurement and 2) the insistence tpaduitum
state has ontological significance representing what is true andrfatseworld. If
we can reject these two dogmas, then the traditional measurement probketwmn it
distinct forms goes away. It seems that the main project of the papeh@idhew
it is possible to reject the two dogmas without thereby falling into instruirsntalt
is here that the analogy between the information-theoretic approach to quantum
mechanics and special relativity comes in to play. The argument is that the
explanatory structure of special relativity which makes it uniquely ssitdes
contrast to Lorentz’s dynamical theory can be mirrored in quantum mechgnics b
undertaking a shift from a dynamical perspective to a kinematic one, and shat thi
allows the rejection of the two dogmas, while at the same time maintainialysa re
position, as is done in special relativity.

Like the argument for a principle theory approach to quantum mechanics, this
view offers a similar and related meta-theoretical shift, though instdadusing on
the principle/constructive theory distinction, the focus is on the distinction &etwe
the structure of kinematic explanation and dynamical explanation. It issaegésat
we investigate this conceptual shift to see how it works and whether or not it is

successful. This will be an instructive endeavor for the purposes of this dissertat
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The strategy is related to the principle theory approach, but it again nheses t
underlying significance which is foundationally relevant in specialivélabut still
seems to be lacking here.

The significant shift which takes place in this information-theoretic
interpretation is to the kinematic perspective. This is a powerful thedistifta but
the significance behind it is missed both by Bub and Pitowsky, and by Janssen, whose
work on special relativity motivates much of the work done here. For Janssen
(Janssen, 2002; 2007), the kinematic stance that special relativity has makes that
theory superior to Lorentz’s precisely because it offers what he aa@isiaon origin
inference structure, whereas Lorentz’s theory must accept the Lareatiance of
completely different kind of forces as an unexplained coincidence. While the
guantum information-theoretic interpretation takes the kinematic perspectoes
not result in a similar type of common origin inference. Moreover, | think there are
compelling reasons to think that there are deeper issues involved with special
relativity than simply being able to postulate a structure that can acbas@on
origin. Its particular foundational strength is indeed unifying in nature, biginitss
from the conceptual work it does to clarify the physical terms out of which we
construct kinematic frameworks. This ties back to the arguments made in €l3apter

and 4.
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5.2. Bub and Pitowsky’s Overall Picture

5.2.1. Layout: Two Dogmas; Two Problems

The structure of the issue for Bub and Pitowsky is that the traditional
problems associated with quantum mechanics, on a foundational level, can be recast
and made distinct by considering the separate concerns of the big and the small
measurement problems. The big measurement problem in the words of the authors is
“the problem of explaining how measurements can have definite outcomes, given the
unitary dynamics of the theory: it is the problem of explaifiag individual
measurement outcomes come about dynamidq@lyb & Pitowsky, 2007, p. 5).
When one thinks of the standard and intractable measurement problem of quantum
mechanics, as famously illustrated in Schrddinger’s cat problem, this is themrobl
In its standard representation, the problem gets started with the lineahgywéve
function. The quantum state of the system to be measured and that of the measuring
instrument become coupled according to Schrodinger’s equation when they interact.
A system which is in a superposition of the states to be measured will become
entangled, because of the linearity of Schrédinger’s equation, with the measuri
instrument. Thus we have a state which is not in either of the possible measurement
outcome states. Of course this is not what is observed. When the experiment is
complete, we observe either one or the other outcome.

The small measurement problem is “the problem of accounting for our
familiar experience of a classical or Boolean macroworld, given the nondoole
character of the underlying quantum event space: it is the problem of explaining the

dynamical emergence of an effectively classical probability space of macroscopic
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measurement outcomigsa quantum measurement process” (Bub & Pitowsky, 2007,

p. 5). This problem is basically that of explaining how the macroworld arises out of
the quantum world. How is it that we observe classical objects rather than edtang|
objects? This is taken to be a genuine problem, but one which is comparatively easy
to resolve with a physical solution, namely decoherence. The authors are more
concerned with the big measurement problem, though solving the small measurement
problem does have a role to play in their overall program. From a theoretical
standpoint, if the small measurement problem can be solved in the context of this
information-theoretic approach, it can be solved to just the same extent using the
same dynamical basis of decoherence in other interpretations. Howeves, just a
Oxford Everettians use decoherence as a fundamental constituent in their thbory, B
and Pitowsky utilize decoherence to buttress the analogy between their Apgrdac

that taken in special relativity. As we shall see, decoherence, and theioasaidte

small measurement problem, is taken to be a proof of the completeness of the
information-theoretic approach, and so evidence for its viability.

The big measurement problem is, of course, the perennial foundational issue
in quantum mechanics which has persisted now nearly a century. Itis also the
impetus for the plethora of interpretations of quantum mechanics. Traditiaghally
standard interpretation is characterized by the Copenhagen interpretaisonotla
straightforward historical task to describe the components of the Copenhagen
interpretation and authors disagree on its fundamental tenets. Neverthelems, we c
say that the “collapse” of the wavefunction is an accepted principle. Thisigethe

that the entangled state collapses stochastically into one of its meastustates
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upon observation. The wavefunction itself is seen as a device for making
probabilistic predictions, but not as representing any ontological state irotlte w
As we have discussed, other interpretations have since been put forth. Among these
are hidden variable solutions such as that offered by Bohm, wavefunction collapse
theories such as GRW, and many-worlds interpretations such as Everett. None of the
interpretations of quantum mechanics is without its share of philosophical problems
and detractors.

The persistence of the measurement problem is due to the acceptance of what
Bub and Pitowsky have called the two dogmas of quantum mechanics. That is, if we
accept these two dogmas or assumptions, perhaps only implicitly, it is inevftabl
we will run up against the big measurement problem. The first dogma is atrtbut
John Bell (1990) and it is that “measurement should never be introduced as a
primitive process in a fundamental mechanical theory like classical otunuan
mechanics, but should always be open to complete analysis, in principle, of how the
individual outcomes come about dynamically” (Bub & Pitowsky, 2007, p. 5).

| think that this dogma is based on perceived conceptual constraints regarding
the concept of measurement itself. Bell's warning in the referenced work is
concerned with the use of the very word “measurement” in discussions about
foundational issues in quantum mechanics. His concerns are twofold. The first
worry with the term “measurement” is that it “anchors [in quantum mechah&s] t
shifty split of the world into ‘system’ and ‘apparatus™ (Bell J. S., 1990, p. 34). The
second worry is that the use of the word “measurement” imports all sorts ohgeani

from ordinary language which are most likely inappropriate in the quantum tontex
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In particular, the term “measurement” connotes the idea that the relsulistel
something about what was there prior to the measurement, about some pre-existing
property of the object which the measurement uncovers for us. This is a warning
against using measurement as a primitive in quantum theory.

The second dogma has to do with what the quantum state is interpreted as
representing. It is that “the quantum state has an ontological signifiaaalgous
to the ontological significance of the classical state as the ‘truthnmfaker’
propositions about the occurrence and non-occurrence of events, i.e., that the
guantum state is a representation of physical reality” (Bub & Pitowsky, 2007, fp. 5)
IS not surprising that the quantum state came to be seen this way, arisingl as it di
from classical mechanics, where there is no problem viewing the state ssiptiba
of the world, and indeed it is natural to do so. The classical state is a description of
the properties of particles, and whether or not this description is true or false is
determined by the actual existence of particles with those propertieswortde

The two dogmas are not to be given up lightly. That is, one is not simply
being stubborn or naive in adhering to them. On both philosophical grounds and
theoretical ones, the two dogmas are not illegitimate concerns. In particafee is
concerned about problems of realism it might appear that the dogmas are indeed
indispensible to quantum mechanics and any physical theory. That is, on the face of
it, the two dogmas appear to be essentially realistic principles required do avoi
sinking into instrumentalism.

The main thrust of this paper by Bub and Pitowsky is then not simply to point

out that there are two such dogmas underlying the measurement problem and then to
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reject them. One could easily take this step and thereby concede that quantum
mechanics is a purely instrumental theory. The primary goal for Bub and Bitows
must be to show, having recognized these two implicit assumptions, how we can in
fact reject the two dogmas of quantum mechanics and still maintain a peaitsbn

in regards to the theory of quantum mechanics. In order to do this, the apparent need
for realism to adhere to the two dogmas must be shown to be unwarranted, or they
must be significantly revised or replaced. The authors also have an interest in
showing that their resolution, in rejecting the two dogmas, is superior to a sotution t
the measurement problem given by an interpretation of quantum mechanics that
accepts the two dogmas.

In order to see how Bub and Pitowsky argue that it both possible, and
preferable, to reject the two dogmas, we must first see how the two dogmas lead t
the measurement problem. The second dogma, that the quantum state has an
ontological significance, sets us up for the measurement problem. If waéake t
guantum state to have such ontological significance, then, in conjunction with the
linear dynamics of the quantum mechanics, we must deal with the problem of
explaining how the world goes from this state — which, quantum mechanically, can in
general be described as an entangled state between the system beurgareead
the measuring device, and which, according to the second dogma, we take to say
something real about the world — to a state with the definite outcomes which we
experience as resulting from measurements. In particular, the ontbleigittis of
the classical state is that it divides the world into events that do take place a&nd thos

that do not. In the standard quantum mechanical view, the system being measured
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may, in general, be in a superposition of states. This system, upon interadting wit
the measurement device becomes entangled with that device, thereby leading to a
state in which the measuring device is in a superposition of the possible outcome
states. This is of course something we never experience. In the case ofrfgehi®di
cat, not only is it something we do not experience, but what it might mean to say that
the cat is in a superposition between being a live cat and a dead cat seems
inconceivable.

There are various solutions to this big measurement problem, as we have seen
and discussed. One option is to remain an instrumentalist about quantum theory, and
understand the theory as a purely predictive instrument telling us nothing about the
world. This is a direct rejection of the notion that the quantum state represents some
ontological aspect of the world, i.e. the second dogma. Motivated by the desire to
avoid instrumentalism, many interpretations have therefore accepted the second
dogma because of the link between its rejection and instrumentalism. Furdatmor
seems that the particular form which the solutions to the resulting measurement
problem have taken has been more or less dictated by a motivation to adhere to the
first dogma, that is, to give a dynamical account of measurement. It doesmot se
that the first dogma leads to the measurement problem as such, but it has cdnstraine
the solutions offered to it by necessitating a dynamical explanation foctiiapse”
upon measurement. Once the measurement problem is established by accepting the
second dogma, if one also maintains the first dogma, then solutions to the
measurement problem must be such that they provide, in some fashion, a dynamical

explanation.
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It may also be that the second dogma must be rejected to solve the small
measurement problem. The small problem is how to account for the experience of a
classical event space given the more basic quantum structure of the world. The
proposed solution to this problem relies on the physical process of decoherence. In
this process the interaction of the microsystem being measured, the mastoingea
device, and the environment are all taken into account. Dynamically, what happens is
that the portions of the quantum state of this system that interfere with one another
very rapidly become very small compared with the diagonal elements of theydensi
operator for the system. This diagonalization essentially createsesgesrhBoolean
structure of macro-events which remains stable. If this is to work as a soluten to t
small measurement problem, we cannot treat the quantum state as having @htologic
significance. Otherwise, we still have a quantum state, where, tlefieghvely
diagonalized to a preferred basis, this diagonalization remains only effestixece
elements of superposition remain. Nor is an outcome selected, only an emergent
Boolean event space. This may simply mean that one must solve the big
measurement problem in order to solve the small problem.

Working backwards, the problem for Bub and Pitowsky is to argue that the
first dogma — that measurements must open to complete analysis — can be. rejecte
Indeed, they argue mustbe. For this, there are two reasons. The first is that the
dynamical solutions to the big measurement problem which have been proposed are
philosophically unsatisfactory, and much has been said on this subject in the
literature. To a large extent, the proposed solutions cover the apparent space of

logical possibilities when it comes to resolving the measurement problem
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dynamically. This might lead one to suspect that no satisfactory solution can be
forthcoming and that therefore the first dogma is inappropriate.

More importantly, and centrally for the program of Bub and Pitowsky, the
particular basis for resolving the big measurement problem dictatebeHatt
dogma be given up. This then seems to lead back to the big measurement problem;
but now, having rejected the first dogma there can be no dynamical solution to it, nor
ought there to be one. To escape the big measurement problem, therefore, we must
reject the second dogma — that the quantum state must be taken to have some sort of
ontological significance. In other words, if any dynamical solution to the big
measurement problem is in principle barred, then the only way to “solve” the big
measurement problem is to avoid getting into it altogether. Since adhereimee to t
second dogma leads to the measurement problem, the only way to avoid the problem
is to also reject the second dogma.

But how to do this without descending into instrumentalism? The purpose
behind the Bub and Pitowsky paper is to answer this question. The problem, as
touched on earlier, is that the second, as well as the first, dogma seems totegral
maintaining a realist interpretation of quantum mechanics. The first dogma see
philosophically and epistemologically an inherent request for a reabsitsici
theory as a condition for measurability. Measurement is that key component of
science which connects our theories of the world to the world itself. Though there is
certainly no single accepted definition of what it is to be a realistic gmeheory,
in general, it means that our theories in some way reflect an actual pmwaichand

our theories purport to describe that world. Measurement is the means by which
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science interacts with that world. If Bell is correct, the term “measent” implies
objective reality in the sense that it means uncovering and perhaps quantifying
something that was already there in some manner, separate from wisatiagi

the measuring. Linked with this idea is the notion that measurement ants as a
accurate and objective reflection of this physical reality. Thereforeyst be open

to a causal analysis or this connection becomes tenuous. Indeed one definition of the
anti-realist approach to measurement is conventionalism. A standard definition of
conventionalism is that “measurement procedures do not provide evidence of
guantities that exist independently of our efforts to measure” (Trout, 2001, p. 271).
Later: “The realist account of measurement treats the act of memsuras a product

of a causal relation between an instrument (broadly interpreted) and a mdgnitude
(Trout, 2001, p. 272). A realist interpretation of a theory seems to require that there
be a relation of dependence between real physical conditions and measurement
outcomes. Thus, given the factors in this assumption, the dependence must be based
on a causal relationship between the world and the measuring instrument. déphysi

as a realist endeavor, is to describe the world, then on this view, this causal
relationship must also be open to analysis.

The second dogma flows from classical mechanics where the classieas st
taken to represent facts about the world. In this context, this is almost a definitiona
statement of what realism is. Physical theories, under realisedariare supposed
to tell us something about the world, something beyond the fact that certain
regularities hold. Realism just is the idea that some part of the theoryggnui

reflects or models something about the way the world is. Einstein says:
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If one asks what is characteristic of the realmlofsical ideas independently of the quantum-
theory, then above all the following attracts otiemtion: the concepts of physics refer to a
real external world, i.e., ideas are posited afdhithat claim a “real existence” independent
of the perceiving subject (bodies, fields, etald these ideas are, on the one hand, brought

into as secure a relationship as possible withesenpressions. (Einstein, 1971, p. 321)

It is the role of the concepts in our theories to, as far as possible, be about things in
the world.

These concerns of Einstein’s are also related to concerns about giving up the
first dogma, that measurement be open to complete dynamical analysisinEinste

continues,

Moreover, it is characteristic of these physicahgs that they are conceived of as being
arranged in a space-time continuum. Further,peaps to be essential for this arrangement of
the things introduced in physics that, at a spedifiie, these things claim an existence
independent of one another, insofar as these thiiegie different parts of space.” Without
such an assumption of the mutually independentengs (the “being-thus”) of spatially
distant things, an assumption which originatesvergday thought, physical thought in the
sense familiar to us would not be possible. Narsdane see how physical laws could be

formulated and tested without such a clean separati971, p. 321)
Also,

[1]f one renounces the assumption that what iseares different parts of space has an
independent, real existence, then | do not atallvehat physics is supposed to describe. For
what is thought to by a ‘system’ is, after all,tjgenventional, and | do not see how one is
supposed to divide up the world objectively so tha can make statements about the parts.

(Einstein 1969, 223-4, trans. by Howard 2004)

For Einstein, we see that his criteria for objectivity are conditionsedity.

That is, physics is only possible when we have objectivity, and this objectivity mus
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be underwritten by a world where there exists the possibility of separantt
locality. Thus, objectivity is a metaphysical condition. In a strong sensés fhs
forth like a Kantian necessaaypriori principle which is necessary for doing physics.
One can categorize the various proposed solutions to the measurement
problem according to how they answer the aspects of the problem by addressing the
assumptions regarding the linearity of quantum mechanics, that the dynamics of
guantum mechanics is linear, or the eigenvalue/eigenstate link, that only d&gensta
with probability 1 or O are determinate. The various interpretations can also be
categorized in terms of how they relate to the two dogmas suggested by Bub and
Pitowsky. For the most part, interpretations of quantum mechanics can be divided
into two classes: First are those which deny the second dogma, such as the
Copenhagen interpretation, which remain consciously instrumental. On the other
hand, there are those that accept that the quantum state describes, in some gense, wha
the world is like analogous to the way the classical state does. This isfibthece
second dogma according to Bub and Pitowsky. This is true of the Bohmian and
GRW approaches as well as the Everettian approach to quantum mechanics. This
then of course leads straight to the big measurement problem. All of these
interpretations attempt to resolve the problem in a way which brings to the fore a
dynamic solution in some way. For the Bohmians and GRW, this involves adding
structure to quantum mechanics, which provides a dynamical explanation for
measurement outcomes, thus implicitly accepting the first dogma. Eaesediroid
the big measurement problem by claiming that all possible outcomes do in fact occur

thus rejecting the idea that measurements have one particular outcome whgtonee
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be explained. Workable versions of this interpretation rely on the dynamics of
decoherence to account for the meaning of probabilities in a quantum universe where
all possible outcomes do occur.

Though the argument does not seem to be made explicit in Bub and Pitowsky,
it is clear that we are supposed to take these other interpretations amaearyate.

Part of this comes, | think, from the latent sense that their problems have not been
overcome as a matter of historical fact, and that they open up equallyrunclea
philosophical questions in addition to the ones they purport to solve. This discussion
has been well documented in nearly all of the literature involving the philosophy of
guantum mechanics from its inception onwards.

Bub and Pitowsky try to shed light on this discussion by putting it into the
context of looking at these solutions as similar to the solutions offered by Laventz t
the problems developing between Newtonian mechanics and electromagnetism. The
Lorentzian theory explained or accounted for the discrepancy using the gontract
hypothesis. This theory has often been viewed in light of the challenge to it put fort
by Einstein’s theory of special relativity. For the most part, spedéativigy is
perceived as the correct account of the phenomena while Lorentz’s, though
empirically adequate, has since been judged as inadequate by contrast.dStandar
reasons given for this inadequacy appeal to notions of the theorydsehagor by
diagnosing the problem as a failure to recognize that Newtonian spacetsne w
simply ill-defined without a clear definition of simultaneity.

For Bub and Pitowsky, as we shall see, the essential difference between

Einstein and Lorentz is the shift to a kinematic explanation where a dymamica
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explanation fails on philosophical grounds. Similarly, the authors trace the problems
with other interpretations of quantum mechanics to this failure to make the shift to a
kinematic framework. So in a manner analogous to the way in which Lorentzian
dynamics fails against Einstein’s special theory of relativity, dtfterpretations of
guantum mechanics fail in comparison with the information-theoretic interpretati

More will be said on this later.

5.2.2. Treatment

The basis of the Bub/Pitowsky program is the recognition of, and the
elevation of, an apparent empirical regularity to the status of fundameniapfei
This is the “no cloning” principle carried over from CBH. This approach is done
explicitly in the mode of special relativity. Acceptance of the no cloningiptenc
immediately requires the denial of the first dogma. The no cloning principlegrer m
accurately the “no broadcasting” principle, is essentially a no-go theehérh
disallows the existence of a universal cloning machine, and which functions in a
manner similar to the way the second law of thermodynamics prohibits thenegist
of a perpetual motion machine of the second kind or the way the light postulate
imposes universal limitations on the velocity of light.

An important consequence of the no cloning theorem is that it implies that
there is an inherent loss of information in a measurement process, regardiess of t
dynamics of that process. It also follows from this that in principle there cam be
complete dynamical account of the transition which takes place in a quantum
measurement process. (For more on the no cloning principle and what it entails see

(Bub & Pitowsky, 2007, pp. 20-22)). The first dogma is the position that
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measurement should always be open to complete dynamical analysis. The no cloning
principle directly contradicts this possibility. Therefore, if the no clopimgciple in
fact holds for our world, then the first dogmaistbe rejected.

Essentially, if we accept the no cloning principle, and must thereby deny any
dynamic account of quantum measurement, then we are left in an irresolvable
position if we accept the second dogma — that the quantum state has an ontological
significance. This is because, as we saw above, if the second dogma is accepted,
then we are forced into the big measurement problem. However, without access to
any dynamic explanation to account for the apparent transition from a superposed
guantum state to the actual outcomes we observe, as dictated by the no cloning
principle, the big measurement problem becomes impossible to solve. The “collapse”
can only be viewed as impossible to analyze further. This is the instrumentalist
Copenhagen interpretation. Therefore, if the no cloning principle holds, we are
forced to reject, in some manner, the second dogma as well as the first if we are t
avoid this consequence.

This is what is dictated by the no cloning theorem. It also seems to be the
case that the authors argue that it has been the non-recognition of this pinaiple
clear way which has led to the measurement probtethwe reject the two dogmas,
both because they underlie the measurement problem, and because the no cloning
principle, if accepted, requires their rejection, then the big measurembl@rprs
merely a pseudo-problem. | take this to mean that an alteration in perspeative or

our conceptual framework ameliorates the impact of the problem, resolving it by

13| think that it could be argued that it was arited by Bohr early on. At the time, however, ésw
far less clear why this should be accepted asdafuental principle until other avenues had been
more thoroughly explored.
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avoiding it, rather than attempting to take it on and solve it with a dynamical solution
which adequately explains it.

In order to reach this view, we must reject the notion that the quantum state
has some sort of ontological significance, in particular, a significancenbite t
generally associated with the classical state, which we take esegpithe actual
position and momentum of particles in the real world. Bub and Pitowsky therefore
take the quantum state to be “a derived entity, a credence function that assigns
probabilities to events in alternative Boolean algebras associated withttoenes
of alternative measurement outcomes” (Bub & Pitowsky, 2007, p. 15). In Chapter 2,
| argued that an approach looking quite similar to this, that of Fuchs, who also denies
the ontological significance of the quantum state, but who instead sees it asom func
of our subjective beliefs regarding measurement outcomes, must ultimately be
understood to be an instrumentalist theory. The question is: is there anything
different going on here? Where is realism going to enter the picture on the
information-theoretic interpretation?

Another way to put the question is to ask why we should accept this
information-theoretic position over, for example, an Everettian or Bohmian one? We
might instead reject the no cloning principle as fundamental, and thereby have room
to develop a realist interpretation of quantum mechanics. So why should we accept
this principle as fundamental?

The answer to this question is a proposed conceptual shift suggested by
following the no cloning principle to its logical conclusions. Doing so not only

requires the rejection of the two dogmas discussed above, but it also suggests an
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alternative solution to the problem of instrumentalism. The theoretical holisns of thi
approach, if it works, lends it strength, as happens in the case of speciakyelativi
Elevating the light postulate to a fundamental principle does a number of things
simultaneously. It acknowledges an empirical regularity that seems to hdld in al
known circumstances; accepting it rejects the unexplained hypothesizedahinam
phenomena of Lorentz contraction; and following it to its logical conclusion offers
the solution to the problems at hand in the special theory of relativity and the
structure of Minkowski spacetime. Specifically, no cloning indicates, likedhe li
postulate does for Einstein, that the correct explanatory posture in the reftedagt t

is kinematicand notdynamic Accepting no cloning requires the shift (by forcing out
the two dogmas), but on same grounds offers the resolution by providing the grounds
for a realistic interpretation by providing the structure of the proposed kinematic
framework. In this sense, it is argued that the information-theoretioagprs
analogous to special relativity, and that it is likewise the preferableytbeor
interpretation as opposed others on offer, specifically those offering a pynalynit
solution.

Bub and Pitowsky draw on an analysis of special relativity by Janssen
(2007)® Janssen argues that the fundamental shift which special relativity brought t
bear on the apparent inconsistencies between Newtonian mechanics and Maxwell’
equations was an explanatory shift away from dynamics to a kinematicrfaakne

The contrast most relevant is with the dynamical explanations offered by
Lorentz to explain the inability to experimentally observe any aethér dlufentz

posits a kind of intermolecular interaction, which is brought on by moving through

16 See also (Janssen, 2002).
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the aether, in just such a way that material bodies would contract to the katent t

would exactly compensate for the expected light shift in moving through the aether,
thereby accounting for any null result. This explanation was viewed as inaglbguat
Einstein, who with the principle of relativity and the light postulate accounted for

these phenomena with special relativity. The theory of special refegigigests that

the correct way to see physical interactions is as taking place in Minkowsktispa

as opposed to the Euclidean space and time of Newtonian physics. In making this
shift, there is no longer the need for any dynamical explanation of phenomena such as
length contraction and time dilation. Instead, these phenomena are simply considered
to be consequences of the kinematic structure imposed on all physics by the
framework of Minkowski spacetime.

Just as the principle of relativity and the light postulate constrain the
geometrical structure of spacetime to Minkowski spacetime, so the no clonimg (or
broadcasting) principle and no superluminal signaling principle impose probebilist
constraints on the correlations between events. This can be represented by the
projective geometry of Hilbert space structure. The structure of the prolide
special relativity and quantum mechanics are then strikingly similar.e Bpgrear to
be deep problems or inconsistencies and so dynamical solutions are proposed (e.g.
Lorentz or Bohm/GRW/Everett). There appear to be empirical regulaaties
recognized, from which the structure behind the phenomena can be derived. If these
are elevated to fundamental principles, they offer a structure through which t
interpret the phenomena. In particular, the no cloning principle makes aoridimne

measurement process that must hold regardless of the particulars ofaheadyn
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The same can be said for the light postulate. Regardless of the dynamycairstbr

is told in a particular case, certain symmetries must hold due to the structure of
special relativity. This suggests that just as special relativity waessful — by
making the conceptual shift from problematic hypothetical dynamical@auto
inconsistencies, to a kinematic framework understood as being explanatorily prior
and more fundamental — so might quantum mechanics.

By kinematic, Bub and Pitowsky mean pre-dynamic, by which they mean
“generic features of ... systems, independent of the details of the dynamics” (Bub &
Pitowsky, 2007, p. 6). The correct way to see quantum mechanics, information-
theoretically, is to take the Hilbert space as the kinematic framdwotlke physics
of an indeterministic universe. That is, the projective geometry of Hilbert spac
non-Boolean event space, imposes “structural probabilistic constraints on morselat
between events (associated with the angle between events)” (Bub &8it@e87,

p. 6). The dynamics of any events in the quantum world are constrained by the
kinematic framework in which they take place. This is the same as for evdms in t
framework of special relativity, for which the dynamics of any given eaent
constrained by the Minkowski spacetime in which it occurs.

The dynamics of quantum mechanics remains the unitary dynamics. The shift
in perspective, to a kinematic framework, however, means that the dynamigs of an
given event “evolves the whole structure of events with probabilistic cooredan
Hilbert space” (Bub & Pitowsky, 2007, p. 7). That is, the unitary dynamics of
guantum mechanics describes the evolution of set of possible events. This is distinct

from the classical structure where the dynamics evolves the statghasaker, from
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one “actual co-occurrence of events to a subsequent co-occurrence of events,” and
distinct from taking the quantum state to do the same. This is a shift from deeing t
unitary evolution of quantum mechanics as a dynamic description of how events in
the world change, to one where the change is in the structure of the possible event
space, along with constraints imposed by the Hilbert space nature ofubairstr

The quantum statéys =, does not act like a description of the actual events which
take place or do not take place in the world, thereby denying the second dogma.
Instead it acts as a credence function for keeping track of objective praoésoilit
possible events.

A number of things seem to happen when you take this standpoint. First, the
general features of quantum mechanics, which seemed to beg for explanation, are
built in as part of the kinematic structure. Phenomena such as entanglement and
interference are not things to be explained but are aspects of the kinemataimsnst
of the Hilbert space structure. Again, this is analogous to the situation in special
relativity where general phenomena, such as Lorentz contraction, need notexplana
from the point of view of special relativity. It simply arises out of the Minkowski
spacetime structural constraints. Lorentz contraction is a pre-dynspeictaf the
kinematics of the theory.

Secondly, independent dynamical explanations for particular events become
secondary to adherence to constraints imposed by the kinematic framewonteof Hil
space. In a thought experiment proposed by Bell (1987), we see that a single event,
when seen from different reference frames, can have different dynamical

explanations, dependent on the frame. However, the overriding explanation for the
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occurrence in all frames is a relativistic one dependent on the kinemattargtroic
Minkowski spacetime. Many became familiar with this kind of “paradox” as novice
students of special relativity, in which the description of an event dynamicalks va
depending on the frame in which it is described. Invariably, the paradox is explained
by kinematic constraints imposed by special relativity. In this casehtught
experiment involves three spaceship®8, andC. Ais equidistant fronB andC, and
B andC are attached by a thin taut threasends a signal to boBvandC to begin
accelerating. As they accelerate, the thread undergoes Lorentz tontit@om the
inertial frame ofA. Eventually, it will be too short and snap under the tension. From
different inertial frames the explanation for the source of the tension, atzore
invariant force, changes. From the inertial frame where the rockets exttdeasp, the
explanation is that they decelerate at different rates, hence the tercaosesl.
From the perspective of the inertial frame in whichB, andC are initially at rest, the
moving thread undergoes a Lorentz contraction in the direction of its motion, which
increases with the velocity of the spaceships, and the thread eventually breaks
because this contraction is resisted by the thread being tied to B and C, which
maintain a distance apart greater than the contraction requires. Thdadynam
particulars no longer play the role of fundamental explanation as they canfaliff
the same event depending on the frame in which they are destribed.

In quantum mechanics, this all goes to minimize concerns about giving up the
first dogma — that measurement must be able to be analyzed dynamically sée w

in special relativity, dynamics is not primary. Indeed, dynamical gesmrimay

" This is actually not the conclusion which Bellwg He argues that at least for pedagogical resason
the better explanation would be a dynamical one.
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differ depending on the inertial frame for the very same event. So it seems more
difficult to argue that the dynamical analysis must be fundamental. lSkebar
guantum mechanics, the relevant explanatory stance to take is the kinematic one.
This is, therefore, an argument justifying the denial of the first dogma — tha
measurement must be open to a complete dynamical analysis — or at leastgvidi
justification for why we need not insist upon it. Thus, while the no cloning principle
requires giving up the first dogma, it also shows why this might not be prokdemati
just as insisting on a particular dynamical description in special rejyagwiot
necessary, or even possible, given the framework of special relativity.

The switch to a kinematic framework is also central to giving up the quantum
state as some sort of ontological truthmaker. It allows the quantum state to be a
derivative structure operating in the theory as a credence function. The quaméum sta
is a cataloging device for the outcome probabilities of events in the Boolean slgebra
belonging to the non-Boolean Hilbert space corresponding to particular
measurements. As such, the quantum state does not correspond to any description of
the world and so in turn we are not led into the measurement problem. Giving this up,
as we have said, seems like it might lead directly to instrumentalism. The move
however, is to replace the element of realism, which the state provided inatlass
mechanics with another, alternate type of structure, the Hilbert space koseema
That is, we are not merely rejecting the quantum state as a real desafghe
world and saying that quantum mechanics is an instrumental device used tbegenera

this credence function for making predictions. Instead quantum mechanics is about
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the kinematic structure of the world, just as special relativity is. hetewill
consider just how close this analogy is.

But one might immediately wonder on what “realistic” entities such as tigers
supervene, as the authors put it. For interpretations that accept the second dogma,
that the quantum state has an ontological significance, this question is answered by
how that view interprets the quantum state. For Bohm, objects supervene on the
underlying particle configuration. For collapse theories such as GRWo+obects
supervene on the collapsed wavefunctions. For Everettians, macro-objects supervene
on elements of the quantum state, all of which exist in separate worlds. For the
information-theoretic interpretation, objects are said to supervene on “eventaglefi
a 2-valued homomorphism in the emergent Boolean algebra” (Bub & Pitowsky, 2007,
p. 18). This interpretation comes out of the dynamics of the information-theoretic
interpretation.

What is important for the dynamics of a given theory is that they be consistent
with that theory’s kinematic structure. This is particularly important, venere the
ontological significance of the quantum state has been jettisoned, and thra adali
the theory rests on its kinematic structure. It is important to make a dmtincti
between the two levels of the dynamics we might be talking about, the micro and the
macro-levels, and then consider the relationship between them, which is aer@merg
one. Atthe macrolevel, there are objects such a measuring instruments$dr tige
which behave like and interact with other macro-objects in a classicabmaninis
is a distinct notion of dynamics from the traditional notion of quantum dynamics,

which is unitary quantum evolution. The trick is to show that through the dynamical
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process of decoherence, which is entirely consistent with the kinematictidjpaee
structure, the classical, or Boolean, event space of classical mechaerge as

also entirely consistent with the kinematic structure of quantum mechanicesis Thi
meant to be analogous to cases in special relativity, like that of the Isjpaeesmple
above, where the possibility of a particular dynamic story explaining tfentzo
contraction, which is consistent with the kinematics of Minkowski spacetime, shows
that the theory is complete.

This consistency proof is meant to accomplish two things for Bub and
Pitowsky. The first is that it solves the small measurement problem. | Redahis
problem was how to account for the emergence of a Boolean classical world given the
underlying non-Boolean quantum structure. Here we are given a quantum
mechanism for explaining the classical probability structure of theaavearld, as
well as maintaining the consistency of the appearance of such a maadagwen its
quantum nature.

Perhaps more important for the Bub and Pitowsky program are claims that the
existence of such a consistency proof underpins the realistic status of theairdar

theoretic interpretation. On realism, the authors say,

The possibility of a dynamical analysis of measwgahprocesses consistent with the Hilbert
space kinematic constraints justifies the inforoatiheoretic interpretation of quantum
mechanics as realist and not merely a predictisgument for updating probabilities on

measurement outcomes. (Bub & Pitowsky, 2007, p. 8)

Although it is not explicitly stated, it cannot be the case that this possibibffered
as a sufficient condition for realism. The authors must mean that it is aargcess

condition for any realistic theory. That is, this piece of the puzzle must come
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together. If it does not, then instrumentalism is not the only concern, so too is
completeness. The advantage for the information-theoretic approach isrnéhetai
this consistency is all that is needed, as opposed to this AND a dynamical account of
individual measurement outcomes. Once you take the kinematic framework of
Hilbert space seriously, there seems to be something on which to hang realism, and
then for the sake of completeness you must also show that this perspective is
consistent with and accounts for our experience of macro-world classicad anent
not quantum ones. This can be done with the theoretical apparatus of decoherence.
Nevertheless, | think that for Bub and Pitowsky this consistency is giveraadgal
of weight in legitimizing the program. It seems that it legitimibeskinematic
perspective as a structure that is quantum, but from which one would expect to find
classical-like macrostructures given the appropriate dynamical moredit

To summarize then, Bub and Pitowsky argue that the measurement problem
(most significantly the large problem, but also the small problem) can be soblved i
the, so-called, two dogmas are dropped. At face value, if this is done, it seems that
guantum mechanics can only be an instrumentalist theory. However, the crux of the
argument is the introduction of the idea that quantum mechanics is correctlg viewe
as a theory whose most fundamental explanatory structure is a kinematic ooe. If
cloning is elevated to a principle, the first dogma must be rejected. ddrele no
dynamical explanation for measurement outcomes. This further suggests atkinem
switch based on constraints imposed by the no cloning principle. This Hilbert space
kinematic framework replaces the realist structure which the two dogeras

bolstering. By analogy then, this information-theoretic interpretation of gumant
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mechanics is no more instrumentalist than Einstein’s special relativigpekial
relativity, we also have the elevation of empirical regularity to fundashpnnciple.
The light postulate suggests that the correct standpoint is to take a kinenvatd vie
spacetime, that is, the geometry of Minkowski spacetime. Particular dbalam
explanations involving specific forces are all secondary to the restaamposed by
the overall kinematic structure. For both the information-theoretic intatfmetof
guantum mechanics and special relativity, there are important completeness proof
which show that any particular dynamical story will align with the kinensaticture
dictated by the theory.

The final question is how does this information-theoretic interpretation stand
up against other interpretations of quantum mechanics such as Everettian or Bohmian
theories? In this particular paper, the authors do not explicitly argue that other
proposed solutions to the measurement problem fail, but it is intimated that the

information-theoretic interpretation is to be preferred.

5.3. Understanding Special Relativity

By way of an analogy between analogies, this one, like that between CBH and
special relativity, merits closer inspection as it presents a verguirtg new
perspective on quantum mechanics. As we have seen previously, however, it requires
close inspection to determine where an analogy succeeds and where it fails. Int
instance, as opposed to CBH, some of the strengths of a constitutive principje theor
approach are more explicitly pushed and the analysis tries to pull them out of the

interpretation, again in comparison to special relativity and its highly sfatége
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as a foundational theory. But does it work? Is the analogy to special releltbggy
enough to share in its apparent realism? What role does and ought realism pthy? A
do the analogies on these points hold up?

The central issues involved here are deep and important ones in the
philosophy of science. Those are realism and explanation. As we have been doing
all along, it is important to pay close attention to what it is we ought to expatfr
scientific theory, and specifically a foundational one. The two notions of realigm a
scientific explanation are highly intertwined, and for the most part it does seem
reasonable to argue that we want our scientific theories to be genuipklgaory
and to offer a realistic interpretation of the phenomena in their domain. We want our
theories to tell us about the world and not merely be instruments of prediction.
“Explanation” in an instrumental theory amounts to being an explanation of how we
reached the theoretical results or predictions that we did. What formula was use
what assumptions, etc. For scientific explanation, however, the explanation should
go some way to helping us understand how the predicted experimental results came
about or how they fit in with other things we understand about the world, not merely
how we predicted them. That is, it is about describing something in addition to the
theory itself. Questions of scientific explanation are therefore inhegtesdlto the
concept of realism, i.e. the world pushing back. For Bub and Pitowsky, we saw that a
switch in explanatory priority, from a dynamical perspective to a kineroat, is
supposed to allow for a realistic interpretation of quantum mechanics.

For Bub and Pitowsky, as for Bub (2004b), there remains a principle theory-

based approach to quantum mechanics. Specifically, this is that it is a theory
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structured on information-theoretic principles. However, diverging from Bub and
CBH, it is not solely in virtue of the principle theory characteristics of the
information-theoretic interpretation that the interpretational work isgbgéame. For
Bub and Pitowsky, the no cloning principle indicates that there ought to be a new
emphasis placed on the kinematic perspective, and that the principle helpstedadacili
this explanatory shift by adding realistic structure to the theory. hiidsa

kinematic framework is an important addition which is in line with the arguments
from Chapter 4, that a foundational theory plays the functional role of a framework
theory. The nature of a foundational physical theory is that it establishes the
conceptual foundation of empirical meaning. This seems to be part of what is at work
both in special relativity and in the Bub/Pitowsky approach to qguantum mechanics,
and their similar focus on the kinematic framework, as opposed to particular
dynamical explanations for the phenomena concerned. Without such a kinematic
framework, for any foundational physical theory, the notion of dynamical atitena
within that theory is ill-defined. The shift to a kinematic framework is tiegctly

with the shift from a poorly defined constructive theory to a defining principle or
framework theory. This is the case in going from Lorentzian dynamibgto t
principle theory of Einstein’s special relativity. So, following lessons |ekime
Chapter 4, the pertinent question at this stage is whether or not the Bub/Pitowsky

program is equally successful in constitutive analysis and resoffition.

18 As an aside, there is, | think, a distinction betw being a framework theory in general, and baing
theory with a kinematic framework, and also a tlyemsith a robust kinematic framework like special
relativity, which is aided by the rigorous geomeatfyMinkowski spacetime. It seems at least
conceptually possible that a framework theory iskimematic in nature. However, any kinematic
theory is by its functional nature a framework thyeof some sort. It sets the conditions or framewo
in which the interaction theories under it can aper Furthermore, it might be argued that there is
something to be added to a kinematic theory wighatidition of a rigorous geometric structure such a
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As we saw in Chapter 3, for Flores (1999) and for Einstein (1954b), there is a
distinction to be drawn between types of theories and also the types of realism the
characterize. Constructive or interaction theories are often preferratsbahay
trade on entity realism. Principle or framework theories concern nomological
realism. | have also argued that this distinction operates in tight coojumath a
standard distinction made among types of scientific explanation; betweemda¢ ca
mechanical and unification models respectively. The Bub/Pitowsky posities oali
a notion of realism and it is worth disambiguating that notion given the information-
theoretic interpretation’s kinematic structure, and then asking what typalisim
they gain, and asking if all types of realism are on a par when it comes to
foundational questions. Finally, is realism ultimately what we are after i

foundational theory?

5.3.2. Janssen’s Argument

Much of the analysis of special relativity by Bub and Pitowsky stems from a
analysis done by Michel Janssen (2007). Here Janssen is concerned to show that
special relativity is preferable to Lorentzian dynamics due spdbyficaits
kinematic stance on explanation. We can discuss this, along with other work by
Janssen (2002, 2004), within the context of our previous analysis on principle theories

and foundational issues in physical theories.

Minkowski spacetime. This seems to have beendke with special relativity. | do wonder if this
mathematical clarity and simplicity does not irelfsnvest the theory with some sort of realisgelf
in virtue of some sort of clarity or understandéilapart from any actual ontological significance
over and above its just being a kinematic framework
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Janssen argues that standard accounts of how Lorentzian dynamics fails and
Einstien’s special theory of relativity succeeds are wrong. Génspadaking, the
standard claim is that Lorentz’s theory proposes to resolve the confliatsdoet
Newtonian mechanics and electrodynamics, but thaad isocin the manner of its
explanation while special relativity is not, especially with respect tdibkelson-

Morley experiment’s null results. For a more complete discussion seed#p862,

pp. 431-441). Einstein’s expressed position shows concern that Lorentz’s contraction
hypothesis is 1) put forth specifically to account for only one experimental, ra&sdil

2) that even by the standards of Lorentz’s theory, the contraction hypothestdys hig
contrived. While Lorentz (1998) admits to being guilty of the first charge nibt

decisive in determiningd hoeness. If the explanation fits the more general theory
and is supported by plausibility arguments based on, for the time, reasonable
assumptions about molecular structure, then only accounting for specific phenomena
is not detrimental. On the second charge, Lorentz disagrees, and, moreover, it is a
charge leveled against Lorentz’s original contraction hypothesis and not the
generalized contraction hypothéeSis

Another account of what makes an explanafidrhocis given by Popper. A
hypothesis which is inherently not falsifiable is one whichd$oc The contraction

hypothesis was, thereby, accused of bahdpocdue to the fact that in principle one

19 The original contraction hypothesis, independefutlynd by FitzGerald and Lorentz, assumes that

material bodies moving through the aether at velazicontract by the factog/1— v2/c2. What
Janssen calls the generalized contraction hypatietiat “a matter configuration producing a derta
field configuration in a frame at rest in the ethdf, when the system is set n motion, change theo
matter configuration producing the correspondiragesof the field configuration in the frame moving
with the system” (2002, p. 425). This generaliasdumption will explain a broad class of
phenomena, including the electron’s frequency cillasion and mass depending on their velocity
with respect to the aether. The generalized cotitrahypothesis amounts to the assumption that all
laws are Lorentz invariant.
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could not empirically test that there was or was not any such contraction, lgaven t
any measuring instruments being used to measure it would undergo a similar
contraction, thereby making the contraction unobservable and the contracton
hypothesis in principle unfalsifiable. This accusation turned out to be premature.
When the generalized contraction hypothesis is considered and properly amended,
the theory is testable and can be shown to be epirically equivalent to, and so just as
testable as, Einstein’s special relativity. Therefore, Lorentz’s hgpt is noad hoc

in the sense of being unfalsifiable in principle.

Grunbaum suggests that the problem with Lorentzian mechanics is the
hypothsized existence of the aether and Newtonian space-time, which areipigrinc
unobservable. This is in line with Mach'’s positivism and even Occam'’s razor.
Janssen rejects this type of criticism as a general argumentpfraryholesale
rejection of all unobservables.

Janssen, having rejected these other criticisms of Lorentz’s theorys éngtie
the fundamental characteristic which sets special relativity aparsagerior theory
is that it offers a common cause for various phenomena, while for Lorentzian
dynamics, the obvious connections between those various phenomena remain
unexplained coincidences. Janssen makes a direct comparison with the historic
rivalry between Ptolemaic models and the Copernican model of the solar system.
Here, too, there are two formalisms which both accurately account for the motion of
the sun, planets, and the earth in terms of making empirical predictions and
describing the phenomena. What Copernicus offers is a reinterpretaion of the

formalism which is supperior on the basis of a common-cause argument. AsiJansse
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notes, the transformation in our physical worldview was not completed with
Copernicus, but continues through the work of Galileo, Kepler, and culminates in the
work of Newton. While for the Ptolemaic system, the correlations between the
various movements of the planets with the sun remain unexplained coincidences, for
the Copernican system, since the planets revolve around the sun, these correlations
are explained in terms of a single model. The correlation between the apparent
motion of the sun with the motion of the planets is due to the motion of the earth
around the sun.

Janssen argues that the same situation is the case in the rivalry between
Lorentz’s theory and Einstein’s. The tension between Newtonain mechanics and
Maxwell’'s equations stems from the fact that Maxwell's equations hold orthgin t
frame of reference where the aether is at rest while Newtonian meshalds in all
inetrtial frames. To solve this problem, Lorentz introduces fictive stiaee-
coordinates, which depend on that frame’s velocity relative to the aetherctarel fi
electric and magnetic fields as functions of the fictive space-time cotaslinkn
these terms, Lortenz was able to construct Maxwell's equations that hold in any
frame, regardless of its motion through the aether, that is, Lorentz invarighee
second order affects of the difference between real fields in frames moving a
different velocities through the aether should produce a difference in ietexéer
patterns in sufficiently accurate aether-drift experiments. The MichéVlorley
experiment found no such difference. In order to account for the null result of the
Michelson-Morely experiment, or any similar experiment, Lorentz hygsitled that

the matter configuration of objects must contract as it moves through the adttser. T
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is a theory in whiclall laws governing matter are Lorentz invariant, as are those
governing electromagnetic fields. What is lacking, however, is any reasorsfor thi
invariance in the laws governing matter. Why should such disparate and agparentl
unconnected types of forces such as those governing fields and those governing
matter all be Lorentz invariant? One possible solution, considered at the time by
Lorentz and others, was that matter is simply governed by the laws govesttigel
and magnetic fields. This, however, turned out to be problematic and unfeasible to
formulate. Janssen concludes that there remains significant unexplained coeaxidenc
in Lorentz’s theory.

Once again, we can look at the two different theories of Lorentzian dynamics
and special relativiy in terms of their structure. Lorentzian dynampcesents a
constructive theory while special relativity is a principle, or frameworérgheAs |
have argued previously, it is not simply in virtue of being a principle theory that
special relativity is more foundationally satisfactory. However, beignaiple
theory allows the possibility of resolving fundamental inconsistenciedhvahnise
from previously under-analyzed frameworks. For Janssen, special rgjatithe
two principles of the relativity postulate and the light postulate, subsequently
formulated in the structure of Minkowski spacetime, offers a common cause with
which physics can explain all of the phenomena Lorentz leaves as happy
coincidences. It is this recognition of a new spacetime structure, as opposed to
Newtonian space and time still used in Lorentz, which alters the framework gy doi
physics, and which thereby provides a common structure which explains thezkorent

invariance oboth electromagnetic and material phenomena.
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5.3.3. Critique

In a later presentation, Janssen (2007) is concerned to ward off objections
posed by Brown and Pooley (2006) and Brown (2005) that Minkowski spacetime is
not the sort of thing which can do any explanatory work. Rather, it is simply taking
the facts which are described by Lorentz and asserting them as fundamenta
principles. As Lorentz himself put it,

| cannot speak here of the many highly interestipglications which Einstein has made of
this principle [of relativity]. His results conaeng electromagnetic and optical phenomena...
agree in the main with those which we have obtainete preceding pages, the chief
difference being that Einstein simply postulatesinlie have deduced, with some difficulty
and not altogether satisfactorily, from the fundatakequations of the electromagnetic field.

(Lorentz H. A., 2003, pp. 229-30)

Brown and Pooley contend, “In our view, the appropriate structure is
Minkowski geometryprecisely becaustne laws of physics, including those to be
appealed to in the dynamical explanation of length contraction, are Lorentzaotvari
(2006, p. 10), and “From our perspective, of course, the direction of explanation goes
the other way around. It is the Lorentz covariance of the laws that undemveites
fact that the geometry of space-time is Minkowskian” (2006, p. 14). Brown and
Pooley have a number of points to make. The first is that whatever type of
explanation Minkowski spacetime may offer, it is not the sort of explanation found in
a constructive theory. It does not tell us why laws are Lorentz invariant in a
constructive manner, i.e. causal-mechanically, nor does it tell us how, for example
length contaction comes about dynamically. Second, as noted above, the order of

explanation is wrong in Janssen. Facts about the laws being Lorentz invariant makes
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Minkowki spacetime geometry the appropriate structure to use, rather thathe¢he

way around. Finally, Minkowski spacetime is, in a sense, a structural devicesused a
shorthand for saying that all laws are Lorentz invariant. As such it isreat a
structure. It has no ontological or causal role to play as a substance. Thdrefore, t
common cause argument in favor of special relativity is a non-starter.

Janssen (2007) replies this line of objections. Janssen modifies the language
slightly from “common cause” to “common origin inference”, but the argument is
still that the superiority attributed to special relativity over Laremt dynamics lies
in the fact that it can provide a common origin for all of the Lorentz-invariant laws
which must hold given the structure of Minkowki spacetime, a kinematic theory.
There is also a shift in emphasis to the kinematic structure not present inikrs earl
paper (Janssen, 2002), perhaps to add weight to the common origin argument and
shifting away from the causal language by focusing on the kinematic/dynam
explanatory distinction.

What Janssen is struggling with is how to coherently argue that the structure
of Minkowski spacetime can be a common cause or act as a common origin in any
way. Itis essential that Janssen be able to establish something alonméseke |
show why special relativity is more fundamental than Lorentzian dysandrown is
correct in arguing that Minkowski spacetime cannot be a common cause explanation
for relativistic phenomena. However, this is to miss the relevant featutes of t
theory. This debate confounds two distinct and valid modes of scientific explanation.
The language used by Janssen and Brown suggests that it is the causal-ntechanica

view of scientific explanation which characterizes Minkowski spacetime, ara® he
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special relativity, as explanatory. Causal-mechanical explanation, howeviiin

the purview of constructive theories. This, therefore, requires some kind of entity
realism, and Brown correctly argues Minkowsky spacetime is not a substatic®, a
cannot give rise to common-cause explanations. At the same time, Jansdgsis ana
is correct; it is the kinematic explanatory structure of special viélatvhich gives it

its foundational strength. The type of explanation involved is precisely that which
belongs to principle or framework theories, that is unificationist explanation.

Technically, according to the definition of kinematic as pre-dynamic or
“generic features of... systems, independent of the details of the dynamics” (Bub &
Pitowsky, 2007, p. 6), the kinematics of a theory operate essentially asodasin
the dynamics in physical theories. This fits well with the functional diroered the
distinction between principle theories and constructive theories. Therefore, any
principle theory fits within this definition of being kinematic. We might say tha
what Janssen is getting at is that special relativity, in being eslsealbaut
kinematics by positing constraining principles, via the structure of Minkowski
spacetime, succeeds as a framework theory, and, moreover, that is beganseas
a single unifying structure under which all of the relevant phenomena can laadast
explained.

What justifies the rejection of Lorentzian dynamics, in a Newtonian Spexe
structure, in favor of a Minkowski spacetime structure, or in other words, the shift
from a dynamical theory to a kinematic one, is not simply the fact that special
relativity is a principle theory. Being a theory of kinematics is not, onamag

inherently superior. This claim requires justification. Why should we suppose that
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the kinematic explanation is superior? For Janssen, it is contained in the idea that
Minkowski spacetime provides the source of explanation for various previously
unexplained issues, where the dynamical theory fails to forge a link betwfsardif
types of Lorentz-invariant laws. The problem with this is that the abilityadaige a
common cause or a common origin explanation does not necessarily stem from
kinematics. Indeed a well placed dynamic or constructive hypothesis catsgite
such a common cause explanation. An example of this can be found in the kinetic
theory of gases. Here, rather simple constructive hypotheses serve tandnite
explain the principles of thermodynamics by way of providing the common cause of
interacting gas molecules. This shows that a good common-cause explémnedoyy
need not be a kinematic theory, so it is not kinematic emphasis, as such, that is
important.

One might reply that Minkowskian kinematics is preferable just because it is
theonly single structure which accounts for all of the phenomena in question. That
is, rather than providing a causal explanation, Janssen’s argument might be
understood to be invoking a unificationist model of explanation in the
Friedman/Kitcher sense. As we have discussed, this is a viable notion dafiscient
explanation, and the one at work in principle theories. However, while this may be
the case, it does not provide definitive desiderata regarding Janssen’s versu's Brow
arguments.

As stated above, the difference between asserting that all laws operate
according to Minkowskian geometry is only a formal step away from sayinglithat a

laws are Lorentz invariant. The essential question is: which is the expland
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which is the explanandum. Because the step is a formal one and not a conceptual
one, the argument from a common origin for different laws being Lorentz invariant

does not have much force for Brown and Pooley:

We agree that..according to our preferred dynamical interpretatibe Lorentz covariance
of all the fundamental laws of physics is an unakpd brute fact. This, in and of itself, does
not count against the interpretations: all explamamust stop somewhere. What is required
if the so-called space-time interpretation is ta wut over the dynamical interpretations.
that it offers a genuine explanation of Lorentzardance. This is what we dispute. Talk of
Lorentz covariance “reflecting the structure of@méime posited by the theory” and of
“tracing the invariance to a common origin” need®¢ fleshed out if we are to be given a
genuine explanation here... Otherwise we simply hateanother analogue of Moliere’s

dormative virtue. (Brown & Pooley, 2006, p. 13)

And

In our view, neither of these papers succeed irfgilag how space-time structure can act as

a “common origin” of otherwise unexplained coinaides. One might, for example, go so far
as to agree that all particular instances of pgraditically relativistic kinematic behaviour are
traceable to a common origin: the Lorentz covaamicthe laws of physics. But Janssen
wants us to go further. He wants us to then ag #fe common origin of this universal
Lorentz covariance. It is his claim that this canttaced to the space-time structure posited by

Minkowski that is never clarified. (Brown & Poole3006, p. 14)

Janssen (2007) accepts that Minkowski spacetime does not offer a causal
explanation, as it were. However, shifting to a kinematic perspective in order to
cover more phenomena under one structure leads to a situation where the choice, with
no other deciding factors, comes down to explanatory preferences. On this front,
neither Brown and Pooley nor Janssen make a definitive case. As we have seen,

different types of scientific explanation may play different, but equedjitimate
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roles in science. It seems clear from what has been said that Jansgamgsthat

special relativity is the more fundamental theory because it can explain by
unification, while Brown and Pooley argue that the dynamical theory is more
fundamental because it can explain causal-mechanically. It would appeaaettvab
parties are arguing past one another due to the lack of a shared conviction regarding
what counts as explanation. Determining which is the cart and which is the horse
requires bringing more considerations into the picture.

The protractedness of the debate between Janssen and Brown and others
(Brown & Pooley, 2001; Janssen, 2002; Janssen, 2007; Balashov & Janssen, 2003;
Brown, 2005; Brown & Pooley, 2006) itself serves as evidence that a new approach is
warranted. It is important to note that the relative perseverance of both positions
speaks to the fact that both have a handle on an element of truth. At the heart of the
issue, though, is that both parties are employing somewhat circular argdiroents
the perspective of a preferred route to explanation. From the Brown and Pooley
perspective, to say that all laws are Lorentz invariant without explanattbatdact
is simply to say that all laws operate in a Minkowski spacetime geomEtey are
equivalent formulations; one just posits as facts what the other posits as a gabmetr
structure, but there is still no more explanatory or other philosphical benefit.
Describing phenomena from a Minkowski framework adds nothing over and above
the Lorentzian view. It gives no common cause explanation for the fact thatvsl
are Lorentz invariant”, nor is it any more unifying than accepting thahstaiteas
brute fact. And since Lorentzian dynamics does provide a causal explanation for

phenomena, it is to be prefered.
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From Janssen’s perspective, that “all laws are Lorentz invariant” ¢ théd
requires explanation. There is no dynamical, or causal-mechanical exjlamiaich
is any ‘deeper’, but special relativity, with its Minkowski spacetimecsiire as a
unifying theory does the explaining. What we have here though is a situation where
we have two theories, one constructive, and the other principle, which have the same
empirical content. Two issues make it difficult to select one over the other as
explanatorily prior based on the framing of this debate. The first is that in any
situation such as this, there is no principled method for choosing the causal-
mechanical explanation over the unificationist explanation of the same phenomena.
Both explain, but in different ways. In this particular case, however, the problem is
more complex in that in neither approach does the type of explanation pursued
entirely succeed as it has been put by Janssen or Brown. While the dynaaaical th
does have a mechanism, contraction, which explains phenomena, the mechanism
itself, and in particular why all things obey it, is left unexplained causal/far as
unification goes, as we have said, the kinematics of Minkowski spacetime, taken on
its own, is not more unifying than the claim that “all laws are Lorentz iantti So
although it is a unifying geometrical structure, it is not on its own any more
explanatory.

| do want to argue, along with Janssen, that special relativity is explapatoril
more fundamental than Lorentzian dynamics. However, the reason behind this has
been missed by both Janssen and Brown.

To demonstrate this, let us recall Janssen’s comparision of special tyelativi

with the Copernican system employed to make the argument that it is the common-
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cause aspect of special relativity which renders it superior to Laaerdgnamics. |
would add that what really cemented the place of the Copernican system over the
Ptolemaic model was not simply a common cause explanation attributed to the
structure of the system with the sun at the center of the solar system. Ratrer i
after some time with Newton’s introduction of a common cause explanation uniting
that structure along with other phenomena. On the one hand, we might view this as
the hypothesizing of a true common cause — the force of gravity in the unieersal |
of gravitation. This then would explain the success of a constructive theory finally
offering a causal explanation for the various phenomena we now know to be
attributable to gravitational forces. However, the story is not so simple due to the
mysterious nature of this action at a distance. This lack of causal mechagasism m
that no satisfactory causal explanation can be offered. What cemented the
ascendency of Newtonian mechanics, and thus the Copernican revolution, was the
foundational analysis by Newton, who not only provided a single model to explain
multiple facts, such as falling bodies, planetary motion, and tidal events, but who
recognized that the description of such facts could only be made coherent within a
framewok where the notions of force and motion had clear empirical meaning (see
Chapter 4 and DiSalle, 2006).

Simplicity in theory building is undoubtedly a virtue. In this, the Copernican
system represented in Kepler's laws was a preferable theory to the Rtaleme
However, there remains measonwhy we should think of it as a better model of
what the solar system is like. The Ptolemaic system relies on various unedplai

coincidences to save the phenomena, but Kepler’'s system also provides no more
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explanation for why that model is any more true of the world. The same is true of the
debate between Janssen and Brown regarding Lorentz and Einstein. Whatisnatters
the conceptual reconciliation introduced by special relativity in defiromgepts

which had previously been poorly defined as discussed in Chapter 4, not a simpler
model per se.

This idea of unification is of central concern. The manner in which this is
important, however, is different from Janssen’s notion of a common origin
explanation. While this can be valuable, foundational theory formation involves not
merely the explanatory unification of phenomena, but the resolution of concepts
which previously had been in conflict. This constitutive conceptual work is the key
aspect of a foundational physical theory. This argument is made in Chapter 4.

What this tells us is that both Janssen and Brown are right in their respective
criticisms of the other’s standpoint, but both are wrong in assessing what it shows. At
best, we have a stalemate and we cannot tell which is the cart or the horse iof term
whether Minkowski spacetime explains Lorentz invariance in all physical law
whether the fact that all laws are Lorentz invariant justifies the ube dflinkowski
spacetime framework. Janssen is correct, however, along with what | takéhéo be
standard view, that special relativity is a more fundamental theory thanttiare
dynamics. What differs in Einstein’s special theory of relativity iscthreceptual
analysis of previously vague concepts such as simultaneity. This points the way to
the appropriate interpretation. Without the conceptual work which Einstein’s
principles do, there is no explanatory framework at all, either unificationcstusal-

mechanical. Likewise, Minkowski spacetime is the conceptual frameworkke m
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sense of physics, the conceptual foundation for doing physics. Therefore, it is
primary and it precedes the dynamics on a theoretical level. It would be wrsayg t
that this provides a common-cause explanation for the Lorentz invariance afgbhysi
laws, but it does tell us why the laws of physics must be Lorentz invariantthiee
conceptual foundations of spacetime physics. They must be in order for empirical
claims to have meaning. This provides the possibility of explanation via conceptual
resolution as well as a justification for preferring special relgtwier Lorentzian
dynamics.

Having said this, it follows that, among other things, a foundational theory
such as special relativity will have many of the aspects which have been under
consideration above. A foundational theory, because of the role it plays, will be a
framework theory, and so a principle theory; it will be a kinematic theory iastt le
the weaker sense of simply being pre-dynamic; and it will often involvecatign at
the level of the phenomena. This goes a long way to explain why so many of these
characteristics have been put forth to account for the success of thednias suc

special relativity, which has all of these characteristics.

5.4. Return to Quantum Mechanics

5.4.1. On the Issue of Realism

Now we return to the program of Bub and Pitowsky. Up until now we have
been discussing issues of explanation. Janssen does not tackle the question of
realism. His primary concern is to show why special relativity is anatgfetheory
to Lorentzian dynamics. His answer is based on the explanatory unificaticedoffe

by special relativity which is lacking in Lorentz’s theory. Upon furthehyasi we
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see that it is not just in virtue of there being a single kinematic geometictusé,

i.e. Minkowski spacetime, that we should take special relativity as being more
fundamental. Rather, this is best understood as arising from the additional element of
constitutive conceptual analysis. The central question for Bub and Pitowsky,
however, is whether or not the information-theoretic interpretation of quantum
mechanics can genuinely be seen as a realist interpretation of quantum osechani
The reason that this question is so important is because in other interpretations of
guantum mechanics the underlying basis for adhering so insistently to the two
dogmas is because giving them up seems to come at the expense of givingump real
Bub and Pitowsky argue that with the quantum information-theoretic intatipret

this is not the case.

So what kind of realism are we dealing with and how do we get it? Generally,
| believe, when one thinks of realism it is entity realism which one has in mind. This
is to be a realist about particles and waves and causal-mechanical eaptanati
When Einstein at times seems to favor constructive theories, it is on gealists.

Again, “[w]hen we say we have succeeded in understanding a group of natural
processes, we invariably mean that a constructive theory has been found which covers
the processes in question” (Einstein, 1954b, p. 228). On the other hand, a principle
theory could certainly be a realist one. That is, realism and principle thaogi@ot
incompatible with one another. However, it is not in virtue of being a principle

theory that quantum mechanics is realist in this sense. Likewise, a kin¢meaty

is not realistic in light of being kinematic as far as entity realisrons@rned. This

seems to be one of the primary objections which Brown asserts against argaments
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favor of special relativity over Lorentz. Minkowski spacetime is a theatetic
structure, not an entity, so it cannot be considered a common cause for any
phenomena. It is not the type of thing which interacts in a causal manner (te case
different for general relativity). Therefore, it cannot contribute to atyeeialist
interpretation oactas a common cause.

On the same grounds, | do not think that we could argue that Bub and
Pitowsky’s interpretation gives us any kind of entity realism. So there must be
something else. Let us consider another kind of realism — nomological realissn. Thi
is the belief that certain physical principles or laws are true of thielwdhere are
two questions which go along with this type of realism: 1) What makes a theory
realist in a nomological sense, and 2) Is this kind of realism interestingaffom

interpretational standpoint?

5.4.2. Principles and Kinematics

The first thing to look at is to examine what work is being done by the idea
that the information-theoretic interpretation is a principle theory approaabther
way to pose this question is to ask if this approach is equally valid supposing we do
not posit the no cloning theorem? Does the interpretation rely on this principle in the
same sense that special relativity needs the relativity and light gestul®r could
we simply begin with the kinematic perspective of Hilbert space and go froen the
and equally well reach the conclusion as argued in Bub and Pitowsky without any talk
of underlying principles? Given that the principles in question are where the notion
of information theory comes into this interpretation, answering these questlbns wi

also determine how instrumental for this interpretation information theory ig.isTha
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is this interpretation information- theoretic, or is all the work done by the kinemat
structure? These questions warrant further investigation.

The no cloning principle, as we have seen, does provide a motivation for
taking the kinematic perspective on quantum mechanics if it is true of the world.
Together with the no superluminal signaling principle, the no cloning principle
restricts the correlations between events. This probabilistic struetuiigec
represented by the projective geometry of Hilbert space structure. Tiathave a
kinematic framework, a set of pre-dynamic constraints, well represented
mathematically by Hilbert space.

But what is doing the work for this interpretation? Is it the principle, or the
kinematic structure it motivates? Previously, | argued that the principleythe
approach is not sufficient. But is it necessary now for this new kinematic approach?
This is an important question, and to answer it we must look again at the model of
special relativity. Here, it would seem that the light postulate and the tgiativi
postulateare necessarfor the foundational significance of the theory. The light
postulate is so important because it is what does the conceptual work. Without it, the
important constitutive element of special relativity is lacking, and thenatpec
relativity and Minkowski spacetime is, as argued by Brown, simply the positing of
Lorentz-invariance.

So does the information-theoretic interpretation of quantum mechanics have
this constitutive character? It comes back to that. In Chapter 4, it wasl dngtieon
the basis of the three information-theoretic principles given by CBH, imgjulde no

cloning principle, it is not clearly the case that that interpretation of quantum
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mechanics has a constitutive character. Perhaps, though, the constitutivity of the
information-theoretic principles is best understood only in conjunction with the
switch to a kinematic explanatory framework and thereby the program cardlie s
be successful.

There are, however, several vital disanalogies with special relativitg.fifbt
is that in special relativity, we do not need to look beyond the first principles of the
theory for further justification. We have the groundwork for a constitutive thafory
space and time with the light postulate, because it re-characterizesytineeasning
of simultaneity and absolute time, and with the principle of relativity, sinsg#rily
defines the applicability of empirical concepts. Historically, Einstedmodt even
take to Minkowski's geometrical model at first. It is not the ability to dttaraze
special relativity in a kinematic structure such as Minkowski spacetineh makes
it interpretationally preferable to Lorentz’s theory. It does, howewbow from the
conceptual work that was done that some sort of kinematic framework is possible,
and that it will codify the conceptual analysis in the new physics. Therefthe, if
information-theoretic approach is to be justified, we must find in the scheme a
whole something similar that might be going on. This is, | think, the implioitfe
Bub and Pitowsky.

When we look at the Hilbert space kinematic structure proposed by Bub and
Pitowsky, the most distinct and important difference with specialvigyaits that
while the kinematic structure of Minkowski spacetime is indeed the structure doing
the primary explanatory work, there is a dynamic story to be told about how an

individual outcome comes about. The story differs depending on the frame from
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which it is told, but there is a story. We are not left with only the kinematic
framework as an explanatory structure. This structure gives the tiamslaetween
reference frames, which allow us to see that forces observed in differeahcefe
frames are in fact the same force simply observed from different framiest the
kinematic structure explains is not the individual results per se, but how they can
appear to have different explanations from the perspective of different ifientnas,

and yet be the same. As noted by Cassirer,

For [relativity]... true objectivity never lies in ennjzal determinations, but only in the
manner and way, in the function, of determinatiself. The space and time measurements
in each particular system are relative; but thehteind universality, which can be gained
nevertheless by physical knowledge, consist irfabethat all these measurements
correspond mutually and are coordinated with edlabraccording to definite rules.

(Cassirer, 1953, p. 381)

The kinematic structure of Hilbert space for the information-theoretic
interpretation of quantum mechanics, on the other hand, is not playing the same role.
In fact, itblocksthe general possibility of any such transformations like those we see
in special relativity. The Hilbert space is a kinematic frameworkchvis a
probabilistic structure of possible events. It has nothing to say about which events
actually occur, but rather places restrictions on the possibility of beingoatyen
measurement to full dynamical analysis. This is a limitation integpeet@rising
from the kinematic structure of quantum mechanics.

Returning to the question of what makes a theory realist in a nomological
sense, there are two cases to consider. The first is that principles ordansraly

posited and thereby conclusions and predictions can be generated. Here we are
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presented with laws which under rigorous empirical testing appear to hold, and so in
that respect we can indeed consider them to be real laws. But this has really very
minimal content. The example of Kepler’s laws is a case in point. This sort of
nomological realism is not particularly interpretationally interestifige second case
is where, as we find in Newton’s laws or special relativity, the princgresot only
expressions of strong empirical generalizations but are ones which take those
generalizations and use them to formulate meaningful concepts without which the
physics has no coherent basis. The foundational significance of these esincipl
comes from that constitutive character. They are part of the conceptuatappara
necessary for meaningful physics. In this case, the nomological reabsisisintial,
but it must also be relativized to the framework under which those laws are supposed
to hold, since they are in fact the defining structure imposed on the empirtanel
under it.

So what should we now say regarding special relativity and realism? | think
there could be a question about why we should take special relativity to be a
genuinely realist theory, though I think most would tend to think it is. On the one
hand, one might contend that special relativity is an instrumentalist theoryit- tha
simply posits, without explanation, certain laws and so we have a minimalist
nomological realism based on its kinematic perspective akin to Kepler’'s laws.
However, special relativity goes beyond this in justifying those princgaeso their
constitutive nature. Therefore, we have nomological realism with foundational
strength. That is, in an almost Kantian sense the principles are not simplyotéleen t

generalizations which hold empirically, they are principles which hold ANi2hv
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serve to structure the conceptual apparatus through which physics is carried sut. Thi
lends them a kind of necessity beyond being realist in a strictly empintss.se

| think, however, that the tendency not to regard special relativity as an
instrumentalist theory rests on two, perhaps not clearly compatible, but newssrthele
compelling reasons. The first is that it is always possible to provide a complete
dynamical account of an event in any given reference frame, and this alloWws for t
possibility of causal-mechanical explanation. This is not due to special tglativi
explanatory focus on a kinematic framework in general; rather it is a centifagt
about the theory that the particular framework allows for it, albeit withigeshs on
the causal structure imposed by Minkowski spacetime. Any particular exeive
explained dynamically within a given inertial reference frame. The kinema
framework of special relativity then allows us to show how observers in different
inertial frames might explain the same event differently and how the explanat
relate according to the appropriate transformations.

This leads to the second consideration for deeming special relativist.real
In the context of general relativity, Einstein locates the realism as gdroim those

things which are invariant from any observational perspective.

The physically real in the universe of events @ntcast to that which is dependent upon the
choice of a reference system) consistsgatiotemporal coincidenc&gFootnote *: and in
nothing else!] Real are, e.g., the intersectionsvofdifferent world lines, or the statement
that theydo notintersect. Those statements that refer to theipdijsreal therefore do not
founder on any univocal coordinate transformatlbtwo systems of the,, (or in general the
variables employed in the description of the woddh so created that one can obtain the

second from the first through mere spacetime taansdtion, then they are completely
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equivalent. For they have all spatiotemporal poaihcidences in common, i.e., everything

that is observable. (Einstein, Letter to Paul Efesinof 26 December 1915, 1998)

This is a very sparse relative of entity realism. Nevertheless, thamdsdre
comes from the fact that an event takes place and that fact is agreed @ation by
observers. E.g. the string between the rockets breaks. On Einstein’s vieweggresent
here, the kinematic structure of special relativity does not come into play. That
structure is the theory of how different observers describe the eventuilfeeven
though it is the same event.

| do not want to spend too much time determining just why special relativity
should be taken as a realistic theory. It is enough to show that 1) the question for
authors like Janssen and Brown is not that of realism and 2) if we do look at that
guestion, any standard notion of special relativity’s realism does not comengom t
kinematic structure of the theory as such. Realism is not really under susgieon w
it comes to special relativity, nor is the source of that realism the kirenatire of
the theory. This is not to say that kinematic features of a theory cannot make it a
realistic theory; it is just that in this case the kinematic structurgeruous to the
guestion of realism in special relativity. Therefore, analogies focosirggsimilar

kinematic structure are not entirely useful for questions of realism.

5.4.3. Unification and the Nature of the Problem

Given the above considerations, | do not think that it is viable to consider the
information-theoretic interpretation of quantum mechanics as realisigcmbre
important to come back to the question of whether or not the principles on which it is

based are appropriately constitutive. But a lack of realism does not immediately
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indicate that the approach has failed. It was not, after all, Janssen’s aiowtthat
special relativity is a better candidate for a realist theory thamtza® dynamics. It
was to show that special relativity offers a more unifying theory. So eabéh
considered the case for the Bub and Pitowsky program?

| think that Bub and Pitowsky are on the right track in considering the
constitutive elements of quantum mechanics. The dogmas or assumptions represent
precisely the questionable concepts at issue. One of the concepts underlying the
problems for quantum mechanics is in the second dogma, that the quantum state has
some kind of ontological significance. Rejecting the dogmas of quantum mechanics
is like rejecting the dogmas of absolute simultaneity or the necesétycbflean
geometry for Einstein. Perhaps this rejection of the dogmas is possible, but it must be
replaced or accounted for with more crystallized physical concepts, deevasse in
special relativity and general relativity. More work remains to be done inuqnant
mechanics. The central difficulty for Bub and Pitowsky is that the concejatgona
under attack in not absolute simultaneity but realism itself. That is a satific
undertaking.

The strategy is analogous to that of special relativity. The problematic
concepts must be analyzed from a broader framework. In the case of special
relativity, the implicit dogma taken from Newtonian mechanics was that ofuaésol
simultaneity. By adopting the light postulate, Einstein showed, in conjunction with
the relativity postulate, that this dogma must be replaced within a broadeeqismes
of spacetime. The issue for the Bub/Pitowsky approach is that since the dogmas

under scrutiny are essentially ones relating to the concept of realismgfandi
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broader framework is much more difficult. Indeed, in Einstein’s conceptuaisanal

of simultaneity, the guiding principles were empirical conditions closdga@aated

with the realistic ones expressed in the two dogmas. The notion of simultaneity must
be empirically meaningful, and this meant that it must be tied to our ability to
determine when two events occur simultaneously. The light postulate is that
epistemic principle. It defines the limit, and now not simply the empiricé, lbut

the theoretical one, on causal structures, on making measurements, and heese defin
the very notion of simultaneity. This is closely related to the dogma that all
measurements must be open to complete dynamical analysis or else lack clear
meaning. When we ask how we know two events are simultaneous, the answer can
only be verified with a causal signal. The only universal signal is light. Treref
themeaningof simultaneity is dependent on this principle. The principle of relativity

is a realistic principle postulated as a condition for doing physics. That theflaws
physics must be the same in any inertial reference frame is a demiand tha
measurement be objective. In quantum mechanics, the nature of the question is much
more fundamental.

The question posed by Bub and Pitowsky concerns how giving up the two
dogmas of quantum mechanics can result in a realistic interpretation of quantum
mechanics. The proposed solution to the question appeals very strongly to the case of
special relativity. However, the essential difference is that spetadimty is a
realist theory, but not in virtue of its principle or kinematic structure. Thattate
makes it an interpretationally successful theory because of the constantlv

conceptually definitive nature of its principles; but that is not a question ofmealis
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Bub and Pitowsky do not solve the problem of realism that way. But it points to a
very deep issue. The program, like special relativity, requires realisencofttcept
in need of revision is realism itself. This is much more ambitious than the paper
suggests. Following the model of special relativity will not solve the probighei
way the authors planned. That method will not underwrite realism since that is not
the strength of special relativity. Realism is a given for specetivi2y. The real
work that relativity does as a principle theory is to define the concept of amaitit.
For Bub and Pitowsky, realism is at the heart of the question. So their intéopreta
must look at how special relativity is a constitutive theory.

Can we tease the concept of realism from the two dogmas? Is the concept of
realism muddled, and unclear and so that is where the problem is coming from? Do

we need broader framework to answer these questions and what could that be?

5.5. Conclusions

Ultimately the problems are multiple. Bub and Pitowsky are concerned with a
realistic interpretation of quantum mechanics. This they do not provide. One issue is
that the model, the kinematic explanatory structure of special relativitgt ihat
theory’s source of realism. That comes from extra features of the theoaynityl
features. There is, however, something which is foundationally important about
special relativity. Janssen argues that this is due to its ability to atalmatmmon
origin explanation via its kinematic structure. Even if this were correct, the
information-theoretic approach lacks any common origin explanation in quite the
same way. It does connect phenomena such as interference and entanglement, but

these phenomena were never unexplained coincidences as was the Loreatzcavari
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of wholly different kinds of forces. They are predicted by standard quantum
mechanics. Finally, and most importantly, Janssen’s position is not quite rigiat in m
view. It is not the common origin explanation which makes special relativity
preferable over Lorentzian dynamics. That special relativity hadiaypar

kinematic structure is related to its underlying foundational strength, and soit®o i
common origin explanation. This underlying strength is the constitutive character of
the principles involved. | would not say that this lends it realism, nomological
realism, but it does provide a deeper sense of necessity in the Kantian sense of a
priori necessity. These principles must be in place, and the ones Einstein developed
are not in need of further interpretation because they are the fundamempakinte
principles, establishing a consistent and meaningful conceptual framework.

We can still ask at this point, is the information-theoretic interpretation as
presented by Bub and Pitowsky a preferable position to hold over other
interpretations of quantum mechanics such as Everett, Bohm, or GRW, and on what
grounds? It cannot be preferable on entity realist grounds, since it does not make any
claims for entity realism. However, | think that it acts as a convincingipsory
note. Even without the deep constitutive work like that done by special relativity, the
information-theoretic interpretation relative to some broader framewahtroe like
special relativity relative to general relativity, where the ligbstulate is understood
in a larger framework.

To ask why one might take the information-theoretic interpretation as torrec
is to ask why we should think the no cloning principle holds. This is analogous to

asking why the speed of light is constant. In a sense the question goes outside the

192



scope of the theory. Nevertheless it is a relevant physical and philosapressibn.
The type of answer given gets to the heart of the difference between splatiaty
and the information-theoretic interpretation.

It is not often asked of special relativity, why is the speed of light constant
from the perspective of special relativity. Nevertheless, theravarkevels at which
we find answers. First, consider special relativity without the addition of denera
relativity. In this case, there is a kinematic framework, but it could justsily e
viewed as a mathematical summary of Lorentzian dynamics, as argiedviay,
except for the philosophical considerations which emphasize the necessityigiitthe |
postulate in establishing conceptual clarity regarding the measurability of
simultaneity. The primacy of Minkowski spacetime as a kinematic freameis
thereby established. From the perspective of general relativitygthgobstulate is
unified within a still larger conceptual framework. At the end of the day, our reasons
for accepting this principle, and therefore the switch to a kinematic expigna
framework, hinge on the work being done by that kinematic framework in terms of
conceptual clarification. The Bub/Pitowsky approach does not provide the
clarification of concepts such as realism, measurement, and causation, but it may
pave the way, by analyzing the roles of these concepts and in pursuing a constitutive
line of theory building.

To clarify, | am not arguing that there are no other types of acceptable
physical theories. There are other types of theories which are commalh caus
dynamic, kinematic, principle, constructive, and various combinations of these. All

can be highly successful theories in their place. However, when it comes to
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foundational issues, the nature of the task is such that a fundamental theory will very
likely be as much about our conceptual framework as about empirical modeling.
How do we know when this is necessary? In a sense, this is the hard part. It takes
recognizing that the current science is in the midst of a crisis and thaisibestems

from an inadequate conceptual grounding and not simply empirical inadequacies. It
seems more than reasonable to think that quantum mechanics is and has been in just
such a crisis. The difficulties involved are fundamentally conceptual in natues,he
the resolution must come from an analysis of our current conceptual structdines |
sense, Bub and Pitowsky are on the right track. What has been achieved is an
analysis in the negative sense, i.e. an analysis showing that there is@ualnssue

at stake and pinpointing the implicit assumptions lying at its source, the two dogmas
The Bub and Pitowsky approach is to develop a realist interpretation of quantum
mechanics by switching to a kinematic explanatory framework. As thgeh

shows, this does not succeed. However, indirectly the outline for a positive analysis
has also been established. The resolution must come at the conceptual level with a
theory of constitutive principles. But what this resolution is has not been established.
The no cloning principle, in establishing a kinematic perspective over a dyoaaic
does not succeed in establishing a realistic interpretation of quantum mecthiasics.

not necessarily the role of constitutive principles to establish such dicghkory.
However, when it comes to quantum mechanics, the analysis of this chapter has
shown that the motivation to find such a theory comes from the fact that the
conceptual issues relate to the concept of realism itself. The challeruyetis h

reconcile the notion of realism with what quantum mechanics tells us.
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Chapter 6: Where do we go from here?

DiSalle argues that the functional role of space-time theories as foundlationa
theories lies in establishing objectively meaningful physics. Thexetfioey require
extra-empirical, constitutive principle-based theory construction. Suchpdéenci
theories are what allow us to define an explanatory structure and thehefore t
empirical meaning of basic physical concepts such as motion, space, time, and
measurement.

Quantum mechanics also seems to fall into this class of theories. It isthot (ye
in any case) a space-time theory, but it nonetheless is a theory tied to the very
structure of empirical measurement, observation, and causation.

The constitutive role of guantum mechanics has not been as clear as it perhaps
should have been. Galileo laid down the inherently constitutive nature of space-time
theories 400 years ago, Kant reified it in the annals of philosophy. Quantum
mechanics has only existed less than 100 years. Approaches to solving the problems
which quantum phenomena have presented have been more or less constructive
approaches — that is, approaches which operate within the boundaries established for
physics by other framework theories such as Newton’s and Einstein’s. In ateense
history is analogous to the mechanical philosophy in its attempt to understand motion,
or Lorentzian dynamics within the framework of Newtonian mechanicsseThe

theories were operating in a framework in which all of the relevant concepyeha
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to be fully defined. Hence no sufficiently clear resolution was found until the
framework itself was the object of analysis.

Perhaps quantum mechanics is in such a state. Quantum mechanics was born
out of clashes, the need to reconcile alternate conceptual schemes. Eventually,
guantum mechanics settled on the appropriate equations and calculus for making
accurate predictions. In a technical sense, guantum mechanics relie\artsitie t
between the new puzzling phenomena and the existing frameworks, but it neyer reall
resolved the philosophical puzzles. That is, the theory’s development managed to
bypass conceptual problems with predictive adequacy, but ultimately did not
disentangle the underlying conceptual issues.

There are a variety of pieces of evidence that quantum mechanics warrant
this type of conceptual analysis.

The first is simply the abundance of proposed solutions to the problems
fundamental to quantum mechanics, where none seems entirely satisfactory, and
about which there is no consensus among physicists and philosophers. Given that the
solution space for the measurement problem is pretty well outlined within the given
framework, the lack of consensus seems to indicate that something fundamt#real i
conceptual framework itself may be in need of analysis and alteration. If anprizbl
intractable, yet the space of the potential solutions appears to have beenreeliiaust
suggests the need to expand the solution space.

The second and third pieces of evidence have to do with where, specifically,
the problems of quantum mechanics seem to lie. The standard philosophical concerns

with quantum mechanics have to do with the measurement problem and EPR-style
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correlations. These are essentially problems directly involving the notions of
measurement and causality. As such, quantum mechanics is a theory which is
fundamentally about our concepts of causation and definitions of empirical
measurement. These concepts, like those of space and time, are esshantizhsact
understanding of the physical world. Moreover, as for theories of space and tame, it
necessary that such concepts be well defined. The nature of the concepts involved
and the intractability of the problems suggests that quantum mechanics ought to be
subject to conceptual analysis, and that the right sort of solution will be found in an
appropriate constitutive theory. That means developing a quantum theory as a theory
not simply of empirical generalization, but as one which partially definesotineepts
necessary for establishing a coherent causal structure and meaningfel @ictur
measurement in the physical world.

Third, quantum mechanics faces extrinsic difficulties regarding its
compatibility with relativity theory. This also has been seen to be ayartic
intractable problem, though theoretical advances are being made. Oncehagain, t
intractability and the nature of the problem suggest that the problem is a deep and
fundamental one. Given that relativity theory, as we have now seen in some depth, is
a foundational theory regarding the structure of space-time functioning as a
framework theory, a resolution of this problem will involve a quantum theory
commensurate with a theory of space and time. Therefore, not only is quantum
mechanics, as it stands, a theory involving the causal structure of the worlds but thi
lack of unity suggests that quantum mechanics ought to be, at the very least,

compatible in its causal structure with the preeminent theory of spaceAisnge
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have already seen, theories of space and time are of necessity framewoes the
which serve to define the conceptual notions of causation and measurement.

For all of these reasons, a reasonable interpretive strategy would be to
understand quantum mechanics as a theory which needs to be constructed in a fashion
very much like that which has been demonstrated to be the standard for space-time
theories. That is, it needs to be constructed as a framework theory, with duemttent
and analysis paid to the concepts presupposed in its foundations. The first step in this
is to analyze those presuppositions and see how they lead to the problems which arise
in quantum mechanics. Taking our cue from the historical precedents, we look to
places of apparent contradiction. The analysis of Bub and Pitowsky discussed in
Chapter 5 pursues this course.

If we look at the issues involved in quantum mechanics — the standard
problems, or puzzles, and the various solutions to them — it seems that there has been
an attempt to resolve deep issues in a more or less constructive fashion, following the
first dogma, after having run into the measurement problem due to adherence in the
second dogma. | have argued that, because of the combination of the explanatory
aims of a constructive theory and the peculiar nature of quantum theory, the success
of this type of approach is doubtful, at least without significant prior conceptual work.
Looking at the perennial problems and the proposed solutions, it is clear that the
struggle, at its roots, is one involving the meaning of measurement within the
guantum framework, and more deeply, the meaning of causality in this physical

system. For Bub and Pitowsky, the two dogmas are at the heart of the measurement
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problem. As we have seen, the two dogmas are also rooted in realist views of
physical theories.

The problem here is in fact deeply analogous to that of Einstein prior to his
formulation of relativity theory. Einstein saw that clashes between Newatoni
mechanics and electromagnetism were rooted in ill-defined concepts pvhathded
the possibility of objectively meaningful measurements. So measuremenagan pl
role in the discovery of poorly grounded concepts which have not been analyzed.
Ultimately, it is measurement which must be defined for empirical invésiige
take place. The possibility of the measurement of motion, of force, or of mass were
the subjects of definition for Galileo, Newton, and Einstein. In order to provide
definitions which resulted in conceptually clear notions of measurement, these
theories constructed principles which provided the conceptual clarity and foaknew
to give meaning to the current notions of physical measurement. Kant thought that
these principles arose from our owipriori intuition of the world. The positivists
thought that, while necessary, these principles were purely conventional. lehas be
shown by DiSalle that the development of these principles shows that there is
certainly an element of definition, and therefore a conventional choice. Howeve
there is also serious conceptual analysis of the preceding framework, lwimigs to
light those concepts which require further definition in order to meaningfaity c
out empirical science. This conceptual analysis results in the recoocibat
disparate frameworks. This resolution is a prominent aspect of the conceptual

analysis which goes into the principle theories constitutive of foundationatphysi
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This analysis of theory analysis should now, I think, aid us in approaching the
issues surrounding quantum mechanics. That is, we might now know what we are
looking for. It indicates that there may be the need for conceptual revision in
guantum mechanics, and physics in general, if we are to make sense of the
peculiarities of quantum mechanics. There seems to be at least two waysvtate
is at issue. One approaches the analysis as internal to quantum mechanics and the
other as external. The first follows more directly from the CBH and Bub and
Pitowsky prograrff. In this case, quantum mechanics, analyzed in information-
theoretic terms sheds light on the nature of measurement and the limitationgdimpose
upon it. This approach takes a somewhat Bohrian view of quantum mechanics.
Measurement results can only be understood objectively in a classical shasés, T
Booleanity is necessary for objectivity. Informational constraints intbbgehe
guantum structure require that measuring instruments must ultimately kdébles
which cannot be analyzed dynamically. To ask why the world cannot be objective
“all the way down” is answered by the no cloning principle. However, as | have
argued, this is not analogous to special relativity where the analogous questin is
there is no absolute simultaneity, which is answered by the light postulate. In the
case of special relativity, there is the external justification tnet a concept of
simultaneity is required to define the notion of inertial frame, and hence motion,
space, and time.

The second possible approach adopts this type of external analysis. The
challenge lies not in revising the concepts of quantum mechanics to betteobring t

light the structure that makes it the case that quantum mechanics platsesrim

% This line of thought stems from personal commutivcewith Jeffery Bub.
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objective measurement. Rather, the challenge is to revise the concepectvebj
measurement and causation, so that they can encompass quantum mechanics, instead
of stipulating that some area of physics is in principle unamenable to suchsanalysi

It is worth repeating that there are a number of areas in which problems aris
regarding quantum mechanics. Some arise from within quantum mechanics which
appears to conflict with our traditional understanding of the explanatory role that a
physical theory ought to play. This conflict is articulated in the measne
problem and the EPR thought experiment. On a separate level, quantum mechanics
stands in conflict with another fundamental physical theory, general rglativit

Perhaps these two concerns regarding quantum mechanics, internal and
external, are not separate from one another. The first, from within quantum
mechanics, seems to arise from conflict with the highly successful fermafi
guantum mechanics with deeply felt intuitions about causation and measurement.
That is, preconceptions regarding what the physical world must be like from & causa
or realist perspective. Einstein denied that the causal structure offegeartym
mechanics could even allow the possibility of physics. On the other hand, the
conflicting theories of quantum mechanics and relativity both have something to sa
about the causal structure of the world, implicitly and explicitly. Here are
frameworks whose apparent incompatibility lies in their causal strucBoth areas
of problems, however, come down to issues regarding the same fundamental concepts
of causation and the possibility of measurement. This motivates the external

approach.
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What this leads one conclude is that what is needed is a conceptual revision,
much like that carried out in the history of science by Newton and Einstein. The
analysis should show where hidden, or overlooked, conflicting conceptual schemes
exist. This in turn, might lead to resolutions both between the differences with
guantum mechanics and relativity theory, but might also shed light on the ever
present difficulties in quantum mechanics. Einstein, in analyzing the prin€iple
simultaneity brings in conceptual structure from electrodynamidst)lénd extends
it to the notion of simultaneity, space, time and motion in the realm of all physics
Electrodynamics conflicted with the contemporary spacetime theory afriae
Newtonian mechanics. Einstein recognized this conflict as indicating theesafur
conceptual inadequacy and therefore the area in need of revision. Quantum
mechanics is in just the same sort of conflict with the current theory of spacet
general relativity.

It is not within the scope of this document to propose such a resolution.
However, it does seem that the guiding instinct of CBH and Bub and Pitowsky to
create a principle theory approach to quantum mechanics was quite inspired, for that
is exactly what is needed. However, the approaches of CBH and Bub and Pitowsk
do not have those characteristics which make a principle theory constitutive in the
right way. At least not clearly so. They are information-theoretic iptegwhich do
allow the derivation of quantum-like theories, but this is not sufficient for an
interpretation of quantum mechanics. What appears to be needed is some sort of
conceptual analysis which will shed light on those concepts which one suspetts are a

the root of the problems.
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But where could this come from? And can the theoretical framework of
information theory come to our aid? As hinted at above, | think that ultimately one
must look to the conflict between relativity theory and quantum mechanics. Not only
is there a struggle between concepts here, but general relativitgsudingch more
closely with our intuitive notion of the causal structure of the world (hence, one might
add, its much broader acceptance). What we take to be “measurable” is not a concept
constant to both theories. We need to find the conceptual basis of the problem and
resolve it.

Where might such a solution come from and what might it look like? By way
of example, we might consider an information-theoretic principle such as the
holographic principle. The holographic principle is often presented as a bound on the
information contained within a volume of space such that it is proportional to the area
of the surface of that volume in Plank uffitsThis bound appears in black hole
thermodynamics, but it has links with general relativity, thermodynamds, a
guantum gravity. Some work has been done to show that quantum relations such as
the uncertainty principle can be derived from the holographic principle.

This is speculative on several levels. The first is that the standing of the
holographic principle itself still remains conjectural in the field of quantiavity:

Second, the steps to derive aspects of quantum mechanics from it are still in their
infancy. However, my proposition is that an information-theoretic principle such as
the holographic principle could stand to play a large role in the foundational questions
of quantum mechanics for all of the reasons argued in the preceding andliss. |

holographic principle does hold, or if there are other principles which are als

2L See Appendix for a very brief review of the holagfnic principle.
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implicated in relativistic structure, quantum structure and information thewdy, a
from which quantum mechanics, perhaps with other constraints, can be derived, at
least in the appropriate limiting situations, then it seems that it migrt tbf

possibility of solving some of the conceptual problems.

The primary aim of introducing the holographic principle and what it might
entail is to explore a concrete example of the type of principle which we might be
looking for, given the parameters which were set out after much analyseooy
construction and the state of quantum mechanics. In the first place, this example
holds out the hope that there could in fact be such constitutive principles which help
enlighten the issues surrounding quantum mechanics. It also shows that information
theory is in fact a likely place to look — if for no other reason than because itaffers
framework for providing very general constraints.

But how might the holographic principle act as a constitutive principle,
providing a framework to define the concepts of causation and measurement so that
physical enquiry in the quantum realm is made meaningful? Following thesignaly
of DiSalle, we saw a fairly general methodology. There seems to bevehiah
holds. It is not explained, but it seems to hold and is connected with fundamental
concepts. Elevate it to a principle, no longer in need of explanation, and see what it
tells us about concepts in physics. Light seemed to be constant in all reference
frames. Einstein employed is as a defining principle for time and simutatineis
characterizing inertial frame. There appeared to be an equivalenceretertia
and gravitational force. Einstein elevated this to a principle, thus constituting the

spacetime manifold. Following this pattern, the holographic principle seems to hold.
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Elevate it to a constitutive principle. What does it tell us about the explanatory
framework, causation, and measurement?

It is not clear what constitutive framework this might offer. What this kind of
external approach may offer beyond the CBH approach is the promise of unification
with other conceptually diverse frameworks. What the holographic principle has over
this, if it holds and if connections with quantum structure can be derived, is that from
an information-theoretic point of view, there seems to be a connection between the
geometry of spacetime and the quantum world, which is tied to the limits placed on
the amount of information that a region of spacetime can contain and the speed at
which it can be processed. In itself, unification is not sufficient to establish a
constitutive theory. However, following the model of conceptual analysis discusse
above, unification often indicates the place to look when it is unification between two
theoretical structures that appear to be incompatible with one another.

If this dissertation has been successful, then what has been shown is that
guantum information theory may very well have a role to play in the philosophical
debate over quantum mechanics. That is, one of the questions the dissertation is
asking is: is quantum information theory the type of thing that can provide any
philosophical insight? We have seen that the most obvious ways that this might be
the case fail. The growth of the field of quantum information theory does not
legitimize the view that the world is made of information. Nor do the advances in
guantum information theory justify the conclusion that quantum mechanics is about
knowledge. Both of these approaches depend for their motivation on illegitimate

uses of the concept of “information”. First, information it not the type of thing of
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which the world can be made up. To think so is to make a category mistake. Second,
the use of the word “information” in information theory has given rise to a confusi

with the concept of information in its standard use. Such an equivocation is
unjustifiable given the nature of the concept of information in the technical sense.

Though these tantalizing approaches are unjustified, quantum information
theory may still have a philosophical role to play, only more subtly. Indeed, if this
dissertation is successful, then we can say more. The use of quantum information-
theoretic principles may be the best strategy for moving forward regétdin
philosophical issues of quantum mechanics. A look at foundational theories such as
Newtonian mechanics and relativity theory reveals that such theorieecgsary as
preconditions for the possibility of explanatory structure. We have seen that this
structure is not given with priori certainty, but it does generally arise via a
particular kind of conceptual analysis, which is motivated by incompatible
frameworks available at the time. While not recognized, as has been the case for
space-time theories, a strong argument can be made that quantum mechanics —
because of the particular nature of its conceptual puzzles, its fundamereak cand
its conflict with the current theory of spacetime — should be considered to be in this
category of foundational framework theory.

If that case can be made, then the resolution to the conceptual problems in
guantum mechanics requires conceptual analysis in such a way that a theory of the
appropriate constitutive principles, which resolve the conceptual issues, igidefine
As such, the argument motivates a move away from other interpretations of quantum

mechanics. Moreover, it explains the lack of consensus in accepting any of them due
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to their constructive approach, where such an approach is, in this case, not the correct
explanatory tool for the job. The argument does not necessitate an information-
theoretic approach. If constitutive principles are required, they may be found
elsewhere. However, the current and potential conceptual scope of quantum
information theory makes it the most promising area in which to look for future
directions. Just as developments in non-Euclidean geometries unknowingly paved
the way for Einstein’s theory of relativity by introducing novel conceptuatsires

with which to describe the basic concepts of space and time, so might developments
in quantum information theory open up new conceptual structures with which to

analyze the basic concepts of causation and measurement.

The whole of science is nothing more that a refimenof everyday thinking. It is for this
reason that the critical thinking of the physidahnot possibly be restricted to the
examination of the concepts of his own specifildfieHe cannot proceed without considering
critically a much more difficult problem, the preloh of analyzing the nature of everyday

thinking. (Einstein, 1954a, p. 290)
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Appendix: The holographic principle - briefly

The holographic principle is closely associated with another bound, the
Bekenstein bound. This bound was first articulated by Bekenstein (1973).
Bekenstein (1981) argues that the entropy of a system is bounded by its mass and
size. The arguments for the bound stem from black hole theory and fundamental
thermodynamic principles. Following Bekenstein (1973), we begin with the
observation shown by Hawking (1971) that the horizon area of a black hole never
decreases. Bekenstein notes that this is a property shared in genetabjpy. e

A black hole is characterized by only three quantities: mass, angular
momentum, and charge. Therefore, the collapse of a large system of nthtter wi
many degrees of freedom into a black hole appears to violate the second law of
thermodynamics. It goes from arbitrarily large entropy to none.afraik is also the
case when a system is lost in an existing black hole. It is argued thabaaisia
solution to this thermodynamic problem is to connect the entropy loss with th@gain i
area mentioned above, since the area must always increase and it is well defined.
That is, we take the black hole to have an ent$pyequal to its horizon are§

modified by a number the order of unity. This is provided by Hawking (1974):

Bekenstein concludes:

Suppose that a body containing some common engoey down the black hole. The
entropy of the visible universe decreases in toegss. It would seem that the second law of

thermodynamics is transcendent here in the seasathexterior observer can never verify by
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direct measurement that the total entropy of thelehiniverse does not decrease in the
process. However, we know that the black-hole &empensates” for the disappearance of
the body by increasing irreversibly. It is thusumal to conjecture that the second law is not
really transcended provided that it is expressealgeneral formThe common entropy in the
black-hole exterior plus the black-hole entropyeredecreases This statement means that
we must regard black-hole entropy as a genuineibatibn to the entropy content of the

universe. (Bekenstein, 1973, p. 7)

This is known as the generalized second law.

The analogy drawn between black hole entropy and thermodynamic entropy
by Bekenstein is made far more robust by the discovery of Hawking radiation (1974;
1975). That is, if Bekenstein’s argument is to be carried though, then we must take
seriously the idea that if a black hole has entropy, it must also have a temgerat
since it has mass. If this is the case, then a black hole with a temperastire m
radiate. Hawking confirmed this, thus solidifying the notion of black hole entropy
beyond a mere analogy.

Further possible implications of this bound come from recognizing that it is
not necessarily the case that the generalized second law must hold. Thah, it is
thus far established as a law of nature. It could be violated if systems of faesd m
and size, with arbitrarily large entropies, were dropped into black holes. Black hole
horizon area is strictly dependent on mass, so this scenario would violate the
generalized second law since the expansion of the black hole horizon area would not
compensate for the entropy lost. What this suggests is that we should demadmal that t
generalized second law hold, by stipulation, and this then requires that entropy must
be bounded on all matter according to its mass and size. This is Bekenstein’'s bound

(1981):
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whereE is the total mass-energy of the system contained in the sphere whose radius
is R. This holds only for weakly gravitating systems. So the entBagya system of
known energy is constrained by its surface area. Note the central role which the
constraint of the second law of thermodynamics plays for this derivation.

The Bekenstein bound is a strong motivating factor for the holographic
principle. Bekenstein also makes an explicit claim that thermodynamepgrand
Shannon entropy are equivalent.

Thermodynamic entropy and Shannon entropy are pbually equivalent: the number of
arrangements that are counted by Boltzmann enteffgcts the amount of Shannon
information one would need to implement any palticarrangement. The two entropies have
two salient differences, though. First, the thergraimic entropy used by a chemist or a
refrigeration engineer is expressed in units ofgndivided by temperature, whereas the
Shannon entropy used by a communications engiseetits, essentially dimensionless.

That difference is merely a matter of conventi@ekenstein, 2003)

Here entropy is taken to be a measure of uncertainty, or lack of information. This
claim requires further analysis which this dissertation cannot addresslisEussion
on the relationship between thermodynamic entropy and Shannon entropy see Leff
and Rex (2003).

The holographic principle, according to Bousso, is that “A region with
boundary of ared is fully described by no more th@W degrees of freedom, or
about 1 bit of information per Planck area” (2002, p. 14). Bousso (2002, p. 19) also
argues for a related, but more gen€ralariant Entropy Bound: the entropy of any

light-sheet of a surface B will not exceed the area of B:
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A light sheet is a 2 + 1 dimensional hypersurface generated by nonexpanding light
rays orthogonal t8. There are other variations on the holographic principle, and
none are confirmed, though it is believed that some version of the bound will turn out
to be trué?

In a non-rigorous way, the derivation for the holographic principle begins with
black hole physics. If the energy in a finite region of space surpassgsad c
density, then that region collapses into a black hole with the entropy we have seen.
Moreover, the entropy of a given region of space cannot be larger than the entropy of
the largest black hole the size of that area. The maximal entropy fooa rggi
proportional to its surface area, and, surprisingly, not its volume. The bound applies
to statistical entropy, a notion of entropy more general than any specific
thermodynamic interpretation. It does not make any assumption about the
microscopic properties of matter and so places a fundamental limit on the number of
degrees of freedom in the world (Bousso, 2002, p. 36).

There are two broad formulations of the holographic printipl§ The strong
holographic principle — states that the information which an outside observer can
derive from the surface of a black hole is proportional to the surface area wéthe e
horizon. This allows there to be something behind the horizon, or the “screen”, but
only that the screen filters the information which the observer can accedse 2) T
weak holographic principle — states that all of the information enteringyéms e

horizon of a black hole is encoded on the surface of the horizon and is proportional to

22 For a good review of the holographic principle Begisso (2002).
% See Smolin (2001, pp. 169-78).
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the surface area. Here, there is nothing behind the “screen”, and the universe can be
described entirely by the “screens”, hence the “holographic” principle.

Apart from what the holographic principle might mean, it is interestirzg as
fundamental principle, or at least a fact which might lead to one. On the one hand, it
is a principle which stems from black hole physics, but it also relates to the number of
guantum states which can occupy space.

This is born out in various implications of the holographic principle. First, in
a paper by Jacobsen (1995), the Einstein equation is derived from the proportionality
of entropy and horizon area together with the fundamental thermodynamimrela
§Q = TdS which relates heat, entropy, and temperature. If thermodynamic preciple
are not to be violated, then if energy flows through a horizon, so must entropy,
meaning that the size of the horizon must change in proportion to the energy flux
across it. This implies a curvature of spacetime, and the deduction of the Einstein
equation. So not only is the holographic principle a very interesting principle arising
out of spacetime physics, it seems that if it is assumed as a fundameiglgri
general relativity can be deduced from it.

Work done by Bousso and others to show that aspects of quantum mechanics
also follow from the holographic principle (see Bousso (2004), Per and Segui (2005),
Chen (2006)). Bousso begins by assuming the holographic relation
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From this he derives the Bekenstein bound. Following an earlier paper (Bousso,

2003), Bousso shows that a generalized covariant entropy bound implies the
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Bekenstein bound. As an intermediate step, we can see that the Bekenstein bound

expresses the constraints of the holographic principle on the physics of fat spa
Bousso argues that if we imagine a weakly gravitating mass suchilasiga

on the order o6MR, whereG is Newton’s gravitational constard is the mass, and

Ris the radius of the sphere into which it fits,

A

A o~ AT
o P A L)

=]

Hence

D
L¥idv

This bound on entropy is then the Bekenstein bound up to an order of one.

Then Bousso goes on to show that if the position and momentum uncertainties
of a particle are too small then the Bekenstein bound would be violated. This limit
turns out to be

§x6p = 15,/G.
Planck’s constant emerges as a derived quantity:
h =~ I§/G.

A slightly different derivation of this fundamental quantum mechanical
relation is also offered by Chen (2006).

Per and Segui (2005), following a method similar to Bousso’s to derive the
time-energy uncertainty relation from the generalized covariant gnibaymnd.

AtE; = mh/2
The authors take this to mean that the holographic principle not only poses a limit on

information storage, but also a bound on the maximum speed of information

processing.
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Although much work still needs to be done, there are promising results which
suggest that more general quantum structure might be related to the holographic

principle.
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