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Introduction

This volume of  Philosophy of Physics confronts quantum theory. 
The original intent was to cover both quantum theory and statis-
tical explanation, but that was not feasible, given the constraints 
of space. Quantum theory presents a fiendish challenge for a 
book like this: There are too many phenomena, too much tech-
nical elaboration, and too many fundamental conceptual issues 
to be adequately exposited in such a limited span. Unlike space- 
time theory, where there is substantial agreement about how to 
understand the best physics we have (General Relativity), quan-
tum theory has always been a battleground of contention. Noth-
ing one can say would command the assent of most physicists or 
philosophers.

Structuring the manuscript demanded painful choices about 
what to present, the appropriate level of technical complication, 
what historical background to include, which controversies to 
mention, which alternative elaborations of theories to consider. 
Every decision was difficult and can be legitimately challenged. 
Important phenomena and theoretical approaches have been left 
unmentioned. Ideas for reconciling quantum theory and Gen-
eral Relativity— quantum theories of gravity— are not discussed. 
All but the last chapter deal solely with nonrelativistic quantum 
theory.

What principle guided these choices? The central problem fac-
ing attempts to understand a quantum theory is how it manages 
to model empirical phenomena in a principled way. This is often 
referred to as “the measurement problem,” because the sorts of 
laboratory operations used to provide data are called “measure-
ments.” But the problem has a much wider scope. Any macro-
scopic phenomenon can in principle test a fundamental physical 
theory, because the theory should be able to provide a physical 
account of it. Erwin Schrödinger famously asked how quantum 
theory could model how a cat in a particular experimental setting 
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ends up either alive or dead. It is irrelevant for his point whether 
the experiment counts as a “measurement.”

John Stewart Bell made a proposal about how this can be done, 
which he called the theory of local beables. “Beables” refers to the 
ontology of a theory: what it postulates to exist. “Local” indicates 
a beable that exists in a small region of space or space- time. Fix-
ing the distribution of local beables at a microscopic scale fixes 
the location, shape, and motion of their macroscopic aggregates 
and thereby can solve the measurement problem and Schröding-
er’s cat problem. What one needs from such a theory is an inven-
tory of local beables and an account of their dynamics: how they 
get distributed in space- time.

This basic idea can be implemented in different ways, which 
can be illustrated in a nonrelativistic setting where the technical 
details are easier to grasp. These are admittedly empirically in-
adequate theories, but they provide models of general strategies 
for solving the measurement problem. They also illustrate many 
iconic quantum- mechanical effects. The additional challenges 
facing relativistic extensions can be considered later. So our in-
vestigation proceeds by discussing three ways to implement this 
strategy nonrelativistically, together with a short discussion of the 
additional challenges facing extensions to a relativistic space- time.

This approach faces perils. If the correct solution to the mea-
surement problem does not involve local beables, or if those 
beables have no nonrelativistic analogs, then starting with non-
relativistic quantum mechanics is counterproductive. But one has 
to start somewhere, and in an introduction, it is best to start with 
what is easiest to grasp. If nothing else, nonrelativistic quantum 
mechanics can act as a foil for alternative theories, so one can 
see how the assumptions made here fail. Starting from what we 
understand and seeing clearly its inadequacies can provide a path 
to conceptual progress.

By far the most controversial aspect of this book is not what 
it contains but what it omits. There is detailed discussion of the 
Ghirardi- Rimini- Weber spontaneous collapse theory, of the pilot 
wave theory of the Louis DeBroglie and David Bohm, and of Hugh 
Everett’s Many Worlds theory. But there is no discussion— indeed 
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aside from here no mention— of the most famous “interpreta-
tion” of quantum theory of all: the Copenhagen Interpretation 
ascribed to Niels Bohr and his colleagues. Why is that?

A physical theory should clearly and forthrightly address two 
fundamental questions: what there is, and what it does. The an-
swer to the first question is provided by the ontology of the the-
ory, and the answer to the second by its dynamics. The ontology 
should have a sharp mathematical description, and the dynamics 
should be implemented by precise equations describing how the 
ontology will, or might, evolve. All three of the theories we will 
examine meet these demands.

The Copenhagen Interpretation, in contrast, does not. There is 
little agreement about just what this approach to quantum theory 
postulates to actually exist or how the dynamics can be unam-
biguously formulated. Nowadays, the term is often used as short-
hand for a general instrumentalism that treats the mathematical 
apparatus of the theory as merely a predictive device, uncommit-
ted to any ontology or dynamics at all. That predictive device is 
described in Chapter 2 under the moniker “the quantum recipe.” 
Sometimes, accepting the Copenhagen Interpretation is under-
stood as the decision simply to use the quantum recipe without 
further question: Shut up and calculate. Such an attitude rejects 
the aspiration to provide a physical theory, as defined above, at 
all. Hence it is not even in the running for a description of the 
physical world and what it does. More specific criticisms could 
be raised against this legacy of Bohr, but our time is better spent 
presenting what is clear than decrying what is obscure.1

Besides rejecting the usual terminology of “quantum theory” 
versus “interpretation of quantum theory” in favor of “predictive 
recipe” versus “physical theory,” and besides ignoring the histori-
cal question of what (if anything) should count as the Copenhagen 
Interpretation, this book differs from most standard discussions 
in a third way. It has become almost de rigueur in the quantum 
foundations literature to systematically misuse the terms “realist,” 

1 More details about the obscurity can be found in Norsen (2017), Chapter 6, 
and throughout Beller (1999). See also Becker (2018).
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“realistic,” “antirealist,” and “antirealistic.” These terms have a pre-
cise meaning in the philosophy of science, a meaning that seems to 
be completely unfamiliar to most physicists. And it is not just that 
these physicists misuse these terms, it is rather that they simply toss 
them around with no attached meaning at all. This has had terrible 
consequences for discussions in foundations of quantum theory.

In the proper meaning of the term, physical theories are neither 
realist nor antirealist. That is, as we used to say, a category mis-
take. It is a person’s attitude toward a physical theory that is either 
realist or antirealist. For example, was Copernicus’s theory of the 
structure of the solar system realist or antirealist? That question 
has no content. The theory was what it was: It postulated that the 
various planets and the earth engaged in particular sorts of mo-
tions. When Osiander wrote the preface to De Revolutionibus, 
he strongly advocated taking an antirealist attitude toward the 
theory: Don’t regard the theory as literally true, but just instru-
mentally as a convenient way to make certain predictions. He did 
this to protect Copernicus from the wrath of the Catholic church. 
Copernicus himself, and Galileo, adopted the opposite attitude: 
They wanted to argue that the theory is literally true, by reference 
to its explanatory power and simplicity. And they inherited cer-
tain physical problems (for example, problems in terrestrial me-
chanics) because of their attitude. But the theory toward which 
Osiander was antirealist and Galileo realist is one and the same 
theory. The theory itself is neither.

The scientific realist maintains that in at least some cases, we 
have good evidential reasons to accept theories or theoretical 
claims as true, or approximately true, or on- the- road- to- truth. 
The scientific antirealist denies this. These attitudes come in 
degrees: You can be a mild, medium, or strong scientific realist 
and similarly a mild, medium, or strong scientific antirealist. Ul-
timately, this is a question addressed by epistemology and con-
firmation theory. But this book is not about either epistemology 
or confirmation theory, so the issue of whether one should be a 
scientific realist or antirealist, and to what degree, is never even 
broached. Like “Copenhagen Interpretation,” the very terms “re-
alist” and “antirealist” do not appear outside this Introduction.
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The real damage that has been done by misapplying the term 
“realist” to theories rather than to people’s attitude toward theories 
is raising false hopes. For example, we will see that Bell’s theorem, 
together with reported data, rules out the possibility of any em-
pirically adequate physical theory that is local in a precise sense 
of the term “local.” The Pusey, Barrett, and Rudolph (PBR) theo-
rem, together with data that matches the predictions of quantum 
theory, rules out the possibility of any empirically adequate “psi- 
epistemic” physical theory. But often, when reporting these cru-
cial results, the term “realist” or “realistic” is snuck in. Bell, we 
are told, ruled out all local realistic theories, for example. And 
that locution strongly suggests that one can avoid nonlocality 
and evade Bell’s result by saying that realism is what ought to be 
abandoned. But this suggestion is nonsensical. Bell proves that 
no local theory, full stop, can predict violations of his inequality. 
Whether some person’s attitude toward the theory is one of scien-
tific realism or not is neither here nor there. If I had my druthers, 
“realist” and “anti- realist” would be banned from these founda-
tional discussions. And in my own book, I have my druthers, so I 
will not mention these terms again.

I owe an immense debt of gratitude to many people who have de-
voted their energy to improving this book. I received tremendously 
helpful comments from Chris Meacham, Chisti Stoica, Dan Pinkel, 
Bert Sweet, two anonymous referees, and students in my graduate 
seminar at New York University who were used to test- drive an 
earlier version. Zee Perry kindly turned some of my primitive im-
ages into polished figures: It will be obvious which is which. Cyd 
Westmoreland did a splendid job copyediting the manuscript.

I would never have been able to approach this project if not for 
years of discussion with David Albert, Detlef Dürr, Barry Loewer, 
the late Robert Weingard, Nino Zanghí, and above all Shelly 
Goldstein, to whom this feeble attempt is dedicated.

Neither this book, nor anything else of value in my life, would 
exist if not for Vishnya Maudlin. What she has given is beyond 
measure and description and can never be adequately acknowl-
edged with mere words.
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