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This novel text directly addresses common claims and misconceptions around quantum
mechanics and presents a fresh and modern understanding of this fundamental and essen-
tial physical theory. It begins with a non-mathematical introduction to some of the more
controversial topics in the foundations of quantum mechanics. For those more familiar
with the theoretical framework of quantum mechanics, the text moves on to a general
introduction to quantum field theory, followed by a detailed discussion of cutting-edge
topics in this area such as decoherence and spontaneous coherence. Several important
philosophical problems in quantum mechanics are considered, and their interpretations
are compared, notably the Copenhagen and many-worlds interpretations. The inclusion of
frequent real-world examples, such as superconductors and superfluids, ensures the book
remains grounded in modern research. This book will be a valuable resource for students
and researchers in both physics and the philosophy of science interested in the foundations
of quantum mechanics.

David W. Snoke is a Distinguished Professor of Physics at the University of Pittsburgh and
leads a laboratory studying fundamental optical effects. In 2006 he was elected a Fellow
of the American Physical Society “for his pioneering work on the experimental and theo-
retical understanding of dynamical optical processes.” He has published over 180 articles
in science and philosophy journals, and five books, including Solid State Physics (2nd edi-
tion published by Cambridge University Press, 2020), Universal Themes of Bose—Einstein
Condensation (Cambridge University Press, 2017), and the well-known “green book,”
Bose—Einstein Condensation (Cambridge University Press, 1996).
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Oh, the depth of the riches and wisdom and knowledge of God!
How unsearchable are his judgments and how inscrutable his ways!
—Romans 11:33
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Preface

The overall premise of this book is that, while quantum mechanics is strange in some ways,
it is far less strange than you probably think. Most of the intuition you need to understand
quantum mechanics can be drawn from your intuition about water waves.

Much of this book is aimed at bringing the discussion of quantum mechanics up to the
present day in regard to what quantum physicists know. This will include a fair amount
of “debunking” of claims made in the past about quantum mechanics that even many
physicists today assume are true. For example, the Planck radiation spectrum and the photo-
electric effect have nothing to do with proving that particles exist as localized little objects,
as we will see. This book will also include critiques of some widely held interpretations of
quantum mechanics.

When the modern understanding is taken into account, much of the strangeness of quan-
tum mechanics disappears, but not all of it. There are some truly strange results, and most
of these involve nonlocality, the apparent effect that things in one place can affect things
far away without any signal (that we know of) traveling from one place to the other. There
are also open questions, such as whether the randomness we see is the result of tiny, but
real, fluctuations not presently accounted for by the equations of quantum mechanics.

This book can be read at several levels. Part I requires no mathematical knowledge, and
gives the overall perspective of this book. I strongly encourage advanced readers not to
skip this part, because it includes many new perspectives on what we think we know about
quantum mechanics. Part II requires only introductory college math, and works out some
basic examples relevant to Part 1.

A major contention of this book is that the proper way to start thinking about all phi-
losophy of quantum mechanics is with quantum field theory. But many philosophers and
even many physicists never study quantum field theory, because it is assumed to be a very
high-level theory understandable only to a few experts. Part III of this book gives an intro-
duction to all of the essential elements of quantum field theory needed to think about the
philosophy properly. This section starts at the beginning but will be most suited for people
who have already taken at least one upper-level course on quantum mechanics.

While most of the philosophy of quantum mechanics can be discussed without math,
there are some arguments that require math. Part IV is a supplement to Part I that gives
specific mathematical arguments relevant to the philosophical interpretations under debate.

Finally, Part V presents advanced theory of decoherence, to which I and my coworkers
have made original contributions in the literature. This material is appropriate for students
who have taken graduate quantum mechanics and quantum field theory or quantum optics
classes. Some of the results, however, are accessible to people with less training, if they are
willing to skip over the proofs.
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Xiii Preface

I have talked with too many people over the years about quantum philosophy to properly
thank them all. Particular discussions that come to mind are those with Harvey Brown,
Caslav Brukner, Erica Carlson, Andrew Daley, Steve Girvin, Bob Griffiths, Richard Jones,
Andrew Jordan, Ruth Kastner, Tony Leggett, Roger Mong, John Norton, John Sipe, Fer-
nando Sols, David Wallace, Peter Zoller, and Wojciech Zurek. I also thank all of the
graduate students at the University of Pittsburgh who endured the philosophical tangents
in my classes, and my wife Sandra for her constant support.

Soli Deo Gloria
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