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Major figures of twentieth-century philosophy were enthralled by the revolution in

formal logic, and many of their arguments are based on novel mathematical discoveries.

Hilary Putnam claimed that the Löwenheim–Skølem theorem refutes the existence of

an objective, observer-independent world; Bas van Fraassen claimed that arguments

against empiricism in philosophy of science are ineffective against a semantic approach

to scientific theories; W. v. O. Quine claimed that the distinction between analytic and

synthetic truths is trivialized by the fact that any theory can be reduced to one in which

all truths are analytic. This book dissects these and other arguments through in-depth

investigation of the mathematical facts undergirding them. It presents a systematic,

mathematically rigorous account of the key notions arising from such debates, includ-

ing theory, equivalence, translation, reduction, and model. The result is a far-reaching

reconceptualization of the role of formal methods in answering philosophical questions.

Hans Halvorson is Stuart Professor of Philosophy at Princeton University, New Jersey.

He has written extensively on philosophical issues in physics and the other sciences, on

mathematical logic, and on the relationship between science and religion.
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Preface

The twentieth century’s most interesting philosophers were enthralled by the revolution

in mathematical logic, and they accordingly clothed many of their arguments in a formal

garb. For example, Hilary Putnam claimed that the Löwenheim-Skølem theorem reduces

metaphysical realism to absurdity; Bas van Fraassen claimed that arguments against

empiricism presuppose the syntactic view of theories; and W. v. O. Quine claimed that

Carnap’s notion of an “external question” falls apart because every many-sorted theory

is equivalent to a single-sorted theory. These are only a few of the many arguments of

twentieth-century philosophy that hinge upon some or other metalogical theorem.

Lack of understanding of the logical theorems can be a huge obstacle to assessing

these philosophers’ arguments, and this book is my attempt to help remove that obstacle.

However, my ideal reader is not the casual tourist of twentieth-century philosophy who

wants the minimal amount of logic needed to get the big picture. My ideal reader is the

(aspiring) logician-philosopher who wants to strip these arguments down to their logical

nuts and bolts.

Although my motivation for writing this book wasn’t to get across some particular

philosophical point, a few such points emerged along the way. First, the distinction

between realism and antirealism really boils down to one’s attitude toward theoretical

equivalence. Realists are people with a conservative notion of equivalence, and antire-

alists are people with a liberal notion of equivalence. Second, and relatedly, to give a

philosophical account of a relation between theories (e.g., equivalence and reducibility)

is tantamount to recommending certain norms of inquiry. For example, if you say that

two theories T and T
′ are equivalent, then you mean (among other things) that any

reason for accepting T is also a reason for accepting T
′. Hence, you won’t bother trying

to design an experiment that would test T against T
′. Similarly, if you think that T

and T
′ are equivalent, then you’ll consider as confused anyone who argues about which

of the two is better. In short, to adopt a view on relations between theories is to adopt

certain rules about how to use those theories.

I should explain one glaring omission from this book: modal logic. I didn’t leave out

modal logic because I’m a Quinean extensionalist. To the contrary, I’ve come to think

that the metatheory of first-order logic, and of scientific theories more generally, is chock

full of intensional concepts. For example, the models of a scientific theory represent the

nomologically possible worlds according to the theory. Furthermore, a scientific theory

comes equipped with a notion of “natural property” (in the sense of David Lewis), and

these natural properties determine a notion of similarity between possible worlds, which
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viii Preface

in turn licenses certain counterfactual inferences. So, while my goal is to theorize about

the extensional logic that forms the backbone of the sciences, I believe that doing so

calls for the use of intensional concepts.

A final note on how to read this book: Chapters 1–3 are introductory but are not

strictly prerequisite for the subsequent chapters. Chapters 1 and 3 treat the metatheory

of propositional logic, teaching some Boolean algebra and topology along the way. In

Chapter 3, we go through the proof of the Stone duality theorem, because it exemplifies

the duality between syntax and semantics that informs the remaining chapters. Chapter 2

covers the basics of both category and set theory in one go, and it’s the most technically

demanding (and least philosophical) chapter of the book. You don’t have to know cat-

egorical set theory in order to benefit from the other chapters, it would be enough to

know some set theory (e.g., Halmos’ Naive Set Theory) and to flip back occasionally to

look up category-theoretic concepts.
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