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Foreword

David J. Stump

With this new translation, we would like to reintroduce Poincaré to a general audience. Science and Hypothesis was his first work aimed at such an audience and it was an immediate and continuing success. Even though this work is a collection of articles first published elsewhere, drawing them together created a whole with a sustained argument for the importance of hypotheses in mathematics and in physical science. Poincaré saw the recognition of the role of hypotheses in science as an important alternative to both rationalism and empiricism. Of course, Kant had already presented an alternative to, and synthesis of, these two traditions, but Poincaré’s view is different from Kant’s, even if he seems to side with Kant in his debate with the logicists later in his life. In Science and Hypothesis, his aim is to show that both in mathematics and in the physical sciences, scientists rely on hypotheses that are neither necessary first principles, as the rationalists claim, nor learned from experience, as the empiricists claim. These hypotheses fall into distinct classes, as presented in Chapter 9 and (somewhat differently) in the Introduction.1 There are “natural hypotheses” that seem to be obviously true and which are the last to be abandoned, though we may be forced to consider changing them because of new evidence. “Indifferent hypotheses”, by which he means, for example, the mechanical models that we develop to explain observed phenomena are the second kind of hypothesis. Poincaré argues that these hypotheses are not to be taken literally as what is going on at the atomic level, but are rather just aides to our understanding. There are also “real generalizations”, which are empirically verified laws. Poincaré includes them in the list of hypotheses in Chapter 9 and also in the Introduction, despite the fact that they are learned from experience. Finally, there are conventions, which Poincaré sometimes describes as being merely linguistic – a choice of language – but which also include his famous thesis of the conventionality of metric geometry, which is more than just linguistic. The conventionality of metric geometry is the prime example of the abandonment of part of Kant’s synthetic a priori. Poincaré will argue that metric geometry is not determined a priori, given that we know that there are consistent alternatives, nor determined empirically because of its role as a convention in physical theory. The central feature of Poincaré’s view of science is that it makes essential use of conventions that are neither a priori nor empirical.

Summary of the chapters

We have included the preface that Poincaré wrote for the American edition of Science and Hypothesis (1905), translated by the mathematician George Bruce Halsted who was known for his advocacy of non-Euclidean geometry. It is not known if Poincaré wrote the preface directly in English or if he wrote it in French and had it translated. Besides thanking the translator for his work, Poincaré describes differences in national styles of doing science, arguing that while English and continental scientists use hypotheses of different sorts, the central thesis of Poincaré’s book remains true – namely that science requires hypotheses in a way that has often not been noticed. The preface to the American edition is also notable because here Poincaré makes his strongest statement against Newton’s absolute space, saying that “space is only a word that we have believed a thing” (xxix below). Poincaré clearly had a relational view of space, though the details of his view remain rather unstudied.2

Poincaré opens his introduction to Science and Hypothesis by contrasting a naïve realist view of science with his own view. He argues that hypotheses play an important role in both mathematics and in the physical sciences. Asking whether this does not lead to skepticism about science, he answers negatively; that a careful evaluation of the role of hypotheses will show that science is still objective, even if it does not fit the image of the naïve realist. He warns against the danger of overgeneralizing the idea of conventions in science, calling those who do so nominalists. Poincaré situates himself between the rationalists and the empiricists, that is, those who would found science on first principles and those who would found science on direct experience.

Poincaré describes some of the frameworks that he will argue we create in order to describe nature; one such framework being the theory of mathematical magnitude and space. While these are created by us and are conventional, they are not arbitrary, given that Poincaré argues that our constructions are guided by our experience. Furthermore, when we get to the physical sciences the situation changes. While there are still conventional elements in physical science, the principles and laws are founded directly on experiment through inductive argument. Poincaré mentions how he will treat the problem of induction with probability theory, and gives some examples in the physical sciences.

Chapter 1 opens with the question of how mathematics can tell us anything new if it is a deductive science that is based on the principle of identity. Poincaré shows that mathematics is also inductive; that is, it can make universal claims, even though it starts with particulars, by making use of mathematical induction. Through the example of elementary arithmetic, Poincaré shows how we can make assertions about all of the numbers, while starting with a few simple definitions and using the principle of mathematical induction. In making claims about the infinite natural numbers, we go beyond any experience that we could possibly have, so we cannot base the principle of mathematical induction on experience. Therefore, Poincaré claims that it is a genuine synthetic a priori judgment that presents itself to the mind as manifestly true.

In Chapter 2, Poincaré introduces the continuum and the definitions of rational and irrational numbers. He notes that in physical cases, we can often distinguish quantity A from quantity C, even while we are unable to distinguish quantity A from quantity B or quantity B from quantity C. Thus, we are led to a contradiction, which we must overcome by inventing the mathematical continuum. As Poincaré points out, we also need the real numbers to account for the intersection of some figures in geometry. He presents Dedekind’s account of the real numbers in some detail.

Chapter 3 introduces non-Euclidean geometries and makes the preliminary case for the conventionalism of metric geometry, that is the thesis that each of these geometries is a more or less useful way of describing space and the things in it. None of the geometries are true or false. Ultimately, Poincaré will argue that geometry is neither a priori nor empirical and, therefore, it is conventional. In this chapter, he focusses on the argument that the true metric geometry cannot be determined a priori, given that alternative geometries are logically consistent. Thus, we have no a priori method of favoring one over another. To prove this, Poincaré introduces his famous “dictionary” that gives an interpretation of Lobachevskii’s geometry. We would now say that he has given us a model showing the consistency of hyperbolic geometry, which is often called the Poincaré or the Beltrami–Poincaré half plane model.

Chapter 4 presents Poincaré’s argument that the space that we experience, in its tripartite form of visual, tactile, and motor space, differs fundamentally from geometric space. While acknowledging that experience plays an indispensable role in the origins of geometry, Poincaré argues that geometry is not at all an experimental science. He shows how we construct our lived space from what we experience, but then abstracts further when we construct pure mathematical space. Poincaré introduces his famous example of a non-Euclidean world to show us how such a world can be imagined. He also claims that it is possible to visualize a four-dimensional world.

Continuing with his geometric theme, Chapter 5 is an extended argument against the idea that experiment can decide between alternative geometries. As mentioned above, Poincaré’s basic strategy for showing that metric geometry is conventional is to show that choice of a geometry can be determined neither a priori nor experimentally. Therefore, he concludes, the only alternative is to treat choice of metric geometry as a convention. He has shown that we cannot favor Euclidean geometry a priori because alternative geometries are consistent and, indeed, it is possible to describe objects in space with them. As for using experiments to determine the metric geometry of space, Poincaré’s fundamental point is that we only experiment on bodies, not on space itself nor on the relations of bodies to space. He sees this point as following from the principle of relativity, that is, that the laws of nature are the same whether a frame of reference is at rest or in uniform motion in a straight line. He acknowledges that it is sometimes possible to do an experiment that suggests that a body is moving, such as in the case of the rotation of the earth, remarking that he will take the issue up again in Part Three of the book.

Chapter 6 takes up classical mechanics and the status of Newton’s laws. He takes up each law in turn: the law of inertia; the law of acceleration; and the law of action and reaction. In modern terms, we say first: that a body at rest remains at rest and a body in motion remains in uniform motion in a straight line unless some force acts upon it; second: that force is equal to mass times acceleration, or equivalently that acceleration is equal to force divided by mass; and third: that for every action there is an equal and opposite reaction. Poincaré argues that only the first law is really empirical, the others being definitions. He will later argue that it is impossible for all three laws to be treated as definitions since, in that case, classical mechanics would no longer be an empirical science. Furthermore, in this chapter, Poincaré considers the use of definitions in science and the origin of our concepts in our experience. These concepts need to be clarified and made concrete, a process that includes conventions that are, however, not arbitrary since they are guided by experiment. A supplement in Chapter 6 covers the number of dimensions of space, showing how our experience leads us to consider three-dimensional space the most useful.

In Chapter 7, Poincaré discusses relative and absolute motion and returns to Newton’s argument for the existence of absolute space, arguing here that it is meaningless to say that the earth rotates in absolute space. Poincaré categorically rejects Newton’s arguments, arguing that absolute space is not only unverifiable, but that it is a meaningless concept. He ends the discussion by saying that “the earth rotates” and “it is useful to suppose that the earth rotates” mean the same thing. In his lifetime, these statements on the rotation of the earth were misinterpreted. Some, such as Le Roy, used them as justification for the idea that everything in science is conventional, leading to a sharp rebuke by Poincaré (1902a; reprinted in Poincaré 1905). The right-wing Catholic press picked up the idea to argue that it was meaningless to say that the earth moves (around the sun), and that therefore the church was not wrong to condemn Galileo. Poincaré expressed his exasperation at such lines of argument in his last talk at Göttingen, but even a letter to the editor did little to clear things up (Ginoux and Gerini 2012: 132).

Even though he rejects absolute time as well as absolute space, Poincaré explicitly says in Chapter 7 that he will assume absolute time in order to simplify the discussion, while arguing against absolute space. In his excellent recent intellectual biography of Poincaré, Jeremy Gray suggests that in his entire corpus of writings it is possible that Poincaré goes further in rejecting absolute space than he does in rejecting absolute time, arguing that he is misled by intuitive notions of time when he is developing his views that come close to Einstein’s special theory of relativity (Gray 2013: 373–4). I am not aware of any full treatment of this issue, which certainly merits further study.

Chapter 8 presents an introduction to the definitions of energy in thermodynamics. Poincaré opens with a discussion of energetics, which arose from the discovery of the principle of the conservation of energy and was given its definitive form by Helmholtz. However, Poincaré argues that problems remain with this theory and that there is still much more to be done. He then introduces thermodynamics, which is based on two fundamental principles. He discusses the idea of the simplicity of nature, arguing that while this has been assumed in the past it is not actually justified, which is another way in which science depends on hypotheses. Poincaré summarizes the argument of the book so far in a section called General Conclusions for Part Three. Poincaré here argues that science remains empirical, despite the role of conventions in physical theory.

In Chapter 9, Poincaré discusses the role of hypotheses in physics and distinguishes the three types of hypotheses mentioned above: natural hypotheses; indifferent hypotheses; and real generalizations. “Natural hypotheses” are first principles that are assumed a priori to be true. “Indifferent hypotheses” refers to the idea of making a representation in a physical sense that provides an explanation of unobserved processes. “Real generalizations” are taken directly from experience.

Chapter 10 opens with a refutation of the charge that science is “bankrupt” because all past theories have proven to be incorrect. In rejecting this argument, which is now known as the pessimistic induction, Poincaré argues for the continuity of science, despite acknowledging revolutionary changes in the past and correctly predicting that major changes in physics were still to come. Poincaré surveys the then contemporary physics (in 1902), including a long discussion of ether theories, especially that of Lorentz.

Chapter 11 is a discussion of probability theory and its application to science, especially a theory of causation. After surveying various interpretations of probability, Poincaré applies the theory to gambling examples, to astronomy, to probabilistic causation, and to the theory of errors. He also provides an answer to the problem of induction, arguing in terms of probability theory that use of induction is analogous to calculating the odds that an event will occur.

Optics and electricity are the topics in Chapter 12, starting with a discussion of Fresnel’s wave theory in optics, which Poincaré considers to be the most well-developed theory of physics, and proceeding to consider Maxwell’s electrodynamics. Poincaré uses presentation of the theories as an occasion to comment on the use of metaphysical assumptions about the nature of reality in science, given that Fresnel’s theory requires the existence of ether and Maxwell’s, an explanation of electromagnetic phenomena. Poincaré argues that all scientists need to do is demonstrate the possibility of a mechanical explanation, rather than concerning themselves with actually finding the explanation itself.

In Chapter 13 Poincaré presents a brief history of electrodynamics in order to show the role of changing hypotheses in science. Starting with the work of Ampère, Poincaré shows the hypotheses involved with different kinds of experimental setups and considers the different kinds of currents that they study. His main point is that Ampère uses hypotheses in his work, despite claims to the contrary (the subtitle of Ampère’s work claims that his theory is derived from experiment). Poincaré then follows the development of the theories of electrodynamics after Ampère through the work of Helmholtz, Maxwell, and Rowland, arguing that history of science is important to understand its conceptual foundations (see Darrigol 1995; 2000).

Chapter 14, “The End of Matter” was added to Science and Hypothesis in 1907 after Poincaré and Einstein’s independent publications of the equations that form the basis of Special Relativity. Poincaré discusses the evidence pointing towards the fact that the length and mass of objects change proportionally to velocity, thus showing that matter is not fixed in the way that was traditionally thought. The chapter offers another example of Poincaré’s reflections on cutting-edge physics and shows again how he was open to the changes taking place in physics in his lifetime. Although he strongly advocates the continuity of science, arguing that past theories remain valuable and true in an observational sense, even when they have been superseded, he was nevertheless aware that physics was on the cusp of a revolution.

Major interpretations of Poincaré

Poincaré’s work has been widely discussed in philosophy of science from the time of its original publication onward. Early critics of Science and Hypothesis include Bertrand Russell, who reviewed the British edition (Russell 1905). Russell had already debated Poincaré over the nature of geometry in Revue de métaphysique et de morale. Poincaré started the exchange by commenting on Russell’s published doctoral dissertation (Russell 1897) which had been reviewed by Couturat in the same journal (Poincaré 1899) and Russell immediately replied to Poincaré’s critique (Russell 1899). Poincaré then responded in turn (1900). Although both had discussed non-Euclidean geometries, Russell and Poincaré presented starkly different views of geometry, especially when it came to the definition of geometric primitives. In his review of Science and Hypothesis, Russell argues first, that Poincaré has mischaracterized mathematical induction, and second, that once we are talking about physical bodies, we can make an empirical determination of which geometry is correct. Another important early critique of Science and Hypothesis is Federigo Enriques who, like Russell, rejects metric conventionalism, claiming that the geometry of space can be empirically determined (Enriques 1914).

The philosophical literature on Poincaré bifurcates twice. First, there has always been a split between those interested in the philosophy of spacetime and those interested in the philosophy of mathematics. Poincaré can seem to be a radical conventionalist in the first context, given his thesis of the conventionality of metric geometry, but at the same time seems to hold a very traditionalist view of the philosophy of mathematics, maintaining the role of intuition in arithmetic, thereby rejecting logicism and indeed modern formal logic. Poincaré can seem Kantian in the philosophy of mathematics, maintaining that the principle of mathematical induction is a synthetic a priori principle, while at the same time rejecting such a status for Euclidean geometry, and indeed holding the anti-Kantian views that we have no intuition of space or of time. Thus, there tend to be very different images of Poincaré in these different philosophical contexts. There are ways, however, of seeing his position as more consistent than it may first appear. Poincaré’s conventionalism is restricted in at least two ways. First, it is guided by experience, leading to conventions that are not arbitrary. Second, outside of metric geometry, conventions play an important yet very limited role in science, according to Poincaré. There are some principles that we could take to be conventional, but in large part science remains empirical and is thus constrained by experimental results. Another way that there is less divergence between Poincaré’s view on arithmetic and geometry than may first appear is that both require some form of intuition. The principle of mathematical induction is fundamental to arithmetic, he argues, and our knowledge of it is intuitive and a priori. In a similar manner, we have intuitive a priori knowledge of some of the abstract properties of geometry, such as groups. We have no similar intuition of metric properties, that is, we have no intuitive knowledge of distance, for example, according to Poincaré. A small sampling of the literature in the philosophy of mathematics concerning Poincaré includes works by Deltefsen (1992), Folina (1992), Heinzmann (1990), McLarty (1997), and Mooij (1966).

A second bifurcation occurs within the literature on conventionalism. Some focus primarily on the
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