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    The Foundations of Science brings together Henri Poincaré’s three major books devoted to the philosophy and methodology of the exact sciences: Science and Hypothesis, The Value of Science, and Science and Method. Written by one of the foremost mathematicians of the early twentieth century, these works chart a coherent vision of how mathematics and physics are constructed, justified, and revised. Gathered here, they form a single itinerary through questions of number, space, force, probability, and the norms that guide scientific inquiry. The purpose of this collection is to present Poincaré’s mature reflections in a unified context, allowing readers to follow recurring arguments across distinct but complementary volumes.

The texts represented in this collection are works of analytic nonfiction: extended essays arranged as chapters within full-length books. Readers will encounter authorial prefaces, introductions, thematic chapters, general conclusions, and, where applicable, materials accompanying translations. The tone is expository and argumentative rather than technical or formalized, though many discussions touch closely on mathematics and physics. No fiction, poetry, or epistolary material appears here. Instead, the collection assembles reflective prose that addresses scientific concepts, their logical organization, and their empirical coordination, written for a broad audience of scientists, philosophers, students, and interested general readers.

Science and Hypothesis surveys four domains—number, space, force, and nature. It examines the character of mathematical reasoning, the relation between magnitude and experience, and the status of non-Euclidean geometries. It considers how geometry connects to physical space and how experience constrains or underdetermines such connections. Its chapters on mechanics and thermodynamics address classical frameworks, the distinction between relative and absolute motion, and principles of energy. The closing discussions treat hypotheses in physics, the role of probability, and the conceptual underpinnings of optics, electricity, and electrodynamics, setting out the foundational questions that animate the remainder of this collection.

The Value of Science extends the inquiry from structure to significance. Its first part treats mathematics—balancing intuition and logic, reflecting on the measure of time, and revisiting the notion of space and its dimensionality. The second part assesses the physical sciences through case studies in analysis and physics, astronomy, and the historical development of mathematical physics, including reflections on perceived crises and prospective directions. The final part asks about the objective standing of scientific knowledge by examining whether science is artificial and how scientific constructs relate to reality. Together these chapters address not only what science achieves, but why its achievements matter.

Science and Method turns from appraisal to practice. It opens with the scientist’s craft: the selective choice of facts, the future directions of mathematics across arithmetic, algebra, and geometry, the assessment of emerging set-theoretic ideas, and the scrutiny of postulates. It offers an influential account of mathematical creation and an analysis of chance. Subsequent chapters consider the relativity of spatial descriptions, the nature of definitions and teaching across mathematical and mechanical domains, and ongoing debates in logic. The final books apply these methodological concerns to new mechanics, optics, astronomy, the structure of the Milky Way, geodetic measurement, and a set of general conclusions.

A unifying theme across all three works is conventionalism: Poincaré’s analysis of how certain basic elements—geometric frameworks, measures, and coordinating definitions—are adopted by convention to connect theory with observation. He examines how concepts are fixed, how they guide the interpretation of experiments, and how they may be revised without loss of empirical adequacy. This leads to a nuanced view of scientific objectivity grounded in invariants, relations, and coherence rather than in any single absolute description. Throughout, he highlights the interplay between empirical constraint and mathematical structure as the engine of scientific progress.

Stylistically, Poincaré is lucid, concise, and economical. He favors carefully chosen examples, especially from mechanics, geometry, and astronomy, to make abstract points accessible. He avoids unnecessary technicalities while preserving the precision required by his subjects. His expository method often proceeds by framing an apparent dichotomy—such as intuition versus logic or hypothesis versus fact—and then showing how scientific practice reconciles the terms. The result is a distinctive combination of clarity and depth that has made these texts enduring points of entry into foundational debates for readers inside and outside the sciences.

The lasting significance of these books lies in their articulation of how science organizes experience through mathematical structures and testable hypotheses. Poincaré’s analyses of geometry’s status, the coordination of concepts with measurements, and the role of probability shaped subsequent discussions in the philosophy of science and mathematics. His historical awareness—tracing developments in mechanics, thermodynamics, optics, and electrodynamics—anchors methodological claims in concrete scientific episodes. By examining both the power and the limits of formal methods, he provides a framework for understanding theory change and the resilience of scientific knowledge across shifting conceptual schemes.

The three volumes also illuminate one another. Science and Hypothesis formulates central problems; The Value of Science evaluates their implications for knowledge and reality; Science and Method details the practices through which scientists build, test, and reformulate theories. Recurring topics—space, measurement, mathematical creativity, and the interpretation of physical laws—are revisited from complementary angles. Read together, the books reveal continuity beneath apparent change: the same patient attention to definitions, the same insistence on empirical accountability, and the same emphasis on economy and coherence in scientific representation.

These works retain contemporary relevance. Current science relies on models, approximations, and idealizations, often linked by sophisticated mathematics and interpreted through probabilistic reasoning. Poincaré’s reflections clarify how such instruments guide inquiry without claiming a final grasp of reality. His discussions of geometry and measurement inform ongoing questions about the representation of space and time. His analyses of crisis and renewal in physics remain instructive for periods of rapid conceptual transformation. For students, scientists, and philosophers, the volumes offer durable tools for thinking about explanation, prediction, and the structure of theories.

While these books presuppose familiarity with elementary scientific concepts, they are not specialized treatises. Many chapters can be read independently, and the introductions and general conclusions frame the issues for non-specialists. The collection invites a reflective rather than hurried approach: to pause over definitions, to consider why certain conventions are adopted, and to test claims against concrete examples. In this way, readers can follow Poincaré’s arguments from first principles to methodological consequences, tracing how clarity about foundations informs the daily practice of science without dictating it.

By uniting Science and Hypothesis, The Value of Science, and Science and Method in a single collection, this volume offers a comprehensive portrait of Poincaré’s foundational thought. It preserves the original internal structures—prefaces, introductions, thematic parts, and concluding syntheses—so that arguments unfold at their intended pace. The result is both a historical document and a living resource: a rigorous, accessible account of how mathematics and physics collaborate to make the world intelligible, and an invitation to continue the conversation about the aims, limits, and methods of scientific knowledge.
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    Henri Poincaré was a French mathematician, theoretical physicist, and philosopher of science whose work reshaped several fields at the turn of the twentieth century. Renowned for unifying intuition with rigorous analysis, he helped found topology, transformed celestial mechanics, and clarified the logic of modern physics. His essays—Science and Hypothesis, The Value of Science, and Science and Method—present a systematic view of how mathematics and experiment interact, emphasizing the role of convention in geometry and the provisional nature of physical theories. Across research papers and public addresses, Poincaré modeled a style of reasoning that was inventive yet cautious, skeptical yet constructive, and enduringly influential.

Educated in France’s elite scientific schools, Poincaré combined the engineer’s pragmatism with the analyst’s depth. Early professional work exposed him to applied problems in mechanics and geodesy, while academic appointments in Paris placed him amid vigorous debates on analysis, geometry, and the foundations of physics. He drew on the French tradition of rigorous analysis and on new ideas in geometry, cultivating a method that moved fluently between qualitative insight and formal proof. This dual training—practical calculation and conceptual abstraction—shaped his lifelong approach: choose fruitful problems, examine limiting cases, and seek structural invariants that survive changes of coordinates, models, or scales.

His earliest major advances lay in complex analysis and differential equations. Studying what became known as Fuchsian and automorphic functions, he discovered rich symmetry structures on the complex plane and hyperbolic disk. He introduced qualitative methods for ordinary differential equations, emphasizing phase portraits, invariant manifolds, and stability. In celestial mechanics he recast the three-body problem, revealing intricate, aperiodic behaviors and the sensitivity to initial conditions that later informed chaos theory. In topology—then “analysis situs”—he created tools such as the fundamental group and homology, and posed the celebrated Poincaré conjecture on three-dimensional spaces, linking algebraic invariants to the global shape of manifolds.

In physics Poincaré approached mechanics and electromagnetism with the mathematician’s eye for symmetry and invariance. He analyzed the conservation of energy, the structure of Maxwell’s equations, and the status of the ether, treating theoretical constructs as useful hypotheses rather than dogmas. His work on Lorentz’s transformations and the relativity principle clarified the kinematic geometry of electrodynamics and anticipated aspects of special relativity. He articulated the operational meaning of simultaneity and clock synchronization, and proved the recurrence theorem in Hamiltonian mechanics, showing how deterministic dynamics can exhibit long-term return without contradicting thermodynamics. These themes recur across his essays on optics, electricity, and mechanics.

Science and Hypothesis gathers his views on number, geometry, force, and physical theory. There he explains non-Euclidean geometries, argues that the choice of spatial geometry is a convention guided by convenience and empirical fit, and examines probability, mechanics, and electrodynamics. The Value of Science extends these discussions, contrasting intuition and logic in mathematics, analyzing the measure of time and the crisis in mathematical physics, and probing how scientific concepts acquire meaning. Science and Method turns to discovery itself: the psychology of mathematical creation, the uses of chance, the relativity of space, and the emerging “new mechanics” shaped by optics, radioactivity, and astronomy.

As a teacher and public intellectual, Poincaré helped shape curricula and discourse in Parisian institutions while participating in national and international scientific bodies. He wrote lucid introductions and prefaces for translations, broadening the audience of his ideas. Engagements with astronomy, timekeeping, and geodesy complemented his theoretical work, echoing topics in his essays on French geodesy, the Milky Way, and the history and future of mathematical physics. He balanced caution with boldness: advocating clear distinctions between models and reality, yet urging mathematicians and physicists to explore new postulates, methods, and representations when older frameworks strained against novel experiments and observations.

Through his later years he continued to publish across mathematics, physics, and philosophy, maintaining an exacting but accessible style. His death in the early twentieth century left several open programs, yet his frameworks thrived. Topology matured around concepts he introduced; his conjecture about three-dimensional manifolds was resolved a century later, underscoring his foresight. Dynamical systems, celestial mechanics, and chaos theory owe core techniques to his qualitative approach. In physics, symmetry principles and relativistic kinematics bear marks of his analyses. And his essays—Science and Hypothesis, The Value of Science, and Science and Method—remain touchstones for understanding how scientific knowledge is built and revised.
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    Henri Poincaré’s career unfolded during the French Third Republic, roughly the last third of the nineteenth century and the first decade of the twentieth. These were decades of rapid industrialization, expanding universities, and global scientific cooperation. Electricity, telegraphy, precision instruments, and new mathematical formalisms transformed research. The three works gathered as The Foundations of Science—Science and Hypothesis (1902), The Value of Science (1905), and Science and Method (1908)—span a period marked by the consolidation of Maxwellian electromagnetism, the emergence of non-Euclidean geometry, the “crisis” in classical physics, and foundational disputes in mathematics. They register both the self-confidence and the uncertainties of fin-de-siècle science in France and beyond.

Educated at the École Polytechnique and the École des Mines, Poincaré combined engineering training with creative mathematics and physics. He worked within the expanding infrastructure of French science, including the Académie des Sciences and the Bureau des Longitudes, institutions central to navigation, timekeeping, and geodesy. International congresses, new journals, and standardized units fostered collaborative networks after the 1875 Metre Convention. Poincaré’s achievements in celestial mechanics, topology, and electrodynamics were inseparable from these developments. His essays also reflect the Third Republic’s educational reforms, which emphasized secular instruction and mathematical rigor in lycées and Grandes Écoles, shaping the audience and pedagogical aims that inform his expository and philosophical writing.

Science and Hypothesis appeared amid widespread public interest in scientific culture, from world’s fairs to popular lectures. Poincaré addressed readers conversant with technical advances yet alert to conceptual upheaval. The book’s author’s and translator’s prefaces signal early international reception and the need to negotiate terminology across languages and traditions. The work surveys mathematics, geometry, mechanics, and physics to clarify what scientists mean by law, hypothesis, and convention. Against the background of late nineteenth-century debates over the ether, atomism, and measurement, Poincaré sought to show how theory and experiment interact, neither reducing science to pure empiricism nor to unfettered speculation.

The opening chapters on mathematical reasoning respond to the nineteenth-century “arithmetization” of analysis and the drive for rigor associated with Cauchy, Weierstrass, and Dedekind. French pedagogy and German formal methods met in classrooms that trained engineers and mathematicians for an industrializing society. Poincaré defended the role of intuition in discovering and organizing proofs while recognizing symbolic logic’s growing influence. He wrote as set theory and the new real-number constructions reshaped the understanding of continuity and magnitude. These developments provided the intellectual climate for his reflections on what counts as a definition, how axioms function, and why proof styles differ across subfields.

The sections on space and geometry situate non-Euclidean ideas—developed by Lobachevsky, Bolyai, and Riemann—within a broader historical arc. By 1900, non-Euclidean geometries were not curiosities but tools for rethinking the relation between axioms and experience. Advances in psychophysics, precise geodesy, and astronomical measurement raised the question of whether physical space is Euclidean. Poincaré’s conventionalism emerged here: the choice of a geometric framework depends partly on convenience and empirical coordination. This stance reflected vigorous debates over the status of the ether and the operational meaning of length and simultaneity, as instruments and methods reached unprecedented precision.

In discussing force, mechanics, and energy, Poincaré looked back to the Newtonian synthesis and the analytical mechanics of Lagrange and Hamilton, while acknowledging modern energy concepts. The second law of thermodynamics—shaped by Carnot, Clausius, and Kelvin—had become central to both theory and technology, from steam engines to industrial processes. The conservation of energy unified diverse phenomena, yet raised puzzles about irreversibility and microscopic explanation. By the 1890s, kinetic theory and statistical mechanics were vibrant, and Poincaré’s own recurrence theorem fed controversies about determinism. Science and Hypothesis captures this moment when mechanics was authoritative yet no longer unchallenged.

Chapters on relative and absolute motion reflect efforts to reconcile mechanics with electrodynamics. After Hertz’s 1887–88 experiments confirmed electromagnetic waves, the luminiferous ether became a contested but persistent hypothesis. The 1887 Michelson–Morley experiment undermined simple ether-drift models, prompting Lorentz’s electron theory and length contraction. Poincaré contributed to the formulation of the principle of relativity in lectures and papers around 1904–1905 and analyzed transformations preserving Maxwell’s equations. Science and Hypothesis explains why absolute motion eludes detection by then-known experiments, signaling a shift from mechanical models to symmetry principles that would characterize early twentieth-century physics.

Poincaré’s treatment of hypotheses in physics, optics, and electrodynamics registers the triumph of Maxwell’s theory in unifying light, electricity, and magnetism, as well as lingering interpretive controversies. Wireless telegraphy, electrification, and precision optics lent social visibility to these theories. Debates over models—vortices, electrons, or fields—were not merely metaphysical; they guided laboratory practice and instrumentation. Poincaré’s analysis paralleled broader French discussions by physicists and philosophers, including Pierre Duhem, about the status of theoretical entities and the holistic appraisal of experiments. The book shows how idealizations survive refutation by being reinterpreted, a familiar pattern in the long life of the ether concept.

The chapter on probability connects mathematical techniques to mechanical and social problems. Nineteenth-century France had a robust tradition in probability, from Laplace’s analytical program to Cournot’s and Bertrand’s contributions. Industrializing societies relied on statistics for insurance, demography, and quality control, while physicists applied probabilistic reasoning to gases and radiation. Poincaré’s reflections on chance, determinism, and typicality intersect with debates over Boltzmann’s H-theorem and time’s arrow. He defended probability as a tool for organizing ignorance and extracting stable predictions from complex systems, an outlook shaped by his own work on dynamical systems and by the increasing mathematization of economic and physical life.

The Value of Science, published in 1905, responded to accelerating change. Its opening essays on intuition and logic revisit the balance between creative insight and formal proof just as symbolic methods and axiom systems multiplied. The chapter on measuring time speaks to new practices of synchronization enabled by telegraph networks and standard time. The 1884 International Meridian Conference had selected Greenwich as the prime meridian, and coordinated timekeeping spread through railways and observatories. Poincaré analyzes how conventions and instruments define simultaneity and duration, themes that contemporaneously resurfaced in new theories of motion and electromagnetism.

Further chapters consider space and its three dimensions, situating the physical and psychological aspects of spatial intuition alongside mathematical generalization. Riemannian ideas had already broadened geometry beyond Euclid, while precise geodesy probed Earth’s figure. Poincaré recounts how dimensionality is inferred from physical laws and experimental regularities rather than deduced a priori. This resonates with a period when boundaries between mathematics, physics, and physiology were porous: debates over color perception, stereoscopy, and muscular sensation overlapped with geometric models. His discussion maps a culture in which laboratories, observatories, and classrooms collectively stabilized the meaning of measurement in space and time.

In its physical science chapters, The Value of Science surveys the rise of mathematical physics from Newton to Maxwell, the sophistication of astronomy, and the role of analysis in formulating laws. By 1905, “the present crisis” had become a standard phrase: Planck’s 1900 quantum hypothesis, the electron’s discovery in 1897, and difficulties with the ether challenged classical frameworks. Poincaré, while cautious, acknowledged the need for conceptual revision without discarding hard-won methods. His prospect for the future emphasized structural features—principles, symmetries, invariants—that could survive theory change, echoing the international movement toward principle-based understandings of physical law.

The book’s concluding part asks whether science is artificial and how it relates to reality. This engaged French philosophical currents after positivism, dialogues with neo-Kantianism, and contemporary debates about the underdetermination of theories by data. Poincaré argued that conventions—units, coordinate systems, axioms—are adopted for convenience and coherence, not because they are arbitrary. These views emerged as laboratories proliferated, precision improved, and global networks of observers negotiated standards. The claim is historical as much as philosophical: the more complex science becomes, the more it relies on agreed procedures to translate phenomena into measurements and laws with stable, communicable meaning.

Science and Method (1908) gathers essays written as foundational disputes intensified. “Science and the Scientist” emphasizes the selection of salient facts, a theme linked to the rise of organized laboratories and disciplinary specialties. Around 1900, national science policies and university reforms across Europe supported large-scale projects in spectroscopy, geodesy, and radioactivity. Poincaré’s reflections on the “choice of facts” illuminate how theory-laden observation became an explicit methodological concern. They also register the maturation of scientific careers within France’s institutional framework, where collaboration, instrumentation, and publication norms increasingly shaped what questions were asked and what counted as a satisfactory result.

Book II addresses mathematical reasoning during the foundational ferment marked by set theory’s paradoxes and competing logical programs. After 1900, Hilbert’s axiomatic ambitions, Peano’s formalism, and Russell’s discovery of a paradox in 1901 galvanized debate. Poincaré criticized impredicative definitions and cautioned against unrestricted logical reduction of mathematics, while acknowledging the power of symbolic methods. His chapters titled “Cantorism,” “The New Logics,” and “The Latest Efforts of the Logisticians” track these controversies without polemic, situating them historically in journals, congresses, and correspondence that connected Paris, Göttingen, and Turin. The intended audience included teachers tasked with conveying both rigor and creative insight.

Book III, “The New Mechanics,” takes up phenomena that unsettled classical assumptions. Radioactivity—discovered by Becquerel in 1896 and explored by Marie and Pierre Curie from 1898—posed problems about energy emission and atomic structure. Electron theories suggested velocity-dependent mass, and optical experiments constrained ether models. Poincaré assessed proposals to revise dynamics, drawing on the same precision culture that enabled spectroscopy and radiation studies. In astronomy, persistent anomalies such as Mercury’s perihelion advance kept open the possibility of modified gravitational laws. These essays capture how practitioners weighed principles against recalcitrant data before later syntheses reframed the issues.

Book IV, on astronomic science, reflects the integration of statistical methods into stellar astronomy and the continuity of geodetic efforts. The analogy between the Milky Way and a gas invoked kinetic theory to interpret star motions, while photographic plates expanded catalogues. French geodesy—long invested in triangulation and meridian arcs—benefited from improved instruments and international coordination through bodies formed since the 1860s. Poincaré’s essays acknowledge that large-scale, cross-border projects were necessary to refine Earth’s figure and unify maps and time. This was the same infrastructure that underwrote celestial mechanics, ephemerides, and navigation, intertwining theory with administrative and technical systems of measurement.
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    Science and Hypothesis
Poincaré surveys the foundations of mathematics and physics, arguing that concepts of number, magnitude, and especially geometry are organized by convention and guided by experience, with non‑Euclidean possibilities showing that space is selected for simplicity rather than discovered as absolute. Extending to mechanics and thermodynamics, he critiques absolute motion, emphasizes conservation and the role of energy, and treats probability as a disciplined way to reason under uncertainty. In appraising modern theories—from optics and electricity to electrodynamics—he presents science as an economical, coherent framework valued for prediction and unification, written in a lucid, pragmatic tone.
The Value of Science
This volume reflects on how mathematical intuition and logic jointly shape the notions of time and space, casting analysis as both a creative engine and a constraint for the physical sciences. Reviewing astronomy and the history and ‘present crisis’ of mathematical physics, Poincaré diagnoses tensions between new phenomena and inherited frameworks while sketching paths toward future synthesis. He defends a restrained objectivity—science captures relations and invariants rather than essences—grounded in simplicity, fertility, and verifiability.
Science and Method
Poincaré turns from results to practice, examining how scientists select facts, how mathematics may develop across arithmetic, algebra, geometry, set theory, and postulates, and how mathematical creation involves intuition, unconscious work, and chance. He evaluates definitions, pedagogy, and the ambitions of logicism and new logics, arguing for the limits of purely formal reduction and the enduring role of conceptual insight. Engaging the ‘new mechanics’ arising from optics, radioactivity, and astronomical study, he probes evolving ideas of space, time, and measurement, and closes with reflections on the Milky Way and on geodetic practice as exemplars of model-building and precise observation.



The Foundations of Science: Science and Hypothesis, The Value of Science, Science and Method
Main Table of Contents








SCIENCE AND HYPOTHESIS



AUTHOR'S PREFACE TO THE TRANSLATION



INTRODUCTION



SCIENCE AND HYPOTHESIS



INTRODUCTION



PART I NUMBER AND MAGNITUDE



CHAPTER I



On the Nature of Mathematical Reasoning



CHAPTER II



Mathematical Magnitude and Experience



PART II SPACE



CHAPTER III



The Non-euclidean Geometries



CHAPTER IV



Space and Geometry



CHAPTER V



Experience and Geometry



Ancestral Experience



PART III FORCE



CHAPTER VI



The Classic Mechanics



CHAPTER VII



Relative Motion and Absolute Motion



CHAPTER VIII



Energy and Thermodynamics



General Conclusions on Part Third



PART IV NATURE



CHAPTER IX



Hypotheses in Physics



CHAPTER X



The Theories of Modern Physics



CHAPTER XI



The Calculus of Probabilities



CHAPTER XII



Optics and Electricity



CHAPTER XIII



Electrodynamics



THE VALUE OF SCIENCE



TRANSLATOR'S INTRODUCTION



INTRODUCTION



PART I THE MATHEMATICAL SCIENCES



CHAPTER I



Intuition and Logic in Mathematics



CHAPTER II



The Measure of Time



CHAPTER III



The Notion of Space



CHAPTER IV



Space and its Three Dimensions



PART II THE PHYSICAL SCIENCES



CHAPTER V



Analysis and Physics



CHAPTER VI



Astronomy



CHAPTER VII



The History of Mathematical Physics



CHAPTER VIII



The Present Crisis of Mathematical Physics



CHAPTER IX



The Future of Mathematical Physics



PART III THE OBJECTIVE VALUE OF SCIENCE



CHAPTER X



Is Science Artificial?



CHAPTER XI



Science and Reality



SCIENCE AND METHOD



INTRODUCTION



BOOK I SCIENCE AND THE SCIENTIST



CHAPTER I



The Choice of Facts



CHAPTER II



The Future of Mathematics



Arithmetic



Algebra



Geometry



Cantorism



The Investigation of the Postulates



CHAPTER III



Mathematical Creation



CHAPTER IV



Chance



BOOK II MATHEMATICAL REASONING



CHAPTER I



The Relativity of Space



CHAPTER II



Mathematical Definitions and Teaching



Arithmetic



Geometry



Mechanics



CHAPTER III



Mathematics and Logic



CHAPTER IV



The New Logics



CHAPTER V



The Latest Efforts of the Logisticians



BOOK III THE NEW MECHANICS



CHAPTER I



Mechanics and Radium



CHAPTER II



Mechanics and Optics



CHAPTER III



The New Mechanics and Astronomy



BOOK IV ASTRONOMIC SCIENCE



CHAPTER I



The Milky Way and the Theory of Gases



CHAPTER II



French Geodesy



GENERAL CONCLUSIONS



INDEX









Sir George Darwin, worthy son of an immortal father, said, referring to what Poincaré was to him and to his work: "He must be regarded as the presiding genius—or, shall I say, my patron saint?"

Henri Poincaré was born April 29, 1854, at Nancy, where his father was a physician highly respected. His schooling was broken into by the war of 1870-71, to get news of which he learned to read the German newspapers. He outclassed the other boys of his age in all subjects and in 1873 passed highest into the École Polytechnique, where, like John Bolyai at Maros Vásárhely, he followed the courses in mathematics without taking a note and without the syllabus. He proceeded in 1875 to the School of Mines, and was Nommé, March 26, 1879. But he won his doctorate in the University of Paris, August 1, 1879, and was appointed to teach in the Faculté des Sciences de Caen, December 1, 1879, whence he was quickly called to the University of Paris, teaching there from October 21, 1881, until his death, July 17, 1912. So it is an error to say he started as an engineer. At the early age of thirty-two he became a member of l'Académie des Sciences, and, March 5, 1908, was chosen Membre de l'Académie Française. July 1, 1909, the number of his writings was 436.

His earliest publication was in 1878, and was not important. Afterward came an essay submitted in competition for the Grand Prix offered in 1880, but it did not win. Suddenly there came a change, a striking fire, a bursting forth, in February, 1881, and Poincaré tells us the very minute it happened. Mounting an omnibus, "at the moment when I put my foot upon the step, the idea came to me, without anything in my previous thoughts seeming to foreshadow it, that the transformations I had used to define the Fuchsian functions were identical with those of non-Euclidean geometry." Thereby was opened a perspective new and immense. Moreover, the magic wand of his whole life-work had been grasped, the Aladdin's lamp had been rubbed, non-Euclidean geometry, whose necromancy was to open up a new theory of our universe, whose brilliant exposition was commenced in his book Science and Hypothesis, which has been translated into six languages and has already had a circulation of over 20,000. The non-Euclidean notion is that of the possibility of alternative laws of nature, which in the Introduction to the Électricité et Optique, 1901, is thus put: "If therefore a phenomenon admits of a complete mechanical explanation, it will admit of an infinity of Others which will account equally well for all the peculiarities disclosed by experiment."

The scheme of laws of nature so largely due to Newton is merely one of an infinite number of conceivable rational schemes for helping us master and make experience; it is commode, convenient; but perhaps another may be vastly more advantageous. The old conception of true has been revised. The first expression of the new idea occurs on the title page of John Bolyai's marvelous Science Absolute of Space, in the phrase "haud unquam a priori decidenda."

With bearing on the history of the earth and moon system and the origin of double stars, in formulating the geometric criterion of stability, Poincaré proved the existence of a previously unknown pear-shaped figure, with the possibility that the progressive deformation of this figure with increasing angular velocity might result in the breaking up of the rotating body into two detached masses. Of his treatise Les Méthodes nouvelles de la Méchanique céleste, Sir George Darwin says: "It is probable that for half a century to come it will be the mine from which humbler investigators will excavate their materials." Brilliant was his appreciation of Poincaré in presenting the gold medal of the Royal Astronomical Society. The three others most akin in genius are linked with him by the Sylvester medal of the Royal Society, the Lobachevski medal of the Physico-Mathematical Society of Kazan, and the Bolyai prize of the Hungarian Academy of Sciences. His work must be reckoned with the greatest mathematical achievements of mankind.

The kernel of Poincaré's power lies in an oracle Sylvester often quoted to me as from Hesiod: The whole is less than its part.

He penetrates at once the divine simplicity of the perfectly general case, and thence descends, as from Olympus, to the special concrete earthly particulars.

A combination of seemingly extremely simple analytic and geometric concepts gave necessary general conclusions of immense scope from which sprang a disconcerting wilderness of possible deductions. And so he leaves a noble, fruitful heritage.

Says Love: "His right is recognized now, and it is not likely that future generations will revise the judgment, to rank among the greatest mathematicians of all time."

George Bruce Halsted.
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I am exceedingly grateful to Dr. Halsted, who has been so good as to present my book to American readers in a translation, clear and faithful.

Every one knows that this savant has already taken the trouble to translate many European treatises and thus has powerfully contributed to make the new continent understand the thought of the old.

Some people love to repeat that Anglo-Saxons have not the same way of thinking as the Latins or as the Germans; that they have quite another way of understanding mathematics or of understanding physics; that this way seems to them superior to all others; that they feel no need of changing it, nor even of knowing the ways of other peoples.

In that they would beyond question be wrong, but I do not believe that is true, or, at least, that is true no longer. For some time the English and Americans have been devoting themselves much more than formerly to the better understanding of what is thought and said on the continent of Europe.

To be sure, each people will preserve its characteristic genius, and it would be a pity if it were otherwise, supposing such a thing possible. If the Anglo-Saxons wished to become Latins, they would never be more than bad Latins; just as the French, in seeking to imitate them, could turn out only pretty poor Anglo-Saxons.

And then the English and Americans have made scientific conquests they alone could have made; they will make still more of which others would be incapable. It would therefore be deplorable if there were no longer Anglo-Saxons.

But continentals have on their part done things an Englishman could not have done, so that there is no need either for wishing all the world Anglo-Saxon.

Each has his characteristic aptitudes, and these aptitudes should be diverse, else would the scientific concert resemble a quartet where every one wanted to play the violin.

And yet it is not bad for the violin to know what the violon-cello is playing, and vice versa.

This it is that the English and Americans are comprehending more and more; and from this point of view the translations undertaken by Dr. Halsted are most opportune and timely.

Consider first what concerns the mathematical sciences. It is frequently said the English cultivate them only in view of their applications and even that they despise those who have other aims; that speculations too abstract repel them as savoring of metaphysic.

The English, even in mathematics, are to proceed always from the particular to the general, so that they would never have an idea of entering mathematics, as do many Germans, by the gate of the theory of aggregates. They are always to hold, so to speak, one foot in the world of the senses, and never burn the bridges keeping them in communication with reality. They thus are to be incapable of comprehending or at least of appreciating certain theories more interesting than utilitarian, such as the non-Euclidean geometries. According to that, the first two parts of this book, on number and space, should seem to them void of all substance and would only baffle them.

But that is not true. And first of all, are they such uncompromising realists as has been said? Are they absolutely refractory, I do not say to metaphysic, but at least to everything metaphysical?

Recall the name of Berkeley, born in Ireland doubtless, but immediately adopted by the English, who marked a natural and necessary stage in the development of English philosophy.

Is this not enough to show they are capable of making ascensions otherwise than in a captive balloon?

And to return to America, is not the Monist published at Chicago, that review which even to us seems bold and yet which finds readers?

And in mathematics? Do you think American geometers are concerned only about applications? Far from it. The part of the science they cultivate most devotedly is the theory of groups of substitutions, and under its most abstract form, the farthest removed from the practical.

Moreover, Dr. Halsted gives regularly each year a review of all productions relative to the non-Euclidean geometry, and he has about him a public deeply interested in his work. He has initiated this public into the ideas of Hilbert, and he has even written an elementary treatise on 'Rational Geometry,' based on the principles of the renowned German savant.

To introduce this principle into teaching is surely this time to burn all bridges of reliance upon sensory intuition, and this is, I confess, a boldness which seems to me almost rashness.

The American public is therefore much better prepared than has been thought for investigating the origin of the notion of space.

Moreover, to analyze this concept is not to sacrifice reality to I know not what phantom. The geometric language is after all only a language. Space is only a word that we have believed a thing[1q]. What is the origin of this word and of other words also? What things do they hide? To ask this is permissible; to forbid it would be, on the contrary, to be a dupe of words; it would be to adore a metaphysical idol, like savage peoples who prostrate themselves before a statue of wood without daring to take a look at what is within.

In the study of nature, the contrast between the Anglo-Saxon spirit and the Latin spirit is still greater.

The Latins seek in general to put their thought in mathematical form; the English prefer to express it by a material representation.

Both doubtless rely only on experience for knowing the world; when they happen to go beyond this, they consider their foreknowledge as only provisional, and they hasten to ask its definitive confirmation from nature herself.

But experience is not all, and the savant is not passive; he does not wait for the truth to come and find him, or for a chance meeting to bring him face to face with it. He must go to meet it, and it is for his thinking to reveal to him the way leading thither. For that there is need of an instrument; well, just there begins the difference—the instrument the Latins ordinarily choose is not that preferred by the Anglo-Saxons.

For a Latin, truth can be expressed only by equations; it must obey laws simple, logical, symmetric and fitted to satisfy minds in love with mathematical elegance.

The Anglo-Saxon to depict a phenomenon will first be engrossed in making a model, and he will make it with common materials, such as our crude, unaided senses show us them. He also makes a hypothesis, he assumes implicitly that nature, in her finest elements, is the same as in the complicated aggregates which alone are within the reach of our senses. He concludes from the body to the atom.

Both therefore make hypotheses, and this indeed is necessary, since no scientist has ever been able to get on without them. The essential thing is never to make them unconsciously.

From this point of view again, it would be well for these two sorts of physicists to know something of each other; in studying the work of minds so unlike their own, they will immediately recognize that in this work there has been an accumulation of hypotheses.

Doubtless this will not suffice to make them comprehend that they on their part have made just as many; each sees the mote without seeing the beam; but by their criticisms they will warn their rivals, and it may be supposed these will not fail to render them the same service.

The English procedure often seems to us crude, the analogies they think they discover to us seem at times superficial; they are not sufficiently interlocked, not precise enough; they sometimes permit incoherences, contradictions in terms, which shock a geometric spirit and which the employment of the mathematical method would immediately have put in evidence. But most often it is, on the other hand, very fortunate that they have not perceived these contradictions; else would they have rejected their model and could not have deduced from it the brilliant results they have often made to come out of it.

And then these very contradictions, when they end by perceiving them, have the advantage of showing them the hypothetical character of their conceptions, whereas the mathematical method, by its apparent rigor and inflexible course, often inspires in us a confidence nothing warrants, and prevents our looking about us.

From another point of view, however, the two conceptions are very unlike, and if all must be said, they are very unlike because of a common fault.

The English wish to make the world out of what we see. I mean what we see with the unaided eye, not the microscope, nor that still more subtile microscope, the human head guided by scientific induction.

The Latin wants to make it out of formulas, but these formulas are still the quintessenced expression of what we see. In a word, both would make the unknown out of the known, and their excuse is that there is no way of doing otherwise.

And yet is this legitimate, if the unknown be the simple and the known the complex?

Shall we not get of the simple a false idea, if we think it like the complex, or worse yet if we strive to make it out of elements which are themselves compounds?

Is not each great advance accomplished precisely the day some one has discovered under the complex aggregate shown by our senses something far more simple, not even resembling it—as when Newton replaced Kepler's three laws by the single law of gravitation, which was something simpler, equivalent, yet unlike?

One is justified in asking if we are not on the eve of just such a revolution or one even more important. Matter seems on the point of losing its mass, its solidest attribute, and resolving itself into electrons. Mechanics must then give place to a broader conception which will explain it, but which it will not explain.

So it was in vain the attempt was made in England to construct the ether by material models, or in France to apply to it the laws of dynamic.

The ether it is, the unknown, which explains matter, the known; matter is incapable of explaining the ether.

Poincaré.
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The treatise of a master needs no commendation through the words of a mere learner. But, since my friend and former fellow student, the translator of this volume, has joined with another of my colleagues, Professor Cattell, in asking me to undertake the task of calling the attention of my fellow students to the importance and to the scope of M. Poincaré's volume, I accept the office, not as one competent to pass judgment upon the book, but simply as a learner, desirous to increase the number of those amongst us who are already interested in the type of researches to which M. Poincaré has so notably contributed.

I

The branches of inquiry collectively known as the Philosophy of Science have undergone great changes since the appearance of Herbert Spencer's First Principles, that volume which a large part of the general public in this country used to regard as the representative compend of all modern wisdom relating to the foundations of scientific knowledge. The summary which M. Poincaré gives, at the outset of his own introduction to the present work, where he states the view which the 'superficial observer' takes of scientific truth, suggests, not indeed Spencer's own most characteristic theories, but something of the spirit in which many disciples of Spencer interpreting their master's formulas used to conceive the position which science occupies in dealing with experience. It was well known to them, indeed, that experience is a constant guide, and an inexhaustible source both of novel scientific results and of unsolved problems; but the fundamental Spencerian principles of science, such as 'the persistence of force,' the 'rhythm of motion' and the rest, were treated by Spencer himself as demonstrably objective, although indeed 'relative' truths, capable of being tested once for all by the 'inconceivability of the opposite,' and certain to hold true for the whole 'knowable' universe. Thus, whether one dwelt upon the results of such a mathematical procedure as that to which M. Poincaré refers in his opening paragraphs, or whether, like Spencer himself, one applied the 'first principles' to regions of less exact science, this confidence that a certain orthodoxy regarding the principles of science was established forever was characteristic of the followers of the movement in question. Experience, lighted up by reason, seemed to them to have predetermined for all future time certain great theoretical results regarding the real constitution of the 'knowable' cosmos. Whoever doubted this doubted 'the verdict of science.'

Some of us well remember how, when Stallo's 'Principles and Theories of Modern Physics' first appeared, this sense of scientific orthodoxy was shocked amongst many of our American readers and teachers of science. I myself can recall to mind some highly authoritative reviews of that work in which the author was more or less sharply taken to task for his ignorant presumption in speaking with the freedom that he there used regarding such sacred possessions of humanity as the fundamental concepts of physics. That very book, however, has quite lately been translated into German as a valuable contribution to some of the most recent efforts to reconstitute a modern 'philosophy of nature.' And whatever may be otherwise thought of Stallo's critical methods, or of his results, there can be no doubt that, at the present moment, if his book were to appear for the first time, nobody would attempt to discredit the work merely on account of its disposition to be agnostic regarding the objective reality of the concepts of the kinetic theory of gases, or on account of its call for a logical rearrangement of the fundamental concepts of the theory of energy. We are no longer able so easily to know heretics at first sight.

For we now appear to stand in this position: The control of natural phenomena, which through the sciences men have attained, grows daily vaster and more detailed, and in its details more assured. Phenomena men know and predict better than ever. But regarding the most general theories, and the most fundamental, of science, there is no longer any notable scientific orthodoxy. Thus, as knowledge grows firmer and wider, conceptual construction becomes less rigid. The field of the theoretical philosophy of nature—yes, the field of the logic of science—this whole region is to-day an open one. Whoever will work there must indeed accept the verdict of experience regarding what happens in the natural world. So far he is indeed bound. But he may undertake without hindrance from mere tradition the task of trying afresh to reduce what happens to conceptual unity. The circle-squarers and the inventors of devices for perpetual motion are indeed still as unwelcome in scientific company as they were in the days when scientific orthodoxy was more rigidly defined; but that is not because the foundations of geometry are now viewed as completely settled, beyond controversy, nor yet because the 'persistence of force' has been finally so defined as to make the 'opposite inconceivable' and the doctrine of energy beyond the reach of novel formulations. No, the circle-squarers and the inventors of devices for perpetual motion are to-day discredited, not because of any unorthodoxy of their general philosophy of nature, but because their views regarding special facts and processes stand in conflict with certain equally special results of science which themselves admit of very various general theoretical interpretations. Certain properties of the irrational number π are known, in sufficient multitude to justify the mathematician in declining to listen to the arguments of the circle-squarer; but, despite great advances, and despite the assured results of Dedekind, of Cantor, of Weierstrass and of various others, the general theory of the logic of the numbers, rational and irrational, still presents several important features of great obscurity; and the philosophy of the concepts of geometry yet remains, in several very notable respects, unconquered territory, despite the work of Hilbert and of Pieri, and of our author himself. The ordinary inventors of the perpetual motion machines still stand in conflict with accepted generalizations; but nobody knows as yet what the final form of the theory of energy will be, nor can any one say precisely what place the phenomena of the radioactive bodies will occupy in that theory. The alchemists would not be welcome workers in modern laboratories; yet some sorts of transformation and of evolution of the elements are to-day matters which theory can find it convenient, upon occasion, to treat as more or less exactly definable possibilities; while some newly observed phenomena tend to indicate, not indeed that the ancient hopes of the alchemists were well founded, but that the ultimate constitution of matter is something more fluent, less invariant, than the theoretical orthodoxy of a recent period supposed. Again, regarding the foundations of biology, a theoretical orthodoxy grows less possible, less definable, less conceivable (even as a hope) the more knowledge advances. Once 'mechanism' and 'vitalism' were mutually contradictory theories regarding the ultimate constitution of living bodies. Now they are obviously becoming more and more 'points of view,' diverse but not necessarily conflicting. So far as you find it convenient to limit your study of vital processes to those phenomena which distinguish living matter from all other natural objects, you may assume, in the modern 'pragmatic' sense, the attitude of a 'neo-vitalist.' So far, however, as you are able to lay stress, with good results, upon the many ways in which the life processes can be assimilated to those studied in physics and in chemistry, you work as if you were a partisan of 'mechanics.' In any case, your special science prospers by reason of the empirical discoveries that you make. And your theories, whatever they are, must not run counter to any positive empirical results. But otherwise, scientific orthodoxy no longer predetermines what alone it is respectable for you to think about the nature of living substance.

This gain in the freedom of theory, coming, as it does, side by side with a constant increase of a positive knowledge of nature, lends itself to various interpretations, and raises various obvious questions.

II

One of the most natural of these interpretations, one of the most obvious of these questions, may be readily stated. Is not the lesson of all these recent discussions simply this, that general theories are simply vain, that a philosophy of nature is an idle dream, and that the results of science are coextensive with the range of actual empirical observation and of successful prediction? If this is indeed the lesson, then the decline of theoretical orthodoxy in science is—like the eclipse of dogma in religion—merely a further lesson in pure positivism, another proof that man does best when he limits himself to thinking about what can be found in human experience, and in trying to plan what can be done to make human life more controllable and more reasonable. What we are free to do as we please—is it any longer a serious business? What we are free to think as we please—is it of any further interest to one who is in search of truth? If certain general theories are mere conceptual constructions, which to-day are, and to-morrow are cast into the oven, why dignify them by the name of philosophy? Has science any place for such theories? Why be a 'neo-vitalist,' or an 'evolutionist,' or an 'atomist,' or an 'Energetiker'? Why not say, plainly: "Such and such phenomena, thus and thus described, have been observed; such and such experiences are to be expected, since the hypotheses by the terms of which we are required to expect them have been verified too often to let us regard the agreement with experience as due merely to chance; so much then with reasonable assurance we know; all else is silence—or else is some matter to be tested by another experiment?" Why not limit our philosophy of science strictly to such a counsel of resignation? Why not substitute, for the old scientific orthodoxy, simply a confession of ignorance, and a resolution to devote ourselves to the business of enlarging the bounds of actual empirical knowledge?

Such comments upon the situation just characterized are frequently made. Unfortunately, they seem not to content the very age whose revolt from the orthodoxy of traditional theory, whose uncertainty about all theoretical formulations, and whose vast wealth of empirical discoveries and of rapidly advancing special researches, would seem most to justify these very comments. Never has there been better reason than there is to-day to be content, if rational man could be content, with a pure positivism. The splendid triumphs of special research in the most various fields, the constant increase in our practical control over nature—these, our positive and growing possessions, stand in glaring contrast to the failure of the scientific orthodoxy of a former period to fix the outlines of an ultimate creed about the nature of the knowable universe. Why not 'take the cash and let the credit go'? Why pursue the elusive theoretical 'unification' any further, when what we daily get from our sciences is an increasing wealth of detailed information and of practical guidance?

As a fact, however, the known answer of our own age to these very obvious comments is a constant multiplication of new efforts towards large and unifying theories. If theoretical orthodoxy is no longer clearly definable, theoretical construction was never more rife. The history of the doctrine of evolution, even in its most recent phases, when the theoretical uncertainties regarding the 'factors of evolution' are most insisted upon, is full of illustrations of this remarkable union of scepticism in critical work with courage regarding the use of the scientific imagination. The history of those controversies regarding theoretical physics, some of whose principal phases M. Poincaré, in his book, sketches with the hand of the master, is another illustration of the consciousness of the time. Men have their freedom of thought in these regions; and they feel the need of making constant and constructive use of this freedom. And the men who most feel this need are by no means in the majority of cases professional metaphysicians—or students who, like myself, have to view all these controversies amongst the scientific theoreticians from without as learners. These large theoretical constructions are due, on the contrary, in a great many cases to special workers, who have been driven to the freedom of philosophy by the oppression of experience, and who have learned in the conflict with special problems the lesson that they now teach in the form of general ideas regarding the philosophical aspects of science.

Why, then, does science actually need general theories, despite the fact that these theories inevitably alter and pass away? What is the service of a philosophy of science, when it is certain that the philosophy of science which is best suited to the needs of one generation must be superseded by the advancing insight of the next generation? Why must that which endlessly grows, namely, man's knowledge of the phenomenal order of nature, be constantly united in men's minds with that which is certain to decay, namely, the theoretical formulation of special knowledge in more or less completely unified systems of doctrine?

I understand our author's volume to be in the main an answer to this question. To be sure, the compact and manifold teachings which this text contains relate to a great many different special issues. A student interested in the problems of the philosophy of mathematics, or in the theory of probabilities, or in the nature and office of mathematical physics, or in still other problems belonging to the wide field here discussed, may find what he wants here and there in the text, even in case the general issues which give the volume its unity mean little to him, or even if he differs from the author's views regarding the principal issues of the book. But in the main, this volume must be regarded as what its title indicates—a critique of the nature and place of hypothesis in the work of science and a study of the logical relations of theory and fact. The result of the book is a substantial justification of the scientific utility of theoretical construction—an abandonment of dogma, but a vindication of the rights of the constructive reason.

III

The most notable of the results of our author's investigation of the logic of scientific theories relates, as I understand his work, to a topic which the present state of logical investigation, just summarized, makes especially important, but which has thus far been very inadequately treated in the text-books of inductive logic. The useful hypotheses of science are of two kinds:

1. The hypotheses which are valuable precisely because they are either verifiable or else refutable through a definite appeal to the tests furnished by experience; and

2. The hypotheses which, despite the fact that experience suggests them, are valuable despite, or even because, of the fact that experience can neither confirm nor refute them. The contrast between these two kinds of hypotheses is a prominent topic of our author's discussion.

Hypotheses of the general type which I have here placed first in order are the ones which the text-books of inductive logic and those summaries of scientific method which are customary in the course of the elementary treatises upon physical science are already accustomed to recognize and to characterize. The value of such hypotheses is indeed undoubted. But hypotheses of the type which I have here named in the second place are far less frequently recognized in a perfectly explicit way as useful aids in the work of special science. One usually either fails to admit their presence in scientific work, or else remains silent as to the reasons of their usefulness. Our author's treatment of the work of science is therefore especially marked by the fact that he explicitly makes prominent both the existence and the scientific importance of hypotheses of this second type. They occupy in his discussion a place somewhat analogous to each of the two distinct positions occupied by the 'categories' and the 'forms of sensibility,' on the one hand, and by the 'regulative principles of the reason,' on the other hand, in the Kantian theory of our knowledge of nature. That is, these hypotheses which can neither be confirmed nor refuted by experience appear, in M. Poincaré's account, partly (like the conception of 'continuous quantity') as devices of the understanding whereby we give conceptual unity and an invisible connectedness to certain types of phenomenal facts which come to us in a discrete form and in a confused variety; and partly (like the larger organizing concepts of science) as principles regarding the structure of the world in its wholeness; i. e., as principles in the light of which we try to interpret our experience, so as to give to it a totality and an inclusive unity such as Euclidean space, or such as the world of the theory of energy is conceived to possess. Thus viewed, M. Poincaré's logical theory of this second class of hypotheses undertakes to accomplish, with modern means and in the light of to-day's issues, a part of what Kant endeavored to accomplish in his theory of scientific knowledge with the limited means which were at his disposal. Those aspects of science which are determined by the use of the hypotheses of this second kind appear in our author's account as constituting an essential human way of viewing nature, an interpretation rather than a portrayal or a prediction of the objective facts of nature, an adjustment of our conceptions of things to the internal needs of our intelligence, rather than a grasping of things as they are in themselves.

To be sure, M. Poincaré's view, in this portion of his work, obviously differs, meanwhile, from that of Kant, as well as this agrees, in a measure, with the spirit of the Kantian epistemology. I do not mean therefore to class our author as a Kantian. For Kant, the interpretations imposed by the 'forms of sensibility,' and by the 'categories of the understanding,' upon our doctrine of nature are rigidly predetermined by the unalterable 'form' of our intellectual powers. We 'must' thus view facts, whatever the data of sense must be. This, of course, is not M. Poincaré's view. A similarly rigid predetermination also limits the Kantian 'ideas of the reason' to a certain set of principles whose guidance of the course of our theoretical investigations is indeed only 'regulative,' but is 'a priori,' and so unchangeable. For M. Poincaré, on the contrary, all this adjustment of our interpretations of experience to the needs of our intellect is something far less rigid and unalterable, and is constantly subject to the suggestions of experience. We must indeed interpret in our own way; but our way is itself only relatively determinate; it is essentially more or less plastic; other interpretations of experience are conceivable. Those that we use are merely the ones found to be most convenient. But this convenience is not absolute necessity. Unverifiable and irrefutable hypotheses in science are indeed, in general, indispensable aids to the organization and to the guidance of our interpretation of experience. But it is experience itself which points out to us what lines of interpretation will prove most convenient. Instead of Kant's rigid list of a priori 'forms,' we consequently have in M. Poincaré's account a set of conventions, neither wholly subjective and arbitrary, nor yet imposed upon us unambiguously by the external compulsion of experience. The organization of science, so far as this organization is due to hypotheses of the kind here in question, thus resembles that of a constitutional government—neither absolutely necessary, nor yet determined apart from the will of the subjects, nor yet accidental—a free, yet not a capricious establishment of good order, in conformity with empirical needs.

Characteristic remains, however, for our author, as, in his decidedly contrasting way, for Kant, the thought that without principles which at every stage transcend precise confirmation through such experience as is then accessible the organization of experience is impossible. Whether one views these principles as conventions or as a priori 'forms,' they may therefore be described as hypotheses, but as hypotheses that, while lying at the basis of our actual physical sciences, at once refer to experience and help us in dealing with experience, and are yet neither confirmed nor refuted by the experiences which we possess or which we can hope to attain.

Three special instances or classes of instances, according to our author's account, may be used as illustrations of this general type of hypotheses. They are: (1) The hypothesis of the existence of continuous extensive quanta in nature; (2) The principles of geometry; (3) The principles of mechanics and of the general theory of energy. In case of each of these special types of hypotheses we are at first disposed, apart from reflection, to say that we find the world to be thus or thus, so that, for instance, we can confirm the thesis according to which nature contains continuous magnitudes; or can prove or disprove the physical truth of the postulates of Euclidean geometry; or can confirm by definite experience the objective validity of the principles of mechanics. A closer examination reveals, according to our author, the incorrectness of all such opinions. Hypotheses of these various special types are needed; and their usefulness can be empirically shown. They are in touch with experience; and that they are not merely arbitrary conventions is also verifiable. They are not a priori necessities; and we can easily conceive intelligent beings whose experience could be best interpreted without using these hypotheses. Yet these hypotheses are not subject to direct confirmation or refutation by experience. They stand then in sharp contrast to the scientific hypotheses of the other, and more frequently recognized, type, i. e., to the hypotheses which can be tested by a definite appeal to experience. To these other hypotheses our author attaches, of course, great importance. His treatment of them is full of a living appreciation of the significance of empirical investigation. But the central problem of the logic of science thus becomes the problem of the relation between the two fundamentally distinct types of hypotheses, i. e., between those which can not be verified or refuted through experience, and those which can be empirically tested.

IV

The detailed treatment which M. Poincaré gives to the problem thus defined must be learned from his text. It is no part of my purpose to expound, to defend or to traverse any of his special conclusions regarding this matter. Yet I can not avoid observing that, while M. Poincaré strictly confines his illustrations and his expressions of opinion to those regions of science wherein, as special investigator, he is himself most at home, the issues which he thus raises regarding the logic of science are of even more critical importance and of more impressive interest when one applies M. Poincaré's methods to the study of the concepts and presuppositions of the organic and of the historical and social sciences, than when one confines one's attention, as our author here does, to the physical sciences. It belongs to the province of an introduction like the present to point out, however briefly and inadequately, that the significance of our author's ideas extends far beyond the scope to which he chooses to confine their discussion.

The historical sciences, and in fact all those sciences such as geology, and such as the evolutionary sciences in general, undertake theoretical constructions which relate to past time. Hypotheses relating to the more or less remote past stand, however, in a position which is very interesting from the point of view of the logic of science. Directly speaking, no such hypothesis is capable of confirmation or of refutation, because we can not return into the past to verify by our own experience what then happened. Yet indirectly, such hypotheses may lead to predictions of coming experience. These latter will be subject to control. Thus, Schliemann's confidence that the legend of Troy had a definite historical foundation led to predictions regarding what certain excavations would reveal. In a sense somewhat different from that which filled Schliemann's enthusiastic mind, these predictions proved verifiable. The result has been a considerable change in the attitude of historians toward the legend of Troy. Geological investigation leads to predictions regarding the order of the strata or the course of mineral veins in a district, regarding the fossils which may be discovered in given formations, and so on. These hypotheses are subject to the control of experience. The various theories of evolutionary doctrine include many hypotheses capable of confirmation and of refutation by empirical tests. Yet, despite all such empirical control, it still remains true that whenever a science is mainly concerned with the remote past, whether this science be archeology, or geology, or anthropology, or Old Testament history, the principal theoretical constructions always include features which no appeal to present or to accessible future experience can ever definitely test. Hence the suspicion with which students of experimental science often regard the theoretical constructions of their confrères of the sciences that deal with the past. The origin of the races of men, of man himself, of life, of species, of the planet; the hypotheses of anthropologists, of archeologists, of students of 'higher criticism'—all these are matters which the men of the laboratory often regard with a general incredulity as belonging not at all to the domain of true science. Yet no one can doubt the importance and the inevitableness of endeavoring to apply scientific method to these regions also. Science needs theories regarding the past history of the world. And no one who looks closer into the methods of these sciences of past time can doubt that verifiable and unverifiable hypotheses are in all these regions inevitably interwoven; so that, while experience is always the guide, the attitude of the investigator towards experience is determined by interests which have to be partially due to what I should call that 'internal meaning,' that human interest in rational theoretical construction which inspires the scientific inquiry; and the theoretical constructions which prevail in such sciences are neither unbiased reports of the actual constitution of an external reality, nor yet arbitrary constructions of fancy. These constructions in fact resemble in a measure those which M. Poincaré in this book has analyzed in the case of geometry. They are constructions molded, but not predetermined in their details, by experience. We report facts; we let the facts speak; but we, as we investigate, in the popular phrase, 'talk back' to the facts. We interpret as well as report. Man is not merely made for science, but science is made for man. It expresses his deepest intellectual needs, as well as his careful observations. It is an effort to bring internal meanings into harmony with external verifications. It attempts therefore to control, as well as to submit
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