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    This volume brings together three of Henri Poincaré’s most influential books, Science and Hypothesis, The Value of Science, and Science and Method, in a single-author collection devoted to the philosophical foundations of modern scientific thought. Read together, these works present a sustained examination of mathematics, physics, scientific reasoning, and the principles by which knowledge is organized. The purpose of gathering them is not merely convenience. In combination, they reveal the breadth and continuity of Poincaré’s reflection on how science proceeds, what its concepts mean, and why its methods remain indispensable even when its theories are revised.

The collection represents a body of scientific and philosophical prose rather than fiction or poetry. Its contents include book-length essays, introductions, prefaces, and chapters addressed to central problems in mathematics and the physical sciences. Across these texts, Poincaré writes as a practicing mathematician and scientific thinker who is equally concerned with technical ideas and with their broader interpretation. The form is expository and argumentative, yet often literary in movement and clarity. These are works designed to explain, evaluate, and test the concepts of science, making them enduring examples of reflective nonfiction at the intersection of science and philosophy.

Science and Hypothesis opens the collection with a searching inquiry into the status of mathematical reasoning, geometrical space, mechanics, probability, and physical theory. Its chapters move from number and magnitude through non-Euclidean geometries and the structure of mechanics to optics, electricity, and electrodynamics. What unifies this range is a central concern with the role of hypothesis in scientific knowledge. Poincaré examines how principles are formed, how they are justified, and how experience relates to abstract systems. The book’s lasting importance lies in the rigor with which it investigates the assumptions behind scientific description without diminishing the power of science itself.

The Value of Science continues and deepens that inquiry by turning more explicitly to the meaning, reach, and objective standing of scientific knowledge. Its chapters address mathematics, time, space, astronomy, the history and present condition of mathematical physics, and the question of whether science is merely artificial or genuinely connected to reality. In this work, Poincaré does not treat science as a mere accumulation of facts. He presents it as an organized intellectual achievement whose value lies in the relations it discloses and the order it establishes. The book therefore complements the first by examining not only method but significance.

Science and Method completes the trio by focusing on the working life of science: the selection of facts, mathematical invention, chance, definitions, logic, the new mechanics, and astronomical questions. If the earlier books ask what science knows and why it matters, this one asks how scientific thought proceeds in practice. It places special emphasis on the activity of the scientist and on the formation of concepts. The result is a collection that moves from hypothesis, to value, to method in a broadly coherent arc. Together these books offer a many-sided account of science as reasoning, discovery, and disciplined construction.

A major unifying theme throughout the collection is the relation between abstract thought and experience. Poincaré repeatedly returns to questions that stand at the heart of both mathematics and physics: how far concepts arise from convention, how far they depend on observation, and how they function within a coherent system of knowledge. The recurring discussions of number, geometry, motion, energy, time, space, and probability show that he was concerned less with isolated doctrines than with the conditions that make scientific understanding possible. This continuity gives the three books the character of an extended meditation rather than separate occasional essays.

Another hallmark of these works is their balance between technical seriousness and intellectual accessibility. Poincaré addresses subjects of genuine complexity, including geometrical systems, mechanics, thermodynamics, electrodynamics, and mathematical logic, yet he presents them in prose aimed at educated readers beyond narrow specialization. The chapters are structured around questions, distinctions, and examples rather than around displays of technical virtuosity. This method helps explain the durability of the books. They remain readable not because they simplify their subjects into slogans, but because they identify the central conceptual issues and follow them with precision, economy, and argumentative discipline.

The range of topics represented here also demonstrates the unusual breadth of Poincaré’s interests. Mathematics, physics, astronomy, probability, logic, and scientific pedagogy all appear within the compass of these volumes. Such variety is not accidental. It reflects a view of science as a connected enterprise in which advances in one field illuminate the assumptions of another. Chapters on geometry speak to physics; discussions of time and space bear on mechanics; reflections on logic and definition affect mathematical reasoning as a whole. The collection thus shows a mind working across disciplines while preserving a strong sense of conceptual unity.

Stylistically, Poincaré’s essays are marked by clarity, compression, and a steady concern for first principles. He writes neither as a detached compiler nor as a purely abstract metaphysician, but as a scientist reflecting on the meaning of scientific practice. His prose is notable for its ability to move from a concrete scientific issue to a general philosophical question and back again without losing coherence. This gives the collection its distinctive tone: lucid but not superficial, exacting but not obscure. The inclusion of prefaces and introductions further helps readers see how these books present themselves as interventions in ongoing scientific and intellectual debates.

Gathered in one volume, these works also reveal how Poincaré continually revisited certain central problems from fresh angles. Questions of space appear in different forms across all three books; so do the nature of mathematical thought, the status of physical law, and the relation between convention and reality. This repetition is not redundancy. It allows readers to see an evolving but consistent effort to clarify the foundations of science. The collection therefore serves both as an introduction to Poincaré’s major ideas and as a demonstration of his method of inquiry: comparative, critical, synthetic, and alert to the limits as well as the powers of theory.

The lasting significance of Poincaré’s work rests in part on the fact that foundational questions do not disappear when science progresses. New theories may alter the content of physics or mathematics, but problems concerning evidence, definition, structure, objectivity, and method remain. These books endure because they address those durable questions directly. They invite readers to think about what scientific laws express, how mathematical frameworks organize experience, and why scientific understanding is both constrained by observation and shaped by conceptual choice. For that reason, the collection remains important not only to historians of ideas but to anyone interested in the logic of inquiry.

As a whole, The Foundations of Science presents Henri Poincaré as one of the essential interpreters of scientific thought in prose. This is not a miscellaneous compilation but a coherent gathering of major works whose themes answer to one another across different contexts and disciplines. The genres represented are essays, prefaces, introductions, and extended theoretical reflections; the subjects range widely, but the governing concern is constant. Taken together, these books show science as a human achievement grounded in reasoning, tested by experience, and guided by method. Their union in a single collection allows that larger vision to appear in its full strength and continuity.
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    Henri Poincaré was a French mathematician, physicist, and philosopher of science whose career unfolded in the late nineteenth and early twentieth centuries. He is widely regarded as one of the most versatile scientific minds of his age, making major contributions across pure mathematics, celestial mechanics, mathematical physics, and the theory of knowledge. The books in this collection, especially Science and Hypothesis, The Value of Science, and Science and Method, show another side of his achievement: his power as an essayist. In them he explained difficult ideas with unusual clarity and reflected on how mathematics and physics actually advance through invention, convention, and disciplined reasoning.

Born in 1854 in Nancy, Poincaré was educated in France during a period when mathematics, engineering, and the physical sciences were becoming increasingly specialized and professionalized. He studied at two of the country’s leading institutions, the École Polytechnique and later the École des Mines, training that combined abstract analysis with practical scientific methods. This dual formation helped shape the breadth of his later work. He moved easily between rigorous mathematics and questions arising from astronomy, mechanics, and physics. The intellectual environment around him included debates over geometry, measurement, determinism, and the foundations of scientific knowledge, all of which would become central themes in his books.

Poincaré’s research career was exceptionally wide-ranging. In mathematics he worked on differential equations, complex analysis, topology, and the qualitative study of dynamical systems; in astronomy and mechanics he became known for profound work on the three-body problem and the stability of the solar system. He also wrote extensively on electromagnetism, probability, and the conceptual structure of physical law. His scientific essays did not merely summarize technical results for a broad audience. Instead, they distilled lessons from active research, asking what counts as explanation, how scientists choose useful hypotheses, and why mathematical structures can organize experience so effectively. This combination of discovery and reflection made him influential far beyond specialist circles.

Among the works represented here, Science and Hypothesis is one of Poincaré’s best-known books and remains a landmark in the philosophy of science. It gathers essays on mathematical reasoning, magnitude, non-Euclidean geometry, mechanics, thermodynamics, probability, optics, and electrodynamics. The book is especially associated with his conventionalist view that some fundamental principles of science, particularly in geometry and mechanics, are not simple copies of experience but frameworks chosen for their convenience and coherence. He did not deny the importance of experiment; rather, he examined how theory and observation interact. The work gained wide attention because it addressed deep scientific questions in prose accessible to educated readers outside technical mathematics.

The Value of Science continues and deepens these concerns. In this collection Poincaré considered intuition and logic in mathematics, the measure of time, the notion of space, astronomy, the history and crisis of mathematical physics, and the objective value of scientific knowledge. The title reflects a central conviction: science matters not only for practical utility but also because it reveals relations, order, and intelligibility in nature. He wrote at a moment when established physical theories were under strain, and his essays register both caution and openness toward change. Rather than defending a rigid system, he emphasized the creative yet disciplined character of scientific thought and the enduring significance of mathematical form.

Science and Method, another major work in this collection, presents Poincaré at his most reflective about discovery itself. Its chapters on the choice of facts, the future of mathematics, mathematical creation, chance, the relativity of space, definitions, logic, and the new mechanics show his interest in how scientists think before results become formalized. He became especially famous for describing mathematical invention as a process in which conscious effort and unconscious mental combination both play roles. At the same time, he resisted reducing mathematics entirely to symbolic logic. These essays helped shape later discussions about creativity, intuition, formalism, and the changing foundations of mathematics and physics.

Poincaré died in 1912, leaving a body of work that continued to influence mathematicians, physicists, philosophers, and historians of science. His technical research remained foundational, while his reflective books preserved a vivid picture of science at a turning point between classical and modern thought. Readers still return to Science and Hypothesis, The Value of Science, and Science and Method for their elegant treatment of geometry, probability, mechanics, and scientific reasoning. His legacy endures because he joined exceptional mathematical power to a rare ability to explain what science is, how it works, and why its methods remain both limited and profoundly fruitful.
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    Henri Poincaré’s The Foundations of Science gathers three books published in the first decade of the twentieth century, but their historical setting reaches back into the long nineteenth century that formed his career. Born in 1854 in Nancy under the Second French Empire, Poincaré came of age during the Franco-Prussian War of 1870–71, the fall of Napoleon III, and the establishment of the Third Republic. His scientific life unfolded during a period when France rebuilt its institutions, expanded technical education, and treated mathematics and physics as instruments of national prestige. The collection reflects that environment: disciplined, international, competitive, and acutely aware that scientific method carried philosophical and civic significance.

The educational world that shaped Poincaré was the centralized French system of lycées, grandes écoles, and academies that matured in the nineteenth century. He studied at the École Polytechnique and the École des Mines, institutions tied to state service, engineering, and military needs. This background helps explain why the books move so easily between pure mathematics, mechanics, astronomy, geodesy, and applied physics. In the Third Republic, technical expertise had public authority, yet it also faced scrutiny from philosophers and educators. Poincaré wrote not as a recluse but as a senior figure in a culture where scientists lectured widely, served on commissions, and addressed educated readers beyond narrow specialties.

The first volume in the collection, Science and Hypothesis, appeared in 1902, after several decades of dramatic change in mathematics. During the nineteenth century, rigor had been strengthened by figures such as Cauchy, Weierstrass, and Dedekind, while analysis, group theory, and function theory expanded rapidly. At the same time, mathematicians argued about the sources of certainty: intuition, logic, construction, and experience. Poincaré entered these debates as a leading mathematician who had worked in celestial mechanics, differential equations, and topology. His discussions of number, magnitude, and mathematical reasoning belong to this larger effort to understand what mathematics had become after the era of classical calculus and before the full formalization of the twentieth century.

The collection’s repeated concern with geometry reflects one of the century’s most important intellectual shocks: the development of non-Euclidean geometries. Beginning in the early nineteenth century with Lobachevsky, Bolyai, and Gauss, and later reshaped through Riemann’s 1854 lecture, geometry ceased to look like a single self-evident description of space. By the late nineteenth century, these ideas had become central to philosophy of mathematics. Poincaré’s chapters on non-Euclidean geometry, space, and experience address this transformed landscape. Rather than treating Euclid as an untouchable foundation, he wrote in a world where alternative geometrical systems existed, forcing scientists and philosophers to distinguish between logical structure, physical measurement, and convention.

These arguments were also tied to changing views of mechanics and motion inherited from Newton but revised throughout the nineteenth century. Classical mechanics remained a triumphant framework, especially in astronomy and engineering, yet the century had also produced new analytical methods, field theories, and practical encounters with complex systems. Poincaré’s chapters on force, relative motion, and absolute motion speak to controversies about whether mechanics reveals the world’s ultimate structure or supplies a coordinated set of useful principles. Such questions mattered because mechanics had long been treated as the model of exact science. By 1900, however, confidence in that model was being tested by electromagnetism, thermodynamics, and unresolved foundational tensions.

Thermodynamics and the conservation of energy form another major historical layer in Science and Hypothesis. During the mid-nineteenth century, work by Joule, Clausius, Kelvin, Helmholtz, and others established energy conservation and the second law as central scientific principles. These developments altered both physics and philosophy, encouraging broad claims about unification while also introducing probabilistic and statistical reasoning into discussions of nature. Poincaré’s treatment of energy and thermodynamics belongs to that mature moment, when thermodynamics had become indispensable but its conceptual reach was still being debated. His measured tone reflects a period in which scientists admired grand principles yet remained cautious about claiming final metaphysical certainty from them.

The chapters on optics, electricity, and electrodynamics respond to the great reorganization of physics in the second half of the nineteenth century. Faraday’s experimental work and Maxwell’s field theory had transformed the understanding of electrical and optical phenomena, while Hertz’s experiments in the late 1880s strengthened confidence in electromagnetic theory. By the time Poincaré wrote, many physicists hoped for a unified electromagnetic picture of nature. Yet this was also a period of competing electron theories, disputes over the ether, and uncertainty about how to reconcile electrodynamics with established mechanics. Poincaré’s survey captures a discipline in transition, rich in mathematical power but unsettled in its conceptual foundations.

Probability, which appears in Science and Hypothesis and later in Science and Method, had acquired new importance by the late nineteenth century. Statistical methods were increasingly used in physics, astronomy, demography, and insurance, while kinetic theory linked probability to the behavior of gases. At the same time, philosophers worried that probabilistic explanation signaled ignorance rather than genuine knowledge. Poincaré addressed probability from within this mixed context. His interest was shaped by practical scientific calculation as much as by abstract philosophy. The historical background includes expanding bureaucratic states, industrial risk, and mass data collection, all of which helped make probabilistic reasoning a normal part of modern scientific and administrative life.

The Value of Science, published in 1905, belongs to a moment often described as a crisis or revaluation in physics. Discoveries such as X-rays in 1895, radioactivity in 1896, and the electron in 1897 unsettled older assumptions about matter, energy, and atomism. The book’s chapters on the history, present crisis, and future of mathematical physics speak directly to this climate. Poincaré did not invent the language of crisis, but he gave it one of its most influential formulations. He wrote when many physicists believed existing theories remained powerful while also recognizing that anomalies were accumulating faster than any single framework could comfortably absorb.

The historical setting of The Value of Science also includes new debates about time and measurement. Railways, telegraphy, precision clocks, and international coordination had made the synchronization of time a practical problem as well as a philosophical one. Astronomers, geodesists, and physicists needed conventions for measurement across distance, while industrial society depended on standard time. Poincaré’s chapter on the measure of time reflects this world of technical standardization. His interest was not merely abstract: he had served in scientific institutions connected to astronomy and longitude. Questions about simultaneity, convention, and measurement thus arose from real scientific practices before they became famous through relativity theory.

Science and Method, published in 1908, extends these concerns into the changing intellectual landscape of the new century. Its attention to the choice of facts, mathematical creation, and definitions reflects a period when specialization was advancing rapidly and the authority of scientific expertise was expanding. Scientists and philosophers increasingly asked how discoveries are made, how concepts are selected, and how education should respond to growing abstraction. Poincaré’s reflections on invention and method belong to this broader culture of self-examination. They also answer a practical concern of the Third Republic: how to train citizens, teachers, and professionals in a society that identified scientific reason with modern national progress.

The book’s treatment of logic and the “new logics” must be read against the rise of symbolic logic and foundational programs around 1880–1910. Work by Boole, Frege, Peano, Russell, and others raised the possibility that mathematics could be reconstructed on explicitly logical foundations. Set theory, associated above all with Georg Cantor, further intensified debates about infinity, rigor, and paradox. Poincaré’s discussions of Cantorism, mathematics and logic, and the efforts of the logisticians are products of this exact setting. He was neither indifferent nor hostile to modern logic as such; rather, he participated in a major European controversy over whether formal deduction alone could account for mathematical knowledge.

The sections on the new mechanics connect the collection to the immediate prehistory of Einsteinian physics. Around 1900, Lorentz, Larmor, and others had reformulated electrodynamics in ways that strained Newtonian notions of space, time, and motion. Poincaré himself made important contributions to these discussions, especially in the years just before and after 1905. Yet Science and Method reflects the transitional character of the period rather than a settled revolution. Radium, electron theory, and optical experiments challenged classical mechanics, but no single replacement had yet secured unanimous acceptance. The book therefore preserves the atmosphere of a scientific culture aware that old principles required revision, even if the final shape of that revision remained unclear.

Astronomy and geodesy, which appear throughout the collection and explicitly in Science and Method, were historically central to Poincaré’s scientific world. Since the eighteenth century these fields had linked mathematics to navigation, mapping, imperial administration, and state power. In nineteenth-century France, observatories, national surveys, and international astronomical cooperation carried both practical and symbolic weight. Poincaré’s interests in celestial mechanics, the Milky Way, and French geodesy were therefore not antiquarian. They belonged to sciences that measured the earth, organized time, and connected republics and empires through shared standards. Their presence in the collection shows how foundational reflection grew out of disciplines deeply embedded in public institutions and international scientific networks.

The broader cultural climate of these books includes the secular, republican, and often anticlerical public culture of late nineteenth-century France. Science was frequently invoked as a model of rational inquiry in debates over education, morality, and the place of religion in public life. Yet the Dreyfus Affair of the 1890s also revealed that reason, expertise, and national authority could become politically contested. Poincaré was not primarily a political polemicist in these books, but his careful distinction between demonstrable results, useful conventions, and speculative hypotheses suited a public sphere wary of dogmatism. The collection’s restrained tone can be read as a response to an age that valued certainty while repeatedly confronting uncertainty.

The publication history of the collection also reflects the international circulation of scientific ideas in the early twentieth century. Science and Hypothesis was quickly translated into English, and the translator’s prefaces and introductions included in later editions show how publishers presented Poincaré to Anglo-American audiences as both scientist and philosopher. This mattered because debates over geometry, atomism, logic, and method crossed national boundaries through journals, congresses, and translations. The books therefore belong not only to French intellectual history but to a wider European and transatlantic conversation. Their accessibility helped carry advanced debates about mathematical physics into educated public discourse beyond specialist communities.

Taken together, the three books function as a historical commentary on the decades in which classical certainty gave way to modern plurality in the sciences. They do not narrate political events directly; instead, they register the institutional growth of research, the pressure of new technologies, the authority of measurement, and the destabilizing effect of theoretical innovation. Later readers have often approached them through the lens of relativity, quantum theory, and twentieth-century philosophy of science, seeing Poincaré as a precursor to conventionalism, structural thinking, or anti-foundational modesty. Whatever interpretation one favors, the collection endures because it captures a precise historical moment when science remained powerful, expansive, and yet newly conscious of its own limits.
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    Science and Hypothesis
This work examines how mathematics and physics are built from conventions, definitions, and carefully chosen hypotheses rather than from raw facts alone. Moving from number and geometry to mechanics, probability, optics, and electrodynamics, it argues that scientific theories organize experience by selecting useful frameworks instead of uncovering reality in a simple, literal way. The tone is analytical and probing, with a recurring concern for the limits of certainty and the creative role of the mind in scientific knowledge.
Across its sections on magnitude, space, force, and nature, the book repeatedly tests the relation between experience and abstract reasoning. Non-Euclidean geometry, motion, energy, and modern physical theory become case studies in how science advances by revising its conceptual tools while preserving coherence and predictive power. The result is a distinctive blend of philosophical caution and confidence in the fruitfulness of mathematical structure.
The Value of Science
This work extends the earlier inquiry by asking not only how science is constructed but why it matters and what kind of truth it delivers. Through discussions of mathematics, time, space, astronomy, and mathematical physics, it presents science as a disciplined search for relations and order rather than a mere accumulation of facts. The tone is reflective and argumentative, balancing skepticism about naive realism with a strong defense of science’s objective value.
The later sections on the crisis and future of mathematical physics give the book a forward-looking energy, showing a thinker attentive to instability within established theories without treating that instability as failure. Throughout, Poincaré returns to themes of intuition, method, and intellectual economy, emphasizing that science is valuable because it reveals durable patterns that let thought and experience meet. This gives the work a broader philosophical reach while preserving the concise, lucid style of the earlier essays.
Science and Method
This work shifts attention from the structure of theories to the practices of discovery, reasoning, and selection that guide scientific work. Its chapters on the choice of facts, mathematical creation, chance, definitions, logic, and emerging mechanics portray science as an activity shaped by invention, judgment, and methodological discipline as much as by formal proof. The tone is brisk and exploratory, often using concrete scientific debates to illuminate broader questions about how knowledge is made.
As the book moves from the scientist’s habits of mind to mathematical reasoning, new logics, radium, optics, astronomy, and geodesy, it shows Poincaré engaging more directly with contemporary change in science. Recurring themes from the earlier works reappear—convention, relativity of concepts, the role of intuition, and the tension between permanence and revision—but with greater emphasis on creativity and scientific practice. Taken together, the work completes an arc from foundational critique to a mature account of how science advances under pressure from new ideas and new evidence.
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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. 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
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