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Preface



This volume opens with three historical chapters on the interaction between science and religion since the seventeenth century. They are similar to the historical chapters in my earlier book Issues in Science and Religion but extensive revisions have been made to take into account the writings of historians in recent years.


The remaining nine chapters are taken with some revisions from my first series of Gifford Lectures given in Scotland and published as Religion in an Age of Science. They deal with the contemporary science-religion dialogue concerning the methods and theories of science and their implications for concepts of God and human nature. New sections have been added on “Nature-centered Spirituality” (in chapter 4), “Chaos Theory and Complexity” (in chapter 7), and “God as Determiner of Indeterminacies” and “God as Communicator of Information” (in chapter 12). In discussing both historical and contemporary issues I have made more explicit use of the fourfold typology of chapter 4, and I have explored further the relevance of alternative views in relation to environmental ethics. A Glossary and an Index of Selected Topics have also been added.


Readers who seek a briefer treatment may wish to read the volume somewhat selectively. Some chapters or sections could be skimmed, skipped, or postponed for later reading. Some persons may be more interested in the physical sciences (chapters 1, 7, and 8), others in the life sciences (chapters 3, 9, and 10), although both have been significant in the ongoing interaction of religion and science. Within part two, chapters 4 and 5 on basic questions of methodology are more important than chapter 6, which pursues further the similarities and differences between the two fields of inquiry (the conclusions of part two are given at the end of chapter 6). In part four, chapter 11 on process thought elaborates the philosophical framework that I have found most helpful, but a summary of process theology can be found in the last section of chapter 12.


I am grateful to the Center for Theology and the Natural Sciences in Berkeley, California, and its founder and director, Robert John Russell, for the conferences, seminars, and publications that have been a continuing stimulus to my own thought. Presentations given at workshops sponsored by the John Templeton Foundation as part of its program of awards for new courses in science and religion have provided additional opportunities to discuss many of the ideas in this volume with faculty members from diverse disciplines.


IAN G. BARBOUR 
CARLETON COLLEGE 
NORTHFIELD, MINNESOTA Nov. 1, 1996










Introduction



What is the place of religion in an age of science? How can one believe in God today? What view of God is consistent with the scientific understanding of the world? In what ways should our ideas about human nature be affected by the findings of contemporary science? How can the search for meaning and purpose in life be fulfilled in the kind of world disclosed by science?


A religious tradition is not just a set of intellectual beliefs or abstract ideas. It is a way of life for its members. Every religious community has its distinctive forms of individual experience, communal ritual, and ethical concerns. Above all, religion aims at the transformation of personal life, particularly by liberation from self-centeredness through commitment to a more inclusive center of devotion. Yet each of these patterns of life and practice presupposes a structure of shared beliefs. When the credibility of central religious beliefs is questioned, other aspects of religion are also challenged.


For many centuries in the West, the Christian story of creation and salvation provided a cosmic setting in which individual life had significance. It allowed people to come to terms with guilt, finitude, and death. It provided a total way of life, and it encouraged personal transformation and reorientation. Since the Enlightenment, the Christian story has had diminishing effectiveness for many people, partly because it has seemed inconsistent with the understanding of the world in modern science. Similar changes have been occurring in other cultures.


Much of humanity has turned to science-based technology as a source of fulfillment and hope. Technology has offered power, control, and the prospect of overcoming our helplessness and dependency. However, for all its benefits, technology has not brought the personal fulfillment or social well-being it promised. Indeed, it often seems to be a power beyond our control, endangering social patterns and the environment on a scale previously unimaginable.


Five features of our scientific age set the agenda for this volume:


1. The Success of the Methods of Science. The impressive achievements of science are widely known. Scientific research has yielded knowledge of many previously inaccessible domains of nature. The validity of such discoveries receives additional confirmation from the fact that they have led to powerful new technologies. For some people, science seems to be the only reliable path to knowledge. For them, the credibility of religious beliefs has been undermined by the methods as well as by the particular discoveries of science. Other people assert that religion has its own distinctive ways of knowing, quite different from those of science. Yet even they are asked to show how religious understanding can be reliable if it differs from scientific knowledge. Science as a method constitutes the first challenge to religion in a scientific age. It is the topic of part 2.


2. A New View of Nature. Many of the sciences show us domains of nature with characteristics radically different from those assumed in previous centuries. What are the implications of the novel features of quantum physics and relativity, such as the indeterminacy of subatomic events and the involvement of the observer in the process of observation? What is the theological significance of the “Big Bang,” the initial explosion that started the expansion of the universe 15 billion years ago, according to current theories in astrophysics? How are the scientific accounts of cosmic beginnings and biological evolution related to the doctrine of creation in Christianity? Darwin portrayed the long, slow development of new species, including the human species, from the operation of random variations and natural selection. More recently, molecular biologists have made spectacular discoveries concerning the role of DNA in evolution and in the development and functioning of organisms today. What do these discoveries tell us about the nature of life and mind? Such questions are explored in part 3.


3. A New Context for Theology. I hold that the main sources of religious beliefs, as systematized in theology, are the religious experience and the stories and rituals of a religious community. However, two particular areas of theological reflection must take into account the findings of contemporary science: the doctrine of human nature and the doctrine of creation. Instead of reductionism, which holds that all phenomena are determined by the behavior of molecular components, I will develop a relational and multilevel view of reality. In this view, interdependent systems and larger wholes influence the behavior of lower-level parts. Such an interpretation provides an alternative to both the classical dualism of spirit and matter (or mind and body) and the materialism that often replaced it. I will suggest that process theology offers a distinctive answer to the question: How can God act in the world as understood by science today? These issues are taken up in part 4.


4. Religious Pluralism in a Global Age. The technologies of communication, travel, and today’s global interdependence have brought adherents of differing world religions into increasing contact with each other. In the past, absolutist religions’ claims have led to repression, crusades, and religious wars, and they continue to contribute to hostilities in the Middle East, Northern Ireland, the Balkans, and elsewhere. In a world where some future conflict could escalate into a wider war, we must take seriously the problem of religious pluralism. There is also a great diversity of ideas within each tradition. For example, feminist authors have criticized the dominance of patriarchal assumptions in the history of Christian thought, and Third World liberation theologians have pointed to the influence of economic interests in theological interpretation. Religious pluralism calls into question exclusive claims for anyone religious tradition or theological viewpoint. This issue arises throughout the book, but especially in chapters 6 and 10. We will focus attention on the Christian tradition, but some discussion of other traditions is included (see Buddhism, Hinduism, Judaism, and Islam in the Index of Selected Topics).


5. Threats to the Environment. Ours is a planet in crisis. Deforestation, soil erosion, harmful chemicals, and pollution of land, air, and water, together with population growth, are severely damaging the environment in all parts of the globe. We are losing biodiversity and endangered species at an unprecedented rate. Can religious traditions contribute to a new environmental ethic? The Christian tradition has rightly been criticized for drawing too sharp a line between humanity and other creatures and for viewing humanity and human salvation as the purpose of creation. The tradition has also stressed divine transcendence at the expense of immanence in nature. But contemporary writers are recovering ideas of stewardship, celebration of nature, and the sacred in nature, which can contribute to environmental ethics today. In addition, we must turn to science to understand the evolutionary kinship of all creatures and the ecological interdependence of all life forms as well as the possibility of more sustainable patterns of agriculture, technology, and resource use. Out attitudes toward nature are affected by both religion and science.


I have explored this last theme more fully in another volume, Ethics in an Age of Technology (HarperSanFrancisco, 1993). But ethical implications will be evident at many points in the present volume (see Environmental Ethics in the Index of Selected Topics). Views of nature influence the way we treat nature, and views of human nature affect our understanding of human values and goals. This book defends an ecological theology that is supportive of efforts to preserve the environment.


In looking at these five challenges—science as a method, a new view of nature, a new context for theology, religious pluralism, and threats to the environment—my goals are to explore the place of religion in an age of science and to present an interpretation of Christianity that is responsive both to the biblical faith and to contemporary science.


The first three chapters that follow are designed to give some historical background for these contemporary issues. Many historical accounts have portrayed the “warfare” of science and religion. But this metaphor suggests two armies arrayed against each other and neglects the great diversity of responses and the debates within both the scientific and religious communities. Equally dubious are the accounts that assume a basic harmony between science and religion, claiming that any conflicts were merely the product of misunderstandings on one side or the other. The historical evidence is more diverse than either of these accounts, and therefore more illuminating with respect to current issues.









Part One


RELIGION AND THE HISTORY OF SCIENCE









CHAPTER 1


Physics and Metaphysics in the Seventeenth Century


The seventeenth century was a period of such crucial and rapid change in outlook that we may justifiably speak of it as marking the birth of modern science. Two landmarks in the growth of the new science were Galileo’s Dialogue (1632) and Newton’s Principia (1687). The lives of these two persons also provide illuminating examples of the interactions between science and religion that are our concern. It was in the physical sciences that the new intellectual climate first captured the human imagination and became the basis for a new world view. To see the extent of the transition wrought, we will start by outlining some assumptions of the Middle Ages that were challenged in the seventeenth century. We look successively at “The Medieval World-Drama,” “Galileo’s ‘Two New Sciences,’” and “The Newtonian World-Machine.”


Our objective is to analyze how views of God and human nature were affected by the new methods of inquiry in science and the new scientific understanding of nature. We will indicate briefly the approaches taken by Aquinas, by Galileo, and then by Newton, to the following topics: (1) methods in science, (2) the character of nature, (3) methods in theology, (4) God’s relation to nature, and (5) human nature. The final section of the chapter examines the positive contributions of religious thought to the rise of science and the major points of conflict.


In some cases, specific scientific theories, such as the Copernican theory that the sun rather than the earth is the center of the planetary system, seemed to conflict with traditional religious ideas. But science also influenced religious thought indirectly by calling philosophical assumptions into question, especially those in epistemology (analysis of methods of inquiry and theories of knowledge) and metaphysics (analysis of the most general characteristics of reality; see Glossary for definitions of frequently used specialized terms). We will be considering both direct and indirect influences of the new science on views of nature, God, and humanity.


These chapters of historical background do not try to describe all the complex factors in the growth of modern thought in either science or religion. In each field new ideas were the product, not of isolated individuals, but of communities of inquiry within wider cultural contexts. The social history of both science and religion is as important as an account of “great scientists” or “important theologians.” However, the discussion of a few pivotal figures in their social contexts can serve to illuminate the origins of contemporary issues.


I. THE MEDIEVAL WORLD-DRAMA


Amid the rich diversity of the Middle Ages, Thomas Aquinas (1225–1274) stands out as the most systematic and influential medieval author. His synthesis of Christian theology and Aristotelian philosophy articulated a distinctive approach to both science and religion that dominated Western thought until the seventeenth century. Let us consider his views on each of our five topics.


1. METHODS IN SCIENCE: EXPLANATION BY PURPOSES


During the 1950s and 1960s, several widely read books by historians of science portrayed the radical character of the “scientific revolution” of the seventeenth century and claimed that the Middle Ages made no substantial contributions to science.1 More recently, specialists in the history of medieval science have made detailed studies of particular people and topics. They insist that medieval authors must be examined in the context of their own times and that significant advances were made in medicine, technology, and physics. They point to continuity as well as discontinuity between medieval and early modern science. For example, Galileo’s concept of inertial momentum had a precursor in the writings of Jean Buridan and Nicole Oresme at the University of Paris in the fourteenth century, namely their idea of “impetus” as the cause of continuing motion.2


Yet even these recent authors acknowledge that medieval science was carried out within an Aristotelian framework with goals very different from those of Galileo and his successors. Medieval writers were primarily interested in the logical relationships among ideas, and only secondarily were they interested in testing hypotheses by experiments. I will argue that modern science really does represent a revolution in methods of inquiry, so that ideas with forerunners in earlier centuries were used in a new way. Creek science was recovered when the writings of Aristotle were translated from Arabic in the thirteenth century. From 1250 to 1650, Aristotle was the core of the curriculum in the universities of western Europe. Science was not an autonomous profession but a branch of philosophy, and Aristotle’s Physics was widely read and discussed—and challenged, even though its basic assumptions were still accepted.


For what type of explanation of an event should one search? To what sort of questions about nature is it most important to seek answers? Aristotle sought explanations in terms of the true form or intelligible essence of an object and the purpose it fulfills. Why do objects fall? For Aristotle and his followers, motion is explained by the tendency of each thing to seek its own natural resting place. The “natural place” of fire is up, and that of earth is down. The end of the motion—in the sense both of terminus and of purpose—was of more interest than the intervening process. Why does an acorn grow? To become an oak. Why is there rain? To nourish plants. Causality is described by future goals (“final causes”) and innate tendencies (“formal causes”), not just by the effects of past events (“efficient causes”) acting on objects in the present (“material causes”). The future goal need not be consciously entertained by an entity (for example, an acorn) but is built into its structure so that by its own nature it achieves the fulfillment of the end appropriate to its kind by the expression of form through matter.3


Attention was directed to the final end and not to the detailed process of change from moment to moment. The behavior of each creature follows from its essential nature. If every creature realizes its potentialities, the most illuminating questions are those concerning the uses of things and what they can do. The central feature of all change, in this view, is the transformation of potentiality into actuality. Logical connections, not simply temporal ones, must be traced. The categories of explanation are essence and potentiality, not mass and motion connected by laws in space and time. In the Middle Ages, this search for purposes was also the result of conceiving every object as having a place in a cosmic hierarchy, the creation of a purposeful God. God’s purposes in creating things, though not always discernible, constitute the ultimate explanation of their behavior.4


Because of this assumption of the rationality of the universe, both Greek and medieval science were primarily deductive (starting from necessary general principles and reasoning to particular exemplifications of those principles) rather than inductive (starting from particular observations and generalizing from them). This preference for deductive logic was closely related to the classical idea, particularly prominent in Plato, that knowledge is contemplation of the perfect forms of eternal truth rather than observation of their imperfect embodiment in the changing world. The way a thing behaves was also linked with its status in the overall scheme. The goal was not primarily, as in modern science, the description, prediction, and control of a limited phenomenon but rather the understanding and contemplation of the meaning of the part in relation to the whole and to God.


This does not mean that observation was absent from Aristotelian and medieval science. Many of Aristotle’s conclusions were in conformity with common experience. He had done considerable biological classification, for example, which required careful observation. But the categories of teleology (purpose) did not in general lend themselves to theories that could be tested by further experiment. We shall see that Galileo deliberately set aside all questions of purpose and “final cause” and introduced a totally different kind of concept tied to measurable relationships between observable phenomena.


2. NATURE AS A CREATED HIERARCHY


Aristotelian cosmology and Christian theology were merged to form the medieval picture of the universe. Earth was a fixed central sphere surrounded by the concentric spheres of the heavens. The planets, in the Ptolemaic theory, followed circles whose centers were attached to moving spheres; heavenly objects, being perfect and incorruptible, were said to make use only of the perfect form, the circle. This geocentric (earth-centered) scheme was easily visualized and corresponded to the commonsense experience of the solidity of the earth. Here position and destiny coincided. Humanity was unique and central in both location and importance; the divine was more perfect and comprehensive, separated both geographically and metaphysically from the created order. Within this overall pattern, every entity from greatest to least had its status and purpose in the graded hierarchy of reality: God, planets, angels, men, women, animals, and plants. Everything was in its neatly arranged place in an integrated total plan. It was a law-abiding world, but the laws were moral and not mechanical. This was the medieval view of the universe that the new science would call into question.


A wide variety of attitudes toward nature was expressed during the Middle Ages. At times spiritual destiny seemed so to outweigh temporal relationships that the world was treated as a great allegory whose essential secret was its religious meaning, not its operation or its causes. Symbolic interpretations of nature were sometimes derived from ancient legends unrelated to any factual observations. At other times, particularly among the common people, nature seemed to be the seat of evil forces and demonic powers, as it had been to most of the late Greek (Hellenistic) world; it was to be a long struggle before science would be free from association with magic, sorcery, and astrology. To some people, the sense of God’s creation was overpowering; to St. Francis, for example, nature was a sacrament of the divine. For Aquinas and his followers, the conviction of God’s rationality encouraged an affirmative attitude toward nature, which, as we shall see, contributed indirectly to the rise of Science.


Medieval thought was in general realistic in the sense that it held the world to be real as perceived, experienced, and understood. The rational powers of the intellect were believed to be capable of grasping the true essence of the world. It was said that nature is immediately present to us and clearly intelligible to our minds. Color and warmth, love and purpose were taken as integral characteristics of existing beings. The possibility of knowledge of the external world was not seriously doubted, as it has been in modern philosophy since Descartes.


Note finally that nature was assumed to be essentially static, with all its species created in their present forms. It was a completed world in which there could be no fundamental novelty except as God acts in it. However, the life of each creature might include outward change and development as its God-given potentialities unfold. One might say that the basic image of nature was that of a Kingdom—a fixed , hierarchical, ordered society under a sovereign Lord.


3. METHODS IN THEOLOGY: REASON AND REVELATION


To understand some of the subsequent interactions of science and religion, we must briefly summarize the sources of authority in medieval theology. Scholastic thought was based on both reason and revelation, showing again the characteristic synthesis of elements from Greek philosophy and biblical faith. God is known through both natural and revealed theology. The natural truths are open to all people by the unaided powers of human reason; the revealed truths were disclosed by God through Christ and the prophets and are transmitted through scripture and tradition as preserved by the church. Since all truth is from God, the two basic sources will be consistent with each other.


In Aquinas’s system, reason is an important preamble to faith. It can establish some theological truths, including the existence of God. The teleological argument leads from the evidence of design in nature to the idea of an intelligent Designer. The cosmological argument moves from the contingency of the world to its necessary ground, a First Cause of all effects. God has been at least partially disclosed in the universe. But to Aquinas this natural theology remained secondary to revealed theology; it was not the main source of knowledge of God, as it was to be for many thinkers by the eighteenth century.5


Revelation is necessary, according to Aquinas, because the most important theological truths are not accessible to reason. God’s existence is rationally demonstrable, but the trinity and the incarnation are not. The divine plan of salvation was made known through the channels God chose to establish. Even those truths that can be proven philosophically have been made more readily available to the average person through revelation. Faith is thus primarily the acceptance of revealed truths on the authority of the church rather than (as for the Protestant Reformers) an attitude of trust and commitment in direct personal relationship to God as known in Christ. In medieval thought, the church is not only the channel of divine grace, mediated through Christ’s death and the efficacy of the sacraments, but also the channel of divine truth, imparted through Christ’s teaching and transmitted by the continuing community that was his chosen instrument.


The Bible was only one element in this total system of thought, and scripture was considered authoritative only as interpreted by the church. Moreover, the doctrine of “levels of truth” in the Bible allowed some flexibility for allegorical interpretation and poetic meaning. Scripture was thus only one issue in the conflict that arose between Galileo and the Catholic Church. Galileo’s defense of Copernican astronomy seemed to threaten an inclusive intellectual scheme that was strongly dependent on Aristotelian assumptions and on an institutional church that asserted its authority to interpret scripture.


4. GOD AS CREATOR AND REDEEMER


In Aquinas’s conception of God, Aristotle’s Unmoved Mover and the Bible’s personal Father had become one. The metaphysical First Cause of Greek philosophy was identified with the dynamic purposeful Creator of biblical theology. Though at times the more abstract philosophical attributes (omniscience, omnipotence, omnipresence, eternity) may seem to have predominated over more personalistic biblical images (father, judge, savior), Aquinas’s writing clearly pictures a God who is concerned about human redemption. We must here restrict ourselves to some comments on the Thomistic understanding of God’s relation to nature.


Aquinas presents one form of the cosmological argument: every event must have a cause, which in turn must be the effect of an earlier cause, and so forth, back to a First Cause. But Aquinas also considers the possibility of an infinite sequence of causes—an idea that is being discussed by some astronomers today. He maintains that the crucial feature of all events in the world, whether in a finite or an infinite series, is their contingency, the fact that they might not have occurred. Why is there anything rather than nothing? Every entity in the world is dependent on other entities, and all are sharply distinguished from God, a necessary being whose existence is not dependent on the existence of other beings. Aquinas also defends the argument from design; but the argument did not exclusively determine his concept of God (as it did for many writers in later centuries); for him the intelligent Designer was always the biblical Creator.6


Moreover, in contrast with the deism of the eighteenth century, Aquinas portrays God as continuing ruler of nature and not just as its original Creator. Divine governance is an active power sustaining and working through the natural order. God is the “primary cause” of every event, but there are “secondary causes” through which God works. Aquinas believed that natural processes can be explained in relative independence of any direct acts of God, and yet their functioning depends on powers not inherent in them but provided by God’s sustaining activity. Divine concurrence is required for anything to happen. God is also the Supreme Good, the goal of nature. God’s activities as creator, ruler, and goal are not divided temporally as past, present, and future, for these functions interpenetrate each other. As the Supreme Good, God draws all things in the present toward their appointed ends. In this sense, Dante can say it is “love that moves the heavens and all the stars,” for all things aspire to fulfill God’s will.


There are several ways of accomplishing the divine will beyond action as Creator and Supreme Good. God works through natural causes, governs the world through angels, and acts directly through miracles to accomplish specific results. God’s influence on nature is thus rich and complex, including a number of functions operating at various levels. The new concept of nature that developed with the emerging science was to affect the interpretation of these relationships and the concept of God they imply.


5. HUMANITY AS CENTER OF THE COSMIC DRAMA


If God was the supreme member of the hierarchy of being in medieval thought, humanity was the center of the cosmic drama. Nature was subordinate to humanity. The functions of creatures lower in the scale were explained mainly by their role in human life, for the world was designed to serve human interests. Nature was primarily the stage setting for the drama of God and humanity. World history was understood to follow a divine plan, whose epochs could be symbolized by five words: Creation, Covenant, Christ, Church, Consummation. The fall of the first humans introduced sin into the world. The cosmic drama centers in God’s redemptive act for the salvation of humanity: the incarnation of Christ and his atoning death. Our goal is union with God, and salvation lies in aligning our purposes with God’s, making use of the means of grace God has appointed.


Human nature, in medieval thought, is a union of mortal body and immortal soul. This body/soul dualism was indebted more to Greek than to biblical thought (as I will suggest in chapter 10). We are free and rational beings, whose duty and fulfillment lie in conforming at once to reason and to God’s will. Everything else is to be scrutinized for its significance in our pilgrimage and its purpose in the divine plan leading ultimately up to God. Human beings, in this view, differ radically from all other creatures. While the scheme is ultimately theocentric (God centered), its portrayal of the world is anthropocentric (human centered). This assumption was to be challenged in very diverse ways, first by Copernican astronomy, then by Darwinian evolution, and more recently by environmentalists who claim that the sharp separation of humanity from nature in classical Christian thought was one of the historical roots of environmentally destructive attitudes in Western culture.


This was the total plan, the coherent pattern into which all things fitted and from which they derived their significance. It was a unified hierarchical order in which every being plays its part. All nature serves humanity, and humanity serves God. The social order, too, was fixed and hierarchical. Science, cosmology, society, history, and theology all expressed the same pattern of meaning. This, in briefest outline, was the medieval world view, which in its main features was not greatly altered by the Reformation in the sixteenth century but which was to be drastically transformed by the impact of modern science.


II. GALILEO’S “TWO NEW SCIENCES”


Galileo Galilei (1564–1642) has rightly been called the father of modern science, for in his work the distinctive features of the new scientific methodology first found explicit formulation and fruitful practice. His trial and condemnation by the church authorities in Rome was also the first dramatic example of conflict between religion and science in the West.


1. METHODS IN SCIENCE: MATHEMATICS AND OBSERVATION


The key feature of the new science was the combination of mathematical reasoning and quantifiable observations. A century before Galileo, the importance of mathematical simplicity had already been defended by Copernicus. The Ptolemaic system, in which the sun and planets were assumed to revolve around the earth, had required more and more amendments, by adding wheels within wheels, in order to agree with the astronomical data available; these additions were cumbersome and arbitrary. The Copernican model, in which the planets and the earth revolve around the sun, agreed with the available observations with comparable accuracy and was much simpler mathematically. Copernicus extolled the beauty of a small number of concentric circles, much in the Pythagorean tradition of belief in the harmony of numbers. In the absence of any new data, the support he received was largely philosophical in character; the revival of Platonism was beginning to undermine the authority of Aristotle, who had held the Ptolemaic view.7


In the writing of Johannes Kepler early in the seventeenth century, belief in mathematical harmony found even more rhapsodic expression. He was able to show that the accurate observational data he inherited from Tycho Brahe were consistent with a modification of the Copernican system, namely the assumption of elliptical rather than circular planetary orbits. Kepler saw “geometrical perfection” itself as the reason why the planets follow mathematically exact orbits. In his belief in “the mystery of number” and “the music of the spheres,” as in his conviction that “God ever geometrizes,” there were aesthetic and religious as well as scientific motives.8 Yet in the process of stressing precise observations and the display of mathematical relationships, an important change was occurring: the universe was increasingly seen as a mathematical structure. The significant relationships were quantitative, not qualitative, as they had been for Aristotle. Without the achievements of mathematics, neither the seventeenth-century scientific revolution nor the innovations of twentieth-century physics would have been possible.


Galileo found additional observational evidence to support the Copernican model. In 1610, using the newly invented telescope, he observed the mountains of the moon and saw that the moon is an irregular physical object and not a perfect “celestial sphere.” His discovery of Jupiter’s moons showed that the earth was not the center of all motions, and his data on the phases of Venus fitted perfectly with Copernican assumptions.


In Galileo’s study of motion the use of mathematical equations was combined with an emphasis on experimentation. The combination of theory with experiment can be traced, of course, to earlier centuries (scholars in northern Italy in the fifteenth century, Ockhamists at Oxford in the fourteenth century, and such figures as Archimedes in ancient Greece), but it became explicit in Galileo’s careful investigations. His description of the discovery of the equations of accelerated motion, using a ball rolling down an inclined plane, is a classic example of reasoning back and forth between theory and experiment. He used concepts such as length, time, and velocity, which could be tied to measurements and expressed in mathematical symbols. He described how he considered a possible mathematical relationship between velocity and distance and then deduced the expected law of motion this would yield—a deduction that turned out to be incompatible with experimental results. He tried other theoretical assumptions, calculated the equations deducible from them, and made experimental tests of these equations. Here were all the characteristics of the new science: the distinctive type of concept, the combination of theory and experiment, and the goal of expressing laws of nature as mathematical relationships among measurable variables.9


The experimental side of the new science was indeed crucial. It received additional support from various sources, including the improved instruments and the interest in practical problems fostered by developing technologies (such as navigation, metallurgy, and military weaponry). But it is misleading to identify science primarily with observations, as was done in Galileo’s day by Sir Francis Bacon—and more recently by David Hume and modern positivism. Bacon believed that science consists of the accumulation and classification of observations. He insisted that induction is the easy road to knowledge: make observations, summarize them, and generalize. Discovery can be a routine and automatic process, he said, carried out “as by machinery”; only patience is needed, not difficult or abstract thought. The Baconian account leaves out the whole theoretical side of science, and above all it omits the role of creative imagination in the formation of new concepts.


As an example of an imaginative new concept, consider Galileo’s idea of motion without air resistance (which was the key to the principle of inertia). His contribution here was no mere “careful observation” but a conception of the world as we do not experience it. He imagined observed motion to arise from two sources, neither of which could be observed alone: a continuing uniform inertial motion and a frictional retarding force. Aristotle’s view had been closer to everyday observations; a cart left to itself does come to its “natural” state of rest if there is no horse to keep it moving. Galileo imagined an idealized frictionless case that, left to itself, would continue to move uniformly. Starting from such an “ideal case,” he could argue that the cart comes to rest not because of any natural tendency to do so but because friction hinders its uniform motion.


Galileo asked not why objects move, but how they move. He was content to describe how phenomena progress, and he completely ignored questions about the purposes they serve, which he saw as irrelevant to the problems in which he was interested. The questions that were being asked of nature were fundamentally different from those that had been asked in the Middle Ages. Interest was being directed not to final causes operating toward the future or to formal causes in the essence of the object, but to efficient causes. In all these ways Galileo’s work embodied the approach typical of modern science, and it led to a new ideal of what it means to explain something.


2. NATURE AS PARTICLES IN MOTION


Several historians and philosophers writing in the 1950s and earlier were interested in the metaphysical assumptions of the founders of modern science. They analyzed the distinctive concepts of the new physics and described the mathematization and mechanization of nature.10 These “internalist” accounts—accounts of changes in ideas within the scientific community—have been criticized more recently by “externalist” historians, who insist on the importance of wider social and cultural forces in the history of science. Some of them have questioned whether a single coherent “scientific revolution” can be discerned amid the variations among periods, nations, and historical periods.11 I believe that we must take both ideas and social forces into account and that despite the diversity of disciplines and periods, the development of seventeenth-century physics was so influential both on other sciences and on prevailing views of nature that it deserves special attention.


Galileo’s writing was notable for its preliminary formulation of a new picture of nature as matter in motion. The “corpuscular philosophy” of the seventeenth century was not yet the nineteenth-century “atomic theory,” which, after Dalton, was supported by considerable empirical evidence. Yet it was more than a revival of the “atomism” of Democritus in ancient Greece, which had been entirely philosophical and speculative in character. In effect, Galileo extrapolated from his own work; he assumed that the ultimate constituents of nature were exhaustively describable in the same categories that he found to be so powerful in analyzing the motion of observable objects.


The categories of mass, space, and time were relatively unimportant to medieval authors. In Galileo’s thought these categories were central because they could be treated mathematically. The world was taken to be composed of particles to which were ascribed only two properties: mass and motion. Change no longer meant transition from potentiality to actuality but the rearrangement of particles in time and space. During the seventeenth century, the quantifiable concepts with which the scientist could deal so successfully were gradually taken to characterize the real world (apart from humanity) without remainder. Galileo never elaborated a mechanistic view of nature, but some of the key assumptions of such a view are evident in his writings.


Galileo called mass and motion “primary qualities,” characteristic of the objective world independent of the observer, and he distinguished them from “secondary qualities,” such as color and temperature, which he believed to be purely subjective reactions of the senses to the world. Pain is in me, not in the pin that pricks me; so also heat and sound were said to reside in the mind, not in the object observed. Galileo concluded:




I cannot believe that there exists in external bodies anything, other than their size, shape or motion (slow or rapid), which could excite in us our tastes, sounds, and odors. And indeed I should judge that, if ears, tongues, and noses be taken away, the number, shape, and motion of bodies would remain, but not their tastes, sounds, and odors…. And I again judge that heat is altogether subjective.12





It was Galileo’s contemporary, René Descartes (1596–1650), who gave the most complete philosophical exposition of this distinction between primary and secondary qualities, developed into a radical dualism of matter and mind. The external world is self-sufficient matter extended in space. Mind, on the other hand, is unextended “thinking substance.” Mathematics, which for Descartes was always the exemplar of the “clear and distinct ideas” of which one could be certain, was the key to understanding nature. The whole range of nonhuman life was put by Descartes on the side of matter; he claimed that all animals are automata, complex machines without intelligence or feeling. Even the human body was to be treated as a machine. Descartes allowed only one exception, the human mind. To mind were relegated all the qualities and aspects of experience with which the new science could not deal. Everything except the human mind consisted of matter in motion.13 By the next century some philosophers would be denying the exception and defending a metaphysics of materialism.


3. METHODS IN THEOLOGY: SCRIITURE, NATURE, AND THE CHURCH


Galileo’s ideas were seen as threats to the authority of Aristotle, the Bible, and the Roman Catholic Church. Aristotle’s authority, enshrined in the Thomistic synthesis, was vigorously defended in Catholic circles. A Protestant scholasticism had developed also in northern Europe. Luther’s follower, Melanchthon, had introduced educational reforms that made extensive use of Aristotle. The philosophical distinctions made by many Protestant theologians on the continent late in the sixteenth century and their practice of citing classical authorities paralleled the practices of Catholic scholars. Thus much of the early opposition to Copernican astronomy was a product of the respect in which Aristotle was held.


Luther, and even Calvin, had been somewhat flexible in biblical interpretation. For each of them, the locus of authority was not the verbal text itself but the person of Christ, to whom scripture pointed. Scripture was important as the witness to the redemptive events in which God’s love and forgiveness in Christ had been mediated to us. To the early Reformers, scripture is confirmed in human experience by the Holy Spirit. But by the beginning of the seventeenth century, the Bible was seen by some Protestants in northern Europe as a deposit of inerrant information, including information about scientific questions, which had been dictated by God. Rather than being a record of events in which God was revealed, scripture itself was viewed as infallible knowledge in propositional form verbally imparted by God. Those holding this view opposed the Copernican theory as contrary to biblical passages implying a geocentric universe. In England there was a greater diversity of views concerning the interpretation of scripture and greater acceptance of Copernican views.14


The Roman church had reacted defensively to the rise of Protestantism. In the Council of Trent (1545–1563) its doctrines had been more sharply defined over against the ideas of the Reformation. In contrast to Protestantism, it was not scripture itself but scripture as interpreted by the tradition of the church that was said to be the ultimate authority. The Counter-Reformation had also developed a number of authoritarian measures to exclude heretical views, including the Inquisition, censorship to prevent publication, and the Index of Prohibited Books. It was this powerful church bureaucracy that Galileo confronted.


In his Letter to the Grand Duchess Christina in 1615, Galileo set forth two principles of interpretation to be used when scientific theories seem to conflict with a literal interpretation of scripture.


1. Independence. In some passages Galileo claims that science and scripture have different goals and are irrelevant to each other. He cites Augustine’s assertion that scripture does not teach us about matters that are not relevant to our salvation, and he continues:




It follows that since the Holy Ghost did not intend to teach us whether heaven moves or stands still…so much the less was it intended to settle for us any other conclusion of the same kind…. Now if the Holy Spirit has purposely neglected to teach us propositions of this sort as irrelevant to the highest goal (that is, our salvation), how can anyone affirm that it is obligatory to take sides on them?”15





Galileo quotes Cardinal Baronius: “The intention of the Holy Ghost is to teach us how one goes to heaven, not how heaven goes.” On cosmological questions the writers of the Bible had to “accommodate themselves to the capacity of the common people,” using “the common mode of speech” at the time.


This would be a version of what I will call the Independence model of the relation of science and religion (chapter 4). In this view, theology is neutral with respect to cosmology; differing scientific theories should be evaluated by scientific criteria alone. If Galileo had adhered to this distinction and the church authorities had accepted it, there would have been no possibility of conflict. Scientific theories and religious teachings would have been treated as separate realms of discourse.


2. Potential Conflict. In other passages Galileo asserted that a metaphorical interpretation of scripture is acceptable only when a literal interpretation would conflict with a scientific theory that can be proved with certainty. Scientific theories that cannot be irrefutably demonstrated should be rejected in favor of a literal interpretation of scripture:




Among physical propositions there are some with regard to which all human science and reason cannot supply more than a plausible opinion and a probable conjecture in place of a sure and demonstrated knowledge; for example, whether the stars are animate. Then there are other propositions of which we have (or may confidently expect) positive assurances through experiments, long observation, and rigorous demonstrations; for example, whether or not the earth and heavens move, and whether or not the heavens are spherical. As to the first sort of propositions. I have not doubt that where human reasoning cannot reach—and where consequently we can have no science but only opinion and faith—it is necessary in piety to comply absolutely with the strict sense of Scripture.16





But Galileo overstated the degree of proof he could provide, and there was still considerable disagreement among astronomers. Cardinal Bellarmine had proposed a face-saving compromise: Galileo could present the Copernican model as a convenient calculating device for correlating observations and making predictions, provided he did not defend it as a true representation of reality. Both Pope Urban VIII and Galileo at first accepted this formula for treating the Copernican theory as “hypothetical.” But in the Dialogue on the Two Chief World Systems (1632), Galileo’s own convictions were but thinly veiled. He put the arguments for the Ptolemaic system—including some that had been advanced by the pope—into the mouth of a character called Simplicio, who could not be taken very seriously. The pope was personally affronted. Galileo also used physical evidence (an argument from the earth’s tides, which was later shown to be erroneous), in violation of the idea of treating the Copernican system as a mathematical formalism. The debate was further complicated by political factions and personal rivalries within the church hierarchy.17


The famous trial of Galileo before a panel of cardinals was held in 1633, and he was condemned by a vote of seven to three for violating an injunction sent to him in 1616 requiring him “not to hold, teach, or defend in any way whatsoever that the earth moves.” He recanted and spent the rest of his life under house arrest. He was forbidden to publish but managed to get his Discourses on Two New Sciences published in Protestant Holland in 1638, four years before his death. The Dialogues were not removed from the Index of Prohibited Books until 1822. In 1984 a commission appointed by Pope John Paul II to reexamine these events acknowledged that “church officials had erred in condemning Galileo.” In 1992 the pope reviewed the commission’s findings. He said that there are “two realms of knowledge” and that by failing to distinguish them, theologians had been led “to transpose into the realm of the doctrine of the faith a question that in fact pertained to scientific investigation.”18


4. GOD AS AUTHOR OF NATURE AND SCRIPTURE


Galileo’s concept of God did not depart significantly from that of classical Christianity. He said that the Book of Nature and the Book of Scripture cannot conflict because they come from the same author. He therefore reinterpreted passages of scripture whose literal interpretation conflicted with Copernican theory. But he still held scripture and its message of redemption in high regard. However, the idea that God is known through the Book of Nature opened the door to a greater reliance on natural theology as science expanded, which in later generations would lead to new views of God’s relation to nature.


With final causality dismissed, the idea of God as the Supreme Good toward which all things strive was before long replaced by God as First Cause, understood as the initial link in the chain of efficient causes. With Galileo began the development whereby God was to become merely the original creator of the interacting atoms in which resides all subsequent causality. Nature, once created, was considered to be independent and self-sufficient. In medieval as well as Reformation thought, God’s concurrence had been viewed as a very direct and active relationship. As attention focused on natural causes, God’s role was gradually relegated to that of First Cause.


Even at this early stage, various philosophers tried to reconcile the picture of a mechanical world with belief in God. In Descartes’s case, an extreme dualism of mind and matter provided a realm for the operation of both God and the human soul. Descartes was impressed by the mathematical rather than the experimental side of the new science. For example, he formulated Cartesian geometry and applied it to physical systems. He was a thoroughgoing rationalist; only directly intuited “clear and distinct ideas” provide us with certainty, since sense impressions are confused and unreliable. The mind apprehends a priori ideas that are not dependent on experience for their vindication. Our idea of God is innate, a primordial apprehension of the divine. Thus for Descartes it is through the participation of the human mind in the realm of ideas that God is known. Descartes did hold, however, that in addition to creating the world, God renews it in each instant; he maintained that time is discontinuous and that but for God’s continual recreation the universe would collapse into nothingness. But the sequence of events in the world is determined by the mechanical laws of matter in motion.


The pantheistic solution proposed by Benedict Spinoza (1632–1677) went much further in rejecting the traditional concept of God. There is no cosmic purpose, he wrote, for all things occur in accordance with inflexible laws of cause and effect. The world is a mechanical and mathematical order, not in any sense a personal and moral one. Spinoza used the term God only to refer to the immutable structure of the impersonal cosmic order; he specifically rejected any idea of God as a purposeful or intelligent being, saying that “neither intellect nor will appertain to God’s nature.” God is the “infinite substance” of which extension is one attribute, but this substance has no ethical properties since good and evil are entirely relative to human desires. The harmonious perfection of this world-system can itself be the supreme object of human devotion. True wisdom, he suggested, consists in resignation to the power of the universe; we must come to understand and accept the impartial necessity of inexorable law, which governs our lives.19 But Spinoza’s philosophical response to the mechanical view of the world involved too great a departure from prevalent ideas to be influential in his own century, though it was picked up by later thinkers, including Einstein. Most people in the seventeenth century continued to affirm a traditional view of God along with an increasingly mechanical view of nature.


5. HUMANITY IN THE NEW COSMOLOGY


Medieval cosmology had set the eternal celestial realm in opposition to the terrestrial scene of change and decay; the graded “hierarchy of being” approached perfection as it approached the divine. The new cosmology obliterated this distinction between the corruptible and the incorruptible; it applied uniform natural categories to the whole universe. The identity of purpose and place was destroyed. In particular, humanity was demoted from the center of the universe to a spinning planet orbiting the sun. Human uniqueness and the idea of God’s particular concern for human life seemed in danger. Speculation about life on other planets is not a new phenomenon of the space age; the issue was raised by Galileo’s opponents, and the implications of a “plurality of worlds” were extensively discussed. Nicholas of Cusa and Giordano Bruno had already encountered vehement opposition to their ideas of the infinity of space. The new cosmology was resisted, then, not only because it challenged the authority of Aristotle, scripture, and the church, but because it threatened the whole medieval scheme of purpose and meaning in which the spatial location of humanity was correlated with status in the cosmic hierarchy.


However, human beings still had a very special status and dignity because of their rational minds. The medieval dualism of body and soul was carried over in another form in the Cartesian dualism of matter and mind. Human beings were still the great exception in a world that was increasingly seen as a mechanical system of particles in motion. In Galileo’s day the sharp separation of humans from the rest of nature was still accepted by most philosophers and theologians.


III. THE NEWTONIAN WORLD-MACHINE


Isaac Newton (1642–1727) was born the year Galileo died, and by the end of the century he was the preeminent figure in the scientific revolution. His idea of nature as a law-abiding machine had an enormous influence far beyond science itself. Yet despite some unorthodox theological ideas, Newton himself retained a fairly traditional concept of God. Let us examine his views on the five themes of this chapter.


1. METHODS IN SCIENCE: EXPERIMENT AND THEORY


Newton carried further Galileo’s use of mathematically expressed theories and experiments. His invention of calculus was an important contribution, but he was also an ingenious experimenter in mechanics and optics. His method involved the continual interaction of observation and theory. But it should be underscored that there are no rules for discovering the concepts through which this may occur fruitfully. New concepts are the product, not of precise observation or of mathematical deduction alone or even of the two together, but of creative imagination.


In the case of the law of gravity, his novel insight was the idea that the earth’s gravitational pull might extend to the moon—in other words, that the moon might be continually falling toward the earth, as the legendary apple did. Newton had already realized from the laws of motion that what was required to keep the moon in orbit was a centripetal force (toward the earth) not a tangential force (pushing it along the orbit). He had shown that the force necessary for a planet to follow one of Kepler’s ellipses would be an attraction toward the sun varying with the inverse square of the distance. Using the prevailing estimates of the distance to the moon, Newton calculated the period of the moon’s revolution that would be expected if there were an inverse-square gravitational force toward the earth. The result disagreed by 12 percent from the observed lunar period. Later, when it was found that the estimates of the distance had been in error, he repeated the calculations with the new data and found excellent agreement. The whole incident provides an illuminating example of the interaction of observation, theory, mathematical deduction, and an imaginative new concept.


Newton insisted that the scientist’s task is descriptive and that premature speculation must be avoided. He was willing to investigate the behavior of objects influenced by gravity while leaving unanswered the question of the nature of gravity; in the absence of experimental evidence, we must simply admit we don’t know.20 When he advanced speculations with less adequate empirical support, as in his corpuscular theory of light, he did so with considerable caution and tentativeness. He may not have been as free from metaphysical assumptions as he thought, but he did clearly recognize that a scientific theory could be useful even when it did not answer all the questions one might ask about a phenomenon.21 In Newton’s day scientific theories were assumed to be representations of objective reality as it is in itself. We will find this epistemological realism rejected by Kant and extensively debated by twentieth-century physicists and philosophers.


2. NATURE AS A LAW-ABIDING MACHINE


Newton’s laws of motion and gravity seemed applicable to all objects, from the smallest particle in the laboratory to the farthest planet. This was still a single harmonious order, as in the Middle Ages, but now it was a structure of forces and masses rather than a hierarchy of purposes. This magnificent synthesis of diverse domains was rightly admired, and the perfection of mathematical law made a great impression on Newton’s contemporaries. It suggested an image of the world as an intricate machine following immutable laws, with every detail precisely predictable. Here was the basis for the philosophies of determinism and materialism that later generations were to develop. Newton himself believed that the world-machine was designed by an intelligent Creator and expressed God’s purposes; to later interpreters, impersonal and blind forces appeared to be entirely self-contained.


The concepts of Newtonian physics, which had been so superbly successful in astronomy and mechanics, were increasingly adopted as the basis of an all-encompassing metaphysics. Newton himself accepted Galileo’s view that nature (apart from humanity) is exhaustively describable as particles in motion. The properties that could be treated mathematically—mass and motion—were alone considered to be characteristics of the real world; other properties were taken to be purely subjective, having no existence outside the mind. Since “efficient” causes had replaced “final” causes, all causality was assumed to be reducible to forces between particles and all changes reducible to the rearrangement of particles. John Locke wrote, “By the figure, bulk, texture, and motion of these small and insensible corpuscles all the phenomena of bodies may be explained.” E. A. Burtt gives this summary:




It was of the greatest consequence for succeeding thought that now the great Newton’s authority was squarely behind the view of the cosmos which saw in man a puny, irrelevant spectator of the vast mathematical system whose regular motions according to mechanical principles constituted the world of nature…. The world that people had thought themselves living in—a world rich with color and sound, redolent with fragrance, filled with gladness, love, and beauty, speaking everywhere of purposive harmony and creative ideals—was crowded now into minute corners in the brains of scattered organic beings. The really important world outside was a world hard, cold, colorless, silent and dead; a world of quantity, a world of mathematically computable motions in mechanical regularity.22





In such a mechanical world, however, Newton himself still found room for both God and the human spirit.


3. METHODS IN THEOLOGY: “NATURAL THEOLOGY”


The English authors whom we would call scientists called themselves “natural philosophers” or “virtuosi.” They were mainly from Anglican (Church of England) and Puritan (Calvinist) backgrounds. The charter of the Royal Society instructed its fellows to direct their studies “to the glory of God and the benefit of the human race.” Robert Boyle (1627–1691) said that science is a religious task, “the disclosure of the admirable workmanship which God displayed in the universe.” Newton believed the universe bespeaks an all-powerful Creator. Sprat, the historian of the Royal Society, considered science a valuable aid to religion. This view is celebrated in Addison’s hymn:




The spacious firmament on high,


With all the blue ethereal sky


And spangled heavens a shining frame,


Their great Original proclaim.


The unwearied sun from day to day,


Does his Creator’s power display,


And publishes to every land,


The work of an Almighty hand.





The virtuosi identified themselves with the Christian tradition in which they were nourished, and many of them seem to have experienced a personal response of reverence and awe toward the marvels they beheld. The psalmist had written, “The heavens declare the glory of God, and the firmament showeth God’s handiwork,” and the virtuosi felt they could appreciate this handiwork in ways not possible to any previous generation. Expressions of awed surprise and admiration at the skill of the Creator dot the pages of their writings. The sense of the grandeur and wisdom of God was evidently a very positive experience for many of them and not just an abstract intellectual formula or a concession to cultural respectability.


Yet their approach to religion was departing increasingly from traditional Christianity. Many factors contributed to this shift. England had been torn by religious strife and civil war between royalists (mainly Roman Catholic or Anglican) and parliamentarians (mainly Puritan); when the monarchy was restored in 1660, a need was felt for a minimum common basis of reasonable agreement. Contact with other cultures also suggested the value of religious universality. A small but influential group of scholars known as the Cambridge Platonists had asserted that reason and revelation are not incompatible; they advocated a philosophical approach to theology (drawing particularly from Platonic idealism) and urged toleration rather than dogmatism. A growing confidence in human reason, a more optimistic view of human capacities, and a desire to provide a rational defense of the essentials of religion are reflected in such treatises as Locke’s The Reasonableness of Christianity. The virtuosi had a personal stake in defending themselves from the charge of irreligion, and they went to great lengths to show that atomism does not lead to atheism. They had to reply to Hobbes’s view that the universe is the product of the chance concourse of particles; they wanted to establish that although they were atomists, they were not materialistic atomists.


The most common form taken by their writing about religion was some variation of the argument from design. This passage from Newton’s Optics is typical:




Whence is it that nature doth nothing in vain; and whence arises all that order and beauty which we see in the world? How came the bodies of animals to be contrived with so much art, and for what ends were their several parts? Was the eye contrived without skill in optics?…Does it not appear from phenomena that there is a being incorporeal, living, intelligent?23





The eye evoked particular admiration as a triumph of ingenuity and workmanship implying an intelligent Designer, but other illustrations were frequent. The rotation of the earth, the inclination of its axis, the proportions of land and sea all seemed perfectly arranged—the day for work, the night for rest, the seasons for crops, and so forth. Boyle pointed out that lambs are born in the spring when there is fresh grass for them.


The virtuosi, like the medieval scholastics, found a pattern of divine benevolence in the design of all things. Because they still saw humans as spiritual beings, as exceptions to the mechanical pattern of the world, they often assumed that the purpose of the rest of nature was human convenience as well as the glory of God to whose wisdom it witnessed. But unlike authors in the Middle Ages, they considered purposes to be entirely external to nature and not immanent in their operation. Nature is a complete and functioning machine that is not itself striving toward any ends, and God is the original First Cause, not the Final Cause. Scientific explanations and descriptions of causal chains must be given strictly without any reference to purposes. Boyle, who detected purposes everywhere, was very critical of teleology as an explanation for present behavior. An answer to the ultimate question of “why” is no substitute for an answer to the immediate question of “how,” which he said should be given in terms of the “bulk, shape, and motion” of constituent parts. A total explanation of things will go beyond mechanism, but it is not the object of experimental science. He maintained that there are levels of truth, which must be carefully distinguished.24


The argument from design assumed, of course, that the world had been instantaneously created in its present form. The idea of evolution and change was simply absent from seventeenth-century thought about nature. If one assumed that the world came into existence fully developed, the argument for an intelligent Designer seemed persuasive; it was the only apparent alternative to the view that the world is the product of the chance concourse of atoms. The problem of evil and the existence of catastrophes and cruelty in nature were dismissed by saying that a few parts may have to suffer because of laws beneficial to the whole or by asserting that God has higher purposes that mortal wisdom cannot penetrate. More often, the unpleasant aspects of nature were ignored and the evidence selected to support the benevolent pattern that was assumed.25


In addition to the argument from design, the areas of supposed consensus among the religions of the world were cited to support a “reasonable and universal religious faith” open to all cultures and not dependent on any particular historical revelation. This common core of belief was said to include three ideas: the existence of a Supreme Being, the immortality of the soul, and the obligation to moral conduct. The virtuosi believed that this common core was also the essence of Christianity, which they thought they were defending; actually it represented a major departure from biblical faith. Religion became less a matter of living experience than of intellectual demonstration. Ethics was reduced to utilitarian prudence and a minimum moral code. Nature, not history, was the clue to the knowledge of God. God as Creator, not God as Redeemer, was increasingly the focus of interest. God’s relation to the individual and the experience of forgiveness and reorientation were seldom mentioned. In all these areas the virtuosi moved away from the Christ-centered orientation of the Middle Ages and Reformation. “Rational religion” had been intended as a support for the essentials of Christianity, but by the next century it was to become a substitute for them. Reason, originally a supplement to revelation, began to replace it as the path to knowledge of God. The change did not come about initially by open conflict but by the reinterpretation of Christianity from within.


4. GOD AS DIVINE CLOCKMAKER


Nowhere was the impact of scientific on religious thought greater than in the modification of the role of God in relation to nature. God became primarily the Designer of the world-machine, though various attempts were made to find a place for God’s continuing activity within a mechanical natural order. Boyle’s favorite analogy for the world was the famous clock at Strasbourg. The analogy served him well in arguing for the divine Clockmaker, for a clock is obviously not the work of chance but of intelligent artifice. But the analogy also makes clear the difficulties in finding any room for present divine activity, for a clock once started runs its own independent mechanical course.


Most of the virtuosi, as least until the end of the century, were willing to make an exception to the rule of law in the case of biblical miracles, which they felt to be part of their Christian heritage. God intervenes on rare occasions for special reasons. Some authors felt that miracles and the fulfillment of prophecies were evidence for the validity of revelation; they claimed that miracles were public events observable by the senses and attested by reliable witnesses. Other interpreters showed more ambivalent attitudes; having used the regularity of the world as their main argument for God, they did not want to make too much of the irregularities. Thus Boyle started by affirming God’s freedom to rule the created order but ended by asserting that God’s wisdom was displayed primarily in planning things so that no intervention would be needed. God the Cosmic Legislator demonstrated care for the welfare of the creatures in the perfection of the original creative act. Laws are the instruments through which God governs, and violations are “very rare.” The rule of law, not miraculous intervention, is the chief evidence of God’s wisdom.26


There were various attempts to preserve the doctrine of providence. Some writings simply affirmed both a mechanical universe and a God who cares about each detail, without trying to reconcile the two assertions. Others equated providence with God’s prevision; foreseeing the chain of causes, God could adjust things in advance to secure providential ends without violating the ensuing order. More commonly, providence received a very general interpretation. Not the particular events but the total design represented God’s benevolence. God set things in motion in a harmonious way, planning the overall structure and order of the world for the welfare of the creatures. Once started, the operation of nature would follow fixed laws, with material causes acting from their own necessity. God’s concurrence had traditionally been conceived of as an active participation, and some of the virtuosi so interpreted it. Boyle stated that if the Almighty were to discontinue support of the universe it would collapse. Continuing divine involvement is necessary, he said, since a law is not a real power but only a pattern of regularity. But it was the clock analogy that provided the basic interpretive image of the world as a perfect machine, autonomous and self-sufficient. Divine preservation became passive acquiescence rather than active sustenance.


Newton, however, believed that God has a continuing active role in the physical world. He said that space is eternal and immutable and is constituted by God’s omnipresence. He held that gravitational attraction is not a power inherent in matter; he proposed that God may act either directly, to make bodies attract each other by exact laws, or indirectly, through an ether or a diffusion of very tenuous matter. Newton saw the laws of nature as a continuing expression of God’s sovereignty and will, acting in a regular way.


Newton held that God has foreknowledge of events in history as well as nature. He was fascinated by biblical prophecies, especially the book of Revelation, and he wrote extensively about the hidden meanings of symbolic references to future events, including the coming of the paradise on earth (the millennium) that was anticipated before the end of the world. Newton’s lifelong interest in alchemy was motivated by his belief that mechanical action alone cannot account for living organisms; he held that God directs the motion of passive particles through an animating spirit. He rejected the traditional trinitarian view of God and defended Arianism, the fourth-century view that Christ was neither fully God nor fully human but a created being who was God’s agent on earth. Because of these unorthodox views, it took a special royal dispensation for him to be a fellow at Cambridge without the Anglican ordination usually required.27


Newton also asserted that God has a continuing function in adjusting the solar system. He believed that there is no scientific explanation for the pattern of the planets, holding that coplanar orbits with motions in the same direction cannot be accounted for by natural causes. Attraction between planets would cause perturbations that would build up if God did not occasionally step in to correct them, perhaps through the action of comets. In addition, God somehow prevents the stars from collapsing together under gravitational attraction.28 The scientific inadequacy of Newton’s references to divine intervention became obvious in the next century. Laplace’s nebular hypothesis was able to account for the coplanar and unidirectional character of planetary motion, and the “irregularities” were shown to be due either to inaccurate observations or to perturbations that would eventually cancel each other out. The “God of the gaps,” introduced to explain areas of scientific ignorance, was destined to retreat in the light of new knowledge to become the Retired Architect, the inactive God of deism.


Most of the other virtuosi believed that divine benevolence was expressed in the original act of creation and not in intervention. They wanted to assert the primacy of spirit over matter without compromising the orderliness of the universe. Against Hobbes, they maintained that the universe is the product of intelligent purpose, not of blind chance. Against Leibniz, they maintained that creation was an act of God’s will and freedom, not of rational necessity. Against Spinoza, they maintained that God is separate from the world and external to it, not identical with the nexus of inexorable law. Though the function of God was drastically reduced, the conception of God was still the traditional one of personal intelligence and will, not the pantheistic Absolute.


5. HUMAN NATURE: BODY AND MIND


Humanity, we have said, was considered by the virtuosi to be an exception to the rule of mechanical law. The Newtonian universe was still a moral and purposeful order because it was designed by God, and humanity still had dignity because of human reason. Though we are quite alone within the vast and complex world-machine, we are not alien to it because the rational order of nature is akin to human reason. Since nature is the product of divine reason, it is beneficent and is comprehensible by human reason. The traditional idea of soul is here identified with “rational spirit” and is taken to guarantee the unique status of humanity.


Locke and his successors hoped that the approach Newton had used so successfully to understand the natural order could be used also to develop a science of human nature and society. These early attempts, to be sure, were modeled more after the rational-deductive elements of the new physics than after its observational side. Criticisms of existing institutions in the light of what seemed “natural” and “reasonable” were strongly influenced by cultural traditions and class interests. Locke himself developed a concept of “natural rights” from which he could justify joint rule by a Protestant king and parliament in the constitutional monarchy of 1689. He was a powerful apologist for the great seventeenth-century struggles for civil liberties and religious toleration.


The distinctive status of mind was generally defended in this period by a mind/ body dualism similar to that of Descartes. Hobbes’s view that mind is reducible to the concourse of atoms was strenuously resisted. The human mind, imprisoned in the brain, was believed to have only indirect contact with the world. Since there was no longer a metaphysical continuity in the universe, epistemology had become a problem for philosophy. But the triumph of Newtonian science had helped to increase confidence in human reason, and it laid the groundwork for the Enlightenment view of inevitable progress.


Feminist authors have argued that this elevation of reason over emotion and of mind over body was influenced not only by the new science but also by the patriarchal assumptions of a male-dominated culture. The new scientists were as exclusively male as the clergy had been for many centuries. Control and domination of nature express attitudes associated more often with men than with women in Western culture. We will examine these feminist critiques of modern science in chapter 6.


IV. REUGION AND THE RISE OF SCIENCE: CONFLICT OR HARMONY?


Can we make any generalization about the interaction of religion and science in the seventeenth century? It is evident that at some points, such as the Galileo case, the growth of science was hindered by religious beliefs and by the institutional church. Such instances of the conflict between science and religion were the theme of two influential historical accounts written in the aftermath of the Darwinian controversy, J. W. Draper’s History of the Conflict between Religion and Science and A. D. White’s A History of the Warfare of Science with Theology in Christendom. Both of them portrayed a protracted “warfare” in which the conservative forces of theological dogmatism opposed the progressive forces of scientific rationality and were defeated in successive engagements. Both studies gave the Galileo affair as a prime example.29


In recent decades this conflict thesis has been extensively criticized as a selective and oversimplified historical account. Science and religion were not unified forces opposing each other like armies on a battlefield. Often, as in the case of Newton, scientific and religious ideas interacted in complex ways within the life of the same person. Many of the debates occurred among scientists and among theologians and not just between the groups, as we will see again in the varied responses to Darwin in both communities. There were also significant differences in the way the issues were approached within particular national cultures—in England, France, and Germany, for instance.30


At the opposite extreme are accounts that portray an inherent harmony between scientific and religious ideas. For example, it has been argued that Puritanism in England contributed significantly to the scientific revolution. The Puritans defended the authority of local congregations and associations against the state-supported Anglican church; such antiestablishment attitudes may have encouraged greater openness to new ideas. In the Puritan Revolution of 1640–1660, parliamentary government replaced the monarchy, and the Anglican church was disestablished. In the Royal Society, founded in 1660, seven out of ten members were Puritans, many of them clergy—a ratio far out of proportion to the population as a whole. Puritan schools put science courses in their curricula. The Presbyterians and Congregationalists, in particular, accepted a Calvinist theology, which, it is claimed, provided strong motivation for scientific work.


The set of attitudes sometimes called “the Protestant ethic” was a distinctive viewpoint toward daily work among Calvinists. Calvin, like Luther, had rejected the idea that “religious” vocations are superior to “secular” ones; people should serve God not by withdrawing to a monastic life but by carrying out any honest and useful job with integrity and diligence. We are justified before God by divine grace, not by human works, yet we can respond to God’s love by our lives in the world. Calvinism was more activist than Lutheranism in encouraging this-worldly enterprise, holding that work conducted in a rational and orderly way furthers the general welfare and is approved by God. The Christian should glorify God by working with honesty, sobriety, and thrift.


The sociologist Robert Merton has argued that this constellation of values in Puritanism gave strong support to scientific work. The study of nature was held to be at once intrinsically fascinating, beneficial to humankind, and religiously acceptable, for it would both reveal God’s handiwork and exemplify rational and orderly activity.31 Bernard Barber summarizes the relevance of Puritan beliefs for science:




The Puritans held the view that man could understand God through understanding Nature, because God revealed himself in the workings of Nature. Therefore science was not antagonistic to religion but rather a firm basis for faith. They felt that since “good works” were a sign, if not a proof, of election to salvation, and that since one could glorify God through social utilitarianism, then science was good because it was an efficient instrument of good works and social improvement. And they valued reason highly because God had chosen man alone to possess it and because it restrained laziness and idolatry.32





The Merton thesis has been the subject of extensive debate for several decades. Some critics have claimed that the values Merton identified as Puritan were widely shared by other groups, including Anglicans. Moreover, there were divisions within Puritanism, and theological beliefs as well as political loyalties were changing rapidly)33 But detailed studies by Charles Webster have supported a cautious rendition of the Merton thesis: Puritanism did not cause the development of science in England, but Puritan ideas and the political revolution itself gave strong encouragement to scientific work.34 I. B. Cohen concludes his introduction to a recent volume devoted to the debate: “	Enriched by modifications and qualifications introduced by scholarly critics, the essential Merton thesis has become a conspicuous feature of all expositions of the Scientific Revolution, arguably the most significant event in modern history.”35


Other scholars have suggested a connection between the Calvinist emphasis on the sovereignty of God and the virtuosi’s belief in the passivity of matter. According to Aristotle and medieval writers, material objects actively fulfill their purposes. Renaissance alchemists held that esoteric forces and invisible powers are present in matter; some of them defended pantheistic views in which God was identified with nature. Astrologers claimed that planets and human destinies are linked by higher influences or correspondences. But the virtuosi insisted that matter has no inherent powers or active internal principles. It is inert, lifeless, and obedient to God’s will. External laws are imposed on it by God. In this light, the “mechanical philosophy” was not a rejection of religious convictions but a way of defending Calvinist ideas against some of its rivals.36


But in acknowledging the role of Puritans, we should not neglect the contributions of Anglicans. They had controlled Oxford and Cambridge and were well represented in the active core of the Royal Society, founded in 1660, the year the monarchy and the Anglican church were restored to power. Many Anglican scientists advocated religious toleration but used the new science to defend their royalist political views. The rule of law in nature, they said, is analogous to the rule of law in society. The analogy was used to support the monarchy, established church, and market economy against the threat to social stability posed by the more radical reformers and separatists. Science was increasingly valued for its technological applications and as a source of power over nature—and thus as a source of economic and political power in society. Political and ideological as well as religious convictions interacted with scientific ideas in complex ways.37


In short, neither the conflict thesis nor the harmony thesis concerning science and religion fits all the evidence. A more accurate account will have to reflect the diversity of interactions during this crucial century.


Let us ask a final broader question—so broad, in fact, that any answer is bound to be speculative and difficult to support with historical evidence. Why was it in Western civilization alone, among all the cultures of the world, that science in its modern form developed? Arabic science was more advanced than Western science in the thirteenth century, especially in astronomy, optics, and medicine, but it fell far behind in subsequent centuries. One recent study suggests that a major factor in the decline of science in the Islamic world was the tight control by religious authorities over higher education. Aristotle and Greek science were banned from institutions of higher learning because they challenged the authority of the religious tradition; science could be studied only in separate libraries and astronomical observatories. By contrast, Aristotle’s natural philosophy was at the core of the required curriculum in Western universities, as we have seen, and it was extensively debated, preparing the way for its eventual overthrow. The Thomistic synthesis sought to Christianize Aristotle rather than to exclude him. The West had greater confidence in human reason, and its universities allowed considerable freedom of inquiry as long as basic theological doctrines were not rejected. China, the other region of the world where science might have developed, made impressive advances in practical technology but not in theoretical science; higher education was controlled by state officials and was based on the authority of the humanistic classics, which said little about science.38


The rise of modern science was, of course, a complex social phenomenon covering several centuries and influenced by numerous factors. There were economic forces, such as the growth of trade and commerce and the availability of wealth and leisure. Technological interest was encouraged by practical problems in metallurgy, navigation, the trades, and military weaponry. Skilled craftsmen and artisans were learning to make tools and scientific instruments. The founding of such institutions as the Royal Society, regional scientific societies, and the circulation of letters and journals aided the new enterprise.39 Our concern, however, lies with the intellectual presuppositions underlying the rise of science.


Interest in nature for its own sake was in part a reaction against medieval thought. Rejecting otherworldliness, scholars of the Renaissance in the fourteenth century had begun looking with new excitement to the potentialities of life in this world. At first interest had been directed to the classical cultures of antiquity, to art and literature, and to secular but nonscientific learning. But the creative genius of Leonardo da Vinci, for example, was expressed in areas as varied as art, engineering, and anatomy. Exploration of geographical frontiers and natural phenomena evoked the curiosity of the adventurous. With the rejection of the authority of the church in the Reformation, greater diversity of thought prevailed in northern Europe and a more important role was assigned to the individual in the pursuit of truth.


But the medieval legacy also included presuppositions about nature that were congenial to the scientific enterprise. First, the conviction of the intelligibility of nature contributed to the rational or theoretical component of science. The medieval scholastics, like the Greek philosophers, did have great confidence in human rationality. Moreover, they combined the Greek view of the orderliness and regularity of the universe with the biblical view of God as Lawgiver. Monotheism implies the universality of order and coherence (though in the prescientific era this was not conceived primarily in terms of laws of cause and effect).


Second, the doctrine of creation implies that the details of nature can be known only try observing them. For if the world is the product of God’s free act, it did not have to be made as it was made, and we can understand it only by actual observation. The universe, in other words, is contingent on God’s will, not a necessary consequence of first principles. The world is both orderly and contingent, for God is both rational and free. By contrast, Greek thought had taken a predominantly deductive approach; it held that, starting from general principles, one should be able to infer how all the details of the world are ordered. Every specific element of the cosmos, said Socrates, flows by necessity from God’s nature. In addition, the Platonic tradition viewed matter as an inferior embodiment of pure rational forms; the eternal forms can be grasped in their essence by intuitive reason, not by examining finite objects that imperfectly illustrate them. It is perhaps not surprising that the rational side of Greek thought (for example, mathematics and geometry) was stronger than its experimental side.40


Third, an affirmative attitude toward nature is dominant in the Bible. The goodness of the world is a corollary of the doctrine of creation. God’s purposes involve the created order and the sphere of time and history. To be sure, there were world-denying themes in medieval thought (partly derived from the Greek and Hellenistic worlds), but the extremes of gnosticism and Manichaeism, in which matter is inherently evil, were repudiated. Undoubtedly considerable fear of the demonic in nature continued to haunt the popular imagination and perhaps hindered the rise of science. But in figures such as St. Benedict, St. Francis, and St. Thomas, we can see the goodness of creation affirmed in several modes—practical, spiritual, and intellectual. Yet biblical religion had never deified natural forces or the vitalities of organic life; the world was not an object of worship, and thus it could become an object of study.


But if the biblical view of creation, along with the Greek emphasis on rationality, eventually helped to foster science, why was scientific development in the Middle Ages relatively meager, even though practical technologies were impressive? Perhaps the answer lies partly in the weight of Aristotle’s authority and the excessive rationalism of the scholastics, partly in the dominance of the institutional church against which both Renaissance and Reformation rebelled—and of course partly in the social and economic factors mentioned earlier. The scientific revolution happened only once in human history, and one can but speculate as to why it did not occur at another time or place. Nevertheless, many historians of science have acknowledged the importance of the Western religious tradition in molding assumptions about nature that were congenial to the scientific enterprise.


V. SUMMARY


In this chapter we have sketched five topics in their development from the medieval “World-Drama” to the Newtonian “World-Machine.” From this account we can summarize some themes and distinguish the issues that were the product of short-lived circumstances from those that were of continuing importance.


1. Methods in Science


Considering in turn the Middle Ages, Galileo, and Newton, we moved from “Explanation by Purposes” to “Mathematics and Observation” and “Experiment and Theory.” Preoccupation with purposes had for centuries diverted attention from mechanical causes and hindered the growth of the approach characteristic of modern science. In the seventeenth century, remarkable success was achieved by concentrating on physical explanations and “efficient” rather than “formal” or “final” causes. Theory and experiment were linked by imaginative new concepts; these have remained the basic elements of scientific methodology. Theories were assumed to provide a literal representation of reality (realism)—a viewpoint we will find rejected by many contemporary philosophers of science who, in the light of twentieth-century physics, stress the selective and abstractive character of scientific concepts, models, and theories.


The virtuosi believed there were divine purposes in nature but held that they should play no role in the scientific account. Some scientists in later generations were to conclude that mechanical explanation eliminates all theological meaning; the issue was to become acute again during the evolution controversy. I shall maintain, however, that when correctly expressed, analysis in theological terms is not displaced by analysis in scientific terms, since science and theology ask fundamentally different sorts of questions, even if they interact at some points. In an age dominated by religion, it was necessary to assert the independence of Science, as Galileo tried to do. Today, in an age dominated by science, it may sometimes be necessary to assert the independence of religion. The dominance of either science or religion and the assumption that one must exclude the other have been in part products of the failure to analyze adequately the characteristics of diverse ways of knowing. What are the functions of differing types of explanations, and what are the appropriate processes of inquiry? What are the strengths and limitations of the methods of science? These will be the subjects of part 2.


2. The Character of Nature


The natural world was viewed successively as “A Created Hierarchy,” “Particles in Motion,” and “A Law-Abiding Machine.” In the development of an atomistic and mechanistic worldview, a particular set of scientific concepts was extended into a metaphysical system purporting to account for everything in the world except humanity. The mathematical ideal was used as the criterion for selecting those quantifiable characteristics that were attributed to the external world as objective “primary qualities.” The success of the categories of physics produced the confidence that everything could be explained in terms of those categories.


During the ensuing century, the mechanistic interpretation of nature was to be developed further in the deterministic, materialistic, and atheistic philosophies of the French Enlightenment, but it was attacked in the romantic reaction toward the close of the century. We shall see later that twentieth-century physics entailed a major change in basic concepts and assumptions; Thomas Kuhn presents it as an example of what he calls a “paradigm shift.” Modern physics casts doubt on the deterministic and mechanistic assumptions of the Newtonian world view. A closely related problem is reductionism, the attribution of reality exclusively to the smallest constituents of the world and the attempt to interpret higher levels of organization in terms of lower levels. To this problem we will return in part 3 in examining contemporary views of nature.


3. Methods in Theology


For the three periods considered we used the headings “Reason and Revelation,” “Scripture, Nature, and the Church,” and “Natural Theology.” Biblical theology had been so merged with Aristotelianism in the Middle Ages that church leaders reacted to criticisms of Aristotle’s cosmology as if they were attacks on Christianity. This was a major source of conflict in Galileo’s time but diminished in importance in subsequent centuries. Yet it reflects a perennial problem: How can theologians make use of the best philosophy and science of their day, as Aquinas made use of Aristotle, and yet avoid distorting the essential Christian message by making an inflexible system that hinders response to new intellectual currents?


Biblical literalism contributed to the condemnation of Galileo by the Catholic Church. Such literalism was also present in Protestant scholasticism but was on the wane in northern Europe by the end of the century, and it was never as common on the English scene. The same sort of conflict was to arise again, however, between biblical literalists and proponents of evolution. The basic issue here is whether biblical revelation is to be understood as infallible propositional information capable of dictating scientific conclusions. In a later chapter I will defend a view of revelation in human experience and historical events that tries to avoid both appeal to a literal inerrant text, on the one hand, and the complete dismissal of revelation as a source of religious understanding, on the other.


In the Middle Ages and subsequent Catholicism, the argument from design and other forms of natural theology were only a preamble to revealed theology; the most important religious truths were to be found only in the tradition of the church. Among the early Reformers, natural theology played a minor role, for to them the basis of religious knowledge was God’s redemptive act in Christ, confirmed in the acceptance of God’s forgiveness. The English virtuosi gave a greater role to natural theology. They thought they were defending Christianity, but they often turned from history and religious experience to nature as the chief clue to knowledge of God. It was but one more step for writers in the next century to defend natural theology and reject Christianity; some skeptics went further, abandoning even the idea of an intelligent Designer.


Natural theology includes the three types of argument from nature that we have encountered in this chapter and will meet again. (a) Particular gaps in the scientific account are said to require God’s intervention (for example, Newton’s belief that God has to readjust the planets or the nineteenth-century belief in the special creation of humanity in evolutionary history). Such arguments have often been undermined when the alleged “gaps” were closed. (b) The design of particular features of organisms is attributed to God. Such arguments were widely used in the next century. They appeared dubious after Darwin, though God could still be viewed as the Designer of the evolutionary process. (c) The orderliness, intelligibility, creativity, and contingency of nature are general properties not dependent on particular gaps in the scientific account. This type of argument is less vulnerable to the advance of science and is defended by some scientists and theologians today.


4. God and Nature


Three concepts of God were described: “Creator and Redeemer,” “Author of Nature and Scripture,” and “The Divine Clockmaker.” The virtuosi tried to preserve a continuing function for God in the cosmic machine, and many of them were devout Christians. But they prepared the way for the God of deism, the God who started the machine and left it to run by itself. Today we must still grapple with the problem faced by the virtuosi: What are the modes of God’s activity in relation to the natural order beyond the establishment of its laws? How can God act in a law-abiding world?


The God of deism turned out to be too remote to inspire religious commitment. In the Middle Ages, the sense of God’s reality pervaded all aspects of culture. Philosophy and cosmology, art and literature, the church and its sacraments all conspired to make God seem near at hand. For the Reformers, God’s presence in Christ and in the experience of forgiveness was always relevant to the life of the individual and the community. Nineteenth-century liberalism stressed the idea of divine immanence in nature, with God actively involved in the life of the world. What concepts of God are consistent with both religious needs and scientific understanding today?


5. Human Nature


The status of humanity was traced from the “Center of the Cosmic Drama” to “Humanity in the New Cosmology” to “Human Nature: Body and Mind.” The displacement of human beings from a central geographical position had been widely accepted by the end of the seventeenth century. But the defensive reaction to Copernican astronomy was not unlike the reaction to the threat to human dignity in evolution or to recent speculation about intelligent life on other planets. In each case human uniqueness was cast in doubt.


In the seventeenth century, human dignity seemed to rest in the power of reason and in the mind/body dualism, which was widely assumed. The realm of mind was taken to be the one exception to the rule of mechanical law. Humanity was not yet absorbed into nature or metaphysically continuous with natural processes, as many nineteenth-century authors were to assume. The status of mind and the relation of humanity to the rest of nature have been central issues in philosophy and theology ever since.


Thus some of the causes of conflict between science and religion in this earliest phase were short-lived-for example, the respect in which Aristotle was held. Other problems remained acute in the following centuries and are still encountered today-for example, the tendency for theologians to make uninformed pronouncements about scientific theories or for scientists to turn their technical concepts into all-inclusive metaphysical systems. Other questions from this early period continue to be of crucial importance today. What are the similarities and differences between the methods of science and the methods of religion? How can God act in a world of scientific law? Which aspects of the traditional view of human nature can be retained, and which must be revised in the light of scientific knowledge?









CHAPTER 2


Nature and God in the Eighteenth Century


None of the scientific discoveries of the eighteenth century had philosophical or theological repercussions comparable to those of Newton’s work. In physics the century saw the further development of mechanics by Lagrange, d’Alembert, Laplace, and others. The experiments of Priestley and Lavoisier with combustion and the identification of oxygen were the beginning of modern chemistry. In biology Linnaeus formulated a comprehensive system of classification for plants, and Buffon performed a similar service for animal forms. By the end of the century the technological applications of science were starting to have an impact on society, especially in the early phases of the Industrial Revolution in England. But the main change in the outlook of the age came not from any particular new discovery but from the spreading influence of the idea of Science itself. This was a period of intellectual transition in which a characteristically modern temper emerged. We will look at these changes as they affected the interaction of scientific and religious ideas.


Section I, “The Age of Reason,” gives some examples of the movement to extend to other areas of thought the ideal of rationality that had been so impressively demonstrated in Newtonian physics. The new view of nature was deterministic and reductionistic. Deistic views of God were common, but an increasing group of skeptics rejected all concepts of God and defended atheistic and materialistic philosophies. The new view of human nature was optimistic; the age was confident of human perfectibility through reason and of inevitable social progress through science.


Section II, “The Romantic Reaction,” indicates the reaction against these ideas that occurred late in the century. Poets and novelists of the romantic movement defended human freedom, imagination, and intuition; to them, nature was not an impersonal machine but a living companion, permeated by beauty, vitality, and an underlying spiritual reality. Such movements as Pietism and Methodism brought a revitalization of personal religion and a repudiation of the rationalism of the Enlightenment.


Section III, “Philosophical Responses,” outlines the understanding of science and religion set forth by two philosophers who greatly influenced subsequent thought. Hume claimed that sensory experience is the only source of knowledge; he was an agnostic concerning religion. Kant, on the other hand, defended the sphere of religion and morality, which he distinguished from the sphere of scientific inquiry. His system of thought provided a new and distinctive way of reconciling the claims of science and religion by assigning them to separate realms of discourse.


I. THE AGE OF REASON


The eighteenth century saw itself as the Age of Reason in which the ideal of rationality manifest in science would permeate all human activities. The Enlightenment, as the new intellectual movement was called, was a diverse phenomenon, varying among countries and among individual thinkers, yet it displayed typical attitudes differing from those of any previous century. Its most articulate and extreme spokesmen were the French intellectuals of the midcentury, but its spirit permeated Germany, England, and the American colonies and influenced the subsequent climate of thought throughout the modern world. From among the many ideas of the Enlightenment, we select three that are relevant to this volume. Nature was viewed as a self-sufficient deterministic mechanism whose operation could be explained by natural forces. God became a debatable hypothesis, defended by some as a reasonable assumption, rejected by others as the dubious dogma of a reactionary church. Finally, the dominant mood was confidence in human perfectibility and the achievement of the ideal society by the application of reason to human affairs.


1. NATURE AS A DETERMINISTIC MECHANISM


The generations following Newton held him in a high esteem that approached adulation. Alexander Pope, whose precise literary style voiced the spirit of the new age, exulted:




Nature and Nature’s laws lay hid in night:


God said, Let Newton be! and all was Light.1





Pierre Laplace (1749–1827) wrote that Newton was not only the greatest genius who ever lived but also the most fortunate, since there is only one universe and it can be the lot of but one person in history to be the interpreter of its laws. Newtonian mechanics became the prototype for scientific work; it supplied the guiding image for the kind of question that should be asked and the type of concept that should be used. Above all, the Newtonian paradigm established a new idea of what counts as a satisfactory explanation in science—and, by extrapolation, in any field.


Laplace himself carried further the mathematical analysis of the mechanics of planetary motion. He showed that the small irregularities caused by the mutual attraction of the planets, which Newton thought would be cumulative unless God stepped in to correct them, would instead automatically cancel each other out over a long time span. His nebular hypothesis, which proposed that the solar system was formed from the cooling and condensing of nebular gases, could account for the coplanar orbits of the planets without invoking God’s intervention. Thus when Napoleon said to him, “M. Laplace, they tell me you have written this large book on the system of the universe, and have never even mentioned its Creator,” Laplace could give his famous reply, “I had no need of that hypothesis.”2


Laplace was an articulate spokesman for the new view of nature as a self sufficient and impersonal mechanism. The world was no longer seen as the purposeful drama of the Middle Ages or even as the continuing object of providential supervision, as for Newton, but as a set of interacting natural forces. If events are wholly governed by natural causes, any remaining gaps in the scientific account should be filled, not by introducing a deus ex machina, but by further search for physical explanations. Though many scientists continued to believe in the existence of God, no reference to such beliefs was considered appropriate within scientific treatises. The secularization of knowledge in science, as in other fields, meant that theological ideas, whatever their role elsewhere, were to be excluded from the study of the world.


Laplace also explicitly formulated the determinism implicit in the view of reality as matter in motion. The laws of mechanics, which were assumed to govern the motion of all objects from the smallest particle to the largest star, would in principle allow the prediction of the path of every particle from the forces acting on it:




We ought then to regard the present state of the universe as the effect of its anterior state and as the cause of the one which is to follow. Given for one instant an intelligence which could comprehend all the forces by which nature is animated and the respective situation of the beings who compose it—an intelligence sufficiently vast to submit these data to analysis—it would embrace in the same foundation the movements of the greatest bodies of the universe and those of the lightest atom; for it, nothing would be uncertain and the future, as the past, would be present to its eyes.3





Nature was here assumed to be a complete mechanical system of inflexible cause and effect, governed by exact and absolute laws, so that all future events are inexorably determined.


Moreover, Laplace’s view was explicitly reductionistic. Epistemological reductionism was expressed in the conviction that all phenomena will ultimately be explained by physical laws; metaphysical reductionism is evident in his conviction that reality is constituted by its smallest components, particles in motion. One of the links between these two ideas was the belief that causal efficacy resides in the external impact of one particle on another, so that all explanations of cause and effect can be given in terms of mechanical forces between moving bodies. Descartes had envisioned a mechanical world with the exception of the human mind. Now Diderot, along with many of the writers of the French Encyclopédie, defended a metaphysics of materialism, which claimed to account for humanity, too. In Man the Machine, La Mettrie maintained that consciousness is an illusory by-product of atomic motions. It is perhaps understandable that the concepts of mechanics, which had proved so fruitful, were deemed capable of giving an exhaustive analysis of all events. William Dampier suggests that this was “a natural exaggeration of the power of the new knowledge which had impressed the minds of men with its range and scope, before they realized its necessary limits.”4


2. THE GOD OF DEISM


There were of course many people in eighteenth-century Europe who continued to accept traditional religious ideas. But the distinctive new viewpoint characteristic of the intellectual leaders of the Enlightenment was the “rational religion” whose origins, growth, and decline we may trace in three overlapping stages.5


In the first stage, which was a continuation of the views of the virtuosi described in the previous chapter, rational religion and the Christian tradition were regarded as alternative routes to the same basic truths. This common core of universal beliefs was said to include the ideas of God, moral conduct, and immortality. These beliefs were also taken to be the essence of Christianity, which was “one form of the religion of reason whose principles are discoverable by all people in all ages.” The argument from design was often used in this period. John Ray, the founder of modern botany, had written The Wisdom of God Manifested in the Works of Creation (1691), extolling the perfection of design in the world of plants and animals, and his book was widely quoted. Matthew Tindal’s Christianity as Old as Creation (1730) stated that the Bible was a republication of these universal ideas and not a unique revelation. Here was a supposedly clear path “through Nature to Nature’s God.”


The existence of evil in the world was minimized by these exponents of natural theology. A favorite argument employed to justify the presence of destructive animals or insects was the idea that God had not wanted to deny existence to any possible kind of being. It was asserted that there is an ascending ladder of creatures from worm to angel, “a great chain of being.”6 The advantages of creating a “full” universe, with all niches occupied, outweighed any disadvantages from the presence of less desirable types of being. The optimism of the age is seen in the assertion that this is “the best of all possible worlds”; in Pope’s words, “Whatever is, is right.” The universe is complete and perfect, for the status quo is God’s intention. Here was a “cosmic Toryism,” which glorified things as they are and rejected the traditional conviction (linked to the doctrine of the fall) that there is something radically wrong with the whole created world. Despite such modifications of tradition, the defenders of natural theology in this first stage were friendly to Christianity and believed that reason confirms it” central tenets.7


The second stage, the heyday of deism, saw natural theology used as a substitute for revelation. The sufficiency of reason was confidently affirmed, and scripture was assigned a subordinate role. Revealed theology was on the defensive, as in Bishop Butler’s Analogy of Religion, Natural and Revealed (1736). It is symptomatic of his times that Butler tried to vindicate revelation by its analogy to natural theology. The evidence from nature is by no means clear and simple, he suggested; it is not a realm of pure order and reason but of ambiguities and perplexities. Nor is scripture always obscure, as its critics claim. Instead, we confront in both cases a mixture of clarity and obscurity; if nature is accepted as evidence of God, said Butler, then scripture should be equally acceptable. But the net effect of his argument was to cast doubt on natural theology rather than to strengthen the case for revelation.8


The third stage, the waning of deism, can be attributed primarily to its own inherent weaknesses. The Cosmic Designer, who started the world-machine and left it to run on its own, seemed impersonal and remote—not a God who cares for individuals and is actively related to human life or a Being to whom prayer would be appropriate. It is not surprising that such a do-nothing God, irrelevant to daily life, became a hypothesis for the origin of the world or a verbal formula that before long could be dispensed with completely. In deism, God was a rational inference from the impersonal structures of nature, unrelated to personal experience. The arguments of natural theology did not move people to the kind of commitment and personal involvement that an active religious life requires.9


The deists also attacked the institutional church; traditional Christianity was pictured as the enemy of the religion of reason. Miracles were rejected as primitive superstitions, and instances of cruelty and immorality in the biblical record were cited. Any creed, dogma, or ritual was suspect as out of keeping with the new temper. Explorers and scholars were becoming more familiar with other world religions, and many of them accepted a cultural relativism that rejected exclusive claims for anyone religious tradition. In England the attacks on traditional beliefs were moderate and restrained; in France they were often vehement and bitter, provoked by the church’s unbending orthodoxy and repressive measures. Voltaire applied his wit to the ridicule of Christianity, though to his death he remained a deist. In America, Thomas Paine’s Age of Reason found contradictions in the Bible and celebrated the victory of reason over superstition but defended the idea of God and the moral law. Jefferson, Franklin, and others among the “founding fathers” defended more moderate versions of deism.10


The “enlightened” of the first generation supported both natural and revealed religion; those of the second adhered to natural religion but rejected revelation. By the third generation there were skeptical voices calling for rejection of all forms of religion. Baron d’Holbach denied God, freedom, and immortality and proclaimed that matter is self-existent. Nature alone is worthy of worship: “0 Nature! Sovereign of all beings! And you, her adorable daughters, virtue, reason, and truth! Be ever our only Divinities.”11 Diderot’s materialistic philosophy expressed a more militant atheism reflecting the anticlericalism that was later to erupt so violently in the French Revolution. Hostility toward the church centered in its authoritarianism (in alliance with the monarchy) and its social conservatism, which were taken to be enemies of freedom and progress.


3. HUMANITY AS PERFECTIBLE BY REASON


Enlightenment authors were confident of the power of reason not only in science but in all human affairs. A Newton of the social sciences was eagerly anticipated; with the discovery of social laws it would soon be possible to understand society and regulate human activities accordingly. As some interpreters saw it, once we know what is “natural” we can remove the artificial constraints imposed by governments; in economics the laws of supply and demand would automatically ensure the welfare of society. The “natural” was equated with the good and the rational. Here Nature (usually capitalized) was considered an ally of human progress; we can feel at home in an orderly and harmonious world. Nature and Reason were to be the benign guides to humanity’s ascent; and if their dictates seem to have varied considerably according to the liberal or conservative proclivities of particular authors, we must recall that “natural” and “reasonable” were at best rather vague concepts. Neither the detailed empirical data nor the systematic theoretical constructs of the later social sciences were yet present.12
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