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    Uniting the precision of astronomy and physics with reflections on meaning, this book proposes that the ordered structure of the cosmos can be thoughtfully considered alongside a theistic understanding of nature without diminishing the integrity of science or the seriousness of philosophy.

William Whewell’s Astronomy and General Physics Considered with Reference to Natural Theology is a nineteenth-century work of scientific exposition and philosophical theology, written in Britain during the early 1830s as part of the Bridgewater Treatises, a series published between 1833 and 1836 that explored how observations of nature could inform religious reflection. The treatise belongs to the genre of natural theology, yet it proceeds with the tools of contemporary science, engaging readers accustomed to Newtonian mechanics and the expanding astronomical picture of the period. Its publication context underscores an era intent on reconciling empirical inquiry with broader intellectual and moral frameworks.

The premise is straightforward but ambitious: survey what astronomy and general physics reveal about the world’s lawful regularities, then consider how such regularities might relate to questions traditionally raised by theology. Readers encounter an expository, patient voice that explains scientific ideas in accessible terms while maintaining philosophical rigor. The mood is reflective rather than polemical, inviting contemplation rather than controversy. Whewell offers a guided tour of the then-current scientific picture—celestial motions, forces, and the mathematical character of laws—framed as a basis for measured inference and careful boundary-setting between what science describes and what broader interpretation proposes.

Central to the experience is the emphasis on law: how the motions of planets, the behavior of bodies, and the stability of observable patterns display unity and intelligibility. Whewell treats astronomy and physics as complementary vistas on the same rational order, using their shared mathematical structure to illuminate how explanation proceeds from observation to principle. He is attentive to method, distinguishing descriptions that rest on evidence from broader conclusions that require caution. The result is a disciplined exploration of how scientific understanding can coexist with, and sometimes prompt, questions about purpose, all while preserving the autonomy and reliability of empirical reasoning.

Thematically, the book foregrounds order, uniformity, and the reach and limits of human knowledge. It considers how the success of predictive laws invites reflection on why nature is amenable to intellect, and how the coherence of diverse phenomena may suggest deeper unity. Without collapsing scientific and theological domains, Whewell probes their points of contact: causation, design, probability, and the status of explanation. He encourages readers to weigh how much can be responsibly inferred from the stability and scope of scientific laws, and where restraint is warranted, modeling an approach that values both understanding and humility.

For contemporary readers, the treatise offers more than historical interest. It illuminates how a leading nineteenth-century thinker framed the science–religion conversation not as a clash, but as an inquiry into the conditions that make science possible and meaningful. Its questions remain timely: What justifies confidence in laws? What is the relation between mathematical elegance and truth? How should we connect empirical success with larger interpretations of reality? As debates about science’s cultural role continue, Whewell’s balanced tone and methodological clarity provide a resource for dialogue across disciplines and convictions.

Approached today, the book rewards patient reading with a lucid portrait of early modern scientific achievement and a careful account of how philosophical reflection might proceed in its wake. It invites curiosity about the heavens and respect for the disciplines that study them, while opening a space for readers to consider broader implications without overreach. Those interested in the history of science, philosophy, or theology will find a rigorous, reflective guide to enduring questions about order, intelligibility, and meaning. In presenting astronomy and physics as intelligible and suggestive, Whewell offers an enduring model of thoughtful engagement with nature.
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    Astronomy and General Physics Considered with Reference to Natural Theology is William Whewell’s contribution to the Bridgewater Treatises, published in 1833. The book surveys contemporary astronomy and broad areas of physics to examine how the order and regularity of nature relate to natural theology. Whewell frames his task as collecting examples where the structure of the cosmos and the properties of matter exhibit coherence and fitness. He proposes that well-established physical laws, rather than speculative mechanisms, offer the most secure basis for reflection on origins. The work aims to be explanatory and synoptic, presenting scientific results and their implications for a theistic interpretation.

He begins by outlining the kind of reasoning permitted in natural theology. Scientific knowledge, he argues, arises from inductive generalization of phenomena into laws, such as the laws of motion and gravitation. Natural theology proceeds by considering whether those laws and their coordinated outcomes display marks of arrangement. Whewell distinguishes between contrivances found in organisms and the broader ordinances governing the physical world, focusing on the latter. He stresses the limits of inquiry: science traces relations among causes but does not pronounce on ultimate creation. This methodological preface sets a cautious tone and defines the evidential standards for subsequent chapters.

The astronomical portion starts with the Newtonian system. Whewell recounts the path from Kepler’s empirical laws to Newton’s inverse-square gravitation, noting how central forces produce elliptical orbits. He describes the masses, distances, and periods of the planets, the balance of centripetal and inertial tendencies, and the mathematical form of orbital motion. The solar system is presented as a connected whole, in which the same law explains the fall of bodies on Earth and the courses of heavenly bodies. This overview emphasizes the universality and precision of gravitational law as a foundation for later considerations about stability and arrangement.

He then treats the stability of the solar system. Drawing on results from Lagrange and Laplace, Whewell explains how planetary perturbations, though continual, are limited by small eccentricities and inclinations, yielding long-term security. He notes the near-circularity of orbits, the coplanarity of planetary paths, and the directness of rotation and revolution as conditions favorable to steadiness. Comets, though numerous, possess trajectories that rarely endanger planets. Irregularities like secular inequalities are represented as periodic or bounded effects. The cumulative conclusion is that the system’s endurance depends on a finely balanced set of magnitudes, without which disorder would ensue.

Moving from global architecture to particular conditions, he surveys features that bear on habitability. The Earth’s diurnal rotation and axial inclination generate day, night, and seasons of tolerable range. Planetary mass allows an atmosphere and oceans to be retained without suffocating density. The distribution of land and sea, and the circulation of winds and currents, follow from gravitational, rotational, and thermal laws. The Moon’s size and distance moderate important terrestrial phenomena. These parameters are treated as striking examples of fitness: assorted quantities, seemingly independent, converge to yield a stable environment in which life and human activity can proceed.

Whewell gives special attention to tides as an instance where large-scale celestial forces have terrestrial consequences. He explains the tide-generating influence of the Moon and Sun, the periodicity of spring and neap tides, and the dependence on basin shape and depth. The discussion highlights benefits such as coastal flushing, sediment transport, and navigational regularity, while noting that destructive extremes are generally avoided by the actual magnitudes involved. Related topics include precession, nutation, and the maintenance of Earth’s rotational axis within limits compatible with climate stability. Collectively, these phenomena are presented as coherent outcomes of the same gravitational framework.

The general physics sections extend the argument beyond astronomy. Whewell reviews properties of matter—cohesion, elasticity, and fluidity—and their mathematical expression. He summarizes acoustics and optics, including the rectilinear propagation and reflection of light, and notes how the eye’s response matches optical laws. In heat and thermodynamics, he emphasizes specific heat, latent heat, and the unique behavior of water near freezing, which support climatic moderation. Atmospheric composition and pressure permit respiration and combustion without volatility. He stresses interdependence: the same physical constants govern multiple domains, and their numerical values jointly allow stable structures, circulation systems, and the persistence of organized processes.

Turning to the origin of systems, Whewell considers cosmogonic hypotheses, notably the nebular theory, with reserve. He treats such proposals as speculative unless tightly bound to observation, arguing that, regardless of formation history, the present laws and arrangements remain the pertinent facts. Natural theology, in his presentation, does not rest on gaps in knowledge but on the intelligible order of established laws. He distinguishes immediate causes from ultimate reasons, maintaining that laws suggest a legislating mind without specifying modes of action. He concludes that advances in mathematical astronomy and physics strengthen, rather than weaken, the evidential basis for this inference.

The book closes by assembling its threads into a general statement. From the regularities of celestial mechanics to the coordinated properties of matter, Whewell finds consistent, calculable structure and widespread fitness of means to ends. He proposes that this unity of law and adaptation forms a legitimate subject for natural theology, consonant with the methods of inductive science. While withholding claims beyond what evidence warrants, he urges that the correlations among constants, motions, and material qualities point to an intelligible plan. The overall message is that scientific understanding and theistic reflection, properly conducted, mutually clarify rather than oppose each other.
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    William Whewell’s Astronomy and General Physics Considered with Reference to Natural Theology appeared in 1833 in Britain, during the late Georgian reign of William IV and on the eve of the Victorian era. Its intellectual home was Cambridge, where Whewell, a Trinity College fellow, taught and wrote amid vigorous reform of the mathematical Tripos and the consolidation of Newtonian science. The Royal Observatory at Greenwich and the newly chartered Royal Astronomical Society (1831) anchored national astronomy, while provincial lectures and societies spread scientific literacy. Industrialization, urban growth, and parliamentary reform shaped public debate, creating a climate in which arguments about the moral and theological bearings of the physical sciences gained unusual urgency and visibility.

The most immediate historical frame was the Earl of Bridgewater’s bequest (Francis Henry Egerton, 1756–1829), which left £8,000 to the Royal Society to commission eight treatises on “the Power, Wisdom, and Goodness of God” manifested in creation. Between 1833 and 1836, leading figures produced the Bridgewater Treatises: Whewell (1833), William Buckland (geology, 1836), Peter Mark Roget (physiology, 1834), William Prout (chemistry and meteorology, 1834), John Kidd (adaptations in nature, 1833), William Kirby (zoology, 1835), Sir Charles Bell (the hand, 1833), and Thomas Chalmers (moral and intellectual constitution, 1833). Whewell’s volume directly arose from this patronage scheme, seeking to exhibit cosmic law and harmony as evidence of divine mind within the sanctioned program of natural theology.

Key astronomical events and institutions framed the book’s themes. The Astronomical Society of London (founded 1820, royal charter 1831) professionalized British astronomy, while the Cambridge Observatory (opened 1823) under George Biddell Airy (director, 1828–1835) sharpened precision observing. Publicized predictions and sightings—such as the transit of Mercury on 5 November 1832 and the spectacular Leonid meteor storm of 12–13 November 1833—demonstrated the reach and limits of celestial prognosis. Anticipation of Halley’s Comet’s 1835 return, successively forecast since Edmond Halley’s eighteenth-century calculations, showcased the triumph of celestial mechanics. Whewell’s treatise leverages such predictability, arguing that reliable lawfulness in the heavens is itself a sign of purposive order.

Contests over Earth’s antiquity and process powerfully informed the treatise. Charles Lyell’s Principles of Geology (vols. I–III, 1830–1833) advanced uniformitarianism, positing steady, observable causes over vast timescales, in tension with catastrophist readings of strata and flood. Cambridge geologists Adam Sedgwick (Woodwardian Professor from 1818) and William Buckland debated diluvial interpretations, with Buckland later contributing the Bridgewater geology (1836). In 1832 Whewell, reviewing Lyell, coined “uniformitarianism” and “catastrophism,” providing the vocabulary of the dispute. His book absorbs the controversy by arguing that regular physical law across cosmological and geological domains is compatible with, and indicative of, a rational divine governance rather than a negation of providence.

The British Association for the Advancement of Science (BAAS), founded at York in 1831 under Rev. William Vernon Harcourt, institutionalized public science through annual meetings—Oxford (1832), Cambridge (1833), Edinburgh (1834). The BAAS gathered figures such as David Brewster, William Whewell, and Charles Babbage, and promoted disciplinary sections (Mathematics and Physics, Chemistry, etc.). Whewell was an energetic organizer and popular lecturer; in this milieu he proposed the now-standard term “scientist” (first printed in 1834). The treatise mirrors BAAS ideals: it speaks beyond specialists, translates Laplacian mechanics and experimental physics into accessible moral language, and asserts that cooperative, cumulative inquiry reveals a coherent creation.

Political reform and religious realignment formed the era’s social backdrop. The Catholic Relief Act (1829) lifted many civil disabilities, and the Great Reform Act (1832) redistributed parliamentary seats and expanded the franchise, altering the public sphere that consumed scientific and religious argument. In 1833 the Oxford Movement began at Oriel College, contesting the Church of England’s identity and authority. Cambridge, bound by Anglican tests, sat at the intersection of church and science. Whewell’s work participates in this context by using natural theology to reinforce a moderate Anglican vision: affirming a lawful, intelligible cosmos as the ground for moral order during a period of constitutional change and ecclesiastical anxiety.

Industrial and physical-scientific transformations also shaped the book’s horizon. The Liverpool and Manchester Railway opened in 1830, emblematic of steam power’s reach, while Michael Faraday’s 1831 discovery of electromagnetic induction, and Fourier’s analytical theory of heat (1822), redefined “general physics.” In optics, the Young–Fresnel wave theory (1801–1820s) gained ascendancy over Newtonian emissionism, reframing light, diffraction, and interference. At Greenwich, Astronomer Royal John Pond (1811–1835) and later Airy standardized precision timekeeping that railways would soon generalize. Whewell’s treatise integrates these developments, arguing that the mathematical regularities of mechanics, optics, and thermodynamics exemplify a creation whose stability and intelligibility ground human knowledge and duty.

As social and political critique, the book counters the era’s materialist and purely utilitarian currents by insisting that the authority of law in nature entails moral meaning and human responsibility. By presenting celestial and physical regularities as expressions of providential order, it challenges reductionist readings that sever science from ethics and public life. In a Britain roiled by constitutional reform, confessional conflict, and industrial dislocation, the treatise defends learned institutions and broad public instruction as guardians of social cohesion. It implicitly rebukes class and sectarian antagonism by positing a common rational access to creation’s laws, framing knowledge as a shared civic and religious inheritance.



Astronomy and General Physics Considered with Reference to Natural Theology
Main Table of Contents








CHAPTER II. On Laws of Nature.



Mutual Adaptation in the Laws of Nature.



CHAPTER IV. Division of the Subject.



TERRESTRIAL ADAPTATIONS.



The Length of the Year.



CHAPTER II. The Length of the Day.



CHAPTER III. The Mass of the Earth.



The Magnitude of the Ocean.



The Magnitude of the Atmosphere.



The Constancy and Variety of Climates.



The Variety of Organization corresponding to the Variety of Climate.



CHAPTER VIII. The Constituents of Climate.



The Laws of Heat with respect to Water.



The Laws of Heat with respect to Air.



CHAPTER XI. The Laws of Electricity.



CHAPTER XII. The Laws of Magnetism.



The Properties of Light with regard to Vegetation.



CHAPTER XIV. Sound.



CHAPTER XV. The Atmosphere.



CHAPTER XVI. Light.



CHAPTER XVII. The Ether.



CHAPTER XVIII. Recapitulation.



COSMICAL ARRANGEMENTS.



The Structure of the Solar System.



The Circular Orbits of the Planets round the Sun.



The Stability of the Solar System.



CHAPTER IV. The Sun in the Centre.



CHAPTER V. The Satellites.



The Stability of the Ocean.



CHAPTER VII. The Nebular Hypothesis.



The Existence of a Resisting Medium in the Solar System.



CHAPTER IX. Mechanical Laws.



The Law of Gravitation.



CHAPTER XI. The Laws of Motion.



CHAPTER XII. Friction.



BOOK III. RELIGIOUS VIEWS.



The Creator of the Physical World is the Governor of the Moral World.



On the Vastness of the Universe.



On Man’s Place in the Universe.



On the Impression produced by the Contemplation of Laws of Nature;



CHAPTER V. On Inductive Habits;



CHAPTER VI. On Deductive Habits;



CHAPTER VII. On Final Causes.



On the Physical Agency of the Deity.



On the Impression produced by considering the Nature and Prospects of Science;



CHAPTER II.



On Laws of Nature.


Table of Contents



When we speak of material nature as being governed by laws, it is sufficiently evident that we use the term in a manner somewhat metaphorical. The laws to which man’s attention is primarily directed are moral laws; rules laid down for his actions; rules for the conscious actions of a person; rules which, as a matter of possibility, he may obey or may transgress; the latter event being combined, not with an impossibility, but with a penalty. But the Laws of Nature[1] are something different from this; they are rules for that which things are to do and suffer; and this by no consciousness or will of theirs. They are rules describing the mode in which things do act; they are invariably obeyed; their transgression is not punished, it is excluded. The language of a moral law is, man shall not kill; the language of a Law of Nature is, a stone will fall to the earth.

These two kinds of laws direct the actions of persons and of things, by the sort of control of which persons and things are respectively susceptible; so that the metaphor is very simple; but it is proper for us to recollect that it is a metaphor, in order that we may clearly apprehend what is implied in speaking of the Laws of Nature.

In this phrase are included all properties of the portions of the material world; all modes of action and rules of causation, according to which they operate on each other. The whole course of the visible universe therefore is but the collective result of such laws; its movements are only the aggregate of their working. All natural occurrences, in the skies and on the earth, in the organic and in the inorganic world, are determined by the relations of the elements and the actions of the forces of which the rules are thus prescribed.

The relations and rules by which these occurrences are thus determined necessarily depend on measures of time and space, motion and force; on quantities which are subject to numerical measurement, and capable of being connected by mathematical properties. And thus all things are ordered by number and weight and measure. “God,” as was said by the ancients, “works by geometry:” the legislation of the material universe is necessarily delivered in the language of mathematics; the stars in their courses are regulated by the properties of conic sections, and the winds depend on arithmetical and geometrical progressions of elasticity and pressure.

The constitution of the universe, so far as it can be clearly apprehended by our intellect, thus assumes a shape involving an assemblage of mathematical propositions: certain algebraical formulæ, and the knowledge when and how to apply them, constitute the last step of the physical science to which we can attain. The labour and the endowments of ages have been employed in bringing such science into the condition in which it now exists; and an exact and extensive discipline in mathematics, followed by a practical and profound study of the researches of natural philosophers, can alone put any one in possession of the knowledge concerning the course of the material world, which is at present open to man. The general impression, however, which arises from the view thus obtained of the universe, the results which we collect from the most careful scrutiny of its administration, may, we trust, be rendered intelligible without this technical and laborious study, and to do this is our present object.

It will be our business to show that the laws which really prevail in nature are, by their form, that is, by the nature of the connexion which they establish among the quantities and properties which they regulate, remarkably adapted to the office which is assigned them; and thus offer evidence of selection, design, and goodness, in the power by which they were established. But these characters of the legislation of the universe may also be seen, in many instances, in a manner somewhat different from the selection of the law. The nature of the connexion remaining the same, the quantities which it regulates may also in their magnitude bear marks of selection and purpose. For the law may be the same while the quantities to which it applies are different. The law of the gravity which acts to the earth and to Jupiter, is the same; but the intensity of the force at the surfaces of the two planets is different. The law which regulates the density of the air at any point, with reference to the height from the earth’s surface, would be the same, if the atmosphere were ten times as large, or only one-tenth as large as it is; if the barometer at the earth’s surface stood at three inches only, or if it showed a pressure of thirty feet of mercury.

Now this being understood, the adaptation of a law to its purpose, or to other laws, may appear in two ways:—either in the form of the law, or in the amount of the magnitudes which it regulates, which are sometimes called arbitrary magnitudes.

If the attraction of the sun upon the planets did not vary inversely as the square of the distance, the form of the law of gravitation would be changed; if this attraction were, at the earth’s orbit, of a different value from its present one, the arbitrary magnitude would be changed; and it will appear, in a subsequent part of this work, that either change would, so far as we can trace its consequences, be detrimental. The form of the law determines in what manner the facts shall take place; the arbitrary magnitude determines how fast, how far, how soon; the one gives a model, the other a measure of the phenomenon; the one draws the plan, the other gives the scale on which it is to be executed; the one gives the rule, the other the rate. If either were wrongly taken, the result would be wrong too.
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To ascertain such laws of nature as we have been describing, is the peculiar business of science. It is only with regard to a very small portion of the appearances of the universe, that science, in any strict application of the term, exists. In very few departments of research have men been able to trace a multitude of known facts to causes which appear to be the ultimate material causes, or to discern the laws which seem to be the most general laws. Yet, in one or two instances, they have done this, or something approaching to this; and most especially in the instance of that part of nature, which it is the object of this treatise more peculiarly to consider.

The apparent motions of the sun, moon, and stars have been more completely reduced to their causes and laws than any other class of phenomena. Astronomy, the science which treats of these, is already a wonderful example of the degree of such knowledge which man may attain. The forms of its most important laws may be conceived to be certainly known; and hundreds of observers in all parts of the world are daily employed in determining, with additional accuracy, the arbitrary magnitudes which these laws involve.

The inquiries in which the mutual effects of heat, moisture, air, and the like elements are treated of, including, among other subjects, all that we know of the causes of the weather (meteorology) is a far more imperfect science than astronomy. Yet, with regard to these agents, a great number of laws of nature have been discovered, though, undoubtedly, a far greater number remain still unknown.

So far, therefore, as our knowledge goes, astronomy and meteorology are parts of natural philosophy in which we may study the order of nature with such views as we have suggested; in which we may hope to make out the adaptations and aims which exist in the laws of nature; and thus to obtain some light on the tendency of this part of the legislation of the universe, and on the character and disposition of the Legislator.

The number and variety of the laws which we find established in the universe is so great, that it would be idle to endeavour to enumerate them. In their operation they are combined and intermixed in incalculable and endless perplexity, influencing and modifying each other’s effects in every direction. If we attempt to comprehend at once the whole of this complex system, we find ourselves utterly baffled and overwhelmed by its extent and multiplicity. Yet, in so far as we consider the bearing of one part upon another, we receive an impression of adaptation, of mutual fitness, of conspiring means, of preparation and completion, of purpose and provision. This impression is suggested by the contemplation of every part of nature; but the grounds of it, from the very circumstances of the case, cannot be conveyed in a few words. It can only be fully educed by leading the reader through several views and details, and must grow out of the combined influence of these on a sober and reflecting frame of mind. However strong and solemn be the conviction which may be derived from a contemplation of nature, concerning the existence, the power, the wisdom, the goodness of our Divine Governor, we cannot expect that this conviction, as resulting from the extremely complex spectacle of the material world, should be capable of being irresistibly conveyed by a few steps of reasoning, like the conclusion of a geometrical proposition, or the result of an arithmetical calculation.

We shall, therefore, endeavour to point out cases and circumstances in which the different parts of the universe exhibit this mutual adaptation, and thus to bring before the mind of the reader the evidence of wisdom and providence, which the external world affords. When we have illustrated the correspondencies which exist in every province of nature, between the qualities of brute matter and the constitution of living things, between the tendency to derangement and the conservative influences by which such a tendency is counteracted, between the office of the minutest speck and of the most general laws; it will, we trust, be difficult or impossible to exclude from our conception of this wonderful system, the idea of a harmonizing, a preserving, a contriving, an intending Mind; of a Wisdom, Power, and Goodness far exceeding the limits of our thoughts.
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In making a survey of the universe, for the purpose of pointing out such correspondencies and adaptations as we have mentioned, we shall suppose the general leading facts of the course of nature to be known, and the explanations of their causes now generally established among astronomers and natural philosophers to be conceded. We shall assume therefore that the earth is a solid globe of ascertained magnitude, which travels round the sun, in an orbit nearly circular, in a period of about three hundred and sixty-five days and a quarter, and in the mean time revolves, in an inclined position, upon its own axis in about twenty-four hours, thus producing the succession of appearances and effects which constitute seasons and climates, day and night;—that this globe has its surface furrowed and ridged with various inequalities, the waters of the ocean occupying the depressed parts:—that it is surrounded by an atmosphere, or spherical covering of air; and that various other physical agents, moisture, electricity, magnetism, light, operate at the surface of the earth, according to their peculiar laws. This surface is, as we know, clothed with a covering of plants, and inhabited by the various tribes of animals, with all their variety of sensations, wants, and enjoyments. The relations and connexions of the larger portions of the world, the sun, the planets, and the stars, the cosmical arrangements of the system, as they are sometimes called, determine the course of events among these bodies; and the more remarkable features of these arrangements are therefore some of the subjects for our consideration. These cosmical arrangements, in their consequences, affect also the physical agencies which are at work at the surface of the earth, and hence come in contact with terrestrial occurrences. They thus influence the functions of plants and animals. The circumstances in the cosmical system of the universe, and in the organic system of the earth, which have thus a bearing on each other, form another of the subjects of which we shall treat. The former class of considerations attends principally to the stability and other apparent perfections of the solar system; the latter to the well-being of the system of organic life by which the earth is occupied. The two portions of the subject may be treated as Cosmical Arrangements and Terrestrial Adaptations.

We shall begin with the latter class of adaptations, because in treating of these the facts are more familiar and tangible, and the reasonings less abstract and technical, than in the other division of the subject. Moreover, in this case men have no difficulty in recognizing as desirable the end which is answered by such adaptations, and they therefore the more readily consider it as an end. The nourishment, the enjoyment, the diffusion of living things, are willingly acknowledged to be a suitable object for contrivance; the simplicity, the permanence, of an inert mechanical combination might not so readily be allowed to be a manifestly worthy aim of a Creating Wisdom. The former branch of our argument may therefore be best suited to introduce to us the Deity as the institutor of Laws of Nature, though the latter may afterwards give us a wider view and a clearer insight into one province of his legislation.





BOOK I.

TERRESTRIAL ADAPTATIONS.
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We proceed in this book to point out relations which subsist between the laws of the inorganic world, that is, the general facts of astronomy and meteorology; and the laws which prevail in the organic world, the properties of plants and animals.

With regard to the first kind of laws, they are in the highest degree various and unlike each other. The intensity and activity of natural influences follow in different cases the most different rules. In some instances they are periodical, increasing and diminishing alternately, in a perpetual succession of equal intervals of time. This is the case with the heat at the earth’s surface, which has a period of a year; with the light, which has a period of a day. Other qualities are constant, thus the force of gravity at the same place is always the same. In some cases, a very simple cause produces very complicated effects; thus the globular form of the earth, and the inclination of its axis during its annual motion, give rise to all the variety of climates. In other cases a very complex and variable system of causes produces effects comparatively steady and uniform; thus solar and terrestrial heat, air, moisture, and probably many other apparently conflicting agents, join to produce our weather, which never deviates very far from a certain average standard.

Now a general fact, which we shall endeavour to exemplify in the following chapters, is this:—That those properties of plants and animals which have reference to agencies of a periodical character, have also by their nature a periodical mode of working; while those properties which refer to agencies of constant intensity, are adjusted to this constant intensity: and again, there are peculiarities in the nature of organized beings which have reference to a variety in the conditions of the external world, as, for instance, the difference of the organized population of different regions: and there are other peculiarities which have a reference to the constancy of the average of such conditions, and the limited range of the deviations from that average; as for example, that constitution by which each plant and animal is fitted to exist and prosper in its usual place in the world.

And not only is there this general agreement between the nature of the laws which govern the organic and inorganic world, but also there is a coincidence between the arbitrary magnitudes which such laws involve on the one hand and on the other. Plants and animals have, in their construction, certain periodical functions, which have a reference to alternations of heat and cold; the length of the period which belongs to these functions by their construction, appears to be that of the period which belongs to the actual alternations of heat and cold, namely, a year. Plants and animals have again in their construction certain other periodical functions, which have a reference to alternations of light and darkness; the length of the period of such functions appears to coincide with the natural day. In like manner the other arbitrary magnitudes which enter into the laws of gravity, of the effects of air and moisture, and of other causes of permanence, and of change, by which the influences of the elements operate, are the same arbitrary magnitudes to which the members of the organic world are adapted by the various peculiarities of their construction.

The illustration of this view will be pursued in the succeeding chapters; and when the coincidence here spoken of is distinctly brought before the reader, it will, we trust, be found to convey the conviction of a wise and benevolent design, which has been exercised in producing such an agreement between the internal constitution and the external circumstances of organized beings. We shall adduce cases where there is an apparent relation between the course of operation of the elements and the course of vital functions; between some fixed measure of time or space, traced in the lifeless and in the living world; where creatures are constructed on a certain plan, or a certain scale, and this plan or this scale is exactly the single one which is suited to their place on the earth; where it was necessary for the Creator (if we may use such a mode of speaking) to take account of the weight of the earth, or the density of the air, or the measure of the ocean, and where these quantities are rightly taken account of in the arrangements of creation. In such cases we conceive that we trace a Creator, who, in producing one part of his work, was not forgetful or careless of another part; who did not cast his living creatures into the world to prosper or perish as they might find it suited to them or not; but fitted together, with the nicest skill, the world and the constitution which he gave to its inhabitants; so fashioning it and them, that light and darkness, sun and air, moist and dry, should become their ministers and benefactors, the unwearied and unfailing causes of their well-being.

We have spoken of the mutual adaptation of the organic and the inorganic world. If we were to conceive the contrivance of the world as taking place in an order of time in the contriving mind, we might also have to conceive this adaptation as taking place in one of two ways: we might either suppose the laws of inert nature to be accommodated to the foreseen wants of living things, or the organization of life to be accommodated to the previously established laws of nature. But we are not forced upon any such mode of conception, or upon any decision between such suppositions: since, for the purpose of our argument, the consequence of either view is the same. There is an adaptation somewhere or other, on either supposition. There is account taken of one part of the system in framing the other: and the mind which took such account can be no other than that of the Intelligent Author of the universe[2]. When indeed we come to see the vast number, the variety, the extent, the interweaving, the reconciling of such adaptations, we shall readily allow, that all things are so moulded upon and locked into each other, connected by such subtilty and profundity of design, that we may well abandon the idle attempt to trace the order of thought in the mind of the Supreme Ordainer.


CHAPTER I.



The Length of the Year.
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A year is the most important and obvious of the periods which occur in the organic, and especially in the vegetable world. In this interval of time the cycle of most of the external influences which operate upon plants is completed. There is also in plants a cycle of internal functions, corresponding to this succession of external causes. The length of either of these periods might have been different from what it is, according to any grounds of necessity which we can perceive. But a certain length is selected in both instances, and in both instances the same. The length of the year is so determined as to be adapted to the constitution of most vegetables; or the construction of vegetables is so adjusted as to be suited to the length which the year really has, and unsuited to a duration longer or shorter by any considerable portion. The vegetable clock-work is so set as to go for a year.

The length of the year or interval of recurrence of the seasons is determined by the time which the earth employs in performing its revolution round the sun: and we can very easily conceive the solar system so adjusted that the year should be longer or shorter than it actually is. We can imagine the earth to revolve round the sun at a distance greater or less than that which it at present has, all the forces of the system remaining unaltered. If the earth were removed towards the centre by about one-eighth of its distance, the year would be diminished by about a month; and in the same manner it would be increased by a month on increasing the distance by one-eighth. We can suppose the earth at a distance of eighty-four or a hundred and eight millions of miles, just as easily as at its present distance of ninety-six millions: we can suppose the earth with its present stock of animals and vegetables placed where Mars or where Venus is, and revolving in an orbit like one of theirs: on the former supposition our year would become twenty-three, on the latter seven of our present months. Or we can conceive the present distances of the parts of the system to continue what they are, and the size, or the density of the central mass, the sun, to be increased or diminished in any proportion; and in this way the time of the earth’s revolution might have been increased or diminished in any degree; a greater velocity, and consequently a diminished period, being requisite in order to balance an augmented central attraction. In any of these ways the length of the earth’s natural year might have been different from what it now is: in the last way without any necessary alteration, so far as we can see, of temperature.

Now, if any change of this kind were to take place, the working of the botanical world would be thrown into utter disorder, the functions of plants would be entirely deranged, and the whole vegetable kingdom involved in instant decay and rapid extinction.

That this would be the case, may be collected from innumerable indications. Most of our fruit trees, for example, require the year to be of its present length. If the summer and the autumn were much shorter, the fruit could not ripen; if these seasons were much longer, the tree would put forth a fresh suit of blossoms, to be cut down by the winter. Or if the year were twice its present length, a second crop of fruit would probably not be matured, for want, among other things, of an intermediate season of rest and consolidation, such as the winter is. Our forest trees in like manner appear to need all the seasons of our present year for their perfection; the spring, summer, and autumn, for the developement of their leaves and consequent formation of their proper juice, and of wood from this; and the winter for the hardening and solidifying the substance thus formed.

Most plants, indeed, have some peculiar function adapted to each period of the year, that is of the now existing year. The sap ascends with extraordinary copiousness at two seasons, in the spring and in the autumn, especially the former. The opening of the leaves and the opening of the flowers of the same plants are so constant to their times, (their appointed times, as we are naturally led to call them,) that such occurrences might be taken as indications of the times of the year. It has been proposed in this way to select a series of botanical facts which should form a calendar; and this has been termed a calendar of Flora[3]. Thus, if we consider the time of putting forth leaves,[1] the honeysuckle protrudes them in the month of January; the gooseberry, currant, and elder in the end of February, or beginning of March; the willow, elm, and lime-tree in April; the oak and ash, which are always the latest among trees, in the beginning or towards the middle of May. In the same manner the flowering has its regular time: the mezereon and snowdrop push forth their flowers in February; the primrose in the month of March; the cowslip in April; the great mass of plants in May and June; many in July, August, and September; some, not till the month of October, as the meadow saffron; and some not till the approach and arrival of winter, as the laurustinus and arbutus.

The fact which we have here to notice, is the recurrence of these stages in the developement of plants, at intervals precisely or very nearly of twelve months. Undoubtedly, this result is in part occasioned by the action of external stimulants upon the plant, especially heat, and by the recurrence of the intensity of such agents. Accordingly, there are slight differences in the times of such occurrences, according to the backwardness or forwardness of the season, and according as the climate is genial or otherwise. Gardeners use artifices which will, to a certain extent, accelerate or retard the time of developement of a plant. But there are various circumstances which show that this recurrence of the same events and equal intervals is not entirely owing to external causes, and that it depends also upon something in the internal structure of vegetables. Alpine plants do not wait for the stimulus of the sun’s heat, but exert such a struggle to blossom, that their flowers are seen among the yet unmelted snow. And this is still more remarkable in the naturalization of plants from one hemisphere to the other. When we transplant our fruit trees to the temperate regions south of the equator, they continue for some years to flourish at the period which corresponds to our spring. The reverse of this obtains, with certain trees of the southern hemisphere. Plants from the Cape of Good Hope, and from Australia, countries whose summer is simultaneous with our winter, exhibit their flowers in the coldest part of the year, as the heaths.

This view of the subject agrees with that maintained by the best botanical writers. Thus Decandolle observes that after making allowance for all meteorological causes, which determine the epoch of flowering, we must reckon as another cause the peculiar nature of each species. The flowering once determined, appears to be subject to a law of periodicity[4] and habit.[2]

It appears then that the functions of plants have by their nature a periodical character; and the length of the period thus belonging to vegetables is a result of their organization. Warmth and light, soil and moisture, may in some degree modify, and hasten or retard the stages of this period; but when the constraint is removed the natural period is again resumed. Such stimulants as we have mentioned are not the causes of this periodicity. They do not produce the varied functions of the plant, and could not occasion their performance at regular intervals, except the plant possessed a suitable construction. They could not alter the length of the cycle of vegetable functions, except within certain very narrow limits. The processes of the rising of the sap, of the formation of proper juices, of the unfolding of leaves, the opening of flowers, the fecundation of the fruit, the ripening of the seed, its proper deposition in order for the reproduction of a new plant;—all these operations require a certain portion of time, and could not be compressed into a space less than a year, or at least could not be abbreviated in any very great degree. And on the other hand, if the winter were greatly longer than it now is, many seeds would not germinate at the return of spring. Seeds which have been kept too long require stimulants to make them fertile.

If therefore the duration of the seasons were much to change, the processes of vegetable life would be interrupted, deranged, distempered. What, for instance, would become of our calendar of Flora, if the year were lengthened or shortened by six months? Some of the dates would never arrive in the one case, and the vegetable processes which mark them would be superseded; some seasons would be without dates in the other case, and these periods would be employed in a way harmful to the plants, and no doubt speedily destructive. We should have not only a year of confusion, but, if it were repeated and continued, a year of death.

But in the existing state of things, the duration of the earth’s revolution round the sun, and the duration of the revolution of the vegetable functions of most plants are equal. These two periods are adjusted to each other. The stimulants which the elements apply come at such intervals and continue for such times, that the plant is supported in health and vigour, and enabled to reproduce its kind. Just such a portion of time is measured out for the vegetable powers to execute their task, as enables them to do so in the best manner.

Now such an adjustment must surely be accepted as a proof of design, exercised in the formation of the world. Why should the solar year be so long and no longer? or, this being of such a length, why should the vegetable cycle be exactly of the same length? Can this be chance? And this occurs, it is to be observed, not in one, or in a few species of plants, but in thousands. Take a small portion only of known species, as the most obviously endowed with this adjustment, and say ten thousand. How should all these organized bodies be constructed for the same period of a year? How should all these machines be wound up so as to go for the same time? Even allowing that they could bear a year of a month longer or shorter, how do they all come within such limits? No chance could produce such a result.[1q] And if not by chance, how otherwise could such a coincidence occur, than by an intentional adjustment of these two things to one another? by a selection of such an organization in plants, as would fit them to the earth on which they were to grow; by an adaptation of construction to conditions; of the scale of the construction to the scale of the conditions.

It cannot be accepted as an explanation of this fact in the economy of plants, that it is necessary to their existence; that no plants could possibly have subsisted, and come down to us, except those which were thus suited to their place on earth. This is true; but this does not at all remove the necessity of recurring to design as the origin of the construction by which the existence and continuance of plants is made possible. A watch could not go, except there were the most exact adjustment in the forms and positions of its wheels; yet no one would accept it as an explanation of the origin of such forms and positions, that the watch would not go if these were other than they are. If the objector were to suppose that plants were originally fitted to years of various lengths, and that such only have survived to the present time, as had a cycle of a length equal to our present year, or one which could be accommodated to it; we should reply, that the assumption is too gratuitous and extravagant to require much consideration; but that, moreover, it does not remove the difficulty. How came the functions of plants to be periodical at all? Here is, in the first instance, an agreement in the form of the laws that prevail in the organic and in the inorganic world, which appears to us a clear evidence of design in their Author. And the same kind of reply might be made to any similar objection to our argument. Any supposition that the universe has gradually approximated to that state of harmony among the operations of its different parts, of which we have one instance in the coincidence now under consideration, would make it necessary for the objector to assume a previous state of things preparatory to this perfect correspondence. And in this preparatory condition we should still be able to trace the rudiments of that harmony, for which it was proposed to account: so that even the most unbounded license of hypothesis would not enable the opponent to obliterate the traces of an intentional adaptation of one part of nature to another.

Nor would it at all affect the argument, if these periodical occurrences could be traced to some proximate cause: if for instance it could be shown, that the budding or flowering of plants is brought about at particular intervals, by the nutriment accumulated in their vessels during the preceding months. For the question would still remain, how their functions were so adjusted, that the accumulation of the nutriment necessary for budding and flowering, together with the operation itself, comes to occupy exactly a year, instead of a month only, or ten years. There must be in their structure some reference to time: how did such a reference occur? how was it i determined to the particular time of the earth’s revolution round the sun? This could be no otherwise, as we conceive, than by design and appointment.

We are left therefore with this manifest adjustment before us, of two parts of the universe, at first sight so remote; the dimensions of the solar system and the powers of vegetable life. These two things are so related, that one has been made to fit the other. The relation is as clear as that of a watch to a sundial. If a person were to compare the watch with the dial, hour after hour, and day after day, it would be impossible for him not to believe that the watch had been contrived to accommodate itself to the solar day. We have at least ten thousand kinds of vegetable watches of the most various forms, which are all accommodated to the solar year; and the evidence of contrivance seems to be no more capable of being eluded in this case than in the other.

The same kind of argument might be applied to the animal creation. The pairing, nesting, hatching, fledging, and flight of birds, for instance, occupy each its peculiar time of the year; and, together with a proper period of rest, fill up the twelve months. The transformations of most insects have a similar reference to the seasons, their progress and duration. “In every species,” (except man,) says a writer[3] on animals, “there is a peculiar period of the year in which the reproductive system exercises its energies. And the season of love and the period of gestation are so arranged that the young ones are produced at the time wherein the conditions of temperature are most suited to the commencement of life.” It is not our business here to consider the details of such provisions, beautiful and striking as they are. But the prevalence of the great law of periodicity in the vital functions of organized beings will be allowed to have a claim to be considered in its reference to astronomy, when it is seen that their periodical constitution derives its use from the periodical nature of the motions of the planets round the sun; and that the duration of such cycles in the existence of plants and animals has a reference to the arbitrary elements of the solar system: a reference which, we maintain, is inexplicable and unintelligible, except by admitting into our conceptions; an Intelligent Author, alike of the organic and inorganic universe.
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We shall now consider another astronomical element, the time of the revolution of the earth on its axis; and we shall find here also that the structure of organized bodies are suited to this element;—that the cosmical and physiological arrangements are adapted to each other.

We can very easily conceive the earth to revolve on her axis faster or slower than she does, and thus the days to be longer or shorter than they are, without supposing any other change to take place. There is no apparent reason why this globe should turn on its axis just three hundred and sixty-six times while it describes its orbit round the sun. The revolutions of the other planets, so far as we know them, do not appear to follow any rule by which they are connected with the distance from the sun. Mercury, Venus, and Mars have days nearly the length of ours. Jupiter and Saturn revolve in about ten hours each. For any thing we can discover, the earth might have revolved in this or any other smaller period; or we might have had, without mechanical inconvenience, much longer days than we have.

But the terrestrial day, and consequently the length of the cycle of light and darkness, being what it is, we find various parts of the constitution both of animals and vegetables, which have a periodical character in their functions, corresponding to the diurnal succession of external conditions; and we find that the length of the period, as
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