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    At the threshold of modern science stands a demanding question: how can the restless variety of nature be brought within the reach of disciplined human understanding without losing its wonder? John F. W. Herschel’s Preliminary Discourse on the Study of Natural Philosophy takes up that challenge with unusual clarity and ambition. Rather than offering a narrow technical manual, it presents a broad meditation on how knowledge of the natural world is pursued, organized, and justified. Its opening movement invites readers into science not as a storehouse of facts, but as a living intellectual enterprise shaped by observation, reasoning, and the steady refinement of method.

First published in 1830, this work belongs to a formative period in the history of nineteenth-century science, when the language, institutions, and public authority of scientific inquiry were being actively defined. Herschel, already known as a mathematician, astronomer, and man of letters, was especially well placed to speak to that moment. The son of the astronomer William Herschel, he inherited both scientific distinction and a keen awareness of discovery as a human endeavor. In this book, he addresses readers beyond the specialist community, seeking to explain what natural philosophy is, how it proceeds, and why it matters.

The book has long held classic status because it succeeds on several levels at once. It is historically important as a lucid statement of scientific method for a broad readership, but it also endures as a work of prose. Herschel writes with precision, confidence, and an expansive sense of intellectual purpose, giving abstract questions about evidence, theory, and inquiry a persuasive literary shape. That combination of accessibility and seriousness helped the book travel widely among educated readers. It became not merely a document of scientific thought, but an influential model of how science could be presented as part of general culture.

Its central premise is simple to state but rich in consequence: the study of nature advances through disciplined observation, careful comparison, and the search for general laws that connect particular facts. Herschel does not reduce science to mere accumulation of data, nor does he treat theory as detached speculation. Instead, he examines the interplay between facts and explanatory ideas, between experiment and inference, between patient labor and intellectual imagination. The result is a work concerned not only with what science knows, but with how it comes to know. That emphasis gives the book a philosophical depth that remains compelling.

One reason the Preliminary Discourse has continued to be read is that it captures a transitional moment when natural philosophy was becoming what later generations would call science. Herschel writes before the full professional specialization of the later nineteenth century, and this gives the book an unusual breadth. He can move from practical questions of investigation to larger reflections on intellectual habits, educational value, and the social importance of scientific inquiry. Readers encounter a vision of knowledge that is systematic without being cramped. The sciences appear as connected modes of understanding rather than isolated technical fields sealed off from one another.

The literary impact of the book lies partly in its power to make method itself interesting. Herschel understands that the procedures of inquiry can seem dry when stripped of purpose, so he frames them within a larger drama of discovery, error, correction, and progress. He gives readers a language for thinking about induction, classification, experiment, and explanation in ways that feel active and consequential. This shaping influence extended beyond scientific circles. The book helped establish an elegant and authoritative style for discussing scientific ideas in English, and its manner of address informed later efforts to interpret science for cultivated general audiences.

Its influence on later writers is well documented through its place in nineteenth-century intellectual culture. The book became one of the most widely read expositions of scientific reasoning in Britain and beyond, and it formed part of the educational background of readers who were not themselves professional investigators. Because Herschel presented science as both rigorous and imaginative, his account appealed to philosophers, essayists, reformers, and literary figures interested in the relation between knowledge and society. The work contributed to later discussions of method, evidence, and progress, helping to shape how scientific inquiry was understood in public and educational life.

Herschel’s authority in this book rests not only on abstract reflection but on experience. By 1830 he had already established a substantial scientific reputation, especially in mathematics and astronomy, and he brought to his prose the perspective of someone engaged in serious research. That matters because the book never reads as a detached sermon on method. It emerges from practice, from the conviction that the habits of exact inquiry can be described without being trivialized. Herschel presents science as a discipline of mind, but also as a collective human undertaking, dependent on tools, records, communication, and persistent criticism.

Another source of the book’s endurance is its balance between confidence and caution. Herschel celebrates the achievements of natural philosophy, yet he does not imply that knowledge comes easily or that every apparent pattern deserves acceptance. He repeatedly directs attention to the limits of hasty conclusion and the need for intellectual self-command. In this respect, the work remains strikingly modern. It treats skepticism not as hostility to knowledge but as one of the conditions of trustworthy knowledge. Science appears here as a methodical negotiation between curiosity and restraint, between the desire to explain and the duty to test.

The themes that run through the book have proved durable because they are larger than the scientific controversies of any one decade. Herschel is concerned with the cultivation of judgment, the organization of evidence, the discovery of order in complexity, and the enlargement of human power through understanding. He is equally attentive to the educational and civilizing value of scientific habits of mind. Such concerns have allowed the Preliminary Discourse to outlive its original moment. Even when particular examples belong to an earlier age, the book’s deeper questions about how we learn from nature continue to speak across generations.

For modern readers, the book offers a revealing window into the aspirations of early nineteenth-century intellectual life. It shows a period in which the study of nature was closely tied to questions of public reason, moral seriousness, and cultural authority. Yet it is not merely of historical interest. Contemporary debates about expertise, evidence, scientific communication, and the place of science in education make Herschel’s reflections newly resonant. His effort to explain specialized inquiry to non-specialists remains exemplary. The book reminds us that scientific literacy involves not only acquaintance with results, but understanding of the processes by which reliable conclusions are reached.

That is why Preliminary Discourse on the Study of Natural Philosophy still commands attention as both a historical landmark and a readable work of intellectual prose. It introduces readers to the aims and methods of science while preserving a sense of awe before the world science seeks to understand. Herschel’s achievement lies in joining rigor to eloquence, analysis to breadth, and instruction to inspiration. Nearly two centuries after its publication, the book retains its appeal because it addresses a permanent human desire: to find lawful order in experience and to make knowledge worthy of both trust and wonder.
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    John F. W. Herschel’s Preliminary Discourse on the Study of Natural Philosophy, published in 1830 as part of Dionysius Lardner’s Cabinet Cyclopaedia, introduces a broad readership to the aims, methods, and intellectual value of science. Rather than serving as a technical manual, it frames natural philosophy as a disciplined way of investigating the physical world. Herschel begins by defining the field in expansive terms, presenting it as a connected body of inquiry concerned with observation, reasoning, and the discovery of regularity in nature. The opening movement establishes the book’s educational purpose and its effort to clarify how scientific knowledge is formed and organized.

Early in the work, Herschel distinguishes informed inquiry from casual perception by emphasizing the importance of careful observation. He stresses that facts do not simply present themselves ready-made, but must be selected, compared, and recorded with discipline. Instruments, measurement, and repeated inspection expand the senses and make subtle phenomena available to study. At the same time, he warns that observation without order can remain barren. This part of the argument presents science as a trained practice that depends on precision, patience, and the correction of error, setting the stage for his discussion of how facts are turned into intelligible knowledge.

From observation Herschel turns to classification and the search for general laws. He explains that natural philosophy advances by grouping phenomena according to shared features and by identifying patterns that persist across different cases. This process gives coherence to large collections of facts and enables investigators to move beyond isolated descriptions. Herschel portrays the mind as actively engaged in arranging experience, but he also insists that its generalizations must remain answerable to evidence. The discussion highlights a central tension in the book: scientific thought requires imaginative organization, yet its authority depends on disciplined restraint and fidelity to observed reality.

The discourse then examines induction as a principal method of discovery. Herschel outlines how investigators infer broader rules from a series of particular instances, while remaining alert to exceptions, incomplete evidence, and the possibility of premature conclusions. He is concerned not only with successful reasoning but with the conditions that make such reasoning trustworthy. By tracing how hypotheses emerge from facts and are tested against additional cases, he presents scientific inquiry as a gradual and self-correcting process. This portion of the work gives readers a practical account of how laws of nature are proposed without suggesting that certainty is easy or immediate.

Herschel next considers the role of hypothesis more directly, defending its proper use while cautioning against speculative excess. Conjectures can guide research by linking disparate observations and suggesting new experiments, but they must not be mistaken for established truths. The value of an explanatory idea lies in its capacity to organize facts, generate verifiable consequences, and survive scrutiny. In this way, Herschel resists both unrestrained theorizing and a narrow empiricism that refuses provisional interpretation. The discussion deepens the book’s picture of science as a balanced activity, one that depends on invention but is governed by method, evidence, and revision.

A further stage of the argument addresses experiment and the deliberate interrogation of nature. Herschel explains that inquiry often progresses when investigators alter conditions, isolate causes, and compare outcomes in controlled ways. Experiment complements observation by making hidden relations more legible and by helping distinguish coincidence from causal connection. He also attends to the practical difficulties of such work, including sources of error, the complexity of interacting forces, and the need for replication. This section underscores that scientific knowledge is not merely accumulated from passive viewing, but actively produced through procedures designed to reveal stable relations within changing phenomena.

The book also broadens from method to the structure and growth of the sciences as a whole. Herschel surveys how different branches of natural philosophy develop, intersect, and borrow from one another, with mathematics serving as a powerful instrument where exact relations can be expressed. He treats scientific progress as cumulative, though uneven, shaped by improved methods, refined concepts, and the gradual extension of reliable laws. Without reducing all inquiry to a single pattern, he argues for a common intellectual spirit across disciplines. This broader perspective places individual discoveries within a larger account of how organized knowledge advances over time.

Herschel then reflects on the uses of natural philosophy in practical life, education, and intellectual culture. Scientific inquiry yields more than utility, though it contributes to technology, navigation, industry, and other arts. It also disciplines judgment, combats superstition, and enlarges the understanding by revealing order in the world. He presents the study of nature as morally and mentally formative, encouraging habits of exactness, humility, and openness to correction. In doing so, the discourse links method with character, suggesting that the pursuit of knowledge shapes both society’s capabilities and the temper of mind with which reality is approached.

By the end of its progression, Preliminary Discourse on the Study of Natural Philosophy has offered a compact philosophy of science for general readers: one centered on observation, experiment, classification, hypothesis, and law, all held together by disciplined reasoning. Its enduring significance lies in the clarity with which it presents science as both an intellectual method and a cultural force. Without resting on technical detail, the book articulates enduring questions about evidence, explanation, and the limits of certainty. It remains notable as a lucid early nineteenth-century statement of how scientific inquiry seeks trustworthy knowledge while remaining open to correction and further discovery.
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    John Frederick William Herschel's Preliminary Discourse on the Study of Natural Philosophy appeared in Britain in 1830, a moment when scientific inquiry was becoming a more public and self-conscious enterprise. The book was issued in London as part of Dionysius Lardner's Cabinet Cyclopaedia, a series designed to bring useful knowledge to a broad reading audience. Its setting was early nineteenth-century Britain, where universities, learned societies, and publishers together shaped intellectual life. The Royal Society remained the most prestigious scientific institution, while newer associations, metropolitan lecture circuits, and expanding print culture connected natural philosophy to readers beyond elite scholarly circles.

Herschel was especially well placed to speak about the state of science in this period. Born in 1792, he was the son of the astronomer William Herschel and part of a family deeply associated with observational astronomy. Educated at Cambridge, he belonged to a generation dissatisfied with what they saw as mathematical stagnation in British education. Along with George Peacock and Charles Babbage, he helped found the Analytical Society around 1812, promoting continental mathematical notation and methods associated with Leibniz rather than the older Newtonian fluxional symbolism still dominant in Britain. This reforming background strongly informs the book's attention to method, clarity, and intellectual progress.

The intellectual world behind the Preliminary Discourse was shaped by the Scientific Revolution and the Enlightenment, but also by a specifically British inheritance from Isaac Newton, Francis Bacon, and later experimental philosophy. Herschel wrote at a time when natural philosophy still served as a broad category covering physics, astronomy, chemistry, parts of geology, and aspects of natural history. His book reflects the prestige of inductive reasoning and careful observation, themes often linked in Britain to Baconian ideals. Yet it also recognizes the importance of mathematical generalization and theory. In this sense, the work stands between older narratives of collecting facts and newer ambitions to unify phenomena under precise laws.

The aftermath of the French Revolution and the Napoleonic Wars formed an important political background. Britain in 1830 was emerging from decades of war with France, conflict that had affected state finance, trade, military organization, and public attitudes toward continental thought. During the wars, communication between British and European scholars was often constrained, yet continental advances in mathematics, astronomy, and chemistry remained impossible to ignore. Herschel's career shows this renewed engagement with Europe after 1815. The Preliminary Discourse therefore belongs to a period when British intellectuals were reestablishing scientific exchange across borders and rethinking national scientific institutions in light of French and other continental examples.

Cambridge reform is one of the clearest immediate contexts for Herschel's book. In the early nineteenth century, Cambridge mathematics examinations were central to elite education, but many younger scholars believed the curriculum lagged behind developments in France. The Analytical Society's translation and promotion of continental calculus symbolized a wider desire to modernize British science. Herschel's text echoes this reforming spirit by presenting science as a disciplined, cumulative, and teachable activity rather than a collection of isolated curiosities. His emphasis on reasoning, exactness, and the interdependence of experiment and mathematics reflects debates that were not abstract only, but tied to the training of future administrators, clergy, and men of science.

The book also emerged during the rapid expansion of publishing and organized knowledge. In the 1820s and 1830s, encyclopedias, cheap serials, mechanics' magazines, and lecture institutions widened access to scientific ideas. Lardner's Cabinet Cyclopaedia, which included Herschel's volume, was part of this commercial and educational movement. Its intended readers were not only specialists but also educated general audiences, including members of the middle classes increasingly interested in science as a mark of cultivation and utility. The Preliminary Discourse mirrors this setting by offering not a technical treatise but a reflective introduction to how science works, why it matters, and how discoveries are made intelligible.

Industrialization provided another crucial historical force. By 1830 Britain had undergone major changes in manufacturing, transport, and urban growth, especially in textile regions and growing industrial towns. Steam power, iron production, canal systems, and the early railway age were changing everyday life and strengthening the social prestige of practical knowledge. Although Herschel's book is not a manual of industrial technique, it was written in a culture that increasingly associated scientific inquiry with material improvement. His discussion of laws, measurement, and experimental method resonated with a society in which precision instruments, engineering skill, and applied science were becoming economically and politically significant.

The chemistry and physics of the late eighteenth and early nineteenth centuries also shaped the work's assumptions. The chemical revolution associated with Antoine Lavoisier had transformed ideas about elements, combustion, and measurement, while figures such as Humphry Davy and Michael Faraday were reshaping experimental science in Britain. Herschel's account of natural philosophy reflects this broader shift toward exact experimentation and the identification of general laws across apparently diverse phenomena. He wrote for readers living in an age of active laboratory research, public lectures on electricity and chemistry, and growing confidence that hidden forces in nature could be investigated systematically rather than treated as mysterious or merely descriptive.

Astronomy was central to Herschel's intellectual identity and to the authority of the book. His father William Herschel's surveys of the heavens, discoveries concerning nebulae and double stars, and the discovery of Uranus in 1781 had made the Herschel name famous. John Herschel himself carried this legacy forward through major observational work and later, in the 1830s, through observations from the Cape of Good Hope. In the Preliminary Discourse, astronomy often serves as an exemplary science because it combines observation, calculation, prediction, and the search for universal laws. The book's confidence in scientific method is inseparable from the prestige of Newtonian and post-Newtonian astronomy.

Geology and debates about Earth's history formed another live context in 1830. The first volume of Charles Lyell's Principles of Geology appeared in the same year as Herschel's Preliminary Discourse. Across the late eighteenth and early nineteenth centuries, geological research had challenged traditional chronologies and stimulated argument over catastrophes, gradual change, fossils, and the interpretation of strata. Herschel's methodological reflections fit this climate of disciplined uncertainty, where evidence had to be assembled from fragmentary traces and explanations judged by consistency and scope. His interest in how hypotheses guide inquiry without replacing proof closely matched the needs of sciences, like geology, that were expanding rapidly yet still contested.

Natural theology was deeply entwined with science in the period. In Britain, many readers understood the study of nature as compatible with, and often supportive of, religious belief. Works of natural theology were widely read, and the Bridgewater Treatises would begin appearing shortly after Herschel's book, from 1833 onward. The Preliminary Discourse does not function chiefly as a theological work, but it was written in a culture where scientific order was commonly interpreted as evidence of divine wisdom. Herschel's restrained tone and emphasis on lawful regularity align with this context, while his focus remains on the procedures of inquiry rather than on devotional argument.

The social standing of science itself was changing. The specialized term scientist would not be proposed by William Whewell until the 1830s, and in Herschel's day practitioners were more often called natural philosophers, men of science, or by more specific occupational labels. This older terminology matters because Herschel wrote during a transitional phase before modern professional science was fully established. Many investigators still depended on private means, institutional patronage, clerical positions, or teaching appointments. The Preliminary Discourse reflects this world by treating science as a cultivated intellectual vocation grounded in character, discipline, and judgment, not yet as a fully professionalized career with standardized credentials and departments.

Reform politics also formed part of the immediate atmosphere. Britain in the late 1820s and early 1830s was marked by intense debate over Catholic emancipation, parliamentary representation, and the legitimacy of inherited institutions. The Reform Act would be passed in 1832, but agitation was already strong when Herschel published. Although the Preliminary Discourse is not a political tract, its language of improvement, method, and openness to correction belongs to a broader culture of reform. The book's confidence that disciplined inquiry can overcome prejudice and error echoed wider arguments that institutions, whether educational or political, should adapt to evidence, utility, and the needs of a changing society.

Imperial and global dimensions should also be noted. British science in this period depended on naval travel, colonial administration, observatories, botanical collection, and worldwide networks of correspondence. Astronomical observations, magnetic measurements, and the exchange of specimens all relied on imperial routes and institutions. Herschel's own later work at the Cape illustrates how closely science and empire could intersect. In the Preliminary Discourse, the stress on accumulating observations from many places reflects these expanding global networks. The book assumes that nature can be studied through coordinated, comparative, and often geographically dispersed efforts, a possibility strengthened by Britain's maritime and imperial reach.

Technological changes in communication and instrumentation further conditioned the work. Improved printing, cheaper books, and more reliable postal systems helped scientific information circulate quickly. At the same time, advances in telescopes, clocks, chemical apparatus, and measuring devices made exact observation more feasible. Herschel's own astronomical and optical interests gave him a direct appreciation of the role of instruments in extending human perception. The Preliminary Discourse repeatedly treats observation as something disciplined and often technologically mediated rather than merely passive looking. This perspective matched a period in which instruments were becoming central arbiters of credibility in both elite research and popular demonstrations of science.

Within literary and cultural life, Herschel's book belongs to the wider movement sometimes called the dissemination of useful knowledge. This movement sought to educate readers in practical and intellectual subjects through affordable publications and lectures, often with middle-class self-improvement in mind. Yet Herschel's contribution stands out because it does more than celebrate utility. He insists on the complexity of discovery, the careful testing of hypotheses, and the need to distinguish genuine law from superficial pattern. In that respect, the book gently critiques simplistic views of science as a mere storehouse of facts or inventions, offering instead a disciplined philosophy of inquiry appropriate to an age enamored of progress.

Seen in its full historical context, Preliminary Discourse on the Study of Natural Philosophy serves both as a mirror of early nineteenth-century Britain and as a measured critique of its limitations. It reflects a society transformed by reformist energies, industrial expansion, imperial networks, and a widening public for science. It also answers anxieties about national backwardness, intellectual confusion, and the proper relation between theory and practice. By explaining how science advances through observation, comparison, experiment, and cautious generalization, Herschel gave readers a framework suited to his era's ambitions. The book remains historically revealing because it captures science becoming modern while still speaking the language of natural philosophy.
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    John Frederick William Herschel was a central figure in nineteenth-century science, remembered as an astronomer, mathematician, chemist, and influential man of letters. Active in Britain during an era of rapid scientific expansion, he helped extend the observational astronomy associated with his family into a broader program of measurement, classification, and communication. Herschel also became one of the most articulate English-language writers on scientific method and the public value of inquiry. His career linked practical observation with reflective prose, making him significant not only for discoveries and surveys, but also for shaping how Victorian readers understood science as a disciplined, creative pursuit.

Born in 1792, Herschel was educated at St John’s College, Cambridge, where he distinguished himself in mathematics. Early in adult life he moved in a circle of reform-minded British mathematicians who sought to modernize mathematical teaching and notation. That intellectual environment encouraged habits of precision and analysis that remained visible throughout his work. He soon turned from mathematics alone toward astronomy and experimental science, combining theoretical training with exacting observation. The scientific culture of the early nineteenth century, including the legacy of Isaac Newton and continental mathematical methods, provided major public influences on his development as a scholar and writer.

Herschel first gained wide notice through astronomical work carried out in Britain in the 1820s and early 1830s. Building on established observational methods while extending them with great energy, he conducted systematic studies of double stars and nebulae and published catalogues that became important reference tools. These projects demonstrated his characteristic blend of painstaking data collection and larger interpretive ambition. He was not primarily a literary author in the conventional sense, but his scientific prose was widely read and admired for clarity and range. By this stage, he had emerged as a leading public intellectual whose authority rested on both original research and lucid exposition.

A major phase of Herschel’s career came with his observing expedition to southern Africa in the 1830s, undertaken to chart the southern skies with the same systematic care he had applied in the north. The results appeared in substantial astronomical publications, most notably Results of Astronomical Observations Made during the Years 1834, 5, 6, 7, 8, at the Cape of Good Hope. This work greatly expanded star catalogues and observations of nebulae and clusters available to European science. The expedition also reinforced his standing as an international scientific authority, and his publications were received as landmarks of disciplined observation and large-scale synthesis.

Alongside his astronomical research, Herschel wrote some of the nineteenth century’s most influential prose on scientific reasoning. His Preliminary Discourse on the Study of Natural Philosophy offered a broad account of how science proceeds, why observation and experiment matter, and how general laws are responsibly inferred from facts. Later, in Outlines of Astronomy, he presented a comprehensive survey of the field for educated readers, combining technical command with unusual accessibility. These works helped define his public reputation beyond specialist circles. They were valued not only as summaries of knowledge, but as statements of intellectual method during a period when science was becoming increasingly professionalized.

Herschel also made important contributions in chemistry and the early history of photography. He investigated the action of light-sensitive substances and introduced or popularized several terms that became standard in photographic discourse, including words such as “positive” and “negative” in that context. His experiments with photographic processes, especially involving chemical fixing methods and the cyanotype, connected him to a wider network of nineteenth-century investigators exploring image-making technologies. Across these pursuits, he consistently advocated careful observation, exact description, and the open exchange of results. That combination of practical ingenuity and reflective method helps explain his unusually broad influence across several scientific fields.

In his later decades, Herschel remained an eminent public figure in British intellectual life, consulted for his judgment and respected for the breadth of his attainments. He continued to publish, revise, and correspond on scientific questions, even as newer generations transformed the institutions of research around him. He died in 1871, leaving a body of work that continued to shape astronomy, scientific education, and the language used to discuss inquiry itself. His legacy endures in star catalogues, methodological writing, and early photographic science. Today he is remembered as a scholar who united observation, theory, and exposition with rare authority and range.
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OF MAN REGARDED AS A CREATURE OF INSTINCT, OF REASON, AND SPECULATION.—GENERAL INFLUENCE OF SCIENTIFIC PURSUITS ON THE MIND.





(1.) The situation of man on the globe he inhabits, and over which he has obtained the control, is in many respects exceedingly remarkable. Compared with its other denizens, he seems, if we regard only his physical constitution, in almost every respect their inferior, and equally unprovided for the supply of his natural wants and his defence against the innumerable enemies which surround him. No other animal passes so large a portion of its existence in a state of absolute helplessness, or falls in old age into such protracted and lamentable imbecility. To no other warm-blooded animal has nature denied that indispensable covering without which the vicissitudes of a temperate and the rigours of a cold climate are equally insupportable; and to scarcely any has she been so sparing in external weapons, whether for attack or defence. Destitute alike of speed to avoid and of arms to repel the aggressions of his voracious foes; tenderly susceptible of atmospheric influences; and unfitted for the coarse aliments which the earth affords spontaneously during at least two thirds of the year, even in temperate climates,—man, if abandoned to mere instinct, would be of all creatures the most destitute and miserable[1q]. Distracted by terror and goaded by famine; driven to the most abject expedients for concealment from his enemies, and to the most cowardly devices for the seizure and destruction of his nobler prey, his existence would be one continued subterfuge or stratagem;—his dwelling would be in dens of the earth, in clefts of rocks, or in the hollows of trees; his food worms, and the lower reptiles, or such few and crude productions of the soil as his organs could be brought to assimilate, varied with occasional relics, mangled by more powerful beasts of prey, or contemned by their more pampered choice. Remarkable only for the absence of those powers and qualities which obtain for other animals a degree of security and respect, he would be disregarded by some, and hunted down by others, till after a few generations his species would become altogether extinct, or, at best, would be restricted to a few islands in tropical regions, where the warmth of the climate, the paucity of enemies, and the abundance of vegetable food, might permit it to linger.

(2.) Yet man is the undisputed lord of the creation. The strongest and fiercest of his fellow-creatures,—the whale, the elephant, the eagle, and the tiger,—are slaughtered by him to supply his most capricious wants, or tamed to do him service, or imprisoned to make him sport. The spoils of all nature are in daily requisition for his most common uses, yielded with more or less readiness, or wrested with reluctance, from the mine, the forest, the ocean, and the air. Such are the first fruits of reason. Were they the only or the principal ones, were the mere acquisition of power over the materials, and the less gifted animals which surround us, and the consequent increase of our external comforts, and our means of preservation and sensual enjoyment, the sum of the privileges which the possession of this faculty conferred, we should after all have little to plume ourselves upon. But this is so far from being the case, that every one who passes his life in tolerable ease and comfort, or rather whose whole time is not anxiously consumed in providing the absolute necessaries of existence, is conscious of wants and cravings in which the senses have no part, of a series of pains and pleasures totally distinct in kind from any which the infliction of bodily misery or the gratification of bodily appetites has ever afforded him; and if he has experienced these pleasures and these pains in any degree of intensity, he will readily admit them to hold a much higher rank, and to deserve much more attention, than the former class. Independent of the pleasures of fancy and imagination, and social converse, man is constituted a speculative being; he contemplates the world, and the objects around him, not with a passive, indifferent gaze, as a set of phenomena in which he has no further interest than as they affect his immediate situation, and can be rendered subservient to his comfort, but as a system disposed with order and design. He approves and feels the highest admiration for the harmony of its parts, the skill and efficiency of its contrivances. Some of these which he can best trace and understand he attempts to imitate, and finds that to a certain extent, though rudely and imperfectly, he can succeed,—in others, that although he can comprehend the nature of the contrivance, he is totally destitute of all means of imitation;—while in others, again, and those evidently the most important, though he sees the effect produced, yet the means by which it is done are alike beyond his knowledge and his control. Thus he is led to the conception of a Power and an Intelligence superior to his own, and adequate to the production and maintenance of all that he sees in nature,—a Power and Intelligence to which he may well apply the term infinite, since he not only sees no actual limit to the instances in which they are manifested, but finds, on the contrary, that the farther he enquires, and the wider his sphere of observation extends, they continually open upon him in increasing abundance; and that as the study of one prepares him to understand and appreciate another, refinement follows on refinement, wonder on wonder, till his faculties become bewildered in admiration, and his intellect falls back on itself in utter hopelessness of arriving at an end.

(3.) When from external objects he turns his view upon himself, on his own vital and intellectual faculties, he finds that he possesses a power of examining and analysing his own nature to a certain extent, but no farther. In his corporeal frame he is sensible of a power to communicate a certain moderate amount of motion to himself and other objects; that this power depends on his will, and that its exertion can be suspended or increased at pleasure within certain limits; but how his will acts on his limbs he has no consciousness: and whence he derives the power he thus exercises, there is nothing to assure him, however he may long to know. His senses, too, inform him of a multitude of particulars respecting the external world, and he perceives an apparatus by which impressions from without may be transmitted, as a sort of signals to the interior of his person, and ultimately to his brain, wherein he is obscurely sensible that the thinking, feeling, reasoning being he calls himself, more especially resides; but by what means he becomes conscious of these impressions, and what is the nature of the immediate communication between that inward sentient being, and that machinery, his outward man, he has not the slightest conception.

(4.) Again, when he contemplates still more attentively the thoughts, acts, and passions of this his sentient intelligent self, he finds, indeed, that he can remember, and by the aid of memory can compare and discriminate, can judge and resolve, and, above all, that he is irresistibly impelled, from the perception of any phenomenon without or within him, to infer the existence of something prior which stands to it in the relation of a cause, without which it would not be, and that this knowledge of causes and their consequences is what, in almost every instance, determines his choice and will, in cases where he is nevertheless conscious of perfect freedom to act or not to act. He finds, too, that it is in his power to acquire more or less knowledge of causes and effects according to the degree of attention he bestows upon them, which attention is again in great measure a voluntary act; and often when his choice has been decided on imperfect knowledge or insufficient attention, he finds reason to correct his judgment, though perhaps too late to influence his decision by after consideration. A world within him is thus opened to his intellectual view, abounding with phenomena and relations, and of the highest immediate interest. But while he cannot help perceiving that the insight he is enabled to obtain into this internal sphere of thought and feeling is in reality the source of all his power, the very fountain of his predominance over external nature, he yet feels himself capable of entering only very imperfectly into these recesses of his own bosom, and analysing the operations of his mind,—in this as in all other things, in short, “a being darkly wise;” seeing that all the longest life and most vigorous intellect can give him power to discover by his own research, or time to know by availing himself of that of others, serves only to place him on the very frontier of knowledge, and afford a distant glimpse of boundless realms beyond, where no human thought has penetrated, but which yet he is sure must be no less familiarly known to that Intelligence which he traces throughout creation than the most obvious truths which he himself daily applies to his most trifling purposes. Is it wonderful that a being so constituted should first encourage a hope, and by degrees acknowledge an assurance, that his intellectual existence will not terminate with the dissolution of his corporeal frame, but rather that in a future state of being, disencumbered of a thousand obstructions which his present situation throws in his way, endowed with acuter senses, and higher faculties, he shall drink deep at that fountain of beneficent wisdom for which the slight taste obtained on earth has given him so keen a relish?

(5.) Nothing, then, can be more unfounded than the objection which has been taken, in limine, by persons, well meaning perhaps, certainly narrow-minded, against the study of natural philosophy, and indeed against all science,—that it fosters in its cultivators an undue and overweening self-conceit, leads them to doubt the immortality of the soul, and to scoff at revealed religion. Its natural effect, we may confidently assert, on every well constituted mind is and must be the direct contrary. No doubt, the testimony of natural reason, on whatever exercised, must of necessity stop short of those truths which it is the object of revelation to make known; but, while it places the existence and principal attributes of a Deity on such grounds as to render doubt impossible, it unquestionably opposes no natural or necessary obstacle to further progress: on the contrary, by cherishing as a vital principle an unbounded spirit of enquiry, and ardency of expectation, it unfetters the mind from prejudices of every kind, and leaves it open and free to every impression of a higher nature which it is susceptible of receiving, guarding only against enthusiasm and self-deception by a habit of strict investigation, but encouraging, rather than suppressing, every thing that can offer a prospect or a hope beyond the present obscure and unsatisfactory state. The character of the true philosopher is to hope all things not impossible, and to believe all things not unreasonable. He who has seen obscurities which appeared impenetrable in physical and mathematical science suddenly dispelled, and the most barren and unpromising fields of enquiry converted, as if by inspiration, into rich and inexhaustible springs of knowledge and power on a simple change of our point of view, or by merely bringing to bear on them some principle which it never occurred before to try, will surely be the very last to acquiesce in any dispiriting prospects of either the present or future destinies of mankind; while, on the other hand, the boundless views of intellectual and moral as well as material relations which open on him on all hands in the course of these pursuits, the knowledge of the trivial place he occupies in the scale of creation, and the sense continually pressed upon him of his own weakness and incapacity to suspend or modify the slightest movement of the machinery he sees in action around him, must effectually convince him that humility of pretension, no less than confidence of hope, is what best becomes his character.

(6.) But while we thus vindicate the study of natural philosophy from a charge at one time formidable, owing to the pertinacity and acrimony with which it was urged, and still occasionally brought forward to the distress and disgust of every well constituted mind, we must take care that the testimony afforded by science to religion, be its extent or value what it may, shall be at least independent, unbiassed, and spontaneous. We do not here allude to such reasoners as would make all nature bend to their narrow interpretations of obscure and difficult passages in the sacred writings: such a course might well become the persecutors of Galileo[1] and the other bigots of the fifteenth and sixteenth centuries, but can only be adopted by dreamers in the present age. But, without going these lengths, it is no uncommon thing to find persons, earnestly attached to science and anxious for its promotion, who yet manifest a morbid sensibility on points of this kind,—who exult and applaud when any fact starts up explanatory (as they suppose) of some scriptural allusion and who feel pained and disappointed when the general course of discovery in any department of science runs wide of the notions with which particular passages in the Bible may have impressed themselves. To persons of such a frame of mind it ought to suffice to remark, on the one hand, that truth can never be opposed to truth, and, on the other, that error is only to be effectually confounded by searching deep and tracing it to its source. Nevertheless, it were much to be wished that such persons, estimable and excellent as many of them are, before they throw the weight of their applause or discredit into the scale of scientific opinion on such grounds, would reflect, first, that the credit and respectability of any evidence may be destroyed by tampering with its honesty; and, secondly, that this very disposition of mind implies a lurking mistrust in its own principles, since the grand and indeed only character of truth is its capability of enduring the test of universal experience, and coming unchanged out of every possible form of fair discussion.

(7.) But if science may be vilified by representing it as opposed to religion, or trammelled by mistaken notions of the danger of free enquiry, there is yet another mode by which it may be degraded from its native dignity, and that is by placing it in the light of a mere appendage to and caterer for our pampered appetites. The question “cui bono” to what practical end and advantage do your researches tend? is one which the speculative philosopher who loves knowledge for its own sake, and enjoys, as a rational being should enjoy, the mere contemplation of harmonious and mutually dependent truths, can seldom hear without a sense of humiliation. He feels that there is a lofty and disinterested pleasure in his speculations which ought to exempt them from such questioning; communicating as they do to his own mind the purest happiness (after the exercise of the benevolent and moral feelings) of which human nature is susceptible, and tending to the injury of no one, he might surely allege this as a sufficient and direct reply to those who, having themselves little capacity, and less relish for intellectual pursuits, are constantly repeating upon him this enquiry. But if he can bring himself to descend from this high but fair ground, and justify himself, his pursuits, and his pleasures in the eyes of those around him, he has only to point to the history of all science, where speculations, apparently unprofitable, have, in innumerable instances, been those from which great practical applications have emanated. What, for instance, could be more so than the dry speculations of the ancient geometers on the properties of the conic sections, or than the dreams of Kepler (as they would naturally appear to his contemporaries) about the numerical harmonies of the universe? Yet these are the steps by which we have risen to a knowledge of the elliptic motions of the planets and the law of gravitation, with all its splendid theoretical consequences, and its inestimable practical results. The ridicule attached to “Swing-swangs” in Hooke’s time[2]1 did not prevent him from reviving the proposal of the pendulum as a standard of measure, since so effectually wrought into practice by the genius and perseverance of Captain Kater;—nor did that which Boyle encountered in his researches on the elasticity and pressure of the air act as any obstacle to the train of discovery which terminated in the steam-engine. The dreams of the alchemists led them on in the path of experiment, and drew attention to the wonders of chemistry, while they brought their advocates (it must be admitted) to merited contempt and ruin. But in this case it was moral dereliction which gave to ridicule a weight and power not necessarily or naturally belonging to it: but among the alchemists were men of superior minds, who reasoned while they worked, and who, not content to grope always in the dark, and blunder on their object, sought carefully in the observed nature of their agents for guides in their pursuit. To these we owe the creation of experimental philosophy.

(8.) Not that it is meant, by any thing above said, to assert that there is no such thing as a great or a little in speculative philosophy, or to place the solution of an enigma on a level with the developement of a law of nature, still less to adopt the homely definition of Smith2, that a philosopher is a person whose trade it is to do nothing, and speculate on every thing. The speculations of the natural philosopher, however remote they may for a time lead him from beaten tracks and every-day uses, being grounded in the realities of nature, have all, of necessity, a practical application,—nay more, such applications form the very criterions of their truth, they afford the readiest and completest verifications of his theories;—verifications which he will no more neglect to test them by than an arithmetician would omit to prove his sums, or a cautious geometer to try his general theorems by particular cases.3

 (9.) After all, however, it must be confessed, that to minds unacquainted with science, and unused to consider the mutual dependencies of its various branches, there is something neither unnatural nor altogether blamable in the ready occurrence of this question of direct advantage. It requires some habit of abstraction, some penetration of the mind with a tincture of scientific enquiry, some conviction of the value of those estimable and treasured principles which lie concealed in the most common and homely facts,—some experience, in fine, of success in developing and placing them in evidence, announcing them in precise terms, and applying them to the explanation of other facts of a less familiar character, or to the accomplishment of some obviously useful purpose:—to cure the mind of this tendency to rush at once upon its object, to undervalue the means in over-estimation of the end, and while gazing too intently at the goal which alone it has been accustomed to desire, to lose sight of the richness and variety of the prospects that offer themselves on either hand on the road.

(10.) We must never forget that it is principles, not phenomena,—the interpretation, not the mere knowledge of facts,—which are the objects of enquiry to the natural philosopher. As truth is single, and consistent with itself, a principle may be as completely and as plainly elucidated by the most familiar and simple fact, as by the most imposing and uncommon phenomenon. The colours which glitter on a soap-bubble are the immediate consequence of a principle the most important from the variety of phenomena it explains, and the most beautiful, from its simplicity and compendious neatness, in the whole science of optics. If the nature of periodical colours can be made intelligible by the contemplation of such a trivial object, from that moment it becomes a noble instrument in the eye of correct judgment; and to blow a large, regular, and durable soap-bubble may become the serious and praiseworthy endeavour of a sage, while children stand round and scoff, or children of a larger growth hold up their hands in astonishment at such waste of time and trouble. To the natural philosopher there is no natural object unimportant or trifling. From the least of nature’s works he may learn the greatest lessons. The fall of an apple to the ground may raise his thoughts to the laws which govern the revolutions of the planets in their orbits; or the situation of a pebble may afford him evidence of the state of the globe he inhabits, myriads of ages ago, before his species became its denizens.

(11.) And this is, in fact, one of the great sources of delight which the study of natural science imparts to its votaries. A mind which has once imbibed a taste for scientific enquiry, and has learnt the habit of applying its principles readily to the cases which occur, has within itself an inexhaustible source of pure and exciting contemplations:—one would think that Shakspeare had such a mind in view when he describes a contemplative man as finding all nature eloquent—the very trees, the brooks, and the stones reading to him lessons of deep and serious import. Accustomed to trace the operation of general causes, and the exemplification of general laws, in circumstances where the uninformed and unenquiring eye perceives neither novelty nor beauty, he walks in the midst of wonders: every object which falls in his way elucidates some principle, affords some instruction, and impresses him with a sense of harmony and order. Nor is it a mere passive pleasure which is thus communicated. A thousand questions are continually arising in his mind, a thousand subjects of enquiry presenting themselves, which keep his faculties in constant exercise, and his thoughts perpetually on the wing, so that lassitude is excluded from his life, and that craving after artificial excitement and dissipation of mind, which leads so many into frivolous, unworthy, and destructive pursuits, is altogether eradicated from his bosom.

(12.) It is not one of the least advantages of these pursuits, which, however, they possess in common with every class of intellectual pleasures, that they are altogether independent of external circumstances, and are to be enjoyed in every situation in which a man can be placed in life. The highest degrees of worldly prosperity are so far from being incompatible with them, that they supply inestimable advantages for their pursuit, and that sort of fresh and renewed relish which arises partly from the sense of contrast, partly from experience of the peculiar pre-eminence they possess over the pleasures of sense in their capability of unlimited increase and continual repetition without satiety or distaste. They may be enjoyed, too, in the intervals of the most active business; and the calm and dispassionate interest with which they fill the mind renders them a most delightful retreat from the agitations and dissensions of the world, and from the conflict of passions, prejudices, and interests in which the man of business finds himself involved. There is something in the contemplation of general laws which powerfully induces and persuades us to merge individual feeling, and to commit ourselves unreservedly to their disposal; while the observation of the calm, energetic regularity of nature, the immense scale of her operations, and the certainty with which her ends are attained, tends, irresistibly, to tranquillize and re-assure the mind, and render it less accessible to repining, selfish, and turbulent emotions. And this it does, not by debasing our nature into weak compliances and abject submission to circumstances, but by filling us, as from an inward spring, with a sense of nobleness and power which enables us to rise superior to them; by showing us our strength and innate dignity, and by calling upon us for the exercise of those powers and faculties by which we are susceptible of the comprehension of so much greatness, and which form, as it were, a link between ourselves and the best and noblest benefactors of our species, with whom we hold communion in thoughts and participate in discoveries which have raised them above their fellow-mortals, and brought them nearer to their Creator.
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(13.) Science is the knowledge of many, orderly and methodically digested and arranged, so as to become attainable by one. The knowledge of reasons and their conclusions constitutes abstract, that of causes and their effects, and of the laws of nature, natural science.

(14.) Abstract science is independent of a system of nature,—of a creation,—of every thing, in short, except memory, thought, and reason. Its objects are, first, those primary existences and relations which we cannot even conceive not to be, such as space, time, number, order, &c.; and, secondly, those artificial forms, or symbols, which thought has the power of creating for itself at pleasure, and substituting as representatives, by the aid of memory, for combinations of those primary objects and of its own conceptions,—either to facilitate the act of reasoning respecting them, or as convenient deposits of its own conclusions, or for their communication to others. Such are, first, language, oral or written; its conventional forms, which constitute grammar, and the rules for its use in argument, in which consists the logic of the schools[3]; secondly, notation, which, applied to number, is arithmetic,—and, to the more general relations of abstract quantity or order, is algebra; and, thirdly, that higher kind of logic, which teaches us to use our reason in the most advantageous manner for the discovery of truth; which points out the criterions by which we may be sure we have attained it; and which, by detecting the sources of error, and exposing the haunts where fallacies are apt to lurk, at once warns us of their danger, and shows us how to avoid them. This greater logic may be termed rational4; while, to that inferior department which is conversant with words alone, the epithet verbal5 may, for distinction, be applied.

(15.) A certain moderate degree of acquaintance with abstract science is highly desirable to every one who would make any considerable progress in physics. As the universe exists in time and place; and as motion, velocity, quantity, number, and order, are main elements of our knowledge of external things and their changes, an acquaintance with these, abstractedly considered, (that is to say, independent of any consideration of the particular things moved, measured, counted, or arranged,) must evidently be a useful preparation for the more complex study of nature. But there is yet another recommendation of such sciences as a preparation for the study of natural philosophy. Their objects are so definite, and our notions of them so distinct, that we can reason about them with an assurance, that the words and signs used in our reasonings are full and true representatives of the things signified; and, consequently, that when we use language or signs in argument, we neither, by their use, introduce extraneous notions, nor exclude any part of the case before us from consideration. For example: the words space, square, circle, a hundred, &c., convey to the mind notions so complete in themselves, and so distinct from every thing else, that we are sure when we use them we know and have in view the whole of our own meaning. It is widely different with words expressing natural objects and mixed relations. Take, for instance, iron. Different persons attach very different ideas to this word. One who has never heard of magnetism has a widely different notion of iron from one in the contrary predicament. The vulgar, who regard this metal as incombustible, and the chemist, who sees it burn with the utmost fury, and who has other reasons for regarding it as one of the most combustible bodies in nature;—the poet, who uses it as an emblem of rigidity; and the smith and engineer, in whose hands it is plastic, and moulded like wax into every form;—the jailer, who prizes it as an obstruction, and the electrician, who sees in it only a channel of open communication by which that most impassable of obstacles, the air, may be traversed by his imprisoned fluid, have all different, and all imperfect, notions of the same word. The meaning of such a term is like a rainbow—every body sees a different one, and all maintain it to be the same. So it is with nearly all our terms of sense. Some are indefinite, as hard or soft, light or heavy (terms which were at one time the sources of innumerable mistakes and controversies); some excessively complex, as man, life, instinct. But, what is worst of all, some, nay most, have two or three meanings; sufficiently distinct from each other to make a proposition true in one sense and false in another, or even false altogether; yet not distinct enough to keep us from confounding them in the process by which we arrived at it, or to enable us immediately to recognise the fallacy when led to it by a train of reasoning, each step of which we think we have examined and approved. Surely those who thus attach two senses to one word, or superadd a new meaning to an old one, act as absurdly as colonists who distribute themselves over the world, naming every place they come to by the names of those they have left, till all distinctions of geographical nomenclature are confounded, and till we are unable to decide whether an occurrence stated to have happened at Windsor[4] took place in Europe, America, or Australia.6

(16.) It is, in fact, in this double or incomplete sense of words that we must look for the origin of a very large portion of the errors into which we fall. Now, the study of the abstract sciences, such as arithmetic, geometry, algebra, &c., while they afford scope for the exercise of reasoning about objects that are, or, at least, may be conceived to be, external to us; yet, being free from these sources of error and mistake, accustom us to the strict use of language as an instrument of reason, and by familiarizing us, in our progress towards truth, to walk uprightly and straight-forward on firm ground, give us that proper and dignified carriage of mind which could never be acquired by having always to pick our steps among obstructions and loose fragments, or to steady them in the reeling tempest of conflicting meanings.

(17.) But there is yet another point of view under which some acquaintance with abstract science may be regarded as highly desirable in general education, if not indispensably necessary, to impress on us the distinction between strict and vague reasoning, to show us what demonstration really is, and to give us thereby a full and intimate sense of the nature and strength of the evidence on which our knowledge of the actual system of nature, and the laws of natural phenomena, rests. For this purpose, however, a very moderate acquaintance with the more elementary branches of mathematics may suffice. The chain is laid before us, and every link is submitted to our unreserved examination[2q], if we have patience and inclination to enter on such detail. Hundreds have gone through it, and will continue to do so; but, for the generality of mankind, it is enough to satisfy themselves of the solidity and adamantine texture of its materials, and the unreserved exposure of its weakest, as
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