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The Scientific Revolution: The Mechanical Universe

Starting in the late fourteenth century, the cohesive medieval world began to disintegrate, a process that lasted to the late seventeenth century. Not only did basic medieval institutions like feudalism weaken but also the medieval view of the universe, or world-view, faded and was gradually replaced by the modern, scientific understanding of nature. This transfor​mation occurred within the particular historical context created by the Renaissance and the Refor​mation, as well as by the growth in commercial prosperity and state power. Increasingly, literate elites in early modern Europe came to see the mas​tery of nature as both desirable and possible, an assumption that has remained basic to Western thought since the late seventeenth century.
The unique contribution of the Scientific Revo​lution to the making of the modern world-view lay in its new mechanical conception of nature, which enabled Westerners to discover and explain the laws of nature mathematically. They came to see nature as composed solely of matter whose mo​tion, occurring in space and measurable by time, was governed by laws of force. This philosoph​ically elegant construction renders the physical world knowable, and even possibly manageable. The Scientific Revolution also entailed the dis​covery of a new, scientific methodology. Because of the successful experiments performed by scien​tists and natural philosophers such as Galileo Galilei, William Harvey, Robert Boyle, and Isaac Newton, Western science acquired its still-char​acteristic methodology of observation and exper​imentation. By the late seventeenth century, no one could entertain a serious interest in any aspect of the physical order without actually doing exper​iments or without observing, in a rigorous and systematic way, the behaviour of physical phenomena. The mechanical concept of nature coupled with a rigorous methodology gave modern scientists the means to unlock and explain the secrets of nature.


Mathematics increasingly became the language of the new science. For centuries, Europeans had used algebra and geometry to explain certain physical phenomena. With the Scientific Revolution came a new mathematics, the calculus; but even more important, philosophers became increasingly convinced that all nature – physical objects as well as invisible forces – could be expressed mathematically. By the late seventeenth century, even geometry had become so complex that a gifted philosopher like John Locke (1632-1704), a friend and contemporary of Isaac Newton, could not understand the sophisticated mathematics used by Newton in the Principia. A new scientific culture had been born that during the eighteenth-century Enlightenment (see Chapter 18) achieved great importance as a model for progress in both the natural and human sciences. 
The Social Context of the Scientific Revolution

The new science played a major role in the pro​found change that occurred in the thinking of lit​erate Europeans between the early seventeenth century and the middle of the eighteenth century. Historians used to view the Scientific Revolu​tion as the legacy of a few great scientists whose mathematical and experimental genius created a profoundly new understanding of nature. Now, however, the acceptance and use by educated elites of the new science is seen as perhaps the critical factor in causing the historical phenome​non described as the Scientific Revolution. The science of Galileo, Kepler, Descartes, Boyle, and Newton would have remained the specialized knowledge of the few – or worse still, a suspect, even heretical, approach to nature – had it not been for other social and political factors that permitted its acceptance.
The great scientists and their immediate followers or propagandists were hardly naive about those factors. Galileo appealed to the literate classes for their support and argued that this new mechanical science was fit only for them and not for the larger populace. He pitted the new science against the old learning of the scholastic clergy and tied their understanding of nature to the simplistic assumptions of the 'masses. In so doing he aroused the wrath of the clerical authorities who eventually silenced him. Persecution and censorship meant that the new science made far less of an impact in Catholic than in Protestant Europe.
Access to the printing press was critical to the acceptance of the new mechanical understanding of nature. Descartes understood that fact when he left France, after the condemnation of Galileo, and chose to publish and live in the Netherlands, where his exposition of the new science stressed at every turn its advantages in promoting order and stability and diverting people to the search for mastery over nature rather than having them meddle in state affairs.
The other social factor that contributed to the acceptance of the new science lay in the dream of power that mechanical knowledge offered to governments as well as to the early promoters of industry. In the seventeenth century, such knowledge was no more than a dream, but it nevertheless enticed monarchs and statesmen to give their patronage to scientific academies and projects.
The new mechanical learning—not that found in Newton's Principia, which was far too technical for most people, but the mechanical information in handbooks and lectures—gained application first in Britain and Scotland during the second half of the eighteenth century. The applied mechanics that produced the steam engine and improved coal mining and water engineering in general had its origin in the Newtonian lectures and books that proliferated in Britain during the eight​eenth century. The road from the Scientific Revo​lution to the Industrial Revolution is more direct than has often been realized.
The Meaning of the Scientific Revolution

The Scientific Revolution was decisive in shaping the modern mentality; it shattered the medieval view of the universe and replaced it with a wholly different world-view. Gone was the belief that a motionless earth lay at the center of a universe that was finite and enclosed by a ring of stars. Gone too was the belief that the universe was di​vided into higher and lower worlds and that dif​ferent laws of motion operated in the heavens than operated on earth. The universe was now viewed as a giant machine functioning according to universal laws that could be expressed mathe​matically; nature could be mastered.
The methodology that produced this new view of nature—the new science—played a crucial his​torical role in reorienting Western thought away from medieval theology and metaphysics and to​ward the study of physical and human problems. In the later Middle Ages, most men of learning were Aristotelians and theologians. But by the mid-eighteenth century, knowledge of Newtonian science and the dissemination of useful learning had become the goal of the educated classes. AH knowledge, it was believed, could emulate sci​entific knowledge; it could be based on observa​tion, experimentation, and rational deduction; it could be systematic, verifiable, progressive, and useful. At every turn the advocates of this new approach to learning hailed the scientists of the sixteenth and seventeenth centuries as proof that no institution or dogma had a monopoly on truth—the scientific approach would yield knowl​edge that might, if properly applied for the good of all people, produce a new and better age. Such an outlook gave thinkers new confidence in the power of the human mind to master nature and led them to examine European institutions and traditions with an inquiring, critical, and sceptical spirit. Thus inspired, the reformers of the eight​eenth century would seek to create an Age of Enlightenment.
The Scientific Revolution ultimately weakened traditional Christianity. God's role in a mechanical universe was not clear. Newton had argued that God not only set the universe in motion but still intervened in its operations, thus leaving room for miracles. Others retained a place for God as Creator but regarded miracles as limita​tions on nature's mechanical perfection. Soon other Christian teachings came under attack as contrary to the standards of verification postu​lated by the new science. Applied to religious doc​trines, Descartes' reliance on methodical doubt and clarity of thought and Bacon's insistence on careful observation led thinkers to question the validity of Christian teachings. Theology came to be regarded as a separate and somewhat irrelevant area of intellectual inquiry that was not fit for the interests of practical, well-informed people. Not only Christian doctrines but also various wide​spread and popular beliefs came under attack. Magic, witchcraft, and astrology, still widespread among the European masses, were regarded with disdain by elite culture. The Scientific Revolution widened the gap between the elite culture of the rich and landed and the popular culture. The masses of people remained devoted to some form of traditional Christianity, while the uncertainty of a universe governed by devils, witches, or the stars continued to make sense to peasants and laborers who remained powerless in the face of nature or the domination of the rich and landed.
In Catholic countries, where the Scientific Rev​olution began, there was, by the early seventeenth century, a growing hostility toward scientific ideas. The mentality of the Counter Reformation enabled lesser minds to exercise their fears and arrogance against any idea they regarded as suspi​cious. Galileo was caught in this hostile environ​ment, and the Copernican system was condemned by the church in 1616.
As a result, by the second half of the seven​teenth century science had become an increasingly Protestant phenomenon. The major Protestant countries, like England and the Netherlands, ac​corded greater intellectual freedom, and their presses were relatively free. Eventually, science also proved to be more compatible with the Prot​estant mind's emphasis on individual striving and the mercantile exploitation of nature for mate​rial gain.
Gradually the science of Newton became the science of western Europe: nature mechanized, analyzed, regulated, and mathematicized. As a re​sult of the Scientific Revolution, learned Westerners came to believe more strongly than ever that nature could be mastered. Mechanical science – applied to canals, engines, pumps, and levers – became the science of industry. Thus the Scientific Revolution, operating on both intellectual and commercial levels, laid the groundwork for two major developments of the modern West -  the Age of Enlightenment and the Industrial Revolution.
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