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	As early as 1664, while still completing his studies, Newton engaged with the latest scholarship on light and optics produced by the English physicists Robert Boyle and Robert Hooke; he also immersed himself in both the scientific and mathematical thought of the French philosopher and scientist René Descartes. Turning his attention to the refraction of light through a glass prism, he conducted a progressively refined series of experiments over several years, each more precise and elaborate than the last, ultimately uncovering measurable mathematical regularities in the behaviour of colour. White light, he found, was not a pure entity but a mixture of infinitely diverse coloured rays — as revealed by the rainbow and the spectrum — with each ray identifiable by the specific angle at which it bends upon entering or exiting a transparent medium. He connected this finding to his investigation of the interference colours visible in thin films, such as those formed by oil floating on water or by soap bubbles, employing a remarkably precise technique to determine the thickness of such films. In his view, light was composed of streams of extremely small particles. His experimental work allowed him to deduce the sizes of the transparent "corpuscles" that made up the surfaces of physical objects, which, depending on their dimensions, interacted with white light in ways that selectively reflected the various colours visible on those surfaces.

	The foundations of these unconventional ideas were in place for Newton by around 1668; when they were first presented publicly — briefly and incompletely — in 1672 and 1675, they met with considerable opposition, chiefly because prevailing thought held that colours were merely altered forms of homogeneous white light. Objections were raised, and Newton's responses to them were printed in the learned journals of the day. The scepticism of Christiaan Huygens was particularly significant, as was the failure of French physicist Edmé Mariotte to replicate Newton's refraction experiments in 1681, which turned Continental scientists against him for an entire generation. The publication of Opticks, substantially completed by 1692, was deliberately postponed by Newton until his principal critics had died. Even so, the book was not without its shortcomings: the colours of diffraction remained beyond Newton's ability to explain. Despite this, Opticks established itself from around 1715 as an exemplary model of how theoretical reasoning and quantitative experimentation could be interwoven.

	MATHEMATICS

	In the field of mathematics, signs of exceptional promise appeared early in Newton's student writings. He may have encountered geometry during his schooling, though he consistently described himself as self-taught; what is certain is that he advanced by working through the writings of his compatriots William Oughtred and John Wallis, as well as those of Descartes and the Dutch mathematical tradition. Newton made contributions across every branch of mathematics then known, but he is most celebrated for his solutions to two central problems of analytical geometry: drawing tangents to curves (differentiation) and calculating the areas enclosed by curves (integration). He not only recognised that these two problems were inverses of one another, but also devised general methods for handling problems of curvature, embodied in his "method of fluxions" and "inverse method of fluxions" — equivalent, respectively, to what Leibniz would later call differential and integral calculus. Newton adopted the term "fluxion" (from the Latin word for "flow") because he conceived of quantities as flowing continuously from one magnitude to another. Like Leibniz's differentials, fluxions were expressed algebraically, though Newton also made extensive use — particularly in the Principia — of analogous geometrical reasoning. In his later years, Newton expressed a preference for the geometrical methods of the ancient Greeks over the algebraic style that had come to dominate modern mathematics, which he regarded as less clear and less rigorous.

	Newton's contributions to pure mathematics remained largely unknown beyond a small circle of correspondents until 1704, when he published alongside Opticks a treatise on the quadrature of curves (integration) and another on the classification of cubic curves. His lectures at Cambridge, delivered from approximately 1673 to 1683, appeared in print in 1707.

	The Calculus Priority Dispute

	By 1666, Newton had already worked out the core of his method of fluxions. The first aspect of this work to become known — privately, to fellow mathematicians in 1668 — was his method of integration by infinite series. In Paris in 1675, Gottfried Wilhelm Leibniz independently arrived at the first formulations of his differential calculus, which he communicated to Newton in 1677. Newton had previously shared some of his mathematical findings with Leibniz, though not his method of fluxions. In 1684, Leibniz published his first paper on calculus, and a small community of mathematicians began to develop his ideas.

	During the 1690s, Newton's allies began asserting the priority of his method of fluxions. Supporters of Leibniz claimed that he had conveyed the differential method to Newton, though Leibniz himself had made no such assertion. The Newtonians then correctly pointed out that Leibniz had examined some of Newton's papers during a visit to London in 1676 — though in truth Leibniz had paid no attention to the material concerning fluxions. A fierce and wide-ranging controversy erupted, partly in public and partly in private correspondence, with Leibniz extending the quarrel to attacks on Newton's theory of gravitation and his theological views on God and creation; the dispute did not even conclude with Leibniz's death in 1716. Its consequences were lasting: it slowed the acceptance of Newtonian science across the Continent and discouraged British mathematicians from engaging with the work of their Continental counterparts for the better part of a century.

	
Chapter 2: MECHANICS AND GRAVITATION

	According to the celebrated legend, it was upon watching an apple drop in his orchard sometime around 1665 or 1666 that Newton first conceived the idea that the same force governing the apple's fall also governed the motion of the Moon. He proceeded to calculate the force required to maintain the Moon in its orbit and compared this with the force drawing objects toward the Earth's surface. He also worked out the centripetal force necessary to keep a stone moving in a sling, and examined the relationship between the length of a pendulum and the duration of its swing. These early investigations were not immediately pursued further by Newton, even as he continued to study astronomy and the motions of the planets.

	His correspondence with Hooke between 1679 and 1680 drew Newton back to the question of the trajectory of a body acted upon by a centrally directed force varying as the inverse square of the distance; he determined this path to be an ellipse, a result he communicated to Edmond Halley in August 1684. Halley's enthusiasm prompted Newton to demonstrate the relationship anew, to compose a short treatise on mechanics, and ultimately to produce the Principia.

	Book I of the Principia lays out the foundations of mechanics and develops from them the mathematics governing orbital motion around centres of force. Newton identified gravitation as the primary force controlling the movements of celestial bodies, though he was never able to discover its underlying cause. To contemporaries who found the notion of attraction acting across empty space incomprehensible, he acknowledged that such attraction might ultimately be explained through the impacts of invisible particles.

	Book II launches the theory of fluids, in which Newton addresses problems involving fluids in motion and the motion of bodies through fluids. From the density of air, he derived the speed at which sound waves travel.

	Book III demonstrates the law of gravitation operating throughout the universe: Newton applies it to the revolutions of the six then-known planets, including Earth, and their respective satellites. The precise theory of the Moon's motion, however, remained stubbornly beyond his ability to perfect. Comets were shown to be subject to the same law, and in later editions Newton added speculations about the possibility of their periodic return. He calculated the relative masses of celestial bodies based on their gravitational forces, and determined the degree of flattening at the poles of both Earth and Jupiter, which had already been observed. The phenomena of tidal ebb and flow, and the precession of the equinoxes, were explained through the combined gravitational influence of the Sun and Moon — all of it established through precise calculation.

	Newton's work in mechanics was embraced immediately in Britain and accepted universally within half a century. Since that time it has been counted among the supreme achievements of human abstract thought. Extended and refined by later figures — most notably Pierre Simon de Laplace — without any alteration to its underlying principles, it remained the dominant framework well into the late nineteenth century
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