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In 1642, the year Galileo died, Isaac Newton was born in Woolsthorpe, Lincolnshire, England on Christmas Day. (The Gregorian calendar, adopted in England in 1752 gives his birthday at January 4, 1643) His father had died three months earlier, and baby Isaac, very premature, was also not expected to survive. Although Isaac's father owned property and animals, which made him quite a wealthy man, he was completely uneducated and could not sign his own name.


When Isaac was three, his mother married a wealthy elderly clergyman from the next village, and went to live there, leaving Isaac behind with his grandmother. The clergyman died, and Isaac's mother came back, after eight years, bringing with her three small children. Isaac began attending the Free Grammar School in Grantham. Although this was only five miles from his home, Isaac lodged with the Clark family, at Grantham. However he seems to have shown little promise in academic work. His school reports described him as 'idle' and 'inattentive'. His mother, by now a lady of reasonable wealth and property, thought that her eldest son was the right person to manage her affairs and her estate. Isaac was taken away from school at age 17, but soon showed that he had no talent, or interest, in managing an estate. He turned out to be a total failure as a farmer. 

His uncle, a clergyman who had been an undergraduate at Cambridge, persuaded his mother that it would be better for Isaac to go to university, so in 1661 he went up to Trinity College at Cambridge. He entered Trinity as a subsizar, a poor student who earned his keep by performing menial tasks for the fellows, fellow commoners (very rich students), and pensioners (the merely affluent). It seems that his mother was not prepared to pay for any more of his education. 

Newton's aim at Cambridge was a law degree. Instruction at Cambridge was dominated by the philosophy of Aristotle but some freedom of study was allowed in the third year of the course. Newton studied the philosophy of Descartes, Gassendi, Hobbes, and in particular Robert Boyle. The mechanics of the Copernican astronomy of Galileo attracted him and he also studied Kepler’s Optics. 

He recorded his thoughts in a book, which he entitled Quaestiones Quaedam Philosophicae (Certain Philosophical Questions). It is a fascinating account of how Newton's ideas were already forming around 1664. He headed the text with a Latin statement meaning "Plato is my friend, Aristotle is my friend, but my best friend is truth" showing himself a free thinker from an early stage. 

How Newton was introduced to the most advanced mathematical texts of his day is slightly less clear. Newton's interest in mathematics began in the autumn of 1663 when he bought an astrology book at a fair in Cambridge and found that he could not understand the mathematics in it. Attempting to read a trigonometry book, he found that he lacked knowledge of geometry and so decided to read Barrow’s edition of Euclid’s Elements.  (Euclid, Greek of Alexandria, 325 BC, Almost from the time of its writing and lasting almost to the present, the Elements has exerted a continuous and major influence on human affairs. It was the primary source of geometric reasoning, theorems, and methods at least until the advent of non-Euclidean geometry in the 19th century. It is sometimes said that, next to the Bible, the "Elements" may be the most translated, published, and studied of all the books produced in the Western world. )
He had found a new passion. In order to pursue these mathematical studies, Newton needed to secure a permanent position at Cambridge. He had not distinguished himself during his three years, and failed to secure a fellowship. His only chance was to be elected to a scholarship in 1664. It seems that his genius was recognized, and he was sent to be assessed by the only person at Cambridge who could judge his competence in the unorthodox studies he had chosen to pursue. Dr Isaac Barrow examined him and Newton was made a scholar of the house, a position guaranteed for at least four years. Newton surrendered himself to his mathematics, forgetting to eat, and sometimes forgetting to sleep.

In the summer of 1665, a plague epidemic descended on many parts of England. The sickness hit Cambridge, and the university closed down on 10 October. The plague was to stay in Cambridge for two years, and the university only opened again in the spring of 1667. Newton decided to return to Woolsthorpe while the university was closed. It was thus in his home village, where he spent two years concentrating on problems in mathematics and physics. 

He wrote later that during this time he first understood the theory of gravitation and the theory of optics (he was the first to realize that white light is made up of the colors of the rainbow), and much mathematics, both integral and differential calculus and infinite series. However, he was always reluctant to publish anything, at least until it appeared someone else might get credit for what he had found earlier. There, in a period of less than two years, while Newton was still under 25 years old, he began revolutionary advances in mathematics (differential and integral calculus), optics, physics, and astronomy. 

On returning to Cambridge in 1667, he began to work on alchemy, but then in 1668 Nicolas Mercator published a book containing some methods for dealing with infinite series. Newton immediately wrote a treatise, De Analysi, expounding his own wider ranging results. His friend and mentor Isaac Barrow communicated these discoveries to a London mathematician, but only after some weeks would Newton allow his name to be given. This brought his work to the attention of the mathematics community for the first time. Shortly afterwards, Barrow resigned his Lucasian Professorship (which had been established only in 1663, with Barrow the first incumbent) at Cambridge so that Newton could have the Chair. (The current Lucasian professor is Stephen Hawking.) 

Newton's first major public scientific achievement was the invention, design and construction of a reflecting telescope (1668). He ground the mirror, built the tube, and even made his own tools for the job. This was a real advance in telescope technology, and ensured his election to membership in the Royal Society in 1672 (after donating a reflecting telescope).  The mirror gave a sharper image than was possible with a large lens because a lens focuses different colors at slightly different distances, an effect called chromatic aberration. 

Later in the 1670's, Newton became very interested in theology. He studied Hebrew scholarship and ancient (Greek) and modern theologians at great length, and became convinced that Christianity had departed from the original teachings of Christ. He felt unable to accept the current beliefs of the Church of England, which was unfortunate because he was required as a Fellow of Trinity College to take holy orders. 

Happily, the Church of England was more flexible than the Catholic Church in these matters, and King Charles II issued a royal decree excusing Newton from the necessity of taking holy orders! 

Newton, the scientist from Cambridge, was in direct competition with Robert Hooke, the scientist from Oxford. It was likely this competition which drove Newton to write his Principia, it is said, within a period of eighteen months; a task which physically and mentally drained its author. It was to be Newton's great gift to mankind.  Edmond Halley visited Newton in 1684 and persuaded him to write a work on dynamics; his Philosophiae naturalis principia mathematica (1687, The Mathematical Principles of Natural Philosophy) - the 'Principia'. It is the most important and influential scientific book ever written. Newton's researches on mechanics display great mastery and established a uniform system based on the three laws of motion: (1) a body at rest or in uniform motion will continue in that state unless a force is applied; (2) the applied force equals the rate of change of momentum of the body; (Thus the SI unit of force, the newton is based on the second law, in the form which defines the force F which produces a constant acceleration a in a body of mass m, by the relation F = ma. The newton is the force which produces an acceleration of 1 m s-2 when it acts on a mass of 1 kg). (3) if a body exerts a force on another body there is an equal but opposite force on the first body. From these Newton explained the collision of particles, Galileo’s results on falling bodies, Kepler's three laws of planetary motion and the motion of the Moon, Earth and tides. The deductions were made using calculus, but were proved geometrically in the Principia to clarify it for contemporary readers. The general theory of gravitation, that any two bodies of mass m1, m2 at a distance d apart, attract each other with a force F: F = G m1m2/d2 where G is a universal constant, was developed by Newton from his original work on the Moon's motion of 1665. It may well be correct (as Newton's niece maintained) that the idea stemmed from seeing an apple fall from a tree beside his Woolsthorpe home.
In 1692 Newton 'lost his reason', as he phrased it; probably he suffered a period of severe depression.  Then his interests turned to London where he became Master of the Mint in 1696 and 1698 respectively, skillfully reforming the currency. Newton's duties at the Mint included supervising the recoinage and, rather oddly, the capture, interrogation and prosecution of counterfeiters. He was knighted for this in 1705..
Newton's first work as Lucasian Professor was on optics and this was the topic of his first lecture course begun in January 1670. He had reached the conclusion during the two plague years that white light is not a simple entity. Every scientist since Aristotle had believed that white light was a basic single entity, but the chromatic aberration in a telescope lens convinced Newton otherwise. When he passed a thin beam of sunlight through a glass prism Newton noted the spectrum of colors that was formed. He argued that white light is really a mixture of many different types of rays which are refracted at slightly different angles, and that each different type of ray produces a different spectral color.  Newton was led by this reasoning to the erroneous conclusion that telescopes using refracting lenses would always suffer chromatic aberration. He therefore proposed and constructed a reflecting telescope. 

In 1672 Newton published his first scientific paper on light and color in the Philosophical Transactions of the Royal Society. The paper was generally well received but Robert Hooke and Christian Huygens objected to Newton's attempt to prove, by experiment alone, that light consists of the motion of small particles rather than waves. The reception that his publication received did nothing to improve Newton's attitude to making his results known to the world. He was always pulled in two directions, there was something in his nature, which wanted fame and recognition yet another side of him feared criticism, and the easiest way to avoid being criticized was to publish nothing. However, perhaps because of Newton's already high reputation, his corpuscular theory reigned until the wave theory was revived in the 19th century. 

He delayed the publication of a full account of his optical researches until after the death of Hooke in 1703. Newton published his celebrated treatise, the Opticks of 1704, which was an organized and coherent account of the behaviors of light. Based on his own ingenious experimental work, it proposed a corpuscular theory of light but added ideas of periodicity (which were missing even in Hooke's and Huygen's wave theory). It dealt with the theory of light and color and with investigations of the colors of thin sheets 'Newton's rings' and diffraction of light. Such phenomena as refraction of light by a prism (with the production of colors by dispersion) and Newton's rings of colored light, about the point of contact between a lens and mirror, were considered. 

In 1701 he resigned the Lucasian professorship and his fellowship at Trinity, although he remained president of the Royal Society from 1703 until his death. 

He was elected a Whig Member of Parliament for the university, but was not very active politically. Much of Newton's last 20 years were spent in acrimonious debate over priority in scientific discoveries with Flamsteed (astronomer) and Leibniz (calculus), and in this Newton showed both ruthlessness and obsessiveness. 

Following a painful illness (due to a gallstone), he died in 1727, and is buried in Westminster Abbey. He had been remarkably fit, lacking only one tooth and not needing spectacles, even in old age, and reasonably wealthy. He seems to have had no romantic or imaginative life outside science. Asked his opinion on poetry, he replied 'I'll tell you that of Barrow; he said that poetry was a kind of ingenious nonsense.' 

"Newton's theory of gravitation and his contribution to astronomy mark the final stage of the transformation of the Aristotelian world-picture begun by Copernicus. For a vision of spheres, operated by a first mover or by angels on God's order, Newton had effectively substituted that of a mechanism operating according to a simple natural law, requiring no continuous application of force, and only needing divine intervention to create it and set it in motion." 

Einstein wrote of him: 'Nature was to him an open book, whose letters he could read without effort.... In one person he combined the experimenter, the theorist, the mechanic and, not least the artist in exposition. He stands before us strong, certain and alone: his joy in creation and his minute precision are evident in every word and every figure.' 

Newton's view of himself at the end of his life has a different emphasis: 'I do not know what I may appear to the world; but to myself I seem to have been only like a boy playing on the seashore, and diverting myself in now and then finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered before me.' 

"If I have seen further (than you and Descartes) it is by standing upon the shoulders of Giants."
Test Question

· Describe either the mechanical or optical contributions to science Newton made. 

· Discuss these contributions in the context of the scientific method (observations, hypothesis, collection & analysis of data, conclusion) 

· Also include in your discussion the historical and cultural context in which these discoveries were made.

