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  Preface




  In the 1990s, when I was working on A History of London, I came across an obscure and fascinating character who was so inventive, able and energetic that he had

  exerted a profound influence over three distinct aspects of London’s development in the later seventeenth century. He led the way in replanning and rebuilding the City after the fire of 1666,

  he developed technology that promoted the growth of the important London watch and scientific instrument industry, and helped to turn the Royal Society from an aristocratic club into a permanent

  feature of London’s intellectual life. The fact that this man, Robert Hooke, was depicted (when he was mentioned at all) as an embittered and troublesome individual who made it his business

  to quarrel with greater and nobler scientists (especially Isaac Newton), and to claim credit for their work, drove me to find out more about him. Isaac Asimov summarizes the standard opinion of

  Hooke, a ‘nasty, argumentative individual, antisocial, miserly, and quarrelsome’, who took a ‘malignant pleasure in controversy’, and drove Newton to a nervous breakdown.

  Could Hooke have been the malicious pantomime character, with a twisted back and a personality to match, that appeared in popular reference books and general works on the history of science?




  As I looked a little further into Hooke’s life I discovered that he was not really a forgotten figure. Many scholars, attracted by Hooke’s immense versatility, and by the sense that

  he has not been dealt with fairly by standard historical accounts, have been working on Hooke’s scientific and mechanical achievements, producing scholarly articles, conference papers,

  doctoral theses and annotated editions of his writings. Some of them, perhaps taking their mission to resurrect Hooke’s name and reputation too literally, were even trying to find

  Hooke’s body, which was reburied in an unmarked grave in the nineteenth century, and to reinter it with appropriate ceremony in a more fitting place in time for the tercentenary of his death

  in 2003. But specialists do not often write biographies, and there had been no general account of Hooke’s life, encompassing his science, his building, and his personal life, since Margaret

  ‘Espinasse’s book in 1956.




  Hooke was a man of ideas, a thinker who was at the forefront of the scientific revolution of the later seventeenth century. His life cannot be properly appreciated if it is presented only as a

  series of incidents, scandals, or disputes with rival scientists. We have to look at and understand his ideas, his inventions, the principles that guided his work. Sometimes this takes a little

  concentration, but Hooke’s science was largely intuitive, experimental, and non-mathematical, and it is not so difficult for non-scientists to understand. I hope that readers will find that

  the pleasure of watching Hooke and his colleagues grappling with many of the great questions that interested scientists for the next 200 years will repay a little effort. For Hooke stood right in

  the middle of the wonderful world of Restoration science, in which scholars were rebuilding their understanding of the universe and the natural world after the collapse of the old Greek and

  medieval certainties. He worked alongside (and sometimes in conflict with) some of the greatest figures in the modern history of science – Huygens, Boyle, Wren, Halley, Flamsteed, Newton,

  Leibniz, Hevelius – and left his mark on almost every scientific and mechanical project of his day. Nothing, from the rotation of planets and the nature of light to the origins of fossils and

  the life cycle of the gnat, escaped his attention.




  Restoration England had many multi-talented citizens, but the diversity of Hooke’s accomplishments was impressive even in his own time, and would be unthinkable today. As well as making an

  important contribution in almost every scientific field, Hooke was a notable scientific artist, a pugnacious controversialist, a brilliant designer of watches, telescopes, quadrants and scientific

  instruments of all sorts, a surveyor and urban developer of the first rank, and one of the most important designers and builders of country mansions, town houses, churches, hospitals and monuments

  of his time. Such a variety of interests and activities makes for a fascinating life, but not a simple one. It might have been easier to tackle each area of Hooke’s career in turn –

  Hooke the mechanic, Hooke the architect, Hooke the experimental scientist, Hooke the coffee-house conversationalist, and so on. But in Hooke’s real life all these activities were crowded

  together into every week, and I thought it was important to capture Hooke’s frenetically busy life as he lived it day by day, or at least month by month. I also wanted to follow Hooke’s

  life through its full extent, not stopping when he ceased to be a central figure in the scientific world. What happens to us in our old age is as important as anything else in our lives, so I have

  done my best to go with Hooke into his final years, and to be with him at his death bed.




  Hooke lived his final years with the growing fear that his scientific work would be forgotten, and as far as the non-academic world is concerned this is exactly what happened. Now, three hundred

  years after his death, it is time for this difficult, ugly, tireless and brilliant man to be remembered again.




  A Note on Money




  In the seventeenth century the pound sterling was divided into twenty shillings (shortened to s.), and a shilling was divided into twelve pennies, or pence (shortened to d.).

  So an amount might be expressed as £2 10s 6d, or £2/10/6d.




  The value of money in Hooke’s lifetime cannot be converted into 2002 values, because prices and wages have grown at different rates, and the prices of various goods and services have

  changed in different ways. Coffee, tea, tobacco and sugar, which were exotic and expensive in Hooke’s day, have become cheap everyday commodities, but a large house in St James’s

  Square, which Hooke could have bought for £5,000 in the 1670s, would cost several millions today. Bearing these difficulties in mind, multiplying seventeenth-century sums of money by a

  hundred will give a general indication of their purchasing power in 2002.




  A Note on Dates




  Until 1752 England used the Julian calendar, which was then ten days behind the Gregorian calendar adopted in other West European countries. Hooke and all his English

  contemporaries used the ‘old style’ Julian calendar dates, and so have I. In official usage the new year began on 25 March, but most people treated 1 January as the first day of the

  year. Sometimes dates between 1 January and 24 March were written with both years (1665/6), but I have given all dates in the modern manner, with the new year starting on 1 January.




  ‘Science’ and ‘Natural Philosophy’




  Hooke and his contemporaries used the phrase ‘natural philosophy’ where we might say ‘science’, to denote the study of the material universe and its

  laws, and ‘natural philosopher’ instead of the nineteenth-century term ‘scientist’. I have used the contemporary and modern terms interchangeably.




  
 





  The Man Who Knew Too Much




  The truth is, the Science of Nature has been already too long made only a work of the Brain and the Fancy: It is now high time that it should

  return to the plainness and soundness of Observations on material and obvious things. It is said of great Empires, That the best way to preserve them from decay, is to bring them back to the first

  Principles, and Arts, on which they did begin. The same is undoubtedly true in Philosophy, that by wandring far away into invisible Notions, it has almost quite destroy’d itself, and it can

  never be recovered, or continued, but by returning into the same sensible paths, in which it did at first proceed.




  Micrographia, 1665




  These I mention, that I may excite the World to enquire a little farther into the improvement of Sciences, and not think that either they or their predecessors have attained

  the utmost perfections of any one part of knowledge, and to throw off that lazy and pernicious principle, of being contented to know as much as their Fathers, Grandfathers, or great Grandfathers

  ever did, and to think they know enough, because they know somewhat more than the generality of the World besides: . . . Let us see what the improvement of Instruments can produce.




  Animadversions on the Machina Coelestis of


  Johannes Hevelius, 1674




  I have had the misfortune either not to be understood by some who have asserted I have done nothing, or to be misunderstood or misconstrued (for what ends I

  now enquire not) by others who have secretly suggested that their expectations – how unreasonable soever – were not answered . . . And though many of the things I have first Discovered

  could not find acceptance yet I finde there are not wanting some who pride themselves on arrogating of them for their own – But I let that passe for the present.




  Hooke in the Royal Society, 26 June 1689




  Certainly there are many Species of Nature that we have never seen, and there may have been also many such Species in former Ages of the World that may not be in

  being at present, and many variations of those Species now, which may not have had a Being in former Times: . . . when we consider how great a part of the preceding Time has been . . .

  unrecorded, one may easily believe that many Changes may have happened to the Earth, of which we can have no written History or Accounts. And to me it seems very absurd to conclude, that from the

  beginning things have continued in the same state that we now find them, since we find everything to change and vary in our own remembrance; certainly ’tis a vain thing to make Experiments

  and collect Observations, if when we have them, we may not make use of them; if we must not believe our Senses, if we may not judge of things by Trials and sensible Proofs, . . . but must remain

  tied up to Opinions we have received from others, and disbelieve every thing, tho’ never so rational, if our received Histories doth not confirm them.




  Hooke in the Royal Society, 25 July 1694
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  1653    Hooke goes to Christ Church, Oxford.




  c. 1655–6    Hooke joins John Wilkins’ scientific group at Wadham College as a paid assistant. He works with Christopher Wren, Seth Ward,

  and others.
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  c. 1658    Hooke makes a working air pump, enabling Boyle and Hooke to conduct many experiments on vacuums, air pressure and combustion.
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  May 1660    Restoration of Charles II.
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  12 September 1666    Hooke’s reflecting quadrant with micrometer adjustment is ready for demonstration to the Royal Society.




  October 1666    Hooke nominated as one of the City’s three representatives on the Commission to survey the ruined City. Formal appointment as

  City Surveyor, March 1667.




  February 1667    First City Rebuilding Act lays down rules for new streets and houses.




  10 October 1667, May 1668    Hooke, Lower and King show that fresh air, rather than the motion of its lungs, keeps a dog alive.




  c. 1667–68    Hooke’s lectures on earthquakes develop his ideas on fossils and the changing shape of the Earth.
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  November 1670    The Royal Society Council decides to rebuke Hooke for neglecting his duties.
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  March 1671    Hooke experiments on the effects of vibration on flour.
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  ‘An Exact Surveigh’ of the City of London in 1667, after the Great Fire. Surveyed by John Leake, engraved by Wenceslaus Hollar. Gresham College is on Broad
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  Street, in the undamaged north-east corner, with Moorfields nearby. (W. Besant, London in the Time of the Stuarts (1903).)




  
 




  [image: ]




  A section of John Ogilby’s 1 inch to 100 feet map of London in the early 1670s, published in 1676. This shows the small area in which Hooke spent most of his
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  life, between Gresham College, the coffee houses and bookshops off Cornhill, the Royal Exchange and the Guildhall. (Guidhall Library, London)




  
 





  1. ‘The History of My Own Life’




  (1635–1653)




  IT WAS 3 MARCH 1703, in Gresham College, in the City of London. Dr Robert Hooke, Gresham Professor of

  Geometry and Curator of Experiments for the Royal Society, lay dead on his bed. In death, as in life, he was not an attractive sight. His ragged clothes were twisted about his emaciated body like a

  winding sheet, and the lice were so thick on his corpse that ‘there was no coming near him’. Those who searched his rooms after his death found a profusion of papers, letters,

  notebooks, calculations and lectures, but not the one document that they were looking for. Hooke had often talked of leaving a generous bequest to the Royal Society, his lifelong employer, so that

  a library, a laboratory and a lecture could be endowed in his name. But the will was never written, and Hooke’s property passed to his next of kin (probably his cousin), Elizabeth Stephens

  (née Hooke), an illiterate woman whose signature was a pirate’s hook.




  In any case, Hooke’s household possessions were not those of a wealthy man. An inventory made shortly after his death listed an unimpressive collection of beds, chests, chairs and tables,

  some china and pewter kitchenware, and an assortment of old clothes. There were three pairs of breeches, nine waistcoats, two velvet caps, a black hood, five pairs of stockings, two nightgowns and

  (for Hooke, though a bachelor, had not always lived a celibate life) three pairs of stays, a yellow necklace and a petticoat. He had accumulated a large hoard of pieces of cloth – Colchester

  baize, yellow silk, purple and yellow paragon, blue linen, coarse Silesian linen – and in the cellar were stored several hundredweight of scrap brass, iron and lead. The life of leisure was

  represented by a draughts board, some pots for drinking coffee and chocolate, a collection of prints and paintings and two broken harpsichords. There were many reminders of the fact that old

  Dr Hooke had been one of the greatest scientists and mechanics of his age. In his parlour, where the Royal Society had often met, there were three lodestones (magnetic oxide of

  iron), two large globes, three telescopes and three pairs of brass scales, and in the cellars below it there were a pestle and mortar, two bench vices and a pair of smith’s bellows.

  Hooke’s magnificent library, collected during a lifetime spent in auction rooms and bookshops, contained many bound pamphlets and over 3,000 books, half in Latin and hundreds in French and

  Italian. These were valued by Edward Millington (an auctioneer who had sold many of the books to him in the first place) at just over £200, but when auctioned later they raised a much greater

  sum.1




  So far, everything the searchers found was as they might have expected in the home of an unmarried and untidy old scholar whose final years had been darkened by disease, blindness and

  disappointment, and who had lived out his old age in apparent penury. But when they opened his great iron chest they found a fortune beyond all expectation for a man whose salary from the Royal

  Society and Gresham College, when it was paid, had been £80 a year. The chest held nearly £8,000 in old and new money, and another £300 in gold and silver. This was almost

  £1m at today’s values, a fortune a successful London merchant would have been happy to leave.2 Rumour increased Hooke’s hoard to

  £12,000, and his enduring image as a twisted old miser was established.




  *




  REPUTATIONS IS CAPRICIOUS. Robert Hooke, who was regarded in his day as one of the greatest masters of the new science (or natural philosophy, as they

  would have called it), is now a forgotten figure. If his name is remembered at all outside specialist circles it is as the originator of a simple law of springs, Hooke’s Law, which states

  that the extension of a spring will be proportional to the force applied to it (or ‘strain is proportional to stress’). The memory of his brilliance as an inventor of scientific and

  mechanical instruments has faded as his devices have been superseded by more modern inventions. Yet in the index of an authoritative encyclopaedia of the instruments of science Hooke’s name

  is mentioned more times than that of any other inventor: eighteen entries each for Lord Kelvin and Carl Zeiss, eleven for Jesse Ramsden, eight or nine for Isaac Newton, James

  Clerk Maxwell and Ptolemy, and twenty for Robert Hooke.3 His second career as an architect and surveyor, in which he was Christopher Wren’s

  colleague and assistant in rebuilding the City churches after the Great Fire of 1666, and one of the two men most responsible for the rapid reconstruction of the ruined City as a place of work and

  residence for nearly 100,000 people, is almost unknown. How many London guidebooks tell their readers that several of the twenty-three surviving ‘Wren’ churches in the City were

  probably designed by Hooke? Versatility, Hooke’s outstanding characteristic, is not a quality much valued by posterity. The process of historical simplification usually determines that the

  greatest names are remembered while the confusing cast of secondary characters is ignored. Two great figures, Isaac Newton and Christopher Wren, dominate the histories of science and architecture

  in the late seventeenth century. We assume that every building constructed in London after the Great Fire was designed by Wren, and every step on the way to the understanding of universal

  gravitation and the nature of light was taken by Newton. Newton himself, in a letter to Robert Hooke, made the famous observation that every great scientist builds on the work of those who preceded

  him: ‘If I have seen farther it is by standing on the shoulders of giants’. But it is the man on the top of the pile, not those under his feet, who wins the glory.




  Pope’s famous couplet, written in 1730, was an early contribution to the reduction of the story of late seventeenth-century science:




  Nature and Nature’s laws lay hid in night:


  God said, Let Newton Be! And all was light.




  In this popular view of the origins of modern science, Robert Hooke is simply a shadowy creature of the pre-Newtonian night. For twenty years after Hooke’s death Newton

  ruled the English scientific world, and used that position to establish his towering reputation, belittling the work of Hooke and others in the process. A similar task was performed for Sir

  Christopher Wren by his son, whose memoir of his father’s life, Parentalia, virtually ignored Hooke’s contribution to the rebuilding of London and claimed the entire enormous

  enterprise for Wren.




  Hooke, who was far from indifferent to questions of reputation, anticipated the danger that his life’s work would be forgotten, and in his final years decided to make a

  record of his own achievements. But blindness and pain overtook him before his task was finished. The comprehensive list of all his discoveries and inventions he had planned to make was never

  compiled, and the autobiography he started to write stopped when he reached his teens. The small pocket diary containing this fragment has been lost, but his friend and biographer Richard Waller

  saw it, and quoted or summarized its contents. This is how it began:




  Saturday April the 10th 1697. I began this Day to write the History of my own Life, wherein I will comprize as many remarkable Passages, as I can now remember or

  collect out of such Memorials as I have kept in Writing, or are in the Registers of the ROYAL SOCIETY; together with all my Inventions, Experiments, Discoveries, Discourses, &c. which I have

  made, the time when, the manner how, and means by which, with the success and effect of them, together with the state of my Health, my Employments and Studies, my good or bad Fortune, my Friends

  and Enemies, &c. all which shall be the truth of Matter of Fact, so far as I can be inform’d by my Memorials or my own Memory, which Rule I resolve not to transgress.4




  Robert Hooke was born on 18 July 1635 in the small town of Freshwater, near the western tip of the Isle of Wight. His father, John Hooke, was the curate of All Saint’s,

  the parish church of Freshwater, and his mother (John Hooke’s second wife) was Cecelie, née Gyles. John Hooke’s house disappeared long ago, but we know from the inventory taken

  when he died that it was a modestly furnished cottage, with a parlour, hall, study, kitchen and buttery downstairs and three attic bedrooms above them. Robert Hooke would have shared one of these

  low-ceilinged rooms with his brother John until the older boy went off to Newport to become a grocer’s apprentice in 1644. 5




  Robert Hooke was a sickly infant, and his parents nursed him at home, feeding him a diet of milk and fruit, instead of sending him out to a nurse as they had with their three older children,

  Anne, Katherine and John. For seven years the child was expected to die, but his grasp on life gradually grew stronger, and he became agile and energetic, though not robust. The

  young Hooke was a fast learner, and his father briefly hoped that he might be trained for a career in the Church. But study gave the boy headaches, and John Hooke, whose own health was failing,

  abandoned his son’s education. Left to follow his own inclinations, Hooke imitated the skills of local craftsmen, and developed an aptitude for building mechanical devices. His lifelong

  interest in clocks and navigation began in these years. As he wrote in his notebook: ‘Seeing an old Brass Clock taken to pieces, he attempted to imitate it, and made a wooden one that would

  go: Much about the same time he made a small ship about a Yard long, fitly shaping it, adding its Rigging of Ropes, Pullies, Masts, &c. with a contrivance to make it fire off some small Guns,

  as it was sailing cross a Haven of a pretty breadth.’6 The sluggish River Yar, where Hooke would have sailed his little warship, is just a

  few yards from All Saints’ Church. Another adult preoccupation no doubt had its origins in his Freshwater childhood. The western end of the Isle of Wight is rich in fascinating geological

  formations, which hide (we now know) the bones of many dinosaurs. If Hooke wandered along the fossil-rich beaches of Totland or Freshwater Bay, or dug petrified shells from the huge chalk cliffs

  that run from Compton Bay to the Needles, or collected coloured sand from the famous stratified cliffs of Alum Bay, the seeds of his later speculations about the extinction of species, the violent

  formation of mountains and dramatic changes in sea level, might have been sown. If he walked a mile or two northwards from All Saints’ Church to the sloping clay cliffs of Bouldnor, and

  watched them cracking in summer, oozing in winter, and sliding steadily into the Solent, it might have occurred to him then that the world was not as it was when God first created it nearly six

  thousand years earlier.




  Hooke’s mechanical genius developed in his early years, and so did his confidence in his ability to master other men’s skills without formal teaching. When John Hoskins, a famous

  painter of miniatures, visited the Isle of Wight in the 1640s, Hooke watched him at work and decided that the techniques of the artist were well within his reach. His friend John Aubrey tells the

  story: ‘Mr Hooke observed what he did, and, thought he, why cannot I doe so too? So he getts him chalke, and ruddle [red ochre], and coale, and grinds them, and putts them on a trencher, gott

  a pencill, and to worke he went, and made a picture: then he copied (as they hung up in the parlour) the pictures there.’7

  As usual, Hooke’s perhaps irritating faith in his own talents was not entirely unjustified. His skill with the pen and pencil was invaluable later on, when he needed to communicate his

  microscopical and mechanical discoveries to a wider audience, and in his career as an architect and surveyor.




  The later 1640s were a time of unusual excitement in the sleepy history of the Isle of Wight. In November 1647 King Charles I, after being defeated first by Parliament and then by the Scots,

  fled from Hampton Court to Carisbrooke Castle, in the centre of the island, passing within a mile or two of the Hooke family’s house. From the Castle, where he was held in benign

  imprisonment, Charles encouraged the Scots to launch an invasion of England. After this was defeated by Cromwell in August 1648 the King entered into futile negotiations with a Parliamentary

  delegation which had been sent to the island. It is possible that young Hooke travelled to Newport to watch the delegates coming and going in September and October, or that he walked to Freshwater

  harbour early on 1 December 1648 to see the King taken under armed guard to the mainland. This, the King’s last journey, ended on an executioner’s block in Whitehall two months

  later.




  By the time of King Charles’ execution, Robert Hooke was probably in London. In October 1648 his father had died, dragged down by those familiar seventeenth-century assailants, ‘a

  Cough, a Palsy, Jaundice and Dropsy’. Hooke was by then thirteen, old enough, by the standards of the time, to make his own way in the world. Though his mother Cecelie was still alive (and

  remained so until 1665) he took his inheritance, £40 from his father and £10 from his grandmother, and set off. Later in his life he told John Aubrey that he had brought £100 with

  him to London. Perhaps his memory misled him, but it is also possible that he had raised more money by selling his father’s books, which had also been left to him.8




  Hooke’s journey took him from an isolated island community to one of the biggest cities in Christendom, a monster of nearly 400,000 people. London had spread beyond its Roman and medieval

  walls long since, but in the first decades of the seventeenth century its growth, especially in the west, had been unusually rapid. In the 1620s and 1630s the first West End squares had been laid

  out at Covent Garden and Lincoln’s Inn Fields, and the town was beginning to take on its sprawling eighteenth-century shape. By the 1640s the population living in the

  suburbs of Westminster, Stepney, Southwark, Clerkenwell and Shoreditch easily outnumbered those living in the old City, within or adjacent to the ancient Roman walls. 9 The City itself was immensely busy and crowded, and its overhanging wooden houses and narrow medieval streets were waiting for the disaster that engulfed them in 1666.




  At the end of the 1640s daily life in London was getting back to normal after the dangers and privations of the Civil War. Oliver Cromwell and his army had established their control of the

  capital in December 1648, and in the 1650s Lord Protector Cromwell showed his more conservative colours and suppressed the movements of political and religious radicalism that had threatened

  London’s equilibrium in the 1640s. In some respects Puritan London was a duller place than it had been under the Stuarts. The Bankside and Clerkenwell theatres had been closed down and the

  royal court and aristocracy had abandoned Westminster in 1642. But a new leisure institution which was to be of enormous importance in Robert Hooke’s life arrived in London just after he did.

  In 1652 Pasqua Rosee, a Turkish Greek, opened London’s first coffee house, Pasqua Rosee’s Head, in St Michael’s Alley off Cornhill, in the middle of the City. By the end of the

  decade there were more than eighty coffee houses in the City, and for many Londoners they rivalled taverns as centres of social life.




  Robert Hooke’s plans took him first to Westminster, London’s growing western suburb, rather than into the City. A well-placed friend or patron must surely have given him advice and

  introductions, enabling him to meet influential Londoners who would not have taken much interest in a friendless thirteen-year-old migrant. Perhaps inspired by the ease with which he had picked up

  John Hoskins’ skills, Hooke intended to take up an apprenticeship with the great Dutch portraitist, Peter Lely. Lely had been a court painter, but in the 1640s circumstances had driven him

  into private practice. It was Lely who later painted the famous picture of Cromwell, the Lord Protector, ‘warts and all’. Hooke’s stay with Lely did not last very long, however,

  perhaps only a few months. The smell of paint, like the study of religion, made his head ache, and he thought that the skill could be acquired (he explained to Aubrey later)

  without formal training. ‘Mr Hooke quickly perceived what was to be donne, so, thought he, why cannot I doe this by myselfe and keepe my hundred pounds?’10




  Instead, Hooke took his money to the great Dr Richard Busby, the famous (and famously severe) headmaster of Westminster School, the oldest and most prestigious school in London. Dr Busby

  specialized in the production of clergymen, and left the mark of his rod on the backsides of at least sixteen future bishops. Hooke was at Westminster, living in Dr Busby’s house, probably

  from 1649 to 1653, though he was not often seen around the school, and his fellow pupils included the future poet and playwright John Dryden, the philosopher John Locke, Robert South, who later

  became one of the strongest theological critics of the new science, and several others whose lives touched his later in the century. Under Dr Busby’s care Hooke learned to play the organ,

  quickly mastered the first six books of Euclid (the basic mathematical text), became proficient in Latin and Greek, dabbled in Hebrew and other Eastern languages and (he told Aubrey)

  ‘invented thirty several ways of flying’.




  Perhaps his interest in the possibility of human flight was stimulated by his growing bodily deformity. At Westminster he was ‘very mechanicall’, and it was at this time, he said,

  that ‘he first grew awry, by frequent practicing, turning with a Turn-Lath, and the like incurvating Exercises’. 11 We need not

  accept his word on the origins of his twisted back. There is a condition known since its identification in 1921 as Scheuermann’s kyphosis, in which a severe and inflexible stooping of the

  thoracic (central) spine is brought about by the development of wedge-shaped spaces between the vertebrae. Sometimes small growths of disc material, known now as Schmorl’s nodes, push into

  the end-plates of the vertebrae, opening an angle at each joint of five degrees or more. The condition is more common in boys than girls, and generally becomes obvious in early adolescence. Hooke

  first noticed his problem when he was sixteen. The causes of Scheuermann’s kyphosis are still unknown, but genetic or nutritional factors are probably involved, and trauma or heavy work might

  contribute to it. The condition is not necessarily painful, but it is likely to create stresses in other parts of the spine. Present treatments include physiotherapy, bracing and, as a last resort,

  surgery, but of course none of these was available to Robert Hooke. In severe cases the forward stooping continues to develop after adolescence, and it is clear that

  Hooke’s problem grew worse as he got older. Friends who described him in his middle and later years agreed that he was a sorry sight, with his thin and crooked body, his over-large head,

  sharp facial features and protruding eyes.




  Nevertheless, Robert Hooke had come a long way since 1635. He had survived his very dangerous early years and developed into an intelligent and agile, if not very well-formed, young man. He had

  demonstrated great mechanical, mathematical and artistic talents, he had been educated at London’s finest school and he had discovered how to fly. Now his apprenticeship as a natural

  philosopher was about to begin.




  
 





  2. The Revolution in Science




  ROBERT HOOKE GREW UP at a time when European understanding of the universe was going through a

  fundamental revolution. In 1543 Nicholas Copernicus’ De Revolutionibus Orbium Clœstium (On the Revolutions of the Celestial Spheres) made the extraordinary proposal that

  the Earth revolved around the Sun along with all the other planets, rather than remaining stationary at the centre of the universe, as Aristotle and Ptolemy had taught and men had previously

  believed. It was nearly fifty years before the Copernican system, which was based on argument rather than evidence, received confirmation from astronomical observations, and even longer before it

  was accepted by the majority of scientifically minded men. Between 1574 and 1601 the Danish astronomer Tycho Brahe made very accurate naked eye observations of the movement of the Moon, planets and

  comets. On the strength of these, he dismissed the long-accepted idea that the stars and planets were held in place by a succession of crystalline celestial spheres, and replaced it with a set of

  planets in orbit around the Sun, held in place by forces which were not yet understood. Brahe did not accept the Copernican system (he believed that the planets revolved around the Sun, but the Sun

  revolved around the Earth), but after his death his assistant and successor as Imperial Mathematician in Prague, Johannes Kepler (1571–1630), used the records of his observations to confirm

  that the universe was heliocentric, to propose that planetary orbits were elliptical rather than circular, and to propound three laws which governed the motion of the planets in their orbits around

  the Sun. Kepler’s work took thirty or forty years to win general acceptance, but eventually, in the 1670s and 1680s, his laws provided an essential foundation for Isaac Newton’s work on

  universal gravitation.




  It was the work of Galileo that made the Copernican universe familiar and credible to educated European. In 1609 he made himself a telescope and used it to observe the

  heavens. His observations showed that the Earth was not the unique celestial body that traditional astronomers, the followers of Ptolemy and Aristotle, had assumed. The Moon’s surface was

  rough and mountainous like the Earth’s, and Jupiter had satellites or moons of its own. Moreover the universe was far more extensive, and stars far more numerous, than had ever been

  suspected. Galileo first published these results in 1610, but his two most influential works, the Dialogue on the Two Chief Systems of the World, Ptolemaic and Copernican and Discourses

  on Two New Sciences, were published in 1633 and 1638, around the time of Hooke’s birth. These works showed that the weight of evidence and argument was now on the side of the Copernican

  universe, and introduced a new science of mechanics, the study of motion and force, which began to make sense not only of the motion of the planets, but of the forces governing motion on the Earth

  itself. The same rules applied to both.




  The errors of Aristotle and the medieval scholars who had for centuries accepted his authority were exposed. The absolute distinction between levity and gravity was dismissed: all bodies,

  however weightless they seemed, were heavy, and were drawn towards the centre of the Earth. The idea that a body could not be affected by more than one force at a time was replaced with the

  principle that different forces could act upon a body simultaneously. This made possible the realistic study of the paths taken by cannon balls and other projectiles, and enabled Galileo to explain

  why falling bodies were not left behind by the motion of the Earth. Galileo showed that the speed at which bodies fell towards the Earth was not directly proportional to the weight or density of

  the body, but that all falling bodies fell with the same accelerating velocity, or would do so in a vacuum, where they would not be affected by atmospheric resistance. The effect of the medium

  through which a body passed was not (as Aristotelians believed) to assist or prolong motion, but to retard it. Without such resistance, bodies in motion would never stop moving. Just as

  Aristotle’s laws of physics made some sense in a stationary world, so Galileo’s made sense in a world that was in constant motion. The universe, including the Earth and everything on

  it, was subject to one set of mechanical laws. These laws were later refined and restated as Newton’s laws of motion, but the basic principles were available to anyone able

  to read the two books of dialogues written by Galileo in the 1630s.




  Galileo’s last two books made available to all educated men ideas which only a few had grasped earlier in the century. At almost the same time the English physician William Harvey

  demonstrated the circular motion of the blood around the body and the function of the heart in promoting this process. The errors of ancient and medieval science were revealed, and a great

  scholarly edifice was broken down. All the old certainties, derived from the teachings of Aristotle, Ptolemy and Galen, were abandoned, and the whole of Creation had to be investigated and

  understood afresh. Copernicus, Kepler and Galileo had led the way, but there was an enormous amount of work still to be done. Galileo had reached his conclusions by reasoning, mathematics and

  observation, rather than by experiment or precise measurement. He had probably not even dropped lead and iron balls from the top of the Leaning Tower of Pisa to test their acceleration, as later

  biographers claimed. How the laws of motion operated in the real world of friction, resistance and imperfect shapes had yet to be established, and the accurate observations made possible by the

  telescope, the microscope, the thermometer and the pendulum (all invented since 1590) had yet to be made.




  In London in the 1640s and 1650s, as in Paris, Florence, Oxford and other centres of learning, there were groups of scientists and thinkers who were trying to grapple with these fundamental

  changes in their picture of the universe, and working on ways to apply the techniques and principles of the new science to a wide range of practical and theoretical problems, from the satellites of

  Jupiter and the fall of heavy bodies to the grinding of telescope lenses and the circulation of the blood. Some followed the methods advocated by Francis Bacon, Lord Verulam, in the 1620s, and

  focused on the collection of observations which would eventually enable them to discover fundamental laws of nature, while others inclined towards the more deductive approach of René

  Descartes (1596–1650), who favoured the development of general propositions which could be afterwards tested (and in Descartes’s case generally disproved) by practical observation.




  Seventeenth-century scientists took their positions somewhere on the spectrum between these two approaches, the Baconian (inductive, empirical, arguing from fact to theory)

  and the Cartesian (deductive, hypothetical, arguing from theory to fact). Hooke paid homage to Bacon, ‘the incomparable Verulam’, and he was always a proponent of experiment,

  observation and accurate measurement. But temperamentally he was drawn towards the intuitive approach of Descartes, in which bold hypotheses were proposed long before substantial evidence for them

  had been collected. The difference between Descartes and Hooke was that Hooke, the empiricist, tested his hypotheses by experiment and observation, and that Hooke’s intuitions were very often

  right, while Descartes’s were nearly always wrong. Hooke tested and rejected many of Descartes’s theories, but like most later seventeenth-century scientists he accepted his mechanical

  philosophy, in which the universe was composed of matter in motion, and all natural phenomena could be explained as collisions between particles of matter. The universe and all it contained,

  including living things, were machines, obeying the laws of mechanics.




  Two London scientific groups formed in the mid-1640s are of particular interest, because the Royal Society traces its ancestry from them. One, often called the ‘1645 group’, included

  the mathematicians and astronomers John Wallis, John Wilkins, Samuel Foster and Theodore Haak, and various London physicians, including George Ent and Jonathan Goddard. This group met once a week

  in Gresham College or in Goddard’s rooms in Wood Street to discuss the ‘New Philosophy’ in all its ramifications. Many years later John Wallis described their wide-ranging

  interests:




  the circulation of the blood, the valves in the veins, . . . the lymphatick vessels, the Copernical hypothesis, the nature of comets and new stars, the satellites of Jupiter, the

  oval shape (as it then appeared) of Saturn, the spots in the sun, and its turning on its own axis, the inequalities and selenography of the Moon, the several phases of Venus and Mercury, the

  improvement of telescopes, the grinding of glasses for that purpose, the weight of air, the possibility or impossibility of vacuities, and nature’s abhorrance thereof, the Torricellian

  experiment in quicksilver, the descent of heavy bodies, and the degree of acceleration therein, and divers other things of the like nature.1




  The second group was led by the influential German Protestant Samuel Hartlib, and included Henry Oldenburg and Robert Boyle, who called it the

  ‘Invisible College’. Not much is known about its activities, but its interests seem to have been more social and theoretical than those of the ‘1645 group’.




  At the end of the 1640s, when Robert Hooke was settling down to his studies in Westminster, some of the leading figures in London science decamped to Oxford, where Cromwell’s ejection of

  obstinately Royalist professors and college heads in 1648 had made room for more politically compliant academics. John Wilkins became Warden of Wadham College in 1648, John Wallis and Seth Ward

  became Savilian Professors of Geometry and Astronomy a year later, and Jonathan Goddard (Cromwell’s physician) was appointed Warden of Merton College in 1651. At Wadham, John Wilkins

  established a circle of promising scientists, drawn there by his reputation as a leading exponent of the New Philosophy, and by his genial tolerance of men of all political and religious beliefs.

  By 1652 there were around thirty men meeting in Wilkins’ rooms at Wadham, including Seth Ward, John Wallis, Jonathan Goddard, Thomas Willis, Laurence Rooke and Matthew and Christopher Wren.

  Membership of Wilkins’ ‘philosophical club’ was formal but fluid. One of its early leaders, William Petty, left Oxford for Ireland in 1651, Robert Boyle arrived in 1655 and Henry

  Oldenburg, tutor to Boyle’s nephew, came to Oxford for about a year in 1656. At least twenty members of this group became Fellows of the Royal Society in 1663, and the Wadham philosophical

  club, itself descended in part from the London clubs of the 1640s, can be regarded as the prototype and originator of the Royal Society of London.




  The Oxford scientists were ready to turn their minds and hands to any branch of theoretical or practical science. Wilkins was a keen botanist, an inventor of improved ploughs, glass beehives and

  a wonderful fountain for his college garden. His many projects included sundials, waywisers (to measure the distance travelled by coaches), fortifications and ways of attacking them, improved

  sailing ships, navigational techniques, building methods and the development of a universal language. With his brilliant young protégé Christopher Wren he worked on thermometers,

  magnets, perpetual motion machines, new balances and wagons, and model submarines and flying machines. Wren developed a double writing instrument and studied tiny objects through

  a microscope, and joined Ward and Rooke in stocking a mobile observatory in Wadham College tower with the latest astronomical instruments.2 The

  study of anatomy at Oxford had suffered when the Royalist William Harvey resigned the wardenship of Merton in 1646, but members of the philosophical club did their best to revive it. William Petty

  made himself and his ‘patient’ famous in December 1650 when he brought an apparently dead woman, Ann Greene, back to life on the dissecting table after she had been hanged, and then

  successfully protected her against those who wanted to hang her again.3 Thomas Willis worked on the anatomy of the brain, and Wren began

  experimenting on the effects of injecting various liquids into the bloodstreams of dogs.




  This was the rich and eccentric world of English science that Robert Hooke entered in the 1650s, and in which he spent the rest of his life. The rejection of Aristotelian science meant that

  natural philosophy had returned to a second childhood, and every question had to be asked and answered afresh. The world and the universe were full of wonders and puzzles which would, these men

  were certain, yield their secrets to rational thinkers equipped with the latest experimental techniques and observational instruments. Almost nothing was beyond their understanding, but hardly

  anything was as yet understood.




  
 





  3. Hooke at Oxford




  (1653–1662)




  ROBERT HOOKE REMAINED IN Dr Busby’scare until 1653, when he followed Robert South and John

  Locke to Christ Church, an Oxford college which had a special relationship with Westminster School. By this time, it appears, Hooke’s money had run out, and he had to pay his way at Oxford by

  acting as a chorister and as a servitor to a richer student named Goodman. A glossary of 1656 defined the term: ‘Wee use the word Servitor in our Universities, where the poor or meaner sort

  of Schollars . . . execute the office of a Servitor or attendant to those of greater wealth and quality’.1 Perhaps he found this a

  humiliating position, but he did not say so, and it was not an unusual way for poorer scholars to make ends meet. The room he occupied, he said later, was the one in which Robert Burton, author of

  The Anatomy of Melancholy, had hanged himself in 1640.




  Robert Hooke had been studying at Christ Church for about two years before he made contact with John Wilkins’ scientific group. His mechanical talents were quickly recognized, and he was

  taken on as a paid assistant. His first job in the group was with the physician Thomas Willis, whose particular interest was in the brain and nervous system. Through Willis and Wilkins he was

  introduced to the wealthy amateur scientist Robert Boyle, who employed him (probably starting in 1656 or 1657) to work in his new laboratory next to University College in Oxford High Street. A

  plaque marks the site today. Hooke lived under Boyle’s roof, and received an income from him at least until 1662, and possibly until 1664. In July 1663, when he was working unpaid for the

  Royal Society, Hooke still saw himself as ‘belonging’ to Boyle.2




  Boyle was a great advocate of the problem-solving power of the experimental method. We take it for granted that scientists conduct experiments, but it is an assumption that

  does not hold true before the middle of the seventeenth century. Some earlier scientists had performed experiments, or written as if they had performed them. The English physician William Gilbert

  (1540–1603) had made many impressive experiments on the nature of magnetism and electricity, and Francis Bacon (1562–1626) had repeatedly emphasized their importance in the accumulation

  of scientific knowledge. But on one of the rare occasions that Bacon actually followed his own teachings and carried out a practical trial – he stuffed a chicken with snow to see if it could

  be preserved – he caught a chill and died. Many earlier experiments were imagined rather than performed, with results that were predicted or assumed, not discovered. Galileo had contradicted

  the ancient belief in the impossibility of vacuums and described the behaviour of objects in airless conditions, but he had never created a vacuum or seen what happened in one. Boyle was one of a

  new generation of scientists who believed that real experiments, rather than ‘thought experiments’, offered a promising way forward in the accumulation and demonstration of scientific

  knowledge. As a son of the immensely wealthy Earl of Cork (who is buried in staggering splendour in St Patrick’s Cathedral, Dublin), he had the money to put his belief into practice.




  The problem that fascinated Boyle in the 1650s was suggested by a demonstration carried out in 1644 by Galileo’s pupil Evangelista Torricelli. Torricelli had taken a long tube with one end

  sealed, filled it with mercury, placed his finger over the open end of the tube, inverted it into a dish of mercury and removed his finger, ensuring that no air bubbles entered the tube. Instead of

  flowing away entirely, a column of mercury almost thirty inches high remained in the tube, leaving a gap at the top. This apparatus, the first barometer, inspired scientists all over Europe. What

  was in the space in the tube? Was the column of mercury supported (as Torricelli supposed) by the weight of the ‘sea of air’ surrounding the Earth, and what determined its height? In

  Paris, Blaise Pascal tried the device at the top of Notre Dame, and others took it to the tops of mountains to see whether the reduced atmospheric pressure there would shorten the column.

  Boyle’s intention was to try the Torricellian experiment inside a vacuum, where atmospheric pressure would be removed. His confidence that a vacuum could be created was based on the work of

  the Saxon scientist Otto von Guericke, who had made a pump and used it to draw the air from two large copper hemispheres fitted together tightly as a sphere – the famous

  ‘Magdeburg Hemispheres’. When he showed the experiment to the Emperor Ferdinand III in Regensberg in 1654, thirty horses could not pull the hemispheres apart.




  Boyle had to make an air pump which was easier to operate than Guericke’s cumbersome two-man machine, and a glass receiver or vacuum chamber in which experimental devices could be placed

  and observed. This presented great practical difficulties, especially in preventing leaks from around the piston and from the sealed lid of the vessel, which the famous pumping specialist Ralph

  Greatorex (later Samuel Pepys’ favourite scientific instrument maker) could not overcome. Boyle recognized Hooke’s unusual mechanical ingenuity, and decided to employ him on the

  project. According to Hooke’s own account, he ‘contrived and perfected the air pump for Mr Boyle’ in 1658 or 1659, since Greatorex’s version was ‘too gross to perform

  any great matter’. Hooke tended to claim credit for almost everything and his version of events might be disbelieved, but Boyle, unusually for his time, openly acknowledged that his assistant

  had made him a pump that worked.3




  The machine sounds unimpressive now, but in the 1650s and 1660s it was regarded as one of the most important, sophisticated and costly scientific instruments of the age. Even ten years after its

  construction there were probably only six or seven pumps in Europe, of which three had been made in Boyle’s laboratory. A fifteen-inch glass globe or ‘receiver’ with a brass lid

  four inches in diameter stood above a brass cylinder which contained a tight-fitting wood and leather piston or sucker. The brass lid contained a second smaller stopper, which was shaped and

  lubricated to allow it to be turned without letting air into the globe. By turning it, the experimenter could pull a string to activate an experiment, perhaps by pulling the trigger of a pistol to

  test the ignition of gunpowder in a vacuum. The pipe connecting the globe and the brass pump could be opened or closed with a stopcock, and the piston was drawn down the cylinder (thus pulling air

  out of the globe) with an iron rack and pinion device, a notched bar moved by the turning of a cog wheel, much as we would find now on a car jack or an adjustable spanner. The mixture used for making the lids and the piston airtight depended heavily on the lubricant and sealant qualities of ‘sallad oil’.4




  Using this apparatus, which could create high as well as low pressure in the globe, Boyle and his assistants carried out forty-three experiments on the qualities of air. Among other things, this

  helped Boyle to establish the law of gases that bears his name: at constant temperature the volume of a gas is inversely proportional to the pressure exerted on it. This was a specific law of

  elasticity, a subject that fascinated Hooke all his life. Boyle and Hooke also conducted experiments on burning coals, charcoal, candles and gunpowder in a vacuum, which led them towards the

  conclusion that fire was not one of the four ‘elements’ (along with earth, air and water), as Aristotelians had believed for nearly two thousand years, but a chemical process. Boyle,

  the ideal ‘gentleman philosopher’, set new standards of clarity and objectivity in the conduct of scientific experiments, and gave his eager and talented employee a valuable grounding

  in the new experimental philosophy. For lessons in the orderly conduct of scientific disputes, and the careful adjudication of matters of credit and originality in research and discovery, a young

  scientist could not have had a better teacher than Robert Boyle. Not everyone would agree that Hooke learned these lessons well.




  In the later 1650s, while Hooke was working with Boyle, he was also drawn into the exciting world of magnets, pendulums, waywisers, telescopes and microscopes inhabited by Seth Ward, John

  Wilkins, Christopher Wren and the other members of the Wadham group. Their range of interests suited Hooke’s omnivorous delight in every branch of science. Seth Ward, the Savilean Professor

  of Astronomy, introduced him to the study of planets and pendulums, and his schoolboy fascination with flight was encouraged by Wilkins, who had published in 1640 a book on the possibility of

  flying to the Moon. Hooke showed his plans for a flying machine to Wilkins, and made a contraption of springs and wings which he managed to keep in the air for a while. Among Hooke’s papers

  his friend Richard Waller found some sketches of artificial bat-like wings for a man’s arms and legs, and ‘a Contrivance to raise him up by means of Horizontal Vanes plac’d a

  little aslope to the Wind, which being blown round, turn’d an endless Screw in the Center, which helped to move the Wings, to be manag’d by the Person by this means

  rais’d aloft’.5 Several failures taught Hooke that man’s natural muscles were not strong enough for flight, and he set to work on

  designing artificial ones. The results of several trials of these were disappointing.




  Another interest Hooke shared with Ward and Wilkins was the possibility of devising an international language or ‘Universal Character’, rather like the language of music or

  mathematics, for the easy communication of scientific ideas. Wilkins had written on this in the 1640s, and later (in 1668) completed an Essay Towards a Real Character and Philosophical

  Language. Hooke proposed at that time that all scientific work should be reported in Wilkins’ universal language, and he remained fascinated by the idea of a universal symbolic language

  and other ways of communicating across language barriers or over long distances to the end of his life. This sounds eccentric, but it was a project that had previously attracted Francis Bacon and

  René Descartes, and which would interest the great mathematician Leibniz in the 1660s and 1670s. As in the case of mathematical algebra, symbols could be an aid to reasoning as well as

  communication. Hooke was especially interested, in the 1650s and later, in the possibility of devising a symbolic language which would ease the task of recording and memorizing the mass of facts

  discovered by past and future scientists, and of drawing general principles (or ‘raising axioms’) from them. His own weak memory, he always said, was in particular need of assistance.

  He often spoke of a symbolic language, a ‘philosophical algebra’, which would allow scientists to solve problems with the speed and certainty of mathematicians, and in 1676 (when

  Leibniz was working on a similar language) Hooke claimed that he had mastered a system of ‘mechanical algebra’ in the late 1650s, while he was at Oxford. But he never produced a clear

  written account of his philosophical algebra, and its meaning has to be pieced together from scattered and ambiguous references. Like the secret of flight, it was an accomplishment he chose to keep

  to himself.




  Unlike some of his rivals Hooke was incapable, by inclination and circumstances, of concentrating single-mindedly on one problem or project at a time. While he was operating and perfecting

  Boyle’s air pump, he was also working with Christopher Wren on the barometer and microscope, making astronomical instruments under the direction of Seth Ward, and trying to

  devise a clock that would keep accurate time at sea. In 1661 his first publication, a little tract on capillary action, appeared. In this, he considered a phenomenon he had observed in his

  experiments with Boyle. When a narrow glass tube, open at both ends, stood vertically with one end in a pot of water, water in the tube rose above the surrounding water level. The surface of the

  water in the tube was concave, in what we would call a meniscus, and the narrower the tube, the higher the water rose. To explain these observations, which had not been seriously discussed before,

  Hooke began to develop his own theory of matter. The tendency of some fluids to mix with other fluids or to cling to a solid arose from a quality which he called ‘congruity’, and their

  resistance to such mixing he called ‘incongruity’. Water was more congruous with glass than air was, so it found it easier to enter the tube than the air did, and atmospheric pressure

  on the water was reduced. Hooke did not claim to know the causes of congruity, but he suggested that it was a mechanical quality of matter, perhaps connected with the motion of its constituent

  particles. Four years later, in his amazing book Micrographia, he provided a much bolder and more comprehensive theory of matter, in which congruity still played a central part.




  In 1660, the year of the Restoration of Charles II, Robert Hooke was twenty-five. He was already on close but not equal terms with England’s leading scientists, and he had been

  Boyle’s indispensable assistant in one of the most significant experimental programmes of the time, and (in Boyle’s words) ‘made him understand Descartes.’6 His unique skill with the air pump was well known, and his work on capillary action would demonstrate that his talents were intellectual as well as mechanical.

  In addition, his childhood interest in clocks and his urge to win himself financial independence had drawn him into the race to solve the lucrative problem of longitude, and thus into a collision

  course with one of the greatest scientists of the age, Christiaan Huygens. His character, like that of the fluids he described in his little tract, was a combination of congruity and incongruity.

  He mixed freely with his fellow scientists, learning all he could from them, and impressing them with his intellectual and mechanical ingenuity. He was an active and useful member of the Oxford

  scientific community. Yet his personality also had a strong element of incongruity, a degree of secretiveness, a reluctance to share insights and inventions with others, especially where profit or

  glory might be involved. This was a difficult mixture, and we will see how Robert Hooke handled it when he entered a much more public world of science in the 1660s.




  
 





  4. The Royal Society




  (1660–1664)




  BETWEEN BROAD STREET and Bishopsgate in the old City of London, on a plot now

  filled by the NatWest Tower (now known as Tower 42), Thomas Gresham’s great Elizabethan mansion once stood. The mansion consisted of brick and timber buildings around a large courtyard, about

  a hundred yards square. Its near neighbour was Crosby Place, the fifteenth-century mansion whose great hall survives today in Chelsea, where it was reconstructed piece by piece in the 1920s.

  Gresham, an extremely wealthy merchant who was also financial agent and adviser to the last three Tudor monarchs, was the founder of the Royal Exchange, London’s new business centre. When he

  died in 1579 he left a substantial income from the revenues of the Royal Exchange to the City of London and the Mercers’ Company so that they could convert his mansion into a college. They

  were to employ seven lecturers (in divinity, rhetoric, music, geometry, astronomy, civil law and physic) to live there in scholarly celibacy and give weekly lectures in English and Latin for the

  education and practical benefit of the citizens of London. The first lecturers (or professors, as they were known) were appointed after the death of Gresham’s wife in 1596, and, as lecturers

  do, they at once set about reducing the number and length of the lectures they had to deliver. By the 1630s the College’s reputation for teaching was not very high, though it was respected as

  a centre of research. Many of its professors in recent years had been nonentities or absentees, drawing their annual salary of £50 without performing the simple duties that the founder had

  imposed on them. But in the 1640s the College had been the focal point for the new science in London, and now, with the drift of scientists back from Oxford to London, it assumed this role

  again.




  When the Wadham group began to break up at the end of the 1650s several of its most active members, including William Petty, Laurence Rooke and Christopher Wren, went back to

  London and took professorships at Gresham College. Petty went to Ireland to conduct a government land survey, but Wren, Rooke and other ex-members of the Wadham club started meeting informally with

  other London scientists, including several who had been members of the London groups of the 1640s, in the College or in one of London’s many taverns or new coffee houses. By November 1658

  these meetings were a regular fixture, a focal point for men who took an interest in natural philosophy. The collapse of the Cromwellian regime and the restoration of Charles II in May 1660 brought

  new recruits – Wilkins, ejected after a year from the mastership of Trinity College, Cambridge; Sir Robert Moray, who had been in exile with the King; and William Petty, dismissed from his

  post in Ireland. After Wren’s regular Gresham lecture on 28 November 1660, a group of twelve, chaired by Wilkins, decided to turn their informal debating club into a permanent association for

  the promotion of ‘Physico-Mathematicall Experimentall Learning’. What these men wanted was a formal scientific institution like the Accademia del Cimento (Academy of Experiments) in

  Florence or the Montmor Academy in Paris, but one whose survival would not be dependent, as the Continental ones were, on the whim of an individual royal or noble patron. They had another model in

  Francis Bacon’s New Atlantis (published in 1627), which had put forward the idea of a publicly funded research institute, a ‘Solomon’s House’, which would conduct

  collaborative investigation into ‘the secret motions of things’. Despite – or perhaps because of – the bitter divisions of the past twenty years they were all determined

  that their common interest in scientific enquiry and experiment should unite them, and that political and religious differences should be put aside. They hoped that their Baconian approach to

  science, which emphasized its practical benefits to citizens and the state, and which welcomed the contributions of interested amateurs as well as scholarly specialists, would attract the support

  of rich and aristocratic Londoners, and especially the patronage of Charles II, who had shown a flattering (but, as it turned out, superficial) interest in science. Charles II’s support, they

  believed, would bring the society the permanence of a chartered corporation, and the possibility of a generous royal endowment to pay for a college staffed with curators,

  operators and other salaried officials.




  These principles and aspirations, along with the King’s repeated failure to come up with the money the society hoped for, shaped the Royal Society for the next forty years. The royal

  charters which it won in 1662 and 1663 ratified its permanent constitution: a President, a Treasurer, two elected Secretaries and an elected decision-making Council of twenty-one fellows. They also

  gave the Royal Society of London its impressive name, a coat of arms with a Horatian motto, ‘Nullius in Verba’ (Bound to no man’s words) and the privileges of a chartered

  corporation, but not the expected royal endowment. As a result, although the Royal Society had the legal right to buy property and to employ staff it did not have the money to do so. It could never

  afford the large scientific staff it had envisaged, it was unwilling or unable to pay its few employees a regular salary, and it was forced to hold its weekly meetings in rooms in Gresham College.

  These took place every Wednesday afternoon from three to six o’clock, until January 1667, when they were moved to Thursdays. Thursday was the usual meeting day until the end of 1680, except

  for a year of Wednesdays from May 1672 to June 1673. From January 1681 onwards, the Society met on Wednesdays again.




  Nobody suffered from the Royal Society’s lack of funds more than its first and best secretary, Henry Oldenburg. Oldenburg came to London from Bremen in 1640, when he was in his

  mid-twenties, and in the 1650s he made his living as a diplomat and a tutor. His command of European languages and his long-standing membership of the London and Oxford scientific groups made him

  the obvious choice as one of the Society’s secretaries in 1662. His duties included taking minutes at Society and Council meetings, keeping the Journal and Register Book, conducting a vast

  and very important correspondence with foreign scientists, and publishing the Philosophical Transactions, a prestigious periodical that largely reflected the Society’s work.

  Oldenburg’s devotion and hard work were vital to the success of the Royal Society in its first fifteen years, but until the Society started paying him a salary in 1669 he and his family

  struggled to live on a little property from his two marriages (his first wife died in 1666), some money from Boyle and the Philosophical Transactions, and two £40

  gifts from the Royal Society. Oldenburg was the central figure in a vast European exchange of information, ideas and opinions, spreading news of experiments and publications, and stimulating the

  competition and debate through which he thought natural philosophy would advance. Those who liked to work in secret sometimes took his zeal as a correspondent for treachery or troublemaking. He was

  locked up in the Tower of London by Charles II for two months in 1667, and in the 1670s Hooke came increasingly to regard him as a spy and a mischief-maker.1




  The Society was dependent for its income on the joining fees and annual subscriptions of its fellows, and it was therefore keen to attract men of wealth and high status, even when their

  scientific accomplishments were small. So the core of under twenty active and competent scientists in the Society had to carry a much larger number of well-off dabblers without substantial

  scientific or mathematical backgrounds. Social distinction was a surer route to a Royal Society fellowship than scientific worthiness in the 1660s. Aristocrats, privy councillors and members of the

  royal family had virtually automatic membership if they wanted it, and at least in the 1660s it was as fashionable in courtly circles to patronize (in both senses of the word) scientists as it was

  to show favour to painters or musicians. In that decade well over half the 261 men who joined the Royal Society as fellows were aristocrats, courtiers, politicians or independent gentlemen, while

  less than a quarter (57 of 261) were scholars or doctors.2 The Society was a willing victim to this fashion. Its literature boasted of its

  aristocratic membership, and its £2 joining charge and £2 12s. annual fee excluded many scholarly schoolteachers and craftsmen who would have brought intellectual distinction to its

  meetings. The Royal Society’s motives were mixed. In part, it simply needed the subscriptions and gifts its richer fellows might (but often did not) contribute to its funds. It saw

  aristocratic and especially royal approval as the best way of winning public and political support for natural philosophy and thus guaranteeing its future. But it is also true that most of the

  leaders of the Royal Society were themselves well-off gentlemen who enjoyed the company of others of equal or higher social status, whether or not they were active scientists. And even if some

  aristocrats, gentlemen and courtiers treated the Royal Society as a rather inconveniently located club and came to its meetings to be amused or intrigued rather than to advance

  the frontiers of science, they played their part as trustworthy observers, as witnesses to the success of an experiment or the demonstration of a new phenomenon. For in those days the evidence of a

  gentleman was as gold compared with the base currency of a craftsman’s testimony.




  The preponderance of amateurs among its fellows had important effects on the work of the Royal Society. To hold the interest of gentlemen scientists the Society had to focus its weekly meetings

  on the more accessible branches of science, placing an emphasis on experiments with predictable or spectacular results, the demonstration of interesting gadgets or natural curiosities, and the

  collection and compilation of information and observations, rather than on the more demanding mathematical sciences. Thomas Sprat’s History of the Royal Society, which was written in

  the 1660s under the guidance of the leaders of the Royal Society, is a manifesto for the Society’s empirical, experimental, utilitarian and inclusive approach to science. Sprat emphasized the

  valuable part that could be played by ‘plain, diligent and laborious observers: such, who, though they bring not much knowledg, yet bring their hands, and their eyes uncorrupted . . . and can

  honestly assist in the examining and Registring what the others represent to their view’.3




  In theory, if not in practice, the Royal Society was a community of equals, in which every fellow was capable of taking part in the collective pursuit of natural philosophy. One of the Royal

  Society’s earliest projects was to compile a comprehensive History of Trades, in which the methods and secret skills of all known crafts would be collected and revealed by fellows working in

  committees. This was work to which even the dullest dilettante could contribute without making a fool of himself, and it was also part of the process of assembling all existing knowledge that Bacon

  had recommended his followers to undertake. Fellows were also expected to take their turn in entertaining the weekly meetings with demonstrations or experiments. In its second meeting, in December

  1660, the Society made regulations for the conduct of experiments and coined a new word for those who would supervise them – ‘curators’. A committee was created to collect ideas

  for suitable experiments, and a programme based on the talents of the more scientifically competent fellows – the ‘virtuosi’ – was initiated. The system of voluntary

  curators was not a great success. Only a handful of fellows had serious work to demonstrate, there was a lack of continuity between one meeting and the next, and no coherent

  research programme developed.




  Towards the end of 1662 the leaders of the Royal Society decided that its meetings would benefit from the skills of a full-time professional experimental scientist. Robert Hooke was the obvious

  man to fill this entirely new position. He was a protégé of two leading lights in the Royal Society, Boyle and Wilkins, and he was already known as a skilful designer of experiments

  and instruments, and as a competent scientist with a treatise on the behaviour of liquids in glass tubes to his name. He had done promising work with the microscope and telescope, and he was

  Europe’s greatest master of the most important experimental apparatus of the moment, the air pump. Above all, he would be able to design experiments which would impress King Charles II and

  stimulate his generosity to the Society. Since he had no independent income Hooke was ready to take employment, and even to do so without the immediate prospect of payment. Robert Boyle was

  prepared to release his servant for the Society’s benefit, and on 12 November 1662 the Royal Society accepted Sir Robert Moray’s proposal that Robert Hooke should be employed as a

  curator of experiments, ‘to furnish them every day when they met, with three or four considerable Experiments’, and to undertake other tasks suggested by the fellows. Hooke’s

  formal appointment was delayed until 1665, but his work for the Society began straight away, and he was soon entertaining the weekly meetings with experiments with compressed and rarefied air,

  falling bodies, refracted light, exploding glass balls, microscopical observations and machines for testing the strength of gunpowder. After six months, in June 1663, he was elected a Fellow of the

  Society, exempt from the usual fees, and in December 1663 he was asked to live four days a week in Gresham College to prepare experiments to show the King, though for a while he still kept lodgings

  of his own.




  The enormous benefits of employing Hooke were gained at a very low cost to the Royal Society. He agreed to work unpaid and without formal appointment until the Society could afford to pay him,

  and the leaders of the Society did their best to ensure that others would supply the bulk of the £80 annual salary that he expected from them. He cooperated in this search for an alternative

  income. In May 1664 Isaac Barrow resigned as Gresham Professor of Geometry, and Hooke was a competitor for the position, probably with the Royal Society’s support. When the

  Gresham committee met on 20 May Hooke was beaten by Arthur Dacres, a physician at St Bartholomew’s Hospital, who had also applied for the position two years earlier. A few days later Hooke

  was drinking with John Graunt, statistician, draper and Fellow of the Royal Society, in a public house near Graunt’s home in Birchin Lane, by the Royal Exchange. The two men fell into

  conversation with the wealthy financier Sir John Cutler, a friend and regular coffee-house companion of Graunt’s. Hooke told Cutler of his failure in the Gresham College election, and Cutler

  offered to match the £50 annual Gresham salary to enable Hooke to continue his work for the Royal Society. In 1683, when he was involved in a legal dispute with Cutler, Hooke claimed that

  this £50 had been offered as an unsolicited and unconditional gift, and perhaps this was how he recollected the conversation after twenty years. But the Council of the Royal Society, which

  discussed Cutler’s offer on 22 June, knew that they would have to accept Cutler’s terms before the gift was agreed. In effect, Cutler wanted Hooke to be given a new Gresham

  professorship in the History of Trades, with the obligation to lecture once a week in vacation time (sixteen weeks a year) on trades, crafts and the mechanical aspects of science. Despite his later

  claims that the gift was given without specific conditions, Hooke clearly understood that he was obliged to deliver sixteen lectures a year ‘to the advancement of art and nature’, on

  subjects determined by the Royal Society. He acknowledged this duty, and Cutler’s generosity to him, in his preface to Micrographia, and signed a formal document in January 1667 which

  described the timing and general subject matter of the lectures he had undertaken to give.4




  On 27 July 1664 the Council of the Royal Society rushed to confirm its intention to elect Hooke as its Curator of Experiments, but kept his appointment and his £80 salary secret until

  Cutler’s £50 was safely in the bag. When Hooke’s appointment was discussed in November, and when he was formally elected Curator in perpetuity on 11 January 1665, it was made

  clear that he would only receive £30 a year from the Royal Society, with Cutler’s £50 making up the difference. In effect the Royal Society had diverted Cutler’s money into

  its own funds and left Hooke with a tiresome lecturing duty and dependent for much of his income on an increasingly unreliable patron. Cutler stopped paying the stipend in 1670

  and after years of reminders and complaints Hooke was twice (in 1682–4 and 1694–6) forced to go to court to get the money that was due to him. The Royal Society, which had negotiated

  the terms of the Cutler deal and saved £50 a year on the strength of it for twenty-four years, left Hooke to fight most of this battle for himself.5




  At the beginning of September 1664 Hooke moved into rooms in Gresham College, which was to be his home and laboratory for the rest of his life. He did not yet hold one of the seven Gresham

  professorships, but this position was regularized in March 1665, when he petitioned for a reconsideration of the previous year’s election of Dacres to the geometry post. The Royal Society had

  been told in June 1664 that Hooke had been defeated by the casting vote of the Lord Mayor, Sir Anthony Bateman, who had no right to sit on the committee. In fact, as Professor Michael Cooper has

  discovered, the new committee found out that Dacres’ election had been even more irregular than that. The original committee of nine men had voted 5:4 for Hooke, but Sir Anthony Bateman, who

  had no proper position on the committee, had declared Dacres the winner. Two other members of the Bateman family, Thomas and Sir William, had voted for Dacres, and it looks as though this powerful

  City clique had tried to deliver the lectureship to their favoured candidate. The new Lord Mayor, Sir John Lawrence, who chaired the committee which uncovered all this, became ‘a good and

  sure freind’ to Hooke, and they often met. Thanks to the Royal Society’s secret informant (perhaps one of Hooke’s five supporters on the committee) and to his own persistence,

  Hooke was installed as Gresham Professor of Geometry in March 1665.6 His rooms were in the south-east corner of the College, near its Bishopsgate

  entrance, and consisted (according to the 1703 inventory) of a library and parlour and two smaller rooms on the first floor, three cellar or workshop rooms below them, and a garret in the loft. By

  this time his appointment as the Royal Society’s Curator of Experiments had also been confirmed, and thus two of the main institutional components of Hooke’s future career were secured.

  He was no longer dependent on the patronage of Robert Boyle, though he always treated his ex-master with the utmost deference and reported regularly to him by letter on his scientific work. Robert Hooke, Gresham Professor of Geometry, Cutler Lecturer, Fellow and Curator of Experiments of the Royal Society, was established as England’s first professional research

  scientist in a world occupied almost entirely by ‘virtuosi’, physicians, aristocratic dilettantes and gentleman scholars of independent means.




  *




  HOOKE HAD MADE a start, but it was his great hope that his unusual talents would bring him more than a modest salary and a few rooms in Gresham College.

  Ever since the later 1650s he had been working on an important project which might, if carefully handled, make his name and his fortune. The measurement of longitude at sea was one of the great

  scientific and practical problems of the age. Until sailors could do this, navigation would remain a hit or miss affair, and long-distance sailing for commercial or military purposes, upon which

  England’s prosperity and power increasingly depended, would be unsafe and uncertain. Hooke had considered four ways of solving this problem, and rejected two of them as impractical. He

  dismissed the old idea that navigators could establish their position by using a lodestone or compass to measure the difference between magnetic and true north at different places, and the

  possibility that the speed and direction of a ship’s path could be accurately tracked by loglines and water fans. The third method, establishing a ship’s position by accurate

  observations of the Moon or of Jupiter’s satellites, depended on high-quality telescopes and astronomical skills which sailors did not possess, though it was possible that new instruments of

  celestial measurement might one day make this easier. Hooke’s lifelong work on accurate sextants and quadrants was driven by his belief in this possibility. This left the idea that the time

  at noon or sunset could be compared with the time at a location of known longitude, such as London. For this, a clock or watch that could keep good time during a long sea voyage would be necessary.

  This was the solution he decided to pursue in Oxford and London in the late 1650s and early 1660s.




  Since the fourteenth century there had been mechanical clocks in which the driving power was supplied by the pull of weights, and in which the motion of the mechanism was slowed and regulated by

  a device known as a verge escapement. The verge was a rotating vertical shaft on which there were two flag-like metal projections called pallets. As a toothed ratchet wheel (the

  crown wheel) was turned by the pull of the weights, it was alternately caught and released by the pallets. The swinging of the verge, and thus the movement of the pallets, was caused by the

  pressure of the crown wheel’s teeth on the pallets. There was nothing in the mechanism to ensure that the movement of the verge was regular, and as a result these clocks were very inaccurate,

  and measured hours rather than minutes. Galileo’s discovery that a swinging pendulum kept almost regular time opened the way for great improvements in the accuracy of clocks. In 1656 the

  great Dutch scientist Christiaan Huygens applied the pendulum to the movement of a traditional verge escapement mechanism, and produced a clock which was far more accurate than any then existing.

  There were problems with the accuracy of the pendulum clock, especially when the arc of the pendulum’s swing was wide, as it had to be when the traditional verge escapement was used. These

  could be solved by altering the path of the pendulum’s swing, using longer pendulums which could swing in narrower arcs, or devising a more reliable and accurate escapement than the verge.

  Hooke, Huygens and others worked on these improvements in the 1660s. A more obvious difficulty was that the pendulum could never be used in a pocket watch, and was too sensitive to rough motion to

  keep accurate time at sea. The eventual solution to both these problems was to replace the pendulum with a straight or spiral spring, whose oscillations are as regular (or isochronous) as a

  pendulum’s, but which is less sensitive to external motion.




  There was nothing new about using springs in the place of weights as the driving force in a clock or watch. Coiled springs had been used as a power source for timepieces since the fifteenth

  century, but they had not been used before to give a clock a regular beat. Hooke’s innovation, he claimed later, was to use the regular vibrations of a spring to keep time in place of

  Huygens’s pendulum, enabling him (so he thought) to make a portable clock or watch which would remain accurate at sea. Some time after the restoration of King Charles II to the throne,

  probably in 1663 or 1664, Boyle arranged a meeting between Hooke and two of the most influential figures in English science, Sir Robert Moray and Lord Brouncker. Hooke showed them a watch regulated

  by a spring, though he seems to have hidden the details of its workings from them, ‘concealing the way I had for finding the Longitude’. A contract was drawn up by

  which Hooke agreed to reveal the secrets of his watch to the three men, on condition that he received with their assistance a fourteen-year royal patent and a generous allocation of the profits

  that would be made from charging the masters of ships for using the longitude timekeeper. If the deal had been completed (and if the watch had worked) Hooke would have received several thousand

  pounds, and all his financial troubles would have been over. But he balked at one clause that the others insisted on including in the agreement. He could not accept that anyone who improved on his

  watch in any way should be given the patent and the profits in his place. It was easy enough to improve on someone else’s invention, he said. So he broke off the negotiations, and resolved to

  keep the details of his longitude watch secret until he could think of a way of ensuring that he would profit from it. Hooke told this story in 1676 to strengthen his case against Huygens over the

  invention of the spring-regulated watch. But its outlines were true, and were repeated by Moray in a letter to Huygens in 1665. Various drafts of the contract, and a draft of a law compelling

  ships’ masters to pay for using the timekeeper, were found among Hooke’s papers after his death.7




  Since the dispute with Huygens over the invention of a working spring-regulated watch was one of the critical events in Hooke’s career, calling into question his honesty and his scientific

  abilities, it is important to establish, as far as it can be done, what Hooke had achieved in watchmaking by the mid-1660s. One undated bundle of papers now in Trinity College, Cambridge, eleven

  much-amended and confusing sheets, offers the best chance of doing this. The papers have been analysed and transcribed by Michael Wright, of London’s Science Museum, who has also tried to

  reconstruct the sort of watch Hooke apparently had in mind. The earliest papers, six of the eleven sheets, were probably written in 1664 for presentation to Charles II shortly after Hooke’s

  negotiations with Boyle, Moray and Brouncker. They describe his reasoning in rejecting existing ways of finding longitude, including Huygens’s pendulum clock, and explain what he had done to

  develop an alternative method. First, he invented a new escapement mechanism to replace the irregular and unreliable verge escapement: ‘I made notches or teeth in the crown wheel and fixt a

  certain Stay or catch with a small spring to it by which meanes the motion of the whole fabrick was stopt untill such time as the catch or Stay being lift up the whole fabrick

  would move untill the Next tooth was met by the Stay and Stopt’. In other words the catch which repeatedly stopped and released the notched crown wheel would be acted upon by the constant

  force of a straight or leaf spring, creating the first ‘constant-force escapement’ clock.8




  This clock would be fine, he said, for making accurate scientific observations (timing bullets, falling bodies and musical vibrations, measuring astronomical distances, and so on), but it became

  obvious to him (though not to Huygens) that when the clock or watch was subjected to the irregular movement one expected in a ship or a pocket a pendulum would not give his constant-force

  escapement the regular lift it needed to allow the crown wheel to move forward in perfect time. To replace the pendulum, he invented a spring-driven balance wheel. He ‘poised a wheel soe

  exactly upon its two poles as sharp as needles, that the centre of its motion & that of its gravity were both the same . . . And because natural gravity could take noe hold of it as to its

  motion about its centre; I contrivd an artificiall one . . . by applying two springs soe that their motion drawing one against the other should not receive any irregularity from the shog [shake] of

  the instrument’. Finding that a ship’s rolling motion would disturb the regular oscillation of this balance wheel, he introduced a third original idea, a set of paired wheels on the

  same axis, one above the other like two stacked plates. These two identical balance wheels were linked by two smaller gear-wheels, so that they would move in exact opposition to each other. In his

  arrangement, any circular motion that tended to speed one balance wheel would tend to slow down the other, and the effect of a ship’s rocking motion would be nullified.9




  Hooke was sure that he had designed a practical longitude clock, and ended his draft letter to Charles II on an optimistic note: ‘This is that Invention which has been soe long and by soe

  many sought, though to the best of my knowledg not found or known to any yet but my self and two freinds to whom I very lately Reveald it, which I have had perfect as it now is, by me these three

  yeares . . . I doe humbly therefore throw both my self & it at Your M feet’.10




  In 1675, during his dispute with Huygens over the invention of the spring watch, Hooke claimed that he had invented it in 1658. This draft letter to the King, if it was

  written in 1664, places the claimed invention in 1661, and suggests that Hooke later pushed the date back about three years in order to strengthen his case against Huygens. His assertion in his

  lecture Of Spring, published in November 1678, that he had invented the watch eighteen years earlier – in 1660 – is more plausible. Whether the watch worked, or what kind of

  springs (straight or spiral) were applied to the balance wheels, we do not know. Hooke was still working on this and other clocks in the later 1660s, which makes it plain that the clock described

  in his 1664 papers did not work as well as he hoped it would. It is certain, in any case, that the watch would not have been accurate on long sea voyages, because Hooke had not overcome (and had

  barely considered) the effects of temperature changes on the size and flexibility of the spring. This problem was solved by John Harrison a hundred years later. Nevertheless, Hooke was convinced

  that the solution to the great longitude puzzle was within his grasp, and several times in the 1660s he repeated his claim to have invented a spring-driven marine timekeeper, revealing further

  tantalizing details of its operation, but not, as far as we know, the nature of the spring. His great mistake was to forget that other men, at least as clever and resourceful as he was, were

  working on the same problem. There were such people even in his own city. William Clement, a London watchmaker, devised a better and much more influential mechanism than Hooke’s

  constant-force escapement in 1671. This was the anchor escapement, which consisted of a curved arm shaped like an inverted anchor, with triangular points or pallets at each end, which rocked back

  and forth on its central pivot to hold and release the teeth of the crown wheel, allowing it to move one notch at a time and producing the regular ticking motion of a modern pre-electronic clock.

  The often-repeated claim that Hooke invented the anchor escapement originated in William Derham’s The Artificial Clock-Maker (1696), not with Hooke, and is now regarded as untrue.




  
 





  5. ‘Full of Employment’




  (1662–1664)




  HOOKE WAS FIRST NAMED as one of the Royal Society’s Curators of Experiments in November 1662, when he was twenty-seven. By the time he was thirty

  he had taken control of most of the Society’s experimental programme, and the system of voluntary and unpaid curators had withered away. The Society’s immensely wide-ranging scientific

  and technical programme in the 1660s was driven by Hooke’s energetic and amazingly fertile mind, and its meetings in the later 1660s relied almost entirely on his performances. Christopher

  Wren, a friend but not a flatterer, wrote to him on 20 April 1665: ‘I know you are full of employment for the Society wch you allmost wholy preserve together by your own constant

  paines’.1 Among Hooke’s many advantages over other curators were his ability to turn his hand to almost any branch of natural

  philosophy from anatomy to ballistics, his full-time commitment to the Royal Society’s service, his genius as a designer of experimental apparatus and scientific demonstrations and his

  unrivalled skill with the air pump.




  Hooke’s enormous energy, ambition and appetite for knowledge in the 1660s is suggested by this undated list of all the work he intended to do:




  

    

      

        	Theory of Motion



        	Improving shipping



        	

      




      

        	



        	of Light



        	



        	— watches

      




      

        	



        	of Gravity



        	



        	— Opticks

      




      

        	



        	of Magneticks



        	



        	— Engines for trade

      




      

        	



        	of Gunpowder



        	



        	— Engines for carriage

      




      

        	



        	of the Heavens



        	

      




      

        	



        	 

      




      

        	Inquiry into the figures of Body's



        	

      




      

        	



        	— quality of Body’s2




        	

      


    

  




  Some men might have been daunted or overwhelmed by this huge agenda, and others would have chosen a single specialism, but Hooke set to work on it like a

  beggar at a banquet. And the extraordinary fact is that within ten years he had made a significant contribution in nearly all these fields. He was not, as some of his critics claimed, an idle

  braggart, but an extremely industrious one.




  In 1661 Boyle was working on an improved version of the air pump, and in May that year he presented the original Boyle-Hooke pump to the Royal Society. Christiaan Huygens witnessed experiments

  with this air pump at Gresham College in the spring of 1661, and returned to the Hague to make a better one of his own. Lacking an expert in the maintenance and use of its pump, the Royal Society

  watched the experimental initiative slip into Huygens’s hands. It was Huygens, for instance, who discovered a mysterious quality known as ‘anomalous suspension’, which attracted

  much attention in the 1660s. For a while this phenomenon, the failure of the column of water in a barometer inside a vacuum chamber to fall as expected, was believed to challenge Boyle’s Law

  and to indicate some special quality in the air that emerged from water during the experiment. It was actually an effect produced by surface tension, the attractive forces between liquid and glass

  and leaks in the air pump.3




  It was only when Hooke became a curator that the Gresham College pump started to provide the succession of experiments that had been hoped for. He brought the Royal Society’s pump up to

  the new standards set by Boyle and Huygens, and produced a series of experiments which demonstrated the qualities of air at high, low and normal pressure. Some of these had great entertainment

  value, but they also raised issues of scientific or practical importance. His first demonstration before the Royal Society, on 19 November 1662, is a good example. The explosion of glass bubbles as

  they cooled down, or the pleasing inrush of air or water when the bubbles were opened up, amused the audience, but also suggested questions about the expansion and contraction of gases and other

  bodies by heat and cold, and of the strength of arched or curved structures under external pressure. One of Hooke’s outstanding skills was his ability to draw many theoretical, useful and

  amusing lessons or suggestions from a simple experiment. In December 1662 experiments on the tendency of a hollow glass ball to rise to the top of cold water, but to remain suspended halfway up a vessel of water that was gently heated, led him to a series of speculations. The effect of heat on water was to dissipate or loosen it, he said, reducing its

  ability to sustain the glass ball, and promoting a flow of warmer and lighter water from the bottom to the top of the vessel. The colder water at the bottom of the vessel supported the ball, but

  the warmer water could not. On the strength of this, he suggested a type of water boiler for brewers or dyers, in which a small heated copper device at the bottom of a wooden tub would create a

  circulation of hot and cold currents which would eventually heat the whole vessel. The same principles, he said, could be used in making a perpetual motion device, in which warmed liquid might

  circulate around endless pipes or through another liquid (the distant ancestor of the lava lamp?), or a novelty weather glass in which the heat or cold of the seasons would bring appropriate

  creatures floating into view. He also wondered whether the planets were floating, each according to their density, in a vast fluid (the aether) which was thinner (more rarefied) the nearer it was

  to the heat of the sun. Finally, he speculated that ships that set off from the polar seas had to be loaded at less than their capacity, to take account of the reduced buoyancy they would

  experience in warmer waters. Within weeks, a questionnaire had been prepared for a fleet bound for Greenland, to satisfy the Society’s curiosity on this and other matters.4




  The drive to turn scientific knowledge to practical effect led Hooke and the Royal Society repeatedly towards matters of navigation and seamanship. England was already an important naval power,

  with the beginnings of a Caribbean and North American empire, and its ships traded in all the world’s oceans. Hooke’s adult years saw a great expansion in England’s mercantile

  interests, transforming her from a north European commercial power into a global one. The tonnage of shipping involved in England’s foreign trade had risen by around 60 per cent between 1630

  and 1660, and probably rose by 80 per cent or more between 1660 and 1688. Most English ships sailed on well-established coastal and north European routes, but the number venturing into less

  familiar Atlantic and Pacific waters was growing fast. In the early years of Hooke’s scientific career England was engaged in a struggle with the Dutch for maritime supremacy, which led to

  three naval wars. In the second of these the two rivals fought each other in America, West Africa, the Caribbean and the East Indies as well as in European waters. In the peace

  of 1667 England gained the port of New Amsterdam (renamed New York), but in general the second Dutch War was a humiliating demonstration of the superiority of Dutch ships and naval skills. If the

  scientists of the Royal Society wanted to prove their value to the nation and the King they had to apply their science to correcting this maritime imbalance.




  Scientists knew very little about the sea. The causes of its tides and currents were still a mystery, and nobody knew how deep the oceans were, whether their deeper waters were salty or fresh,

  what the sea pressure was at depth or what creatures lived on the seabed. In the early 1660s Hooke produced several devices which might (if they worked) enable curious sea captains to discover some

  of the qualities of the mysterious deep-sea world. In September 1663 he described a depth sounder which could measure depths greater than those that could be measured with a weighted line. A hollow

  ball would be linked to a heavy weight by a spring clip, and thrown overboard. When the weight hit the seabed the clip opened, and the hollow ball floated back to the surface, where it would be

  recovered. The time taken by the ball’s journey to the seabed and back would indicate the depth of the sea when it was compared with the time taken at a known depth. The depth sounder seemed

  to work in ideal conditions, and it was included in the set of demonstrations the Royal Society ordered Hooke to prepare for Charles II in 1663. Hooke had difficulty in persuading practical

  sailors, who were not really interested in the depth of waters deeper than they could already measure with their lead lines, to try his device, and when it was tested in the Straits of Gibraltar in

  1678 it took so long to find the balls once they had surfaced in choppy seas that it was impossible to measure the time their journey had taken.5




  Hooke’s apparatus for taking a sample of deep-sea water was a square bucket with upper and lower hinged lids which opened upwards as it was lowered through the water on a weighted bracket.

  When the device was pulled up the movement would force the two lids to close, trapping the water which had entered the bucket at its lowest point. This deep-sea water could then be examined for

  saltiness and marine life. This simple machine was much used by oceanographers in the eighteenth and nineteenth centuries. In related experiments Hooke was also working on the question of fluid

  resistance and the speed at which objects sank. Among other things, he found that a body with a blunt rear end like a cone, weighted to sink point-first, sank faster than one

  shaped like a double cone, pointed at front and rear. This confirmed what practical shipwrights already knew: a ship with a flat stern would travel through the water faster than one with a pointed

  stern.6




  In February 1664 Hooke was included in a committee on diving. He first proposed a chain of inverted buckets to supply a diver with air, and then made two lead boxes which could be supplied with

  air from the surface, and from which the diver working on the river or seabed would occasionally breathe through a pipe. A diver was found to try the equipment out, but in May a test in the Thames

  failed, apparently because the man had not had enough practice. In June a demonstration in front of the Royal Society, in which the diver and his lead boxes were submerged in a large tub, was more

  successful, and further trials in the Thames were conducted. Hooke also experimented with a trick which divers were said to use, and tried breathing underwater with a sponge dipped in ‘very

  good Sallet-oil’ in his mouth. It was a complete failure: ‘I was as soon out of breath, as if I had no Sponge, nor could I fetch my breath without taking in water at my mouth’. He

  had hopes, though, that an oily sponge might clean used air and make a small supply last much longer.7 He worked on other marine ideas –

  diving goggles, a lifejacket, a submarine for the Thames, a whale harpoon – but interest in all these seemed to wane in the later 1660s. He continued to refine his undersea sampling and

  measuring devices, and many years later, in 1691, produced a comprehensive account of his life’s work in the field. His ideas aroused little interest at the time, but in the long run he was

  proved right. Sea depths were measured with very long weighted lines until the 1850s, when Hooke’s depth-sounder was reinvented by an American midshipman, J. M. Brooke. So Hooke’s

  invention, a buoyant cylinder carried to the seabed by a weight that uncoupled itself when it hit the ocean floor, was used to measure the Atlantic seabed when the first transatlantic telegraph

  cables were laid in the 1850s and 1860s.8




  Though sailors were unimpressed by his deep-sea gadgetry, Hooke had other schemes for improving the art of navigation. The Royal Society’s Council granted him up to £10 to spend on

  improvements to his secret marine timekeeper device, and he had also started work on improving the accuracy of the various astronomical instruments used by navigators to

  establish their latitude by measuring the angle between the horizon and the Sun or a star, the quadrant, sextant, cross-staff and back-staff. One way to do this was to make much bigger instruments,

  but another, which had more value for seafarers, was to increase their precision by introducing better sights and finer adjustments. In February 1665 Hooke showed the Royal Society a quadrant with

  a radius of seventeen inches ‘contrived by himself’ which would make ‘celestial and terrestrial observations with more exactness than by the largest instruments, that have been

  hitherto publicly known’. He had achieved this unprecedented accuracy, he declared, by ‘the contrivance of a small roller, that moved upon the limb of it’, making it possible to

  adjust the moving arm of the quadrant in divisions of ten seconds, or 1/360 of a degree. He had also given the quadrant new sights to match this level

  of accuracy, but he did not say whether this was done by using cross hairs or telescopic lenses.9




  Unlike the majority of Royal Society members Hooke was not a collector of disconnected observations or random curiosities. If he tackled a subject, whether it was the atmosphere, the sea,

  gravity, the microscopic world or the weather, he liked to do the job properly. In September 1663, at the suggestion of Dr Wilkins and the Royal Society, he began collecting daily records of the

  weather, in the hope that he could eventually understand and predict weather patterns. Almost anyone else would have compiled long lists of descriptions or figures, but within a few weeks Hooke had

  produced a comprehensive programme for ‘Making a History of the Weather’, to teach others (and perhaps himself) how to do the work systematically. The observer should record changes in

  the strength and direction of the wind, the air temperature, humidity, air pressure, and the appearance of the sky, all in the same location. He should note peculiar effects of the weather on human

  society (‘what Diseases are most rife, as Colds, Fevours, Agues, &c’) and crops, animals and insects, the timing and effects of thunderstorms (‘souring Beer or Ale, turning

  Milk, killing Silk-worms’), and unusual tides or comets. Hooke had a particular interest in recording these observations on a standardized form, so that a month’s information could be

  seen in one view. In this way, he said, trends and relationships could be spotted, and the ‘Laws of Weather may be found out’. It was important, too, that observers

  should speak the same scientific language, record quantifiable information according to agreed scales, and describe the sky in standardized phrases. For the first time, he tried to establish a

  universal vocabulary for recording cloud conditions – clear, checkered, hazy, thick, overcast, hairy (‘a Sky that hath many small, thin and high exhalations’), watered (a mackerel

  sky), waved, cloudy and lowering. Hooke hoped that these standards would be adopted by observers all over the world, so that worldwide weather patterns could be compared and understood, ‘the

  benefit of which way is easily conceivable’.10
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