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INTRODUCTION



Gusts of wind swirled around the streets of London on the morning of Tuesday 7 June 1664. Broken low cloud drifted south-eastwards, but above, high in the sky, clouds were moving rapidly towards the north. Around 3 o’clock in the afternoon claps of thunder were heard and soon heavy rain began to fall. In Piccadilly people were going about their daily activities. A woman sitting on a cart of peas drawn by a pair of horses was travelling towards the city. On the other side of the road several brickmakers and carpenters were working on a house. When the rain came, two of them went to stand beneath a lean-to shelter where another was seated at the end of a wooden bench. Another man sitting at an open window of his lodgings in a house in Pall Mall was startled as a lightning flash lit up the paper on which he was writing and a hideous clap of thunder rent the air, seeming to come from somewhere close by. At that instant a gatekeeper standing at the entrance to a house near the Poet’s Head, not far from St James’s Palace, saw a bolt of lightning glowing like a piece of red-hot iron come with a great noise and force of wind from the direction of the Palace to strike the roof on the west side of a corner house in Piccadilly, throwing off tiles and bricks into the street, exposing broken laths and leaving the smell of brimstone hanging in the air. The horses pulling the cart of peas reared up at the noise, upsetting the cart on to the woman who was riding in it. She was badly bruised, but the horses were unharmed. The two workmen standing in the shelter were thrown to the ground by the blast. At the same time their colleague seated at the end of the wooden bench was lifted up and thrown down again in the middle of it. They were unharmed, but two other men standing together outside the shelter were struck down. One fell to his knees but the other (an old bird-catcher) fell down as if dead. Later he was found to be alive though badly bruised and bleeding profusely from what seemed to be a wound to his mouth, rather than from some internal cause. He was incapable of coherent speech, although by the following day he had recovered. The house where the lightning had struck was badly damaged. Glass in some of the east-facing windows was broken, their timbers torn and scorched, but lower down some panes of glass remained whole, held together by the melted leads. In a room at the top of the house, just below the place where the lightning had struck, pieces of the ceiling lay scattered across the floor. The walls of the room were scarred as if they had been raked by gunfire. Outside, a door at the west end of the house was splintered and the surrounding brickwork greatly damaged.


We know all these details (and many more) of this incident in Piccadilly because the lodger writing at the open window of a house in Pall Mall was the Royal Society’s Curator of Experiments, 29-year-old Robert Hooke, the greatest experimental scientist of his time. When someone came to tell him that the lightning which had so recently startled him had also damaged a building and injured a man in Piccadilly he hastened to the scene. His curiosity was aroused, not in the hope of finding an exciting, or newsworthy, sight of horror or tragedy, but because he had an opportunity to see at first-hand some of the effects of a lightning strike and perhaps understand more about thunderstorms. He intended to discover as many facts as he could and report them the following day to the Royal Society at its weekly meeting in Gresham College in the City of London.


The report of the thunderstorm illustrates many facets of Hooke’s complex character and intellect. His concentrated and detailed interest in natural phenomena, even when they took place in public places and were witnessed only by people with no scientific training or interest in natural philosophy,1 is apparent in his report. The incident in Piccadilly was not an experiment in a laboratory, but a fairly common natural event in a public place. Although he himself was not present at the place where the lightning struck, others were, so he sought them out and asked them questions about what they had felt, seen, heard or smelled at the time. Throughout his life Hooke sought greater understanding of the natural world by careful and accurate observation and recording, whether as part of a laboratory experiment designed to give answers to specific questions or when going about his work or leisure in the streets of London. This book attempts to rectify some of the neglect and misunderstandings about Hooke by examining his work in London as City Surveyor after the Great Fire and relating this to his work in science.


In his report to the Royal Society Hooke described not only what he was told, but who told him, where they were standing and what they were doing at the time. Such additional information could be used in deciding which of two conflicting pieces of evidence was the more reliable. The report also shows that Hooke was able to mix easily with workmen and other citizens whose social lives were far removed from those of the aristocrats, courtiers, physicians and clerics who dominated the Royal Society at the time. Three years later, when he was called upon as City Surveyor to supervise the work of bricklayers, masons and carpenters as they rebuilt London out of the ruins of the fire, his knowledge of their methods and the tools of their trades was vital. He could work with trained craftsmen in their workshops, but he could also discuss Euclidean geometry, the philosophy of Descartes and why planets moved in elliptical orbits with men such as Robert Boyle and Christopher Wren in their private houses – the house in Pall Mall where he was lodging belonged to Lady Ranelagh, Robert Boyle’s sister. His genius lay in his ability to bridge the worlds of the mechanic’s workshop and the learned man’s philosophical speculations.


His report of the thunderstorm also illustrates two particular subjects which were of great interest and importance to him, and which would be fundamental to his rebuilding of the city: his technical interest in building construction and his scientific interest in light and air. He had, as a matter of course that morning, observed how the winds were blowing and the way the clouds passed overhead in sufficient detail to be able to describe what he had seen to the Royal Society, even though while he was observing the state of the atmosphere he had no idea that he would later have to write a report on it. He thought it was important to take pains to understand more about air and light because both were essential to mankind. His observations for the Royal Society to discover the physical properties of light and the atmosphere were not undertaken out of mere curiosity: he believed that such discoveries would lead to improvements in the health and well-being of the citizens of an overcrowded and noisome city. His science had a purpose beyond the gaining of knowledge for its own sake.


Hooke’s pursuit of knowledge and his efforts to create a beautiful and healthy new city were partly fuelled by a desire for fame and fortune. His life was not one of intense contemplation, remote from the lives of others in the way that his contemporary, the great, vindictive genius Newton’s was for much of his life. Hooke was a gregarious and generous man who worked amid the tumult of London’s lanes and streets and met daily with friends and colleagues. In London’s coffee houses and inns he was just as likely to be found arguing about whether light was a pulse or a wave motion as writing a certificate to compensate a citizen for ground taken away to widen a street, or giving instructions to a ship’s captain who was about to leave for remote lands on what to bring back for the Royal Society to discuss, or simply having a convivial evening eating and drinking with his friends, gossiping and comparing the effectiveness or otherwise of various purgative drugs they had taken. Returning at night to his lodgings in Gresham College he would work in his rooms designing and making new scientific instruments, preparing his experiments for the Royal Society’s weekly meetings and writing his lectures.


A condition of Hooke’s appointment as Professor at Gresham College in 1665 was to remain celibate. He died, childless, thirty-eight years later. Hooke had no students who would follow where he had led and develop his ideas and practice, nor any children to defend his reputation after his death. His character and achievements were either forgotten through misfortune or denigrated. The gregarious, generous and inventive genius who did more than anyone to rebuild London after the fire disappeared from memory, while evidence of his surveying lay hidden in scattered documentary records. For 300 years he has been generally thought of as misanthropic, reclusive and bitter, envious of the achievements of greater men. However, even in his account of the incident in Piccadilly a more sympathetic side to his character can be seen. He reported that on the day following the incident the old bird-catcher had recovered from his injured mouth and was able to speak again. This means that Hooke, by the time he had finished writing his report, had taken the trouble to find and speak to the old man to see how he was. Pepys wrote that Hooke ‘is the most, and promises the least, of any man in the world that I ever saw’.2 Pepys was with Hooke after his unanimous election to the Royal Society at its meeting in Gresham College on 15 February 1665, where he saw Hooke perform experiments on burning charcoal, with and without air, and with the addition of nitre, that is, potassium nitrate.3 After the meeting Pepys went to the Crown Tavern, according to the normal custom of the leading members of the Society, including Hooke, where the company had ‘excellent discourses till 10 at night’.4 Pepys easily saw through Hooke’s unprepossessing appearance to the nature of the man behind – many others have not been as acute.


Hooke’s work as scientist and surveyor was almost entirely carried out within London. Gresham College was in the north-east corner of the city between Bishopsgate Street and Broad Street, on the site now occupied by the building known as ‘Tower 42’.5 Gresham College was not only the place where Hooke lived; it was here, too, that he had his workshop, performed his experiments in front of the Royal Society and gave his public lectures. It was also the place occupied by London’s rulers and administrators in the years after the fire when Guildhall was uninhabitable. London’s streets were Hooke’s workplace and its buildings his laboratory. The world in which he operated was that of Restoration London, a vigorous and highly competitive milieu where he made friends and enemies among such great and diverse men as Wren, Pepys, Newton and Boyle.


I have had to take account of the changes in meanings of technical words since Hooke was writing. After Newton, ‘force’ and ‘power’, for example, have separate and distinct scientific meanings or definitions. A scientist now would never use them in a professional context to refer to the same thing. However, Hooke and his contemporaries often used them indiscriminately as a name for the same phenomenon. ‘Force’ and ‘power’ are used now in everyday speech much as Hooke and his contemporaries used them, as synonyms. When writing about Hooke’s science, I have endeavoured to use such terms in their modern scientific sense, but when quoting from seventeenth-century sources I offer explanatory notes from time to time, which I hope will avoid confusion.


Another area of difficulty arises from the widespread use now of mathematical concepts and notation by scientists in their work. The custom became routine for scientists and engineers in the eighteenth century as the contents of Newton’s Principia were more widely read, understood and applied using calculus. But Hooke and his contemporaries usually expressed mathematical relationships verbally. When writing about Hooke’s science I have therefore not used equations, except occasionally in the notes so that a reader who is familiar with elementary algebraic expressions can find there further explanation of what Hooke was doing, while others need not feel inhibited about avoiding such details.


I have discussed Hooke’s science because it was related to the way he carried out his surveying duties, but this is not a book about his science. Other writers on Hooke have treated that aspect of his life and thought, some in great detail, and continue to do so. His complexity encourages scholars from different disciplines to write about him from their various standpoints: many of the results are cited in the Select Bibliography. Nor is this book a general biography. The tercentenary of Hooke’s death this year has brought a wider interest in him, shown by conferences and other commemorative events, television and radio programmes and books. Inwood (2002) and Jardine (2003b) have added greatly to Margaret ’Espinasse’s excellent short biography, which is now almost fifty years old.6 Bennett et al. (2003) looks at four of the many aspects of Hooke’s life and work.


In writing this book I wanted to do something different – to show what Hooke did, as a scientist and a man of his time and place, in the rebuilding of London after the disastrous fire of 1666. Part One is a general introductory account of his extraordinarily busy social and professional life, including his important contributions to the new experimental science. In Part Two I have made use of previously hidden archival evidence to describe in detail how he served the needs of citizens desperate to rebuild their houses and their lives, and laid out the foundations of much of the London we see today. By showing how his motives and work in science and in surveying had much in common, I hope he will come further out of the shadows cast by two great men, his friend Christopher Wren, and his enemy Isaac Newton.
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ASPECTS OF A LIFE
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FINDING BY MY OWN TRIALS



Born at noon on 18 July 1635, Robert Hooke was not expected to survive beyond childhood. He was the youngest of four children of the Revd John Hooke, curate of the parish church of All Saints at Freshwater in the Isle of Wight, and his second wife Cecelie (née Gyles).1 The young Robert Hooke’s weak constitution could cope only with a diet of milky foods and fruit. When he reached the age of seven years, his father, seeing that his youngest child was, after all, likely to live to maturity and would have to earn a living, decided that he should follow him into the Church. Hooke was not strong enough to be sent away to school so his father began to teach him at home. After learning some English grammar Hooke’s frequent headaches interrupted his education. As his father’s health slowly declined, his education at home came to an end and he was left alone to follow his own inclinations.


His great interest in the workings of mechanical devices was evident early on. He tried to imitate everything he saw done by local craftsmen, sometimes even making improvements of his own. After watching somebody take an old brass clock to pieces in order to repair it, he made similar parts out of wood, put them together and produced a clock which worked well enough. He also made a 3ft-long fully-rigged model ship fitted with a device which fired the ship’s guns as it sailed across the small harbour at Freshwater. He showed a similar talent for drawing and painting, making his own materials from ruddle and chalk to make copies of the prints hanging on the walls at home. The painter John Hoskins when visiting the Isle of Wight was surprised that an untutored boy could draw so well. For these reasons Hooke’s father thought his youngest son should be apprenticed to a trade such as watchmaking or limning, now that his scholarly education at home had been abandoned.


These well-known details of Hooke’s childhood come from a short Life by Richard Waller, Secretary of the Royal Society from 1687–1700, which he incorporated in his edition of Hooke’s posthumous works published in 1705, only two years after Hooke’s death.2 Waller did not get to know Hooke until about 1680, so his account of Hooke’s childhood is not first-hand. However, Waller claimed that the details he published came from the beginnings of an autobiography, now lost, that he found in Hooke’s papers. Hooke had begun to write an autobiography in 1697, but did not take it beyond the death of his father in October 1648, at which time Hooke was thirteen years old. John Aubrey, who also knew Hooke well and often borrowed money from him (which he rarely repaid),3 also records John Hoskin’s surprise that the young Hooke was able to make his own drawing materials from coal, chalk and ruddle and produce creditable sketches.4


We might be suspicious of these accounts because they give glimpses in the younger Hooke of exactly those attributes which strongly characterised his maturity – concentrated powers of observation, mechanical genius, curiosity about things around him, exceptional draughtsmanship and general ill-health. I do not, however, propose that this is a clear case of the man having become father to the imagined child. Other circumstances of Hooke’s childhood can be linked with varying levels of confidence to events in his adult life. The social milieu in which Hooke grew up was strongly royalist and Anglican, centred around a few individuals and places in the Isle of Wight. John Hoskins, who was so impressed by Hooke’s draughtsmanship, was painter of miniatures to Charles I. The teacher at the school in Newport where Hooke’s elder brother John was educated was William Hopkins.5 Sir John Oglander, a prominent royalist living in the Isle of Wight, was a friend of Hopkins. Hooke’s father had been curate at Brading Church, near Oglander’s home at Nunwell, prior to his appointment at Freshwater. Cardell Goodman, rector of the church at Freshwater when Hooke’s father was curate there, had attended the royalist Westminster School and Christ Church Oxford. Soon after King Charles I arrived at Carisbrooke Castle in the Isle of Wight after escaping from Hampton Court in November 1647, Oglander led a group of royalist supporters living in the island to pay their respects to the king. It is very probable that Hooke’s father, Cardell Goodman and William Hopkins were among them.6 These men, and others who shared their political and religious views, had a strong influence on Hooke’s formative years. At around the time Hooke left for London in 1648, they were beginning to suffer punitive fines exacted by the parliamentarians from known royalists. It is possible that the death of Hooke’s father, whose health had been poor for some time, was hastened by fears of losing his appointment and ruining the future of his bright younger son Robert. But the Isle of Wight royalist connections would later work to Hooke’s advantage.


Hooke’s two sisters were more than seven years older than he. His elder brother was away at Newport, so we can imagine that the young man was often alone, following his natural inclinations by making and trying out mechanical models. Untutored except for what he learned from local craftsmen, he discovered the importance of using the right materials and how to shape them into different forms. John Aubrey wrote that Hooke made things for himself ‘never having had any instruction. His father was not Mathematicall at all.’7 But Hooke’s father might have provided him with simple tools such as the village blacksmith was capable of making. By concentrating his hand, eye and mind on these activities, alone in an out-house or unused stable, the boy probably quickly forgot his sickness. Despite Hooke’s ailments, Waller says he was ‘sprightly and active in Running, Leaping, &c. tho’ very weak as to any robust Exercise’.8 In fine weather he was able to walk over the downs above the chalk cliffs and along the sandy beaches at their foot. Natural phenomena began to engage the young boy’s attention. He would have noticed periodic changes in the natural world around Freshwater, such as the slow monthly rhythms of tide and moon, the annual cycling southward and northward of the setting sun on the western horizon, and the regular turning of constellations of stars around Polaris, high in the sky to the north. It is not too fanciful to think that his many experimental investigations and speculations for the Royal Society into natural motion and change had their source in such childhood observations and his own artificial rhythmic recording device – the little working wooden clock.


Not all nature’s changes were rhythmic and predictable. Freshwater is on the island’s western peninsula, almost surrounded by water and air. Hooke saw storms, gales and gentle breezes, clear skies, clouds and mists, all constantly changing for no apparent reason, sometimes threatening the lives of seafarers. The wanderings of the moon and planets were seen in marked contrast to the regular motions of the stars. Perhaps his childhood fascination with restless and unpredictable natural phenomena and their consequences led him, in maturity, to make barometers, thermometers and devices for measuring the direction and speed of the wind in order to understand the causes of changes in the weather. Such knowledge could be used to predict storms and improve living conditions in London’s dark and airless alleys and courts. We have surer grounds for seeing in his childhood the beginnings of another of his many important scientific speculations and his practical interest in building materials if we look at the geology of the land around his home.


The most spectacular of many interesting features of the geology of the western part of the Isle of Wight are the Needles. Originally formed by the accumulation of layers of calcareous life-forms on the bottom of the sea, they were solidified by pressure, turned on edge and thrust upwards by tectonic movement. The chalk, of which the Needles are the most obvious part, runs like a spine east–west across the island. Fossils contained in the chalk lie all around the cliffs and can be seen embedded in the layers of rock where it has been exposed. As Ellen Tan Drake has shown,9 Hooke’s boyhood explorations of the coastal cliffs around his home were more than a child’s idle wanderings. He looked carefully at what he saw and wondered how it was possible for the shells of sea creatures to be found at the tops of hills, far above sea level. Such childhood musings led much later to a series of lectures he gave at Gresham College (the last in 1699) which were published posthumously as A Discourse on Earthquakes.10 In these lectures Hooke speculated with a prescience which astonishes many geologists today that the daily interactions between land, sea and air over a long period of time produced the landforms and deposits we see today. Underlying all his observations and speculations was a strong urge to use the knowledge he had gained for practical purposes. One illustration of how his interest in rocks and their constituents led to practical use can be found in his microscopical observations with Christopher Wren of the structure of a limestone they were using for building. Called ‘Kettering-stone’ by Hooke, it is now known as ‘Ketton stone’ named after the quarry at Ketton, near Kettering, in Northamptonshire. On seeing the details of the stone’s structure Hooke performed a simple experiment to test its porosity. He sealed both sides of the sample with cement, except for two small areas opposite one another on each face. Then, having moistened with spittle one of the unsealed areas, he placed his mouth against it and blew into the stone. He found that bubbles came out of the unsealed area on the opposite side. He deduced that the stone was very porous – an important property which influenced its use in building.11 The accuracy of Hooke’s microscopical observation of limestone can be seen by comparing his illustration in Micrographia with images of the same material obtained recently using an optical microscope with reflected illumination and with a scanning electron microscope.12


Hooke’s father died in October 1648, bringing the boy’s childhood at Freshwater to an end. He left his younger son ‘forty pounds of lawful English money, the great and best joined chest, and all my books . . . [and] Legacies due to my children, which their Grandmother Ann Gyles gave unto them as will appear by her Will, viz . . . To my son Robert Hooke 10 pounds.’13


With a fortune of £50 the thirteen-year-old orphan was far from being poor, but he had no other source of income and needed to earn a living. His childhood had been dominated by his interest in the natural and artificial worlds around him, but in the seventeenth century there were no careers in science. Knowing that his father favoured an apprenticeship for the young Hooke (and that his brother had been apprenticed to a grocer in Newport), his father’s friends thought he should make use of his intuitive yet practical talents through apprenticeship to a tradesman such as a clockmaker or painter. Accordingly, Hooke left the Isle of Wight for an apprenticeship in London – the city where he would spend almost all the rest of his life.


The friends and colleagues of Hooke’s late father who could give Hooke advice and support were out of favour with the parliamentarians, but the royalists’ connections were still in place and could be used to take care of the education and employment of one of their orphans. We do not know how Hooke began his apprenticeship to the portrait painter Peter Lely, and can only guess at the reasons that led the thirteen-year-old Hooke to Lely’s studio in particular. Perhaps John Hoskins arranged for him to go there. In any case, Lely’s studio was a good place to serve an apprenticeship. Born in Westphalia to a Flanders family, Peter Lely came to England around 1643. Four years later he was made a freeman of the Painter-Stainers’ Company of the City of London and was able to take in apprentices.14 Known at first as a landscape artist, he turned to portraiture and was soon in demand by wealthy patrons, including the king (he painted the younger children of Charles I), but by the time Hooke arrived at his studio in late 1648 Lely had turned his attention to painting the mythological subjects more in favour during the Commonwealth period. By 1650 he had the largest practice of any portrait painter in the Kingdom. He easily found favour in the restored court after 1660, painting a succession of ‘Windsor Beauties’ and showing with particular skill the voluptuousness of the sitters and the texture of their silk and satin garments.


Although Lely’s studio in Covent Garden was a sort of academy for young and ambitious apprentice painters who learned their craft filling in the backgrounds to the portraits, or delineating the stylised positions of the sitters’ hands and the objects they held, Hooke did not stay there long. We know only a little more about why he left than we do about why he went there in the first place. Waller tells us that Hooke left after ‘I suppose but a short time; for I have heard that the smell of the Oil Colours did not agree with his Constitution, increasing his Head-ach, to which he was ever too much subject’.15 On the other hand, John Aubrey says that Lely ‘liked [Hooke] very well; but Mr Hooke quickly perceived what was to be donne; so thought he, why cannot I doe this by myselfe and keepe my hundred pounds?’.16 There is probably some truth in both these accounts, but it is likely that the royalist Anglican network, especially Dr Richard Busby, headmaster of Westminster School, and Cardell Goodman also had much to do with Hooke’s early departure from Lely’s academy and his entry into Westminster School.


Richard Busby was a very important early influence on Hooke. He was appointed Head Master in 1638 and only relinquished the position when he died in 1695, aged eighty-nine years, the most renowned schoolmaster in England in the seventeenth century. Despite being a well-known royalist and Anglican churchman, his sound judgement and familiarity with power and with those who wielded it enabled him to find a way through the political and religious upheavals of the Interregnum and the Restoration. He seems to have forfeited no favours, either by his refusal to sign the National Covenant of 1644 or by the appearance of his name in the list of those in Cromwell’s funeral procession. After the Restoration he and his school became more prosperous than before. It was not only the longevity of his reign at the school but also the manner of it that has brought him fame. He combined rigorous physical and academic disciplines in teaching which earned him the lasting affection of some famous men who had been his pupils and the dislike of others. In the 1620s a scholar was required to read, write and orate Latin and Greek verse and prose. Cicero, Livy, Virgil, Isocrates, Euripides, Homer and Xenophon were among the writers whose works were studied. The boys were roused at 5.15 a.m. They then said Latin prayers, washed and walked two-by-two to College Hall, where the first classes started at 6 a.m. and ended at 8 a.m., when the boys took refreshment known as ‘Beaver’.17 Busby’s syllabus was liberal, including music, mathematics, Hebrew and even Arabic alongside the traditional Latin and Greek, but his flogging was rigorous. John Aubrey, who expressed very liberal views on education, said he had heard from some of Busby’s former pupils that ‘[Busby] hath made a number of good Scholars, but I have heard several of his Scholars affirme, that he hath marred by his severity more than he hath made’.18 John Locke, Christopher Wren and John Dryden were pupils at Westminster around the time Hooke was there, but Wren did not stay long. He started in 1641 when he was nine years old but in 1646 his father, who had been Dean of Windsor, removed his son from the threatening proximity of Parliament.


Busby took into his own house a succession of young and able boys. He admitted rather more than he should have done according to the school’s statutes. A disgruntled master at the school complained to the school governors that instead of the statutory four boarders, Busby ‘all his time has had between thirty and forty at a time, and they Boarded at excessive rates in his own House’. The complaint was one among many against Busby made to the school governors by Edward Bagshawe, appointed temporarily Second Master in 1656 and confirmed in that post the following year. He and Busby were mutually antagonistic, but despite the likelihood that at least some of his complaints were justified, he, not Busby, was suspended, and he left the school in 1658. Such was Busby’s influence.19 It is hard now to say what ‘excessive rates’ were. Busby probably charged a scholar for lodgings as much or as little as he thought possible or necessary in the particular circumstances. Hooke’s legacy of £50, assuming it was still intact after only a short time with Lely, was probably sufficient to pay for tuition, clothes, lodgings and food throughout his time there,20 but if not then his early performance at Westminster would have convinced Busby of his special talent and merit for scholarship.


Busby’s admiration of Hooke continued throughout his life. The two men became friends, often dining together at Westminster at a time when an application of the geometrical principles Hooke had studied – architecture – was of interest to both men. In the 1670s Busby decided to build at his own expense a parish church at Willen in Buckinghamshire, and chose Hooke as his architect. Ten years later, when Busby decided to pay for the repair of a chapel at his birthplace, Lutton in Lincolnshire, he again chose Hooke to undertake the work. Busby died before the work could be completed, but he made provision in his will for it to be finished:


And whereas I have long intended to have repaired and beautified the Chapel at Lutton in the County of Lincoln the place of my nativity and have already by the assistance of Dr. Hooke begun the said work now my Will is that if it should please God that I happen to die before the same be finished that then my Executors with the advice and assistance of the said Dr. Hooke do finish and complete the same in such manner as I have acquainted the said Dr. Hooke I intended to have performed.21


Although Hooke applied himself diligently to learning Latin and Greek at Westminster, he was no more than competent in those subjects. However, according to John Aubrey he earned Busby’s admiration by mastering the first six books of Euclid in a week and learned to play the organ after only twenty lessons.22 Busby’s liberal syllabus allowed him to develop his exceptional gifts. He gained a knowledge of Hebrew and of some other Eastern languages (possibly Arabic and Sanscrit) but:


he fell seriously upon the study of the Mathematicks, the Dr. encouraging him therein, and allowing him particular times for that purpose. In this he took the most regular Method, and first made himself Master of Euclide’s Elements, and thence proceeded orderly from that sure Basis to the other parts of the Mathematicks, and thereafter to the application thereof to Mechanicks, his first and last Mistress.23


This passage by Hooke’s first biographer, Richard Waller, reveals the importance in Hooke’s education of Busby’s idiosyncratically liberal view of what should be taught. Competence in Latin and Greek was essential, even for those whose interests were more in the nature of things than in the nature of man; but for certain boys (Hooke was one, Wren probably another) mathematics and its application in mechanics were not only proper subjects for study, but time was made available for suitable students to pursue such unusual scholarly activities. The child whose intuitive understanding of mechanical devices enabled him to make working models of a clock and a sailing-ship was now discovering the abstract geometrical forms and relationships that his mechanisms made real. Euclid’s circles, intersecting planes and scalene triangles became Hooke’s cog-wheels, vanes and sails. His excitement and zeal at the realisation of how abstract concepts could lead to useful objects and actions never left him.


Hooke told John Aubrey that ‘At Schoole here [Westminster] he was very mechanicall, and (among other things) he invented thirty severall wayes of Flying’, and Aubrey goes on to say ‘I have heard Sir Richard Knight (who was his School-fellow) say that he seldome sawe him in the schoole’.24 What can we make of these two statements except to say that Busby allowed Hooke to spend a lot of time away from school pursuing his interest in practical mechanics in craftsmen’s workshops, attempting to make flying-machines? Busby’s encouragement of these extra-curricular activities is at first very surprising. At the time boys preparing for admission to university studied a corpus of traditional subjects and mainly classical texts. Practical mechanics was certainly not generally thought of as a fit subject for study by young gentlemen, even in Busby’s liberal curriculum. It was more a topic for a seven-year apprenticeship to a master craftsman.


An explanation of Busby’s unusual management of Hooke’s education lies in the publication of a modest instructional book written in the vernacular by John Wilkins entitled Mathematicall Magick, or the wonders that can be performed by mechanical geometry. Dr John Wilkins (1614–72), generally favourable towards the parliamentarian cause, was appointed Warden of Wadham College, Oxford, in 1648 to replace the royalist incumbent. In 1659 Richard Cromwell appointed him Master of Trinity College Cambridge.25 Wilkins had been a leading figure among a number of physicians, clerics and aristocrats who began in the 1640s to meet informally in London and then in Oxford, to put into practice Francis Bacon’s idea that cooperative observation and open debate was the best way of gaining knowledge of the natural world. Following the Restoration they moved to London and were joined there by some men from the exiled Stuart court. At this time they held their meetings in Gresham College, Bishopsgate. On 28 November 1660 Wilkins and about twenty other men, including Robert Boyle and Christopher Wren, regularised their activities by forming what was to become the Royal Society, meeting weekly in London at Gresham College. Although Wilkins lost his appointment at Cambridge as a consequence of the Restoration, he was soon back in favour and was appointed Vicar of St Lawrence Jewry in the heart of the City of London next to Guildhall and close to Gresham College. He completed his transformation from favoured parliamentarian to favoured royalist when he was appointed Dean of Ripon in 1663 and Bishop of Chester in 1668,26 but it was in London that he played a key role in linking Hooke to the Royal Society and to the City of London, a connection which became extra-ordinarily important for both institutions and for Hooke himself.


It is likely that Wilkins first heard from Busby about Hooke’s attempts at Westminster School to make flying-machines, a task to which he often returned. Late in his life he recalled that in Oxford in 1658–9:


I contriv’d and made many trials about the Art of flying in the Air, and moving very swift on the Land and Water, of which I shew’d several Designs to Dr. Wilkins then Warden of Wadham College, and at the same time made a Module, which, by the help of Springs and Wings, raised and sustain’d itself in the Air; but finding by my own trials, and afterwards by Calculation, that the Muscles of a Mans body were not sufficient to do any thing considerable of that kind, I apply’d my Mind to contrive a way to make artificial muscles; divers designs I shewe’d also at the same time to Dr Wilkins, but was in many of my Trials frustrated of my expectations.27


Richard Waller found some sketches of flying-machines among Hooke’s papers after his death, but chose not to publish them because they were ‘so imperfect, that I do not judge them fit for the Publick’. One of the machines seems to have had blades like those on a modern autogiro which, turned by the wind, assisted the motion of hinged bat-like wings fixed to a man’s arms and legs.28 John Aubrey says that Hooke’s earliest attempts at making flying-machines at Westminster School were known to ‘Dr Wilkins at Wadham College at that time, who gave [Hooke] his Mathematicall Magick which did him a great kindness’.29 Wilkins’s Mathematicall Magick was published in 1648.30 In two parts, the first dealing with manual machines and their operation, the second with mechanical automata, it was the combination of theory and practice in the book which appealed to the young Hooke’s imagination and ambition, and would drive him to extraordinary achievements. A copy of Mathematicall Magick, probably the one given to him by Wilkins, was in Hooke’s possession at the time of his death.31 Wilkins intended the book to lead to practical ends, quite different from the usual objectives of studying didactic texts. In the address ‘To the Reader’ Wilkins wrote ‘a divine power and wisdom might be discerned, even in those common arts which are so much despised’.32 Mathematicall Magick, particularly that introductory comment, was further inspiration to the young Hooke. Here was an authoritative and esteemed cleric and academic making public his view that it was morally and intellectually proper to engage with hand and mind in the mechanical arts. Hooke came to understand that by following his natural aptitude for mechanics he could exercise his powers of reasoning and at the same time serve a divine purpose. This conviction stayed with him throughout his life. In developing experimental science and in rebuilding the City of London, he had a common aim – to bring benefits to his fellow man. In 1665 in his Preface to Micrographia, his first important publication, he paid fulsome tribute to his mentor Wilkins. He said that if the contents of his book:


shall be any wayes useful to inquiring men, I must attribute the incouragement and promotion of them to a very Reverend and Learned Person, of whom this ought in justice to be said, That there is scarce any one Invention, which this Nation has produc’d in our Age, but it has some way or other been set forward by his assistance. My Reader, I believe, will quickly ghess, that it is Dr. Wilkins that I mean. He is indeed a man born for the good of mankind, and for the honour of his country.33


Elsewhere in Micrographia Hooke wrote ‘the Arts of life have been too long imprison’d in the dark shops of Mechanicks themselves & there hindered from growth, either by ignorance, or self-interest’.34 Through the inspiration of Wilkins and the liberality of Busby’s ideas on education, the schoolboy Robert Hooke received a singular education which included practical experience in London’s ‘dark shops of mechanics’ and in music, as well as the more bookish studies of the traditional classical texts.


Elections to Christ Church Oxford, or to Trinity College Cambridge, were made each year from among the scholars at Westminster.35 Hooke was not elected by examination to Christ Church, but was awarded a choral scholarship, ‘a pretty good allowance’ according to John Aubrey,36 and a sinecure in the Interregnum, when church music was banned. Waller tells us that:


[Hooke] went to the University of Oxford, in 1653. but as ’tis often the Fate of Persons great in Learning to be small in other Circumstances, his were but mean. I find that he was a student of Christ-Church, tho’ not of the Foundation, but was, as I have heard, a Servitor to one Mr. Goodman, and took his Degree of Master of Arts several Yeares after, about 1662, or 1663.37


A servitor was usually paid by a wealthier student, or by one of the clergy, to carry out menial tasks, but there is no record of anyone at the time named Goodman at Christ Church. The Goodman mentioned by Waller who provided Hooke with financial support at Oxford was probably Cardell Goodman, rector at Freshwater at the time of Hooke’s father’s death and one of the witnesses to the will in which he was referred to by Hooke’s father as one of his ‘worthy and well beloved friends’.38


Hooke soon gained a reputation in Oxford circles as a clever and exceptionally practical young man. By making changes to its pendulum, he improved the accuracy of the clock used for timing astronomical observations by his teacher Seth Ward, Savilian Professor of Astronomy, later Bishop of Salisbury. A year or two after beginning his studies at Christ Church Hooke was employed by Dr Thomas Willis, the physician and chemist, who identified the part of the brain now known as the ‘circle of Willis’ and was also the first to discover the form of diabetes known as diabetes mellitus.39 Willis was an iatrochemist, that is to say he was interested in understanding how the chemical compositions of various substances were related to their medicinal properties. Hooke worked in Willis’s laboratory, preparing and dispensing medicines for his patients according to prescription, and performing chemical experiments. He lodged in Willis’s accommodation in Beam Hall, opposite Merton College Chapel. Although Willis employed Hooke because of his exceptional abilities, once again a royalist/Isle of Wight connection can be seen, which was to Hooke’s advantage: Willis’s brother-in-law John Fell (who later became Vice-Chancellor and Dean of Oxford) was the son of Dr Samuel Fell, rector at Freshwater when Hooke’s father was appointed curate there in the 1620s.40


Wilkins’s presence at Wadham College was a continuing benefit to Hooke: it was probably Wilkins who recommended Hooke to Willis and soon afterwards to a man who would also have an important influence on Hooke’s intellectual development – the Right Honourable Robert Boyle, seventh son of the Earl of Cork, chemist and Christian gentleman of private means. Boyle had been living on his estate at Stalbridge in Dorset, where he had his own chemistry laboratory. He was invited by John Wilkins to move to Oxford to join the group of natural philosophers then meeting at Wadham College, where Wilkins was Warden. In the winter of 1655/6 Boyle moved to Oxford and set up a laboratory in a building in High Street belonging to the apothecary John Cross. Wilkins, Willis and Boyle were quite different from one another in temperament, politics and social backgrounds, but such differences were of little consequence when it came to their common interest in science. They all saw Hooke as a young man with exceptional talents and ambition who could make a considerable contribution to their scientific objectives: before long Hooke was working for Boyle, who was then facing a formidable technical problem.


During the 1650s Boyle had made experiments on respiration and the properties of air. He gave the matter his attention because air was known to be essential for life and therefore it was important to know something of its properties. Boyle knew about the work of Otto von Guericke in Magdeburg, who had demonstrated that air had weight by showing that a vessel emptied of air weighed less than when it was full. Von Guericke had also demonstrated the existence of atmospheric pressure and the great effort needed to overcome it by showing that two teams, each of four men, could not pull apart two copper hemispheres, 200mm in diameter, from which the air had been removed. Only after the vacuum had been released by opening a valve was it possible to separate the ‘Magdeburg hemispheres’.41


Boyle intended to go beyond what von Guericke had done and perform experiments inside a chamber containing air at higher or lower pressures than normal. He needed to use a glass vessel for the chamber so that the experiments inside could be seen. He also needed an air-pump for drawing air out of the vessel and for pumping air in, with a seal for maintaining the reduced or increased pressure during the experiments that could be controlled from outside the vessel. Boyle had commissioned Ralph Greatorex (1625–1712), one of England’s most highly skilled makers of mathematical instruments, to make the air-pump for him, but unfortunately it did not prevent air leaking back into the evacuation chamber.42 Boyle now asked Hooke to design and make a new pump.


Hooke eagerly accepted the invitation and set out for the London workshops where he knew from his time at Westminster he could obtain suitable materials and machines such as lathes for doing what was required. He later described Greatorex’s air-pump as ‘too gross to perform any great matter’.43 Greatorex had served a seven-year apprenticeship with the doyen of English scientific instrument makers, Elias Allen, and had made instruments for John Wilkins and Christopher Wren among others. We should not be too hard on Ralph Greatorex. His apprenticeship was in making finely engraved, accurate opto-mechanical mathematical instruments using materials and techniques quite different from those necessary for the heavy-duty performance of an air-pump. Nevertheless, his failure to extend his skills and knowledge to meet Boyle’s requirements makes Hooke’s achievement all the more spectacular.44 We do not know to what extent Hooke himself machined the cylinder barrel and made the numerous other components, but we can be sure the apparatus was made to his design and under his supervision in the ‘dark shops of mechanics’. Back in Oxford he assembled the pump and chamber, which he and Boyle then used successfully for several experiments in the late 1650s and early 1660s, some of which gave rise to a further series of experiments which led to Boyle’s Law, one of the best-known laws of physics: in brief, ‘the volume of air at constant temperature is inversely proportional to its pressure’.


The ‘spring’ of the air could be felt with each stroke of the pump, whether it was being used to compress or rarify the air. Boyle and Hooke wanted to discover the relationship between the pressure on a volume of air and the space it occupied. They guessed from the work of others and from their own experience that if you doubled the pressure, the volume would be halved, but did this relationship always hold? If you increased the pressure ten-fold, did the volume decrease to a tenth of its original value, and so on? They devised an experiment to test the hypothesis that what they guessed at was true. They used a glass tube shaped like the letter J with air trapped in the shorter, closed arm. They poured mercury into the top of the open longer arm until it reached different levels, each time measuring the lengths of the columns of mercury in both arms. These measurements indicated the pressure and volume of the air trapped in the shorter, closed arm shown. The experiment was probably performed many times before they were satisfied that they had found the best procedures for making and using the apparatus and for taking the measurements.


There were many aspects of their experiment that were new then but have since become commonplace in science. In the first place, they published in great detail how they performed the experiment and the precautions they took. They described the difficulties they found (the longer arm of the glass J-tube was at least 8 feet long, so they had to position it in the stairwell of Boyle’s house) and how they tried to overcome them. Even the way they published their measurements was new. They showed them all in the form of a table, but presented not only the measured values of volume and pressure, but also the pressure values which would be expected if the hypothesis were true. By simply comparing the measured pressures with the hypothesised, or calculated, values, anyone could see that they were not exactly the same. Small measurement errors are inevitable, but the pairs of measured and hypothesised values are close enough to one another to say that this experiment shows the hypothesis to be true. The excitement that Boyle and Hooke felt as they calculated, one by one, the expected values and found them coming out to lie very close to the measured values can be seen in the middle of the technical account where they said they experienced ‘delight and satisfaction’ at what they observed.45 In accord with Francis Bacon’s promotion of independent cooperative observations as a way of understanding nature, others could now do more experiments in different places and with different apparatus to see whether or not the hypothesis was generally observed. Neither Boyle nor Hooke claimed to have discovered a law of nature. They demonstrated that the hypothesised relationship between the volume and pressure of air was valid, within the limits of accuracy of their measurements. That is quite different from claiming to have discovered a law of nature. Boyle’s Law was a later name given to the outcome of their demonstration. In an extended and generalised form it has been used in a wide range of applications in science and technology, just as Boyle and Hooke expected it would be.


The successful scientific cooperation between Boyle and Hooke was a very unusual, probably unprecedented, relationship. Boyle’s aristocratic origins, independent income and refined social manners marked him as an honourable gentleman. Hooke would have been seen by people outside Wilkins’s circle as another of Boyle’s technicians, paid to work with tools and lathe at a bench similar to the way domestic employees worked in the kitchen or garden with the tools of their trade. Although the general view at the time might have been that what Boyle said about science should be believed because of who he was, and what Hooke said should carry less weight, this was not a view held by Boyle or by the formative members of the Royal Society who were capable of practising experimental science. Social differences, although respected by Hooke in his public modes of addressing Boyle, were of no consequence in their private debates and actions. Edward B. Davis has shown how, over many years, Boyle and Hooke in private thought and acted as equals in mathematics and natural philosophy where they each contributed to the other’s understanding. Their relationship was mutually beneficial in personal matters too, with Boyle’s other-worldliness and Hooke’s busy engagement in everyday affairs enabling them to find ways of resolving difficulties arising from conflict between conscience and expediency.46 Through Busby and Wilkins Hooke had come to see that mechanics had intellectual and moral value. By working with Boyle he found that measurements of natural phenomena using mechanical devices could reveal important and useful knowledge of the natural world made by God: measurement could be a moral act.


In working for Boyle, Hooke came to understand that by setting aside personal and social differences and by cooperating in pursuit of a common objective, great things could be achieved in science. It took craftsmen’s skills, Boyle’s wealth, Hooke’s ingenuity and earlier scientific investigations by others (such as Evangelista Torricelli, Blaise Pascal, Richard Towneley and Henry Power) to demonstrate the validity of Boyle’s Law. Hooke’s firm belief in the importance of cooperative effort in human affairs was apparent again in his rebuilding of London after the Great Fire, when he worked closely with uneducated labourers, skilled craftsmen, wealthy merchants and members of the court for the common good.


From his childhood in the Isle of Wight as a self-taught but intuitively gifted mechanic, Hooke had honed his practical skills and widened his knowledge of materials and methods in the workshops of London and the laboratories of Oxford. By the time he reached his early twenties he had an exceptionally deep mechanical insight, shown by the successful making of the pump that Boyle required, but he was also showing a capacity for scientific investigation that was just as exceptional at that time. He had impressed many men with his lively mind and eager enthusiasm and had received their sponsorship, employment or other support. The most important of these men for his future career were Boyle and Wilkins. In Boyle he had the trust and support of a man of propriety, integrity and inherited wealth, dependent on nobody for his livelihood; in Wilkins he had the support of a clever man, hospitable, at ease in the affairs of university, Church and State, who had the respect of important men in many different walks of life, including the City of London. Hooke’s astronomy teacher Seth Ward, Boyle and Wilkins had between them provided a sort of intellectual, moral and technical apprenticeship in Oxford to prepare Hooke for a career that would be crucial to the objectives of the Royal Society and to the rebuilding of London after the Great Fire.
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THESE MY FIRST LABOURS



When Robert Boyle visited London from Oxford he stayed with his sister Lady Ranelagh in Pall Mall, where he set up another laboratory. In the early 1660s Hooke was working for Boyle in London as well as in Oxford. He was a young, ambitious man already making a name for himself as an experimental philosopher, but he had no private income. As so often happened in Hooke’s early maturity, one or two influential men recognised that he had talents which could be useful to them, so they set about obtaining his services. He was soon appointed Curator of Experiments for the Royal Society, an institution in which he found first exhilaration, then frustration and finally, in the last year or so of his life, anxious despair. There were times when it seemed that without Hooke’s vigorous physical and intellectual presence at its weekly meetings the Royal Society would have foundered.


In the first year or so of the Society’s existence, progress in natural philosophy was disappointingly slow. Experiments of the quality that Boyle and Hooke were performing in Oxford could not be carried out at the Society’s meetings in Gresham College: something as important as Boyle’s Law could not be discovered each week. Debates on written reports and discussions about curious objects that had been brought in or sent to the Society were the main activities at the early meetings; a way of managing their experiments effectively had not yet been found. Individual members were nominated as curators of specific experiments, each of them being responsible for preparing and performing his experiment in front of the assembled members at one of their weekly meetings, but too many of them were ill-equipped by experience, upbringing or inclination to make mechanical devices. The Society’s operator (or technician) employed at an annual salary of £41 was a craftsman of average ability, quite incapable of making the new instruments that were needed, or of understanding why and how they were to be used. The Society’s amanuensis (or shorthand clerk, whose annual salary was also £4)2 was sometimes ordered to make the equipment, but unsurprisingly he too usually failed to do what was necessary.3


Hooke’s name is mentioned for the first time in Royal Society records4 on 10 April 1661, when the Society decided to debate at its next meeting his publication Attempt for the Explication of the Phænomena.5 The work described how water rose inside a number of thin glass tubes of differing diameters under a variety of conditions. Hooke speculated upon the cause of what he observed in terms of active properties of matter he called ‘congruity’ and incongruity’. The hydrostatical phenomenon is now referred to as capillary attraction, explained by surface tension. Debate in science was not enough; it was also necessary in the new learning to test the validity of any conclusions arising from debate and experiment by making further, independent, experiments and observations, but this was something the members were failing to do. On the day they intended to debate and repeat Hooke’s experiments to test the findings he wrote about in Attempt for the Explication . . . it seems they were prevented from doing so because the apparatus was not ready. There is no record of any experiments or debate on Hooke’s observations that day, but they ordered the amanuensis to make a list of all the orders for experiments that had not yet been executed.6 Many experiments by nominated members of the Society were planned and some were performed during the rest of 1661 and most of the next year, but too many were not completed.


Sir Robert Moray (1608–73) was a formative member of the Royal Society. Through his position at court and his friendship with King Charles II he had gained the latter’s approval of the formation of the Society in 1660 and its Charter of Incorporation as ‘The Royal Society of London’ in 1662. Moray now decided that the Society should act to change its custom of performing only simple experiments of little consequence. On 5 November 1662 at a meeting of the Royal Society in Gresham College he proposed:


a person willing to be employed as a curator by the society, and offering to furnish them every day, on which they met, with three or four considerable experiments, and expecting no recompense till the society should get a stock enabling them to give it. The proposition was received unanimously, Mr. Robert Hooke being named to be the person.7
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