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INTRODUCTION



Light lances through the leaded panes and strikes the polished black-and-white tiled floor of the room, imposing one grid at an angle upon another. It crooks as it meets the window surface and crooks again after it has passed through to resume its original direction. It dances and twists, dodges and swerves round imperfections in the old glass. Here and there, tiny blemishes improvise lenses and prisms, which produce magnified and distorted flecks and gobbets of light on the floor, and sometimes a tiny rainbow. The brightest pattern of light is the one cut by the sharp shadows of the lead in the window. This falls off to one side because of the sun’s position in the sky. But there is another pool of light, too. Directly below the window, a hazy bluish gleam rises from the tiles, which is the reflection of the light of the sky.


The room is large and bright and was originally used for dinners and musical entertainments. It has windows on three sides, but is even brighter than you’d expect for that. It is almost like being outdoors, which seems odd at first because overhead is not air but a heavy beamed ceiling. Then you realize that this ceiling is almost glowing with light itself, light from yet another source, coming from below the horizon and projected upward through the same window by the water in the moat that surrounds the Huygens house, known as Hofwijck.


This estate – three miles south-east of The Hague – is where Christiaan Huygens lived after the death of his father, the poet and diplomat Constantijn Huygens, until his own death just eight years later, in 1695. When Constantijn built Hofwijck some fifty years earlier, he wrote that he wanted it to appear ‘as if by night, / It grew, like a mushroom revealed in the light’. And so, amid its calm, reflecting waters and with the elevated motorway now roaring too close by, it does, even today. Here, Christiaan finalized treatises on the nature of light and gravity that summed up his prodigious contribution to physics. Here, he set up his telescopes in the spacious grounds and began to speculate about life on other planets.


Christiaan Huygens was Europe’s greatest scientist during the latter half of the seventeenth century, until the rise of Isaac Newton, by whom he has been largely eclipsed, especially in English-speaking parts of the world.* This is an unfair judgement of the history of science, for Huygens’s achievement exceeds that of Newton in some important respects. A maker as well as an observer and a thinker, he added to both theoretical and practical science in astronomy, optics and mechanics. A supremely talented mathematician, Huygens tackled problems in fields as varied as geometry and probability theory, and became the first to employ mathematical formulae in the solution of problems in physics, the methodology that has become the basis of all modern science. Two centuries before it would become generally accepted, he proposed a wave theory of light. He was first to describe the concept of centrifugal force. Using telescopes of his own design and manufacture, he discovered Saturn’s ring system and its largest moon, Titan. He estimated the size of Mars and the distances to many stars. He found a way to incorporate the pendulum to create more accurate clocks, realizing the vision of Galileo before him. His innovations in optical instrumentation and timekeeping are still in use today.


Huygens also had range: he was a fine draughtsman, a skill of use not only in designing mechanical and optical devices but also in representing to the world the planetary phenomena he observed through his telescopes, although he was not above making sketch portraits to flatter girlfriends, or little landscapes of the countryside in which he found himself. He was a proficient musician, joining in with performances wherever he went. Occasionally, a few notes of a melody or a lyric for a song are to be found in the margins of his scientific notes. But he also wanted to bring his mathematical science to bear in music, proposing a division of the octave into thirty-one notes, foreshadowing musical innovations of the twentieth century.


More lasting in significance were his efforts to elevate science itself in Europe, both in the Dutch Republic and, more especially and surprisingly, in France, where he was instrumental in the establishment of the French Academy of Sciences. He was also an early fellow of the Royal Society of London, becoming a personification of the potential for science to transcend national borders.


This was not always how he chose to appear to the world, however. When Huygens returned from Paris to The Hague in 1671, he sat for his portrait to be painted by Caspar Netscher, who had already painted several other family members. Netscher’s small oil painting demonstrates the artist’s mastery in representing fine fabrics. Huygens looks out with wide eyes from amid an ocean of silk and lace. He is at the height of his powers, and yet there is still something about him of the pretty child he once was. If we are in search of a display of learning – perhaps a table nearby with scientific instruments and papers of calculations lying casually on top – then we will have to look elsewhere. This is above all a man of fashion and extravagant taste.


But he was, too, the prototype of a modern scientist. Although he explored many topics, and shuttled between them opportunistically, rather than pursuing what would today be called a programme of research, he conducted his investigations with diligence and rigour, even if, like many others at the time, he did not always rush to publish his findings. His employment of mathematics as well as his awareness of the importance of criteria of reproducibility, verifiability and falsifiability – the understanding that experiments should be repeatable in order to demonstrate their truth, and that experimental results that fail to support a hypothesis must lead to rejection of the hypothesis – reveal the essential seriousness of his project. His topics were well chosen as ones where a breakthrough might realistically be achieved. He did not wander off the track into the realms of superstition, which is more than can be said for some of his contemporaries. So dedicated to learning was he that, on his first visit to London in 1661, he turned down the chance to attend the coronation of King Charles II in order to observe the more interesting transit of Mercury.


This all-round proficiency Huygens undoubtedly perfected with the help of Constantijn, the father who first doted on him and then stood in awe of his son’s talents, introducing him as ‘my Archimedes’ to Descartes and other illustrious visitors to his household. The long-lived Constantijn was a strong moral and intellectual influence for almost the whole of Christiaan’s life – so much so that when he eventually died at the age of ninety, Christiaan, by then fifty-eight years old, morosely had himself painted in the garb of an orphan.
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Poet, composer, diplomat, architect and artist, Constantijn was no less remarkable a figure than his son, which is why I devote substantial parts of this book to him. Born in 1596, he served as the secretary to a succession of stadholders, as governors of provinces of the Dutch Republic were known. Constantijn was what the Dutch called a kenner – not an amateur, a mere lover of his studies and pastimes, but one who has sweated to know them completely so that he has become a master himself, even though he will never need to rely on these skills to earn his living.


So it was that Constantijn Huygens learned to draw and paint from one of the best draughtsmen of the day, and was able to put his first-hand expertise to good use when he identified the raw talent of the young Rembrandt, whose work he believed might fittingly adorn the stadholder’s court in The Hague. Constantijn effectively launched the artist on his career, although their friendship petered out in a trail of truculent correspondence as an increasingly bumptious Rembrandt chased his fees.


The elder Huygens was also enough of an architect to take a leading role in designing his own houses. He slotted easily into the circle of leading Dutch poets, and documented his long life in verse. When, for instance, he proposed that a grand avenue be built from The Hague to the sea at Scheveningen, he wrote a poem about that, too. He composed hundreds of musical works and played many instruments. Unsurprisingly, his diplomatic missions attained a cultural dimension that did him no harm, and long before he was forty he had been knighted both in England, where he had pleased James I with his lute-playing, and in France, where it was his literary accomplishments that impressed Louis XIII.


With these diverse interests, it is no surprise that learn that Constantijn was absorbed by scientific questions, too. The quality of his engagement with science presents an instructive contrast with that of his son, which is another reason to spend some time with him here. If Christiaan was the prototype of a modern scientist, then Constantijn was an exemplar of a foregoing type known as the ‘curioso’ – the man who wishes to know more about natural phenomena but who does not always ask the right questions or have the necessary equipment to answer them. This paternal fascination was surely formative for his children.


Constantijn and his wife Susanna would have four sons and a daughter. The kenner instinct was inculcated in all of them, but especially in the two older sons: the eldest, another Constantijn, became a skilled grinder of lenses while Christiaan learned how to construct the intricate mechanisms for his own horological inventions and optical devices. Perhaps, too, their father’s pathologically impaired vision was a factor in the path that the boys chose. The younger Constantijn eventually succeeded his father in a diplomatic career by becoming secretary to the stadholder William III, and accompanied him on his triumphal journey through England in 1688, to join his wife Mary II on the English throne. Like Samuel Pepys, Constantijn also kept a diary that recorded every aspect of his personal and political life, from sexual gossip to the progress of the ‘Glorious Revolution’.


The Huygens family milieu in The Hague, then, is essential to an understanding of who Christiaan Huygens was able to become. This was a household not only where Descartes and Rembrandt were among the guests, but also one close to the power and influence of the government of the Dutch Republic. All this provided introductions, but Christiaan’s brilliance did the rest, as he found his place in a European intellectual firmament that included Blaise Pascal, Pierre de Fermat, Marin Mersenne, Jacob Bernoulli, Robert Hooke, Robert Boyle, John Wallis, Giovanni Cassini, Thomas Hobbes, John Locke, Gottfried Leibniz and Isaac Newton.
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Was there something about the light? That’s what everybody wondered about the painting of the Dutch ‘Golden Age’. The sun was softer, the colours less harsh, the contrasts less violent than in Tuscany or Madrid. The windows were larger, the interiors less dim. Dutch light led artists to revel for the first time in the domestic scale of daily life, with its tranquil landscapes, unpretentious rooms and polite encounters.


By the early seventeenth century, Dutch artists were already benefiting from the scientific understanding of perspective, and knew about the camera obscura, a device whereby an image of a scene could be projected through a small hole in a wall or other barrier onto some kind of screen. This novelty became creatively interesting when it was discovered that the exterior scene could be optically altered by placing a lens in the hole, allowing artists to compress impossibly wide panoramas onto canvas. It almost seemed as if they were able to trap light itself, releasing it again between gilded frames, as visions of the world made new in glowing quadrature. But the scenes they captured and the light they worked with – those were natuurlijk, natural, that is to say both devoid of artifice and composed of nature. They sprang from local earth and air and water. Theirs was art of its place.


Did the sciences also benefit by native circumstance? We know the unsurpassed art of the Dutch seventeenth century: the landscapes of Ruisdael, the portraits of Rembrandt, the interiors of Vermeer. But the science was its equal, and we should not be embarrassed to think of the two together. As the Dutch painter and art scholar Samuel van Hoogstraeten decreed in 1687: ‘The Art of Painting is a science for representing all the conceptions or impressions which the whole of visible nature can offer and for beguiling the eye with outline and colour.’ And what tool was more essential to the beguiler than an ability to handle light, the light that illuminates visible nature, the light that permits us to see it? Light is surely the common factor that unites the interests of art and science.


Much of the science of this period is directed towards understanding that light. Willebrord Snel of Leiden measured the size of the Earth and restated the law of refraction that still bears his name as Snell’s law. Then in nearby Delft, and in Alkmaar and Middelburg, Anthoni Leeuwenhoek, Johannes Swammerdam and Cornelis Drebbel made some of the first investigations using microscopes of their own design. The first telescope was demonstrated from a tower in The Hague. There followed, in addition to Huygens and his family, many other Dutch grinders of lenses and assemblers of experimental optical devices, not least the philosopher Baruch Spinoza, who earned his modest keep as a lenzenslijper after he was expelled from his religious community in Amsterdam.


Spinoza, the child of immigrant Jews from Portugal, was fortunate to be born in the relatively liberal Dutch Republic. But others came purposely for its freedoms. The most notable of all was René Descartes, who, in 1628, fled religious turmoil in France for the intellectual liberty of the new Dutch universities, and then to find a quiet place to write his philosophical masterwork, Discourse on Method. Many regard this treatise, in which Descartes introduces his famous cogito argument, ‘I think, therefore I am’, as the foundational work of modern philosophy. But Descartes saw it rather differently, as the theoretical preamble to a series of works concerning the nature of the world in all its aspects, including La dioptrique, his exploration of the physics of optics, the nature of light and the anatomy of the eye. Both of these great philosophers, too, were guided by the light.


The light made the United Provinces a place for looking. The liberal, inquisitive times permitted it. And the place insisted upon it: no shadows on level ground.


What things might you wish to see? Look out first of all. There might be danger in these times of recurrent war and tenuous peace. Across the flat landscape, you might notice approaching strangers or enemy soldiers. At sea, distant ships, unfamiliar flags and wrecking sand bars just pricking the surface of the brine. Danger, perhaps, and opportunity, too. Remote shores to claim for trade and empire. Any place on a map or a chart or, better still, not marked on one yet. A place as yet unseen. Visualize it. Is a hoped-for gain not called a prospect?


Now look around. What is this Dutch country? Of what is it made? Water. So much water, flat zees and meers, sometimes gleaming, sometimes dark when they are scuffed by the wind. Light always changing. Flat fields with ditches and dykes all the way out to the low horizon, with here and there perhaps a few stands of trees roughly shaken by the breeze. Scoured beaches, open heaths, scrubbed towns and villages identifiable from afar by their church spires.


Or look up. You might nurse the ambition to grasp the unreachably distant, the heavens, the stars and planets and the voids in between them. Can you make darkness visible? What is out there? Look down. Look in. Look closely – it is the first time any human has been able to do so – at nature’s tiny miracles, seeds, insects, moulds, swimming animalcules. Do you dare to look at the human body? Your own in a mirror larger and more perfect than any you have known before, or somebody else’s (poor wretch) at a surgical praelector’s anatomy lesson. Both of these spectacles, the one domestic and private, the other theatrically public, were becoming technically feasible and socially acceptable as shame and superstition about the human body were swept away. You might be curious about the origins of life, and wish to spy on your potential descendants in semine or in utero. Keep looking if you can bear to. At our dirt and dust. At human waste. What is lost of us when we spit and defecate? In the seventeenth century, it’s suddenly all there to be seen. The very farthest thing. The very smallest thing. Things of beauty and wonder. Cosmos and microcosmos.


Then you might wish to see the quality: the fineness of the weave, the clarity of the diamond, the skill of the artist with the brush. The quotidian, the ordinary, the small: the eye of the needle, the end of the thread, the missing stuiver or duit, the bottom of a pocket, the beginning of a hole. You might need help to read the written word, as Papa Constantijn did. You might long to see again the things you once could see unaided.


Look about you. Regard your fellow citizens. How well they are doing! You might even wish to peer into your neighbours’ rooms, if only to be sure they have nothing to hide. And they will tempt you with their large polished windows. ‘The country is flat,’ explains the novelist Cees Nooteboom,


which leads to the extreme visibility of people, and that in turn has become visible in their conduct. The Dutch don’t go towards each other, they come up against each other. They drill their radiant eyes into one another, and weigh their soul. There are no hiding places. Not even their houses. They open their curtains, and consider it a virtue.


Go on, take a peek, have a snoop. Those words are Dutch, too.


All of these things are better discerned by using the right optics. Thanks to the new dissectors prepared to press sharp steel into slimy viscera, it became understood that the lens of the human eye is not in fact the organ of sight, only its enabler, a kind of secretary, sorting incoming information into order for executive processing by the brain. If your own cornea, aqueous humour and lens are not up to the job, then you will need the assistance of additional lenses in the form of spectacles or a magnifying glass. To see new worlds, you will need new instruments: a spyglass or a perspective tube for the great and distant; a thread-counter or a ‘flea glass’ for the small and close. There was nowhere better equipped to manufacture these devices than the tech hubs that were the thriving cities of the Dutch provinces.


Then who, but an artist, do you summon to record the images you see in the eyepiece?


Unless, of course, you are enough of an artist to do the job yourself, which Christiaan Huygens certainly was.


[image: image]


Christiaan Huygens offers so much: he made major discoveries in astronomy and physics; he showed how mathematics could be used to describe the operation of nature, without which modern science could not function; he was an inventor and fabricator of ingenious devices. He clearly has a story that needs telling. To say that it is necessary to reclaim him from the margins of history ought to be putting it too strongly, since his work is so thoroughly enmeshed with that of better-known major scientific figures. Yet even many historians of science have contrived to ignore him. And who else has heard of Huygens now? Would it not be good to be reminded why he would have been ‘the greatest scientist of his generation’, in John Gribbin’s words, ‘if he had not had the misfortune to be active in science at almost exactly the same time as Isaac Newton’?


This kind of amnesia is not uncommon in the anglophone world. Yet there is something not merely neglectful, but actively unjust about the way in which Huygens’s reputation has been effectively annihilated by the towering presence of Newton. Writing about Huygens therefore involves taking a stance. The historiography of science requires that those whose theories are overtaken by better theories shall be forgotten. But this is not quite what happened in Huygens’s case. His discoveries for the most part still stand – your analogue wristwatch runs using his mechanism; you understand that light travels as a wave. It is rather that Newton radiates such a dazzling light that Huygens is simply outshone.


So how to tell Huygens’s story? Should I pretend that Newton did not exist? That might be possible. Huygens worked in the Dutch Republic and in France. Tempting, perhaps, to bring down a fog in the English Channel so that the islands of Britain cannot be seen and to screen out English science for the duration. But Huygens and Newton were contemporaries: Newton was thirteen years Huygens’s junior, and outlived him by thirty-two years. More to the point, they were aware of one another’s work. They corresponded and even met. In fact, Huygens was one of the few people whose scientific opinion Newton valued. That certainly would not do.


Perhaps, therefore, I should position Huygens in opposition to Newton. But then it would still be Newton’s story. Huygens’s story would be the antithesis, an un-story. He would be the one who didn’t explain gravity, who didn’t use calculus, who didn’t split light with a prism. That telling would insist on a kind of parity between these discoveries and Huygens’s own – centrifugal force, mathematical formulae, light as a wave – which would be tedious as well as tendentious to read.


Or, the scientifically minded might interject, I could just write objectively the story of Huygens’s life and bring Newton in where he is relevant and leave him out where he is not. Wouldn’t that be best? Why complicate matters? Certainly, Christiaan’s life seems to have a convenient arc. By the age of seventeen, in 1646, he had demonstrated a mathematical prowess that brought him to the notice of the greatest practitioners of the day. In 1655, Saturn’s moon, Titan, and that planet’s mysterious ring became his calling card. In 1658, he presented his design for a more accurate clock to the Dutch state. In 1659, he diagrammed the antecedent of the slide projector, which he called a ‘magic lantern’. The late 1660s he spent largely in Paris, consolidating his professional relationships. After further work on light, establishing that it must have a wave-like nature, and new experiments with telescopes and microscopy, as well as improvements to clock mechanisms, he published major treatises on time in 1673 and on light in 1690. From his prodigious youth, then, he advanced with luck and skill (fortune favours the prepared mind, as a later scientist said), seizing his opportunities to make some surprising discoveries, settling down in dogged pursuit of other goals, before achieving a remarkable synthesis in maturity with his major works, and finally withdrawing into a period of eccentric decline.


That would make a satisfying narrative, would it not? But closer inspection reveals this to be a gross simplification. Huygens’s life was nothing like as well shaped as this storyline suggests. The world gets in the way: he pursues many projects at once; they stop and start; he is here (The Hague), he is there (Paris); he is well, he is ill; there is peace, there is war. All this makes it impossible to tell Huygens’s story as a simple sequence of events.


Besides, Huygens has other stories. He is not only the overshadowed genius. He is the polymath – curious enough and competent enough to make progress in several different fields at once. This story has allure, especially in these days when it is hard enough to be an expert in one tiny area of specialization and polymathy seems like a dream from a world before some kind of Fall. He is the diligent correspondent, the networker, the diplomat, too.


Another of Huygens’s stories clearly revolves around his extraordinarily attractive family: his prolific, ubiquitous and apparently immortal father – the poet, composer and right-hand man of the stadholders – and his older brother, also called Constantijn, who succeeded their father to accompany William III of Orange on his peaceful invasion of England, and recorded the adventure in a remarkable diary. If John Donne, the doyen of English metaphysical poets, had fathered both Isaac Newton and Samuel Pepys, one could not have devised a more propitious family constellation.


And there is more. Christiaan is the internationalist, heroically ignoring national differences and distinctions because they have no meaning in his world. He is a key figure – perhaps the key figure – in the construction of scientific research as an international project during the seventeenth century. This is a rather different story. Early modern science was mostly an enterprise of brilliant individuals who enjoyed the patronage of enlightened rulers here and there. Before the emergence of many nation states, it was certainly not organized at a national level. This is what makes Huygens’s years in Paris truly remarkable. Huygens’s brilliance as a mathematician and astronomer was readily acknowledged by most of the leading French natural philosophers, and he responded with alacrity to the initiative of Louis XIV’s influential minister Jean-Baptiste Colbert in 1666 to establish a scholarly academy to advise on the scientific improvement of the French state. Without Huygens – and one or two other cosmopolitan intermediaries such as Henry Oldenburg at the Royal Society in London – science might have remained for rather longer a rudderless amusement confined within isolated courts.


Holland, as a land with neither a monarch nor even, for much of Huygens’s career, a stadholder, nevertheless prospered during the republican interregnum, owing to colonial conquests and the expansion of maritime trade. This economic growth brought with it a kind of freedom unknown elsewhere. Huygens could only have envisaged a more open way of doing things. Yet the Dutch Republic at this time could never have furnished its own scientific centre, because of the intense rivalry among its cities and provinces. Huygens was fortunate to find Paris so open to him, and France was fortunate to find him.


This achievement is all the more remarkable when one remembers that the second half of the seventeenth century, when Huygens flourished, was a period of great religious and political turmoil and almost constant warring between European nations. The ferment accelerated the spread of new ideas, as well as raising practical obstacles to intellectual progress. At different times, the English philosophers Thomas Hobbes and John Locke, both well known to the Huygens family, found themselves respectively in exile in Paris and Amsterdam, for instance, while Dutch-trained painters such as Peter Lely and Godfrey Kneller sought work in England where patronage became more abundant. Huygens sought English patents for his maritime clock even as the Dutch navy sailed up the River Medway to torch the English fleet at Chatham in 1667. And he continued to work with French colleagues when Louis XIV invaded the Low Countries five years later, a campaign during which the Dutch were driven to flood their own precious farmland as a defence against the French advance.


Two factors, then, explain why Huygens has a strong claim to be regarded as the leading actor in ‘the making of science in Europe’: first, his bringing of mathematical rigour to the description of physical phenomena; and second, his resourcefulness in developing institutional frameworks for scientific research on the continent. It is impossible to imagine progress in science today without either of these foundations being in place. As Huygens is purported to have said: ‘The world is my country, science my religion.’
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While wandering among the dunes that guard Dutch cities against the incursions of the North Sea, I began to realize that Huygens’s geographical location might have a more material relevance to his work. It was these dunes that provided the sand for the glass from which lenses could be ground. Did this explain the extraordinary flowering of optical science that happened here, dominated by Huygens but preceded by Snel, and by the numerous claimants to have developed the telescope, and then followed by the microscopists Leeuwenhoek and Swammerdam, and by the philosophical lens-makers Descartes and Spinoza? Perhaps it was true, as Constantijn Huygens had written, that ‘The Lord’s benevolence shines from every dune’.


This suggested another kind of story. Not the old one of the lone genius with his flashes of brilliance striking out of nowhere, but instead one of an investigator deeply engaged with his place, for whom light and sand were raw materials.


This is the world I hope to describe in Dutch Light. I have followed in Huygens’s footsteps through the Netherlands and to Paris and London. I visited his houses, or more often the sites where they once stood. I sat in the grounds at Hofwijck where he sketched, and watched indoors as the sunlight tracked across the chequered floor. I peered at – and occasionally through – the few surviving instruments that he built and used. I inspected his portraits for clues to his personality.


My principal source has inevitably been the twenty-two volumes of Christiaan Huygens’s Oeuvres Complètes, compiled with extraordinary labour by an international team of scientists and historians through two world wars from 1888 to 1950. Here, I could hear the authentic voice of the scientist. And in their letters, diaries and poems, I could hear the voices of his father and siblings. For a closer personal connection, I turned to Christiaan’s original notes in the library at the University of Leiden, which revealed additional facets of Huygens’s character in their dense tapestry of working sketches and calculations, showing how he pursued many thoughts – mathematical, mechanical, astronomical and musical – at the same time. There, I held in my hand Christiaan’s little sketch of Saturn and its ring (trying to ignore the wobbly pencilled line that the editors of the Oeuvres Complètes had crudely looped around it in order to select it for illustration). The perfect circle of the planet’s outline was precisely inked, as were the edges of the ellipse that girdled it. The space around the planet, and crucially also the spaces between the planet’s surface and the inner edge of the ring, were delicately shaded in a dove-grey wash of ink, and the whole was hemmed in by busy handwriting. Huygens had made this beautiful little drawing in 1659.


My voyage of discovery has not been obviously epic. Rather, it has been an interior journey, into a world of luxury and leisure, but also into a world of curiosity, seriousness and purpose. A modest world, in its way, but not a smaller one. Like a ‘Dutch interior’ painting, it turns out to contain everything.














1


SAND, LIGHT, GLASS



Had anything faster ever been made by man? It seemed more to fly than to trundle along the sands at Scheveningen on the coast close by The Hague, reaching speeds of twenty-five miles per hour. A chassis with four large cartwheels supported the hull, which could carry a score or more of madcap passengers. Two masts bore large square-rigged sails perfect for propelling the vessel downwind and, when the Stadholder Prince Maurits, second son of the assassinated William the Silent, took the helm, the standard of the House of Orange flew from the masthead. In a stiff breeze, the zeilwagen shot along the beach, scattering the gulls, going as fast as the wind itself so that those aboard no longer felt its breath on their faces, according to a French observer in 1606.


The astonishing craft was the design of Simon Stevin, who was probably inspired by illustrations of much older Chinese sand-yachts that had appeared, based on recent explorers’ accounts, in the magnificent atlases of the Flemish cartographer Gerard Mercator. In Laurence Sterne’s Tristram Shandy, Tristram’s uncle Toby reminisces over the ‘celebrated sailing chariot, which belonged to Prince Maurice, and was of such wonderful contrivance and velocity, as to carry half a dozen people thirty German miles, in I don’t know how few minutes’, although he can hardly have seen it if he truly also fought at the Siege of Namur (1695), as he so persistently claims.
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1. Simon Stevin’s sand-yacht racing along the beach at Scheveningen with Prince Maurits aboard and his standard flying from the masthead.





Stevin was the prototype of the Dutch scientist. He had an excellent command of mathematics, but was always concerned with the practical utility of his work. A refugee from Bruges, he had settled in Leiden in 1581 at the age of thirty-three, and began to publish copiously – books of arithmetic, geometry, measurement, bookkeeping, mechanics and hydrostatics followed in quick succession, as well as applied texts on topics such as the ideal design of fortifications and sluices. He held no university position, earning his living through various windmill and hydraulic engineering projects, but this was no hindrance to his achievement. Indeed, his situation was somewhat representative of the national condition in which ‘the lack of entrenched scientific and philosophical beliefs . . . offered ample opportunity for scientific innovation’. For it was the Dutch Republic’s dense commercial and cultural network of proud cities rather than its academic institutions that did most to promote the emergence and spread of new ideas.


And what ideas they were. Surely the sand-yacht of accountancy was Stevin’s recommendation, building on ancient Chinese and Arab ideas, to use decimals in arithmetical calculations in place of vulgar fractions which could have any denominator. Previously, a trader totting up his takings for the day might have to juggle prices denominated in thirds, eighths, fiftieths and sixtieths in a range of currencies. In De Thiende, or ‘The Tenth’ (1585), Stevin deployed a zero within a circle next to a whole number to denote the integer part of a fractional number (showing in effect that the integer is to be divided by ten to the power of zero, or one – in other words left unchanged). A one within a circle indicated tenths (divide by ten to the power one), a two in a circle hundredths (divide by ten to the power two), and so on. Thirty years later, the Scottish mathematician John Napier streamlined Stevin’s notation by introducing the familiar comma or point to separate off the fractional part of any number, making these circled digits unnecessary, but the principle of displaying this part in sequential powers of tenths was established. Thus, the irrational number π that is represented as 3.1416 . . . in Napier’s system appears as [image: image] in Stevin’s notation.


In 1590, Stevin entered the employ of the Stadholder Prince Maurits as an army quartermaster. He took on military survey work, adapting the design of Italian Renaissance forts to local conditions, introducing sluices and water-filled moats in place of the dry moats of the originals, to create Europe’s most advanced fortifications along the Dutch Republic’s ever-shifting southern border with the Spanish Netherlands. In 1600, at Maurits’s request, he set up a school of engineering at Leiden, where he decided that the teaching should be in Dutch rather than Latin. The field of engineering thus taught came to be known as duytsche mathematycke, or Dutch mathematics. The school’s most illustrious teacher was Frans van Schooten, whose son, also Frans, would later be the tutor in mathematics to Christiaan Huygens.


Stevin’s first thought was always for how his work might be applied in practice, and here he turned pure mathematical disciplines such as geometry to the good of the nation. He hoped that his example would be widely followed through the textbooks that he continued to produce. One such volume, Van de Deursichtighe (‘Perspective’), written for Prince Maurits himself, is notable for its cool analysis of artists’ secrets, including a design for a perspective-capturing device whereby one could record on a glass viewing plate an accurate impression of a scene behind; the idea so impressed Maurits that he had one made.


Stevin’s greatest legacy is not the sand-yacht or decimal notation or his defensive structures, however, but the very language of the sciences in the Netherlands. He published his works in Dutch in order that they would be of the greatest use to local builders, craftsman and traders. De Thiende, for example, he dedicated ‘to stargazers, surveyors, carpet measurers, wine gaugers, measurers of bodies in general, mint masters and all merchants’. Writing in Dutch only a few years after the secession of the northern provinces from the Spanish crown was, too, a proud statement of a still fragile independence.


But Stevin went further. In Beghinselen der Weeghconst (‘Principles of Weighing’, 1586) he set forth his conviction that Dutch was the best language for expressing scientific ideas, a conclusion that he reached based on its unusually high proportion of monosyllabic words, which could be compounded into longer words as necessary. He even believed that men had conversed in Dutch during an imagined wijsentijt, the Age of Wisdom long before ancient Greece, when all was once known.


The words he gave to the sciences themselves illustrate Stevin’s point. Physics is natuurkunde, or knowledge of nature. Dutch is practically unique among languages in having its own word for physics rather than one derived from the Greek physika. Other words reveal a more ambitious agenda, not only taking ownership of a science by discarding its Greek- or Latin-derived name, but also drawing a subtle connection between what is demonstrable and what is scientific. Thus, mathematics becomes wiskunde, which can be translated as certain knowledge. Chemistry becomes scheikunde, the art of separation, an acknowledgement of the beginnings of a shift towards an analytical science, and a useful alternative to chemie that severs the etymological connection with disreputable alchemy. For comparison, the Oxford English Dictionary gives 1605 for the first English usage of ‘chemistry’, contemporary with Stevin’s scientific vocabulary. The word’s definition at first included alchemy as well as the emerging science of chemistry. English ‘chemistry’ must still live with its unhelpful secondary meaning of ‘mysterious agency or change’, and indeed its later concomitant sense of ‘instinctual attraction’ between two people. ‘Astronomy’ is similarly tainted. Originally, as one subject of the classical quadrivium, it meant the science of the motion of the stars and planets and of their supposed effect on nature and man – that is to say, also including the pseudoscience we now call astrology. English usage has constantly had to fight off this older double meaning; Stevin’s Dutch word sterrenkunde, knowledge of the stars, simply removes the difficulty.


Stevin also invented or promoted the use of many straightforwardly descriptive terms in the disciplines he named, such as driehouck (three-corner) for triangle and lanckrondt (long circle) for ellipse. A trapezium becomes a bijl, the Dutch word for an axe, and now everybody knows its shape. Perhaps nothing displayed his devotion to science as above all a practical activity better than his mischievous choice of word for ‘theory’, spiegeling. Literally ‘mirroring’, spiegeling might be translated tactfully as ‘reflection’; more provocatively, it might just be ‘mirror-gazing’.


If Stevin was the prototype, then Christiaan Huygens would be the finished article. Stevin showed that it was possible to flourish intellectually outside the university, if you could find alternative patronage. Like Stevin, Huygens was concerned with the practical benefit of his work. Like Stevin, his work was grounded in sound mathematical methods at the boundaries between mechanics, geometry and optics. So one Dutch polymath lays the path for another, naming the very sciences in which his successor will become the paragon. A half-century later, Huygens will be acclaimed as the greatest mathematician, astronomer and physicist of the age.
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Middelburg finally lived up to its name for a few heady decades as the sixteenth century rolled tumultuously over into the seventeenth. It found itself not only, as its name indicates, the central fortified town on dune-walled Walcheren, one of the six islands that make up the majority of the province of Zeeland, but also briefly the centre of commercial and creative activity in the Low Countries. Art and science flourished together.


The population of Middelburg doubled to 20,000 in the thirty years up to 1600, and added another 5,000 by 1622, overtaking Delft and Dordrecht to become the fourth largest city in the northern Netherlands after Amsterdam, Leiden and Haarlem. The city prospered because of its geographical location – in the middle again – during the Eighty Years War that led to the emergence of the independent Dutch Republic.


The war had begun in April 1568 when William I of Orange returned from self-imposed exile in Germany with an army of mercenaries in an attempt to force out the Duke of Alva, King Philip II of Spain’s governor-general of the Netherlands. Assaults led by insurgents known as the Sea-Beggars soon captured some weakly defended ports from the Spanish forces, and increasing numbers of towns came under Protestant control. After a long siege, Middelburg chose for Protestantism and Prince William in 1574. The great abbey at the heart of the city was seized, and turned over for use as the state offices of Zeeland. In the Zeeuwsmuseum that now occupies part of the monastic complex, an anonymous allegorical painting shows the Dutch provinces as blonde women kneeling in chains before the Duke of Alva, who sits under a canopy decked with his instruments of torture while a red-dressed cardinal puffs up his ego and his ire with a bellows.


Alva’s repression continued, with attacks on cities that showed signs of tolerating Protestantism. It was especially brutal in Antwerp, the most powerful commercial centre in Europe, where on 4 November 1576 underpaid Spanish troops ran amok in the ‘Spanish Fury’, plundering and burning the city and killing many hundreds of its inhabitants. After that, Antwerp joined in with the north and the fragile ‘religious peace’ promised by William, who in 1581 had been proclaimed stadholder over all of the seven Dutch provinces.*


The Spanish retook Antwerp in 1585, when the city was brought close to starvation by a blockade of its trade artery, the Scheldt river. Its Protestant inhabitants were forced to sell up, and nearly half the population of 80,000 printers and financiers, goldsmiths and painters, spice merchants and cloth traders – the flower of more than a hundred guilds – fled north over the next four years. The first place that they came to where they might hope to carry on their trades while they waited for normality to return was Middelburg, barely fifty miles away.


Long a centre for wine importation, Middelburg now diversified into new ‘rich trades’, taking advantage of this influx of artisans and merchants. An ‘illustrious school’, a lesser form of university, was established in 1592. Offices opened of the new East and West Indies trading companies, whose ships brought in spices, porcelain, curios and unfamiliar animals and plants. The well-to-do of Middelburg shared the excitement of these discoveries, leading to an eruption of interest in topics from alchemy to botany, and from mathematics to the culinary arts. One citizen, Jehan Somer, did not allow the fact that he walked with a crutch deter him from undertaking sea voyages around the eastern Mediterranean. He returned from his explorations with various exotic flowers which he planted in his Middelburg garden; one of them was the tulip, whose bulbs enthusiasts would later famously trade for astronomical sums of money.
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Fine glass had been made in Antwerp since the 1540s by artisans from the Venetian island of Murano where the secrets of the technique had been kept for centuries.* By 1582, Middelburg became the first city in the northern Netherlands with a glassworks, when the Antwerper Govert van der Haghen migrated north with his Italian employees, and set up shop on the Kousteensedijk at the edge of town (trades based around kilns or furnaces were often sited away from city centres because of the risk of fire).


Prior to this, Low Countries glass had been ‘rude and coarse’. Glass produced in the Venetian manner, by contrast, was called cristallo because of its resemblance to rock crystal (quartz) in its white transparency. The principal ingredient of all glass is sand, which is heated – probably by peat fires in Low Countries glassworks – until it is fused together. The melting point is lowered by mixing the sand with an alkaline flux such as a plant ash, which contains potash or soda. The ash is also rich in calcium, which makes the resulting glass less brittle. More calcium may be provided by adding seashells to the mix. Finally, a mineral containing manganese is sometimes included, as its purple tint helps to cancel out the greenness that often arises from the presence of iron compounds in the sand.


The Murano glass-makers favoured specific sources of these ingredients – sand from the River Ticino, a tributary of the Po that flows from the Alps to the west of Milan; ash from a variety of saltwort called barilla, which was imported from Syria; and manganese from ores obtained in the Piedmont mountains. These were hardly accessible to northern European glass-makers. Fortunately, though, glass is a conceding material that is not reliant on critical ingredients or precise admixtures. Local seaweeds and marsh plants were able to provide the ash. Oxides of manganese were present in the painters’ pigments that were in such prolific use in the Low Countries – painters and glass-makers were members of the same guild. As for sand, you only had to look around. There was no shortage of that. Great dunes rose high as trees in all directions only a few miles away from the city.


It is tempting to believe there must be an autochthonous explanation for Middelburg’s sudden and unexpected contribution to optical science, and that it was its particular variety of sand, that material ‘so characteristic of the Dutch landscape’, as the chemist and philosopher André Klukhuhn has put it, that made all the difference. But to build a case for the specialness of Middelburg, it is necessary to face the fact that most of the towns and cities in the coastal regions of the Low Countries are built on sand and protected by dunes. Why were these discoveries not made in Bruges or The Hague or Haarlem? The main requirement for the manufacture of fine glass for the table or for optical purposes is a source of sand that is low in iron, otherwise only dark green or brown ‘forest glass’ results, which is good only for bottles. Any of these places might have furnished this. But they did not. And even though sand might conceivably be transported from far away – it was often carried as ballast by ships – it is most likely that Govert van der Haghen used local sand in his kiln on the Kousteensedijk, and that his Murano-trained workers knew how to do the rest. His works was soon turning out highly transparent glass to be made into mirrors, beads and spectacles for the delighted citizens of Middelburg.


More important than any indigenous raw material, however, in the encouragement of innovation in Middelburg was the economic and cultural climate that had arrived along with its cosmopolitan influx from Antwerp, a diaspora that would continue to diffuse throughout the Netherlands, sowing the seeds for the emergence of the Dutch ‘Golden Age’. At the end of the sixteenth century, the worthies of Middelburg were smart enough to recognize that their moment had come, and to do what they could to prolong it. In 1591 the States of Zeeland awarded the local patent for glass-making to Govert van der Haghen and gave him an interest-free loan to ensure that he did not move on to Amsterdam. Their timely action would assure their city’s place in scientific history.
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The Middelburg glassworks was well established by 1594, when a German immigrant, Hans Lipperhey, living hard by the abbey’s St Nicholas church, set up shop as an optician and began to buy glass locally for making spectacles. He was ideally positioned to find customers. The merchants’ exchange, the city mint and the illustrious college all fell within the shadow of the abbey towers. Most of those whose work required them to read, and who might therefore need spectacles, were on his doorstep, and his growing roster of clients soon placed him at the centre of a web of connection with the powerful and scholarly that stretched through the Dutch provinces and beyond.


Spectacle lenses could be made in a number of ways. One starting point was to break a blown globe of glass into curved fragments, from which dish-like roundels were then cut (thin glass can be roughly cut with scissors, which is often done under water to prevent shards flying). These roundels could then be ground on one side or the other to produce either a convex or a concave lens. However, the surface of the original glass globe is not necessarily uniformly curved, which can lead to optical distortions. An alternative was to start with mirror glass, where one side was guaranteed to be perfectly flat and thus free from such distortions. The other side could then be ground to the required shape with a greater chance of producing a good lens.


Lipperhey must have experimented at length with these possibilities. He found he could produce lenses that were of good quality towards the centre of each glass disc, but that the edges were less perfect. However, he noticed that if he simply blocked the light passing through the outer part of the lens by means of an opaque ring, the overall clarity of the observed scene improved. It had been known since the mid sixteenth century that enlarged images could be produced by placing two suitable lenses some distance apart from each other and placing one’s eye up close to one of them. But such images were never fully in focus. Lipperhey constructed a tube with two lenses – a convex objective lens and a concave eyepiece – and introduced a partial diaphragm to block the light passing through the outer part of the objective lens. Again, he found that, although the brightness was reduced because less light was transmitted through the lens, the clarity of the magnified image was nevertheless greatly improved. The simple – if counter-intuitive – act of inserting a diaphragm into the path of the light had led Lipperhey to the creation of a practical telescope.


On 25 September 1608, Lipperhey received a letter of recommendation from the Zeeland authorities giving him leave to present his ‘sights involving glasses’ to the national government in The Hague, where he hoped to obtain a patent. A few days later, he found himself climbing the great oak staircase of the new tower at the Binnenhof, the stadholder’s palace in The Hague, along with the stadholder himself, Maurits of Nassau, the future Prince of Orange, and his half-brother Frederik Hendrik who would succeed him in this position. Also in attendance were Prince Maurits’s key advisor, Johan van Oldenbarnevelt, who had negotiated the fledgling nation’s triple alliance with France and England against Spain, and Ambrogio Spinola, the Genoese commander of the Spanish forces in the Low Countries, both present for talks that had already run on for the best part of a year to arrange a truce in the long war. The chance to be a part of a scientific demonstration must have come as a welcome diversion to the assembled ambassadors and generals.


The demonstration proved a triumph. It was reported that the men had been able to see the clock tower in Delft, more than five miles away, and – catching the evening light perhaps – church windows in Leiden, which was twice as far. It was possible to pick out smaller objects a mile or more away, and stars in the night sky previously invisible to the naked eye. Had Maurits known in advance how powerful the instrument was, he surely would have arranged the demonstration without his enemy present, for all those standing on the Binnenhof tower immediately saw the military potential. Spinola remarked: ‘From now on I will never be safe, because you can see me from afar.’ Maurits promised that while his soldiers might indeed see him, they would be given orders not to shoot.


A week later, after further inspections, the States General gave Lipperhey 300 guilders for the device, requesting that he produce a binocular version and utilize glass of higher transparency. Within a few months, he had delivered the binocular telescope, and was rewarded with a further 600 guilders. The French ambassador lost no time in asking Lipperhey to make an instrument for him, too. However the terms of the Middelburger’s deal with the States General sensibly forbade him from working for other parties. Lipperhey had attempted to negotiate a price of 1,000 guilders for each device, but 300 guilders was in any case a substantial sum. The total payment was enough for him to immediately buy his neighbour’s house in Middelburg, which he renamed De Drie Vare Gesichten (The Three Telescopes).


Despite the Dutch precautions, news of the innovation spread rapidly, sped on its way around Europe by diplomats returning home from the peace negotiations. A notice quickly circulated in The Hague ‘concerning certain “lunettes” which had been presented to Count Maurice, by which one could distinctly perceive objects three or four leagues distant as if they were 100 paces away’. Within a few weeks, the notice found its way to Paris. Very soon, emperors, princes and scholars across the continent were in possession of their own instruments. Having failed to engage Lipperhey, the French ambassador took the simple expedient of seeking out a French soldier on active service against the Dutch who had used the ‘far-sight’ in the field and obtained the secret of the design that way.


By the following spring, spyglasses were on sale in Paris, from where one was taken to Galileo in Padua. He tweaked the design, claiming to have devised the principle himself already, and made dozens of prototypes, passing on his rejects so that very soon even more people were made aware of this instrument capable of bringing the distant close. In January 1610 he used his perspicillum or occhiale to observe four moons in orbit around the planet Jupiter, the first new objects to be discovered in the solar system since antiquity. The following year, Johannes Kepler in Prague published the first theoretical analysis of this highly practical invention, which now acquired the name ‘telescope’.


Middelburg’s role in this story is not yet concluded, however. The States General did not award Lipperhey the patent protection he sought for his invention, with good reason, as they were already aware of petitions from other claimants. One of these was Lipperhey’s near neighbour in Middelburg, Zacharias Jansen, who had a reputation as a drunkard and a counterfeiter. His claim to have made the invention substantially earlier, around 1590, was once given credence, thanks in large part to the myth-making efforts of his son, Johannes Sachariassen, who pursued his own lens-grinding and spectacle-making trade decades later. However, Jansen was just a child in 1590. It seems more likely that this disreputable individual quickly copied what he saw of Lipperhey’s work in 1608 and saw an opportunity to profit by it.
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2. This engraving of Cupid and Venus scanning the horizon for love is thought to be the first depiction of a telescope in the Low Countries.





It seemed the whole city was a hotbed of optical innovation. Supported by the market in spectacles, makers and users alike had the freedom to explore the deeper potential of the technology to provide them with amusement and instruction. The learned of all professions found their curiosity piqued, from progressive Copernican vicars such as Philippus Lansbergen to the poet Jacob Cats, who became the city magistrate in 1621. In ‘Cupido brilleman’, Cats left a humorous verse impression of a Middelburg telescopist, which depicts Cupid taking up the instrument in order to further his matchmaking efforts: ‘He now is just a spot, who first the spotter was.’ The pun is optical, referring to the apparent change in size of subject and observer as they view one another, but also satirical, since spot is Dutch for a joke or for the person who is the object of one.


Just two weeks after Lipperhey’s audience in The Hague, a more plausible claim came forward from Jacob Metius of Alkmaar, who was the son of William I’s military engineer Adriaen Metius and brother of the professor of mathematics at the University of Franeker. It seems likely that his instrument was less powerful than Lipperhey’s, because he was sent away with just 100 guilders and orders to improve his design. It is possible that Metius, too, had paid a visit to Middelburg, although it lies a long way from Alkmaar, as he had complained about the quality of glass available generally, and this was the city known for having the best. Perhaps, on such an occasion, he casually showed too much of his idea to the best spectacles-maker in town, Hans Lipperhey.


The suggestion that Metius was the true inventor of the telescope was lent credibility later when René Descartes named him in his 1637 treatise on optics, probably because he heard it from Metius’s brother, with whom he had studied optics at Franeker.* Descartes was nevertheless troubled by the idea that a mere artisan might have stumbled across such an important breakthrough without the benefit of any scientific theory to guide him.


A firmer connection between Metius’s Alkmaar and Lipperhey’s Middelburg was certainly made by another man, Cornelis Drebbel, one of the most extraordinarily fecund inventors of the seventeenth century, who would go on to make his name by showing ‘perpetual motion’ machines and other wild ideas in the courts of London and Prague. Drebbel was born in Alkmaar, where he was apprenticed to a local engraver. He was an exact contemporary of the Metius brothers, and may have first learned about working with glass from them. Around 1600 he moved to Middelburg, where he lived for a few years. He designed a city fountain and continued to develop his skills as a glass-worker, becoming highly proficient in grinding lenses, using his inventor’s mind to devise machines for doing the job that would yield more consistent results than manual labour. Although Drebbel had moved on to London by 1608, when the rival patent applicants clashed in The Hague, he too later established himself as a maker of telescopes, believing Metius to have been the inventor.
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3. Cornelis Drebbel, a prolific Dutch inventor and engineer who demonstrated a submarine in the River Thames and tutored Constantijn Huygens in lens-grinding.





Drebbel played a significant role in the development of optical technology through his instruction of younger men in the art of lens-grinding. One of his pupils was Isaac Beeckman, whose family, like so many others, had fled to Middelburg from the south during the first phase of the Eighty Years War. Another polymath, Beeckman made investigations in hydraulic engineering, medicine and meteorology, among other fields, and became an important friend of Descartes, encouraging him in his mathematical study of the natural world. Exhorted by the clergyman-astronomer Lansbergen to develop a better telescope based on the design of Galileo, Beeckman took the art and science of lens-grinding to new heights during the 1620s and 1630s, eventually surpassing the skill of the established lens-grinders such as Sachariassen.


Another who learned from Drebbel was Constantijn Huygens, who met the Dutchman in London in 1621. Though Drebbel ‘looked like a Dutch farmer’, as Huygens wrote, it was clear that he ‘aimed to surpass the ancient Greeks and Romans in knowledge’. He impressed the young diplomat with his arcane knowledge and his marvellous mechanical experiments, and taught him how to grind lenses – a skill that Huygens would later transmit to his sons.
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This is a story of water and ice and the flat, flat land.


In the winter of 1622 a hard freeze came to all of Europe. Even the Golden Horn of Istanbul froze over. Onto the thick ice of the meres and rivers and canals and ditches around Leiden stepped the students of Willebrord Snellius with their measuring devices. The level surface of the frozen water was an invitation to do science.


For many years, Snellius had been engaged in a grand project to survey the young country. Using a method of triangulation devised by his countryman Gemma Frisius, he had placed the city of Alkmaar under a mathematical net of triangles by means of which he could begin to calculate long distances with great accuracy. Distances between the points of each triangle were measured with an iron chain, and angles were calculated using a large brass quadrant with fine graduations of two minutes of arc, one thirtieth of a degree. Eventually, by sighting from church tower to church tower, his survey lines reached all the way to Bergen-op-Zoom, nearly 150 kilometres to the south along approximately the same meridian.


Using astronomical methods to determine the latitude at each end point of a line of known length along this meridian, he was able to calculate the size of the Earth. He calculated that one degree of latitude came to 28,500 Rhineland rods, which put the Earth’s circumference at 38,600 kilometres – about 4 per cent less than its known value today, a remarkably close estimate. He published this result in a work called Eratosthenes Batavus, named after the Greek mathematician who estimated the size of the Earth by comparing shadows in different places, and the ancient tribe of Holland during the time of the Roman Empire, the Batavi. This was one of the first practical surveys of a significant area of land, and it soon inspired similar exercises in England, Italy and France. However, Snellius was unhappy about inaccuracies in his earlier measurements, and it was the opportunity to obtain more accurate readings on the horizontal ice that now drew him and his assistants out into the crisp air.


Snellius, or Snel van Royen, was born in Leiden in 1580. His father Rudolph was the first professor of mathematics at the university founded there by William I in 1575, and Willebrord would eventually succeed him. After some years abroad learning astronomy from Tycho Brahe and Johannes Kepler in Prague as well as law in Paris, Willebrord returned to Leiden in 1604, where he studied mathematics with his father and set about translating the work of Simon Stevin into Latin so that it might be read more widely. He wrote his own books on the conic sections and on navigation, and discussed methods of calculating π to greater accuracy, before embarking upon his great land survey.


Snel’s fame rests on none of this work, however, but on his eponymous law of refraction. In modern terms, Snell’s law (the spelling of his name is conventionally anglicized in this context) states that the ratio of the sines of the angles of incidence and refraction when light passes from one medium to another is inversely proportional to the ratio of the refractive indices of the two media. His ideas probably began to take shape from 1618, when he began working with telescopes, for example deducing, by means of parallax from observations made at two different points, that the path of a certain comet must lie far beyond the moon. The use of lenses in such equipment demands at least an intuitive appreciation of the phenomenon of refraction. But Snel formulated his law by considering the simpler circumstance of a point of light under a layer of water, such as might be made by a coin catching the sun at the bottom of a canal. To the human eye in the air above, the coin appears to be lying in shallower water than it actually is because the path of the light is bent at the water surface. By 1621, after many experiments, Snel established that there was a definite mathematical relationship between the lengths of the real and apparent paths of the light under the water, and that this was in proportion to the ratio of sines of the angles made as the light passed through the water surface.


As often happens in the history of science, however, the full story is more involved than this, for in fact ‘Snell’s law’ was discovered repeatedly, both before and after Snel did his experiments.* Because Snel himself did not announce his discovery at the time, and his original manuscript was later lost, his rightful place in the sequence of events has become hard to discern. The English mathematician Thomas Harriot discovered the essence of the sine relationship in 1601, using an astrolabe suspended in water, but he did not publish either, and his work, too, was revealed only later. It was not until René Descartes’s treatise on refraction, La dioptrique, appeared in 1637 that the law of refraction entered print.


It seems that Descartes discovered the law independently by a geometrical analysis similar to that of Snel, though without performing any direct experiments or measurements himself, while he was living in Paris in 1626. He told his friend Isaac Beeckman about it when he came to Holland two years later, although later Dutch figures such as the scholar Isaac Vossius, who had read Snel’s work and made use of it for his own treatise on the nature of light, believed that Descartes must have had sight of it too. Christiaan Huygens echoed this view in his own treatise on optics, and in 1693 he confirmed to the philosopher Pierre Bayle ‘that the laws of refraction are not the invention of Mr Descartes despite all appearances, for it is certain that he read the manuscript book of Snellius, which I have seen too’.


Ironically, by the time that Descartes published the law of refraction, its validity appeared to be threatened by new discoveries about the behaviour of light, such as its splitting into colours and its strange behaviour in relation to certain transparent materials such as the mineral known as Iceland spar. For a generation, it seemed that the law of refraction might not have the force of a law at all, until further work by Newton and Huygens was able to show that it did in fact remain valid in relation to these effects.
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It is Rembrandt’s earliest known work, and how appropriate that he should begin with sight.


De Brillenverkoper is one of a set of five allegories on the human senses, painted in 1624 when the artist was just eighteen years old. The tiny canvas shows a gypsy spectacles seller attempting to persuade an old couple to buy. He is dressed in an exotic tunic and wearing a rich purple turban. A tray of wares is strapped around his shoulders with many pairs of glasses in it. His assortment may have been laid out according to optical strength, in order to help him pick out the glasses most likely to be suitable for customers of a certain age. With a smirk, he proffers one set to the old man, who points to his wine-shot aubergine of a nose as if his greatest worry is finding a pair that can bridge it rather than one to correct his vision. The man’s wife stands by his side, her eyes half closed, her hand reaching tentatively forward, suggesting that she is virtually blind, glasses or no.


Not ideal customers, maybe, but where is the allegory? Well, the Dutch expression ‘to sell glasses’ – brillen verkopen – once meant to deceive, because the buyer is in no position to see what they are buying. The seller is a swindler.


The painting is nevertheless revealing about the nature of this trade in the early Dutch Republic. Spectacles were slow to catch on for a number of reasons. Poor eyesight was regarded primarily as a medical complaint rather than a problem that might be remedied by optics. Compared to the thick lenses of ‘reading stones’ or cloth traders’ thread-counters, the weak lenses that most people required for spectacles were challenging to make because their lesser curvature had to be very carefully controlled. Although wealthy people had been able to buy spectacles since the thirteenth century, it was the advent of printing that did most to increase popular demand. However, there were no eye tests or personal prescriptions. Finding spectacles to improve your vision was a matter of trial and error. This is why the brillenverkoper’s tray is so heavily laden; he is offering at least a choice if not a perfect solution for his customers’ dysopia. The glasses themselves, with unframed lenses, rest almost invisible against the velvet lining of his box, their presence indicated by the barest stroke of lead-white paint where the light catches the circumference of each glass roundel. The transparency of the lenses suggests that these examples are made of superior cristallo rather than green-tinted forest glass. (The Dutch word bril, meaning a pair of spectacles, is derived from the Latin word for beryl, an almost transparent crystalline mineral rather than a glass.) The business grew rapidly into a thriving trade, with glasses sold door to door as well as in shops and markets, the volume of sales boosted by the never-ending search for the right prescription. In England around this time, for example, one Lord William Howard bought at least twenty-seven pairs of spectacles in thirteen years, presumably because of the difficulty in matching his needs. A popular joke in Holland, meanwhile, reflecting both the vibrancy of this market and the generally high level of literacy, centred on a man trying on many spectacles, none of which will do; it turns out that he simply can’t read.
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In the space of little more than a generation, it seems, glass lenses shaped to ameliorate human eyesight attained a degree of familiarity sufficient to make them a topic of satire, while more specialized optical instruments began to spread among the cognoscenti, and the first efforts were made towards understanding the fundamental principles of how these objects worked. Into this bright world of vision will step first dim-sighted Constantijn and then, by turns, his four sons.










2


THE KENNER OF ALL THINGS



In 1578, the twenty-seven-year-old Christiaen Huygens was appointed as one of four secretaries to Prince William of Orange.* It was a position for which he was well qualified, coming from one of the most important families in Brabant and having trained dutifully in the law, and an honour to enter the service of the man who only months before had triumphantly brought several new provinces into alliance with Holland and Zeeland, and who would soon be acclaimed as the ‘father of the fatherland’.


Christiaen was born ‘between ten and eleven o’clock in the evening’ on 22 April 1551, according to his son’s family memoir, in Terheijden, close to the city of Breda, where the House of Orange-Nassau held court. The infant’s father was already dead by then, and his mother was to die when he was just five years old.


By this time, William had inherited estates from his birthplace at Nassau in the Landgraviate of Hesse as well as the city of Orange in France and various lands in Holland, Flanders and Brabant, where the Lutheran boy had received a Roman Catholic education. Most of the territory that is now the Netherlands had been ruled from Spain under the Habsburg dynasty of Charles V since the beginning of the sixteenth century, with provincial governors known as stadholders appointed by Spain. In 1559, at the age of twenty-six, William was appointed by King Philip II of Spain as the stadholder of Holland, Zeeland and Utrecht.


Here, he sought to balance the competing religious interests, maintaining the loyalty to the Catholic Church demanded by the provinces’ Habsburg Spanish rulers while also tolerating Protestant worship. Despite William’s considerable political skill, which earned him the byname ‘the Silent’, it proved an impossible task. Ever bolder displays of Protestant devotion led in 1566 to the iconoclastic fury known as the beeldenstorm and, in the following year, to the violent reassertion of Spanish control under Philip’s hated governor-general the Duke of Alva.


With Protestants fled abroad or driven underground by Alva’s fanatical terror, the Low Countries were now primed for revolt. William, who had withdrawn to Germany, at first held back from armed conflict, but he soon found himself the focal figure of the resistance, gradually knitting a coalition between towns, cities and provinces that paid due heed to their religious and commercial particularities. However, the Dutch proved unable to match Alva in battle during the opening skirmishes of the Eighty Years War. After several years of advance and retreat, sieges and strategic floodings, the Spanish controlled the Catholic southern Netherlands while the north was consolidated in its Protestantism. William believed the best hope for regaining control of Brabant and other southern areas was to promote a regime that would permit both Catholic and Protestant worship, and in September 1578 in Brussels he proclaimed a ‘Religious Peace’.


It was into this divided world that Christiaen Huygens cautiously entered. He was able to show that he possessed the necessary qualities for a diplomatic secretary on a particularly delicate mission in 1581. According to a story related by his son Constantijn, the Spanish ambassador in London had engaged a Dutch spy, one Willem Janszoon van Hooren, on the promise that he would secure for the Spanish the port of Vlissingen, then an English garrison. The man’s ten-year-old son was held as a bond in London while he sailed for Vlissingen. When van Hooren double-crossed the ambassador and informed William of the plot, Huygens was quickly briefed to go to London and obtain the boy’s freedom. As he moved to leave the room, Huygens paused at the door and became tangled in the rope-and-pulley arrangement used to hold it open. William laughed that it was a warning: Christiaen must mind not to end up on the rope doing his job. Fortunately, the daring mission was a success. Huygens managed to detain the ambassador in conversation while an accompanying soldier seized the boy; the attack on Vlissingen was averted.


On 10 July 1584, William I of Orange was shot at the foot of the stairs in his Delft residence, the Prinsenhof, by a Burgundian Catholic, the first assassination of a head of state with a handgun. By this time, however, Huygens had demonstrated loyalty and ability, and he continued in service as secretary to William’s successors in the House of Orange, and established a family career path that would be followed first by his son and then by his grandson for more than a hundred years, so that eventually it must have seemed there had never been a time when the Huygenses were not tied to the Dutch royal house.


If Constantijn Huygens inherited his diplomatic vocation – and his fine-boned looks – from his father, then his affinity for art came undoubtedly from his mother. On 26 August 1592 Christiaen married the thirty-year-old Susanna Hoefnagel. The Hoefnagels were a leading Antwerp family of painters. Susanna’s brother Joris became famous for detailed cityscapes and miniatures. His highly accurate depictions of natural history, especially insects, give him some claim to be called the father of scientific illustration. His son Jacob followed in his father’s steps and became the court painter to the Holy Roman Emperor Rudolf II in Prague.


These parents must have set a remarkable example to their children by the circles in which they moved, but they also took unusual steps to guide the education of their four daughters and especially the two sons, Maurits, born in 1595, and Constantijn, born a year later on 4 September 1596. They imitated the ‘attractions of children’s games’ to make instruction in music, singing and dancing, and later in writing and languages, more appealing. French was memorized by reciting prayers in the language, while natural conversation was encouraged by arranging classes with French Huguenots exiled in The Hague. It was a model that worked well for Constantijn Huygens, and he later adopted the same methods in the education of his own children.
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Painted by Pieter Isaacsz around 1605, a splendid harpsichord lid in the collection of the Rijksmuseum shows the mythical Maid of Amsterdam, her hand poised proprietorially on a globe, surveying a scene of riches from the continents of the world. A bounty of exotic people and produce and elaborate cultural treasure has washed up seemingly on the Dutch shore, for the lid is also the shape of the country. The work is called Amsterdam as the Centre of World Trade.


By the beginning of the seventeenth century, Dutch arts had begun to prosper in the wake of the Revolt, stimulated by an influx of refugee artists and the rapid expansion of trade, leading to a flowering of art on a scale not seen anywhere before or since. Works of art and decorative objects were no longer the exclusive preserve of aristocrats but now the prerogative of merchants and artisans.


But caveat emptor, and caveat venditor, too: not all artists were any good, and not all buyers were motivated by fine feeling. To navigate this cornucopious new world would require artistic judgement and discernment, and Constantijn Huygens’s education gave him these skills across a range of arts. Along with riding, swordsmanship and correct dress, the gentleman of the day cultivated not simply an interest but a comprehensive knowledge of the arts – he aimed to become a kenner, a connoisseur, one who truly knows. To appraise a painting properly one had to be able to paint; to appreciate a piece of music one had to be able to play, and preferably to compose. And Constantijn could. ‘I would have achieved a certain repute among artists of the middling sort,’ was his own verdict on his ability as a painter. In time, he would pass on a sense of the value of such hard-won authentic knowledge to his children.


His earliest education at home laid the groundwork: he learned languages, singing and dancing from the age of four. At six, he began on the viol, and other instruments soon followed. Huygens’s facility with a quill pen also came early on, important for a man who is thought to have written up to 100,000 letters during his long diplomatic career. His small, neat handwriting, unpretentious and businesslike, displayed his calligraphic skill, but was also essential, as Huygens was often required to write on tiny scraps of paper that could be tightly folded and sent secretly. Soon he began writing verse too, at first in Latin, inspired by his reading of the Roman poets, and later in French and Dutch.


Drawing and painting he learned from Hendrik Hondius, a noted cartographer and engraver, whose cold architectural style nevertheless did not much appeal to Huygens, who would have preferred to be instructed by the freer hand of the painter Jacques de Gheyn II. He explored various applied arts too, even trying ivory-carving, for which he had his own lathe. Through masters such as these, the young Huygens acquired a thorough knowledge of artistic theory and practice that would later enable him to put forward promising artists for patronage and to acquire and commission works for his employers at the court. He became a kenner.


It is hard to translate this word adequately. Superficially, kenner corresponds exactly with our (and the French) connoisseur, but that word has become debased in contemporary usage and no longer carries the implication of practical expertise in addition to scholarly interest. The word is most useful as a term of distinction from the ill-disciplined and often uninformed enthusiasm of the amateur or liefhebber, of whom there were great numbers in the newly rich land. These were the kind of people whose pursuit of aesthetic novelty would leave them with burnt fingers in the notorious tulip mania of 1637, and who were disparaged by real artists and critics such as Samuel van Hoogstraeten. But even the liefhebber was better than the naamkoper, who bought art solely on the strength of the artist’s name.


The painting liefhebber might occasionally dabble, but the kenner knew how to grind pigments, mix paints and use a brush, and was able to apply this detailed knowledge not only to paint, but for example to establish the authenticity of works and to resolve questions of attribution. His procedure was based, therefore, not purely on visual analysis, but involved a more complex sensorium in which his motor memory of using a brush was activated by the sight of brushstrokes on the canvas.


Constantijn Huygens was called upon to employ this skill on many occasions. Most notably, he was able to identify the supreme talents of the young Jan Lievens and Rembrandt and help them towards early commissions. But he was also able to detect professional malpractice. When the Flemish painter Gonzales Coques, commissioned by Frederik Hendrik of Orange for a series of paintings on the theme of Psyche, presented works that he had subcontracted to a lesser artist, Huygens was able to show, to the hilarity of the court and to Coques’s acute embarrassment, that the works did not bear the right ‘kennelyke’ hallmarks of the artist, and were in fact copied from some prints after Raphael.


The range of Huygens’s artistry must have done much to augment his work as a diplomat, whose professional life is so much concerned with orchestrating the exchange of refined gifts. On occasion, he was even able to employ his own creative powers directly. He always believed that his ability as a musician was a significant factor in gaining him access to influential people. But he also made material offerings. A short verse addressed to the specialist in floral still lifes, Daniel Seghers, indicates that Huygens felt himself proficient enough to dare to enclose a small painting or drawing of his own with a letter to the artist dictated by Frederik Hendrik thanking him for a painting of a vase with flowers.


Cast a compassionate eye on my wilted blooms,


Flower maker under God. They could not presume


To be anything Seghers-like . . .


Huygens clearly regarded his artistic facility as something to be nurtured lifelong. He went to his cousin Jacob Hoefnagel to learn the art of painting watercolours, for example, and as an old man he took up the guitar in addition to his other instruments. Such a high level of accomplishment naturally brought the reward of creative satisfaction for its own sake, too. Simply turning to a new medium may have helped Huygens overcome a creative block in another. Spoilt for choice in his creative faculties, Huygens may also have fretted that too much prowess displayed in one art might cause people to underprize him in others.


In addition, Huygens was able to exert an enviable degree of control over his aesthetic environment. He commissioned portraits of himself and members of his family from fashionable artists such as Antoon van Dyck, Jan Lievens, Caspar Netscher and Michiel van Mierevelt, and owned other works by painters as varied in style as Rembrandt and Pieter Saenredam. These were hung in the house on the Plein in The Hague, designed to Huygens’s expertly informed brief by two of the best Dutch architects of the age.


The ‘embarrassment of riches’, to reuse the phrase taken by Simon Schama for his thrilling study of Dutch culture in the seventeenth century, was a discomfort keenly felt in the increasingly Calvinist republic. An informed knowledge – a kennis – of the world’s cultural treasure offered a kind of possession that did not offend against public frugality. But correct Reformed conduct was not to be equated with simple abstemiousness; too many Dutch were too wealthy for that. This is where the discernment of the kenner counted for something. Luxury objects would be deemed more acceptable if they were ‘authentic’ rather than merely pretentious. The house that Huygens built on the Plein was large and grand, but it was not as ostentatious as it might have been. Indeed, its restrained classical style appeared almost severe.


OEBPS/xhtml/toc.xhtml






			Cover



			Title page



			Dedication page

	

			Contents



			List of illustrations



			Author’s note



			Map



			The Huygens family



			INTRODUCTION



			1 SAND, LIGHT, GLASS



			2 THE KENNER OF ALL THINGS



			3 ENCOUNTERS WITH GENIUS



			4 AT HOME



			5 ALMOST A PRODIGY



			6 REVERSALS AND COLLISIONS



			7 SATURN



			8 TIME AND CHANCE



			9 SCIENTIFIC SOCIETY



			10 NEW MUSIC



			11 THE PARISIAN



			12 SCIENCE DURING WARTIME



			13 FEUDS AND TRIALS



			14 LIGHT AND GRAVITY



			15 OTHER WORLDS



			AFTERWORD



			Main personalities



			Acknowledgements



			Footnotes



			Notes



			Bibliography



			Index



			Plate Section



			About the Author



			Praise



			Also by Hugh Aldersey-Williams



			Copyright page











Guide





    		Cover



    		Title page



    		Contents



    		1 Sand, Light, glass











OEBPS/images/eq1.jpg
30114 2)13)6(@)





OEBPS/images/img_0003.jpg
S





OEBPS/images/img_0002.jpg
Christiacn HUYGENS = Susanna Hocfnagel

(ss1-1629) | (as61-1633)
Mauies Constantiin = Geertnid Constantia
(15051642)  (1596-1687)|  (1599-1637)
C Suanna  Christitan Lodewijk = Jacomina Teding van Berkhout Philips ‘Susanna = Philips Doublet
(16:8-97) | Rijekacre Sa9-95) (1631-99)| 63357 (637-1725)

Constandin foursons sixchildren
(u674-97) including another of whom three survived
R





OEBPS/images/img_0001.jpg
“The Dutch Republic ;






OEBPS/images/cover.jpg
‘ENCHANTING TO THE POINT OF ESCAPISM’
Spectator

»
p3

CHRISTIAAN HUYGENS
and the Making of Science in Enrope





OEBPS/images/img_0006.jpg





OEBPS/images/img_0005.jpg
CVPIDO BRILLE-MAN.






OEBPS/images/img_0004.jpg





OEBPS/images/logo.jpg





