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who died too soon.






Paper is made from the rags of things that did once exist; there are endless excellencies in paper.


 


THOMAS CARLYLE,


The French Revolution (1837)







PREFACE


CONFESSIONS OF A SOIXANTE-HUITARD




Here perhaps is the place to fix, a little more precisely, what these two words, French Revolution, shall mean; for, strictly considered, they may have as many meanings as there are speakers of them.


THOMAS CARLYLE, The French Revolution





Paris, May 1968: I was there, but not for long. It was my first experience of the city, and as I sat on the sunny steps of the Gare du Nord, I was amazed by the vitality of the scene. There was not much time to enjoy the occasion, for within an hour I was on the Métro to pick up the night train to Perpignan in the south. In the carriage, still with seats marked as reserved for mutilés de guerre, lingered an unfamiliar scent, perhaps a perfume, pungent but not unpleasant. It was in fact tear gas that had seeped into the tunnels from the running battles above, events of which I was then quite unaware.


After an uncomfortable night in a couchette, I lifted the blind to see a landscape of austere beauty, the foothills of the Pyrenees. There lived a most remarkable mollusc, and a month in search of that creature was an early step in what became a lifetime’s research on its evolution and genetics; a subject of deep interest to a tiny, and diminishing, group of biologists.


I have returned to those mountains again and again, and now spend much of my time in a small house nearby. There I indulge in what the French call, in an inelegant but precise phrase, vulgarisation scientifique: writing about the natural world for a general audience. Fifty years on from my first trip to the City of Light, and more than two centuries since the Revolution of 1789, a crisis that (unlike the disturbances around my own initial visit) changed world history, this book celebrates the scientists of Paris in that era. They are not as familiar to English-speakers as they deserve to be, for their work laid the foundations of much of today’s physics, astronomy, biology and chemistry. They were true revolutionaries: agents of an upheaval of understanding that had rather more effect on the future than did the bloody disturbances on the streets.


Just as remarkable (but even less well remembered) is the part that many among them played in the events of the day. Nowhere else, before or since, have members of their profession been so much involved in public affairs. The explosion on the Quatorze Juillet was sparked off by an unlikely alliance of technical experts and political thinkers, of philosophes (as scientists were then known) and politiques, each of whom believed that their own field illuminated the other. Together, the two groups were convinced, they would lead humankind to an era of inevitable progress.


As its system of government creaked and fell, Paris had more experimenters and theoreticians than did the rest of the planet put together. In the heady days around the fall of the Bastille, the city was saturated in science. Historians sometimes see the French Revolution as a bourgeois revolt against a corrupt and ineffective aristocracy, but in truth scientists were more involved than were bankers. Many stellar names in physics and the rest were participants in the great eruption, while several of those remembered as statesmen and grandees spent a good part of their time at the laboratory bench. Together they built a new world.


Most of those who admire the French capital today do not realise that some of its most famous icons are reminders of the way in which research then pervaded its very fabric. Visitors, alone or in a group, can opt for one of a large number of architectural, artistic or historical tours, but there are none based on the efforts of the city’s scientists and engineers. Such a circuit would be worth the effort, for they would visit some unfamiliar places and would, for often unexpected reasons, also see some of Paris’s best-known relics in a new light.


The obvious place for a suitably minded flâneur to begin his or her perambulation would be the Eiffel Tower, already a compulsory halt on the tourist trail. Opened in 1889 to celebrate the centennial of the fall of the Bastille, that audacious symbol of modernity was for four decades the tallest structure in the world. It welcomed its two hundred and fifty millionth client in 2010 to become the most visited commercial monument ever built. The place is now surrounded by desperate Eastern Europeans and North Africans, who harass visitors to buy crude casts of the structure, made in China. Neither they, nor most of their customers, are aware of its importance in the history of science.


The Tower was supposed to stand for just twenty years before its lease expired. Gustave Eiffel had from its earliest days a scheme to preserve his monument for far longer than that. ‘It will’, he said, ‘be an observatory and a laboratory such as science has never had at its disposal’, and its discoveries would ensure its survival. His scheme was a success.


The Tower, La Dame de Fer to the French (a name also bestowed on an equally angular and unyielding British politician and on a torture device whose victims were squeezed to death) is itself a technical marvel. It has eighteen thousand wrought-iron girders, and their ability to cope with high winds was essential to the design. Wrought iron was light and strong, and Eiffel had already designed several railway bridges on the principle that storms should be allowed to blow through rather than being fought off with massive girders. His Parisian monument was so elegantly conceived that the weight of the air bounded by its beams is greater than that of the metal used to construct it, which if melted down to fill the one hundred and twenty-five metre square of its base would be no more than six centimetres deep. Even in a severe gale, his tower sways just seven centimetres at its three-hundred-metre summit.


The structure would symbolise, said Gustave Eiffel, ‘the century of Industry and Science in which we live, and for which the way was prepared by the great scientific movement of the end of the eighteenth century’. He was right, for Paris at that time was a centre of that endeavour to an extent never seen before or since, and his own edifice soon became, as he had promised, a laboratory as much as an engineering tour de force.


First, its architect made a pioneering estimate of wind resistance by running metal plates of different shapes and sizes down a vertical cable attached to a high point within its framework. Each was attached to a fan connected to a pen that drew a graph that showed acceleration and terminal velocity, while time was recorded with a tuning fork that inscribed a white line trace on a smoked drum. Eiffel used the data to work out the mathematical relationships between shape, size, mass and speed. In a further study of aerodynamics, at the tower’s base he built the world’s first functional wind tunnel. It could generate airspeeds close to those experienced by the earliest aircraft and was much used by the pioneers of aviation. Complaints about noise forced him to abandon that machine, but he built a larger version some distance away. Eiffel himself used the device in the first analysis of the physics of lift on an aircraft wing.


The monument acted as a test bed in other ways. Its iron mast contained a physiology laboratory that examined the effects of exercise on those forced to climb its steps (and such measures could be repeated today on those who survive La Verticale de la Tour Eiffel, a race up the 1665 treads to the top). In addition, it had a weather station used to compare winds and temperatures on the surface and in the heights (and, in a nod to modernity, has now been furnished with éoliennes that generate much of its electricity). It was used as an observatory when mist obscured the view from the ground, and soon the highest pressures ever achieved by man were recorded at the bottom of a three-hundred-metre steel tube of mercury that stretched from its summit to the base. Not all the experiments were a success: a hopeful aeronaut who asked permission to test a ‘parachute suit’ with a dummy thrown from the topmost balcony used himself as a subject instead and died at once.


A year after the tower’s inauguration, the first measurements of changes in the electric charge of the atmosphere with height were made on its platforms. More remarkable – and more unexpected – a later comparison of radiation levels on the topmost gallery with those on the ground below gave the first hint of the existence of cosmic rays, a discovery that paved the way to the idea of the Big Bang. Gustave Eiffel was more than justified in his confidence in the value of his masterpiece.


Thomas Edison, who visited the architect in his tiny private apartment at the top of the edifice soon after its inauguration, conceived of a huge phonograph, which would give the Iron Maiden a voice that could be heard five miles away. It was never built.


In a rather more realistic experiment in communication, the tower was the site of the world’s first radio transmission. In 1898, a signal was sent from an aerial on a high point to a receiver four kilometres away in the Panthéon, a deconsecrated eighteenth-century church. A year later, the waves crossed the English Channel, and by 1913 they reached the United States. In an early step towards a global geography, the Paris Observatory used the great iron mast as an aerial to contact the United States Naval Academy and to estimate the precise distance across the Atlantic from the differences in time recorded in the two centres.


Such advances were seen as so crucial by French military authorities that the monument’s future was assured. In 1914, plans were made to blow it up if the Germans reached the city as their armies invaded but instead the tower saved Paris when its radio receiver picked up an enemy message that warned of an attack, enabling troops to be rushed in taxis to the valley of the Marne to hold the assault back. In 1967, public outcry meant that the edifice was also spared de Gaulle’s audacious plan to ship it to the Montreal Exposition.


The structure acts as a monument to human ingenuity in other ways. On its beams, just below the first balcony, are inscribed the names of seventy-two French chemists, biologists, mathematicians and engineers of the era between the Revolution and its own construction, almost all those discussed in this book included. Gustave Eiffel’s own career would, had there been space for later entries, no doubt have qualified him to join their number.


The view from the summit of his wrought-iron masterpiece reveals the landscape in which those eminent men made their discoveries. Even a glance downwards tells part of the story, for its foundations rest on the Champ de Mars, the launch pad of the world’s first hydrogen balloon, which took to the air in 1783. Its four legs are aligned with the points of the compass and the prospect in each direction reveals new treasures.


The gardens of the Luxembourg, to the north across the Seine, were the site of one of the first experiments in scientific agriculture. Beyond that stands the hill of Montmartre, where, in the city of metaphorical light, a spinning mirror was used as part of a device that made the first measurement of the speed of light itself. In the same direction but further away is the Musée des Arts et Métiers, the world’s first museum of technology, set up in a disaffected abbey soon after the fall of the monarchy as a ‘public repository of machines, models, tools, descriptions, and books of all the varieties of arts and crafts’ and still much involved in the celebration of the nation’s engineering genius. A kilometre or so further on is its modern equivalent, the Museum of Science and Industry at La Villette, a vast space on the site of what was once the Paris abattoir.


Southwards lie the laboratories that established the germ theory of disease and identified the agents of rabies, typhus, plague and, in recent years, AIDS. Also on view is the home of the Société d’Arcueil, a private laboratory set up in 1807. It had fifteen members, nine of whom became Fellows of the Royal Society of London. They included, inter alia, the inventor of bleach, the founder of biogeography, the first aerial explorer of the atmosphere, and the discoverers of the origin of meteorites, the internal biological clock and the polarisation of light.


Rather further away in the same direction is the Palace of Versailles. Its gardens had the largest plant collection in the world and were the site of an innovative experiment in genetics. An inherited shift, a mutation, appeared in a line of strawberries that suddenly produced leaves with one blade instead of three. The new form was crossed with others, and the results described, in a hint of the later emergence of genetics and evolution, in a 1766 paper entitled On the Distinction of Species, Races and Varieties. In 1783, to universal astonishment, the place saw the first public flight of a balloon.


The expensive fantasy’s builder and owner, Louis XIV, promoted the latest technology with a series of experiments designed to impress his subjects. One used a metal burning glass a metre across to light a whole room with a candle placed at its focal point, while another demonstrated the power of electricity when, for the edification of the court, a surge of current was passed through a circle of two hundred royal guards as they held hands.


To the east of the Tower is an equally illustrious vista. Half an hour’s walk away, the Academy of Sciences finds its modern home beneath the magnificent seventeenth-century dome of what was once the Collège Mazarin, the section of the University of Paris in which the great (and doomed) chemist of the revolutionary years Antoine Lavoisier studied. The building now contains the headquarters of several national academies and is a global centre for research and education. Further on in much the same direction is the Paris Observatory, whose astronomers established the shape of the Earth and instigated a survey of their nation more accurate than any other (although they failed in their plan to have the meridian that separates eastern and western hemispheres pass through the building, for the British took it to Greenwich). To add allegory to the brutal facts of physics the Paris town hall, just over the river, is decorated by a bronze statue, La Science, which features a young lady perched on a globe, armed with a pair of dividers and with a map in her hand (every other of the dozen or so Parisian effigies dedicated to members of the profession is of a male).


On the Left Bank, in the same direction, is the Jardin des Plantes, itself decorated with a noble bronze inscribed to the Fondateur de la Doctrine de l’Evolution (a Frenchman, and not the bearded Englishman to whom that role is ascribed by most Britons), while in the nearby Museum of Natural History – established as one of the first acts of the new republican government – modern palaeontology was born and, rather later, radioactivity was discovered. A few hundred yards away, near today’s Place de la Bastille, were laid the foundations of modern chemistry and, by the same research team, of human physiology. Those talented men also made some of the earliest studies of the effects of drugs, morphine included. Close by is the Pitié-Salpêtrière Hospital, then a prison for prostitutes and lunatics, where the first steps were taken in psychiatry and neurology.


In the opposite direction from the Dame de Fer, in the western suburbs, stands the International Bureau of Weights and Measures, founded in recognition of the French invention of the metric system, and still the world capital of measurement. Within its walls are the platinum bar that first defined the length of the metre, and the spherical mass that did the same for the kilogram. They have been supplemented by instruments that can measure size and weight together with power, electrical current and time to an accuracy of one part in billions. Nearby is the site of the world’s first lightning conductor, erected well before the famous experiment in Philadelphia in which a kite was flown into a thunderstorm, a structure that – as we shall see – had an unexpected connection with some of the major figures behind the bloody events of July 1789.


The scientific landscape of the French capital is, without doubt, the richest in the world. Varied as it might be, most visitors are more interested in the relics of historical events. These are magnificent indeed, but quite often they too have ties with the world of research. The Louvre was the first home of the Académie Royale de Sciences, and of a generation of great mathematicians who established the ground rules that shape the solar system, together with the theories of chaos which explain why we will never make long-range economic or weather forecasts. They also studied the statistics of electoral systems and came up with the first hints of what became the theory of relativity. The Panthéon, a superb church in the classical manner, was after the upheaval deconsecrated to become the mausoleum of France’s national heroes, those of science included. Not far away stands the Abbey Church of Saint-Germain-des-Prés, the oldest in the city. In the turbulent years of the late eighteenth century the place became the home of major advances in the chemistry of explosives (and much of it was destroyed when one of them went wrong). On the Île de la Cité, the historical heart of Paris, the Cathedral of Nôtre-Dame was itself for a time converted into a monument to rationalism, with a religion that would have one god alone, the people. The rationalists paid the price for their blasphemy when they, with several thousand others, were escorted from their cells in a nearby medieval prison, the Conciergerie, and introduced to a novel humanitarian device designed in part by the nation’s Academy of Surgery.


Among the guillotine’s victims were some of the foremost chemists, astronomers and mathematicians of the age. They suffered because the rebellion of the philosophes, in its first days an engine of progress, soon degenerated into recrimination and revenge. Many among them made the mistake of falling out with the authorities. As well as those who faced the ‘national razor’, others were murdered, driven to suicide, or killed in battle.


Even so, most of the survivors returned to their laboratories when the bloodshed had abated. Their efforts ensured that French science retained its powers even as the purity of the new regime’s ideas gave way to dictatorship, and then to years of unstable government. The half-century or so on either side of the fall of the Bastille shows how that profession unites enemies as much as it does friends, and how science itself can survive all upheavals, whatever the fate of those who practise it.


Enough of the Revolution’s monuments remain to allow the tourist (and thirty million arrive each year) to piece together its major incidents. Every guidebook describes the relics of that violent era. Those who wish to learn more can turn to the enormous literature on the period, in both English and French, with dozens of books written even since the bicentennial of 1989 to be added to the mountain of works published since the cataclysm itself.


Two among them have become classics. Thomas Carlyle’s The French Revolution of 1837 gives a real sense of the collapse and disorder that led to the end of the monarchy (at least for those who already have a decent knowledge of the dramatis personae involved). It is renowned for its vivid and sometimes virulent prose. I have pillaged it for my chapter headings and more.


Charles Dickens claimed, with perhaps pardonable exaggeration, to have read The French Revolution five hundred times. As he put it: ‘No-one can hope to add anything to the philosophy of Mr Carlyle’s wonderful book’, and he used its narrative as the basis of A Tale of Two Cities. He did decorate the plot to some degree (the tricoteuses were moved from knitting as they observed the machinations of the Senate to fictional seats at the foot of the guillotine), but Carlyle’s influence is unmistakable. From the mid-1840s, Dickens spent much time in the French capital, which he felt to be ‘a wicked and detestable place, though wonderfully attractive … I have been seeing Paris – wandering into Hospitals, Prisons, Dead-Houses, Operas, Theatres, Concert Rooms, Burial-grounds, Palaces, and Wine Shops … every description of gaudy and ghastly sight has been passing before me in a rapid Panorama.’ Those gaudy and ghastly sights are woven into his great tale, and one or two even make it to these pages.


However, like the guidebooks, almost none of the histories, real or imagined, old or new, refer to the central part played in the occurrences of 1789 by students of the natural world, let alone to the fundamental importance of their work to today’s science. Carlyle himself makes a few references to some of the key participants, but only because so many among them were embroiled in public affairs. In the same way, Simon Schama’s excellent Citizens: A Chronicle of the French Revolution, published in the episode’s bicentennial year, makes no more than a mention of the bloody fate of Antoine Lavoisier, the founder of modern chemistry and a pivotal figure in the civic affairs of the time, and deals with his research not at all.


That unique overlap between such contrasting fields of endeavour deserves commemoration, and this book is an attempt to provide it. On the way, it tries to bring one half of the story up to date.


No Need for Geniuses ranges widely, perhaps too widely, from astronomy to zoology and from farming to physics, taking in the origin of potato crisps, dynamite, and the Tour de France on the way. So active was the pursuit of knowledge in that period that many of its advances do not find a place. The earliest studies of the brain, the first insights into colour vision, ground-breaking work on tissues, the initial steps in the study of crystals, the control of animal disease, the forensics of poisons, and the invention of the stethoscope and the sphygmomanometer: all have roots in Paris in the years around the Revolution but are not discussed in these pages. Some of the most important discoveries were in mathematics, and there, like too many biologists, I am obliged to gloss over the topic in the hope that others can do a better job than I. Whatever its limitations, my hope is that this book will provide a taste of the intellectual and social frenzy that ruled in France in the half-century and more that spanned the execution of Louis XVI. As an overture to its contents I append to this preface a list of the major figures involved in the joint political and scientific dramas of Paris in the Revolutionary era.


I thank David Colquhoun, Ian Grojnowski, Iain Hunt, Tegid Jones, Sarah Kendrew, Sandy Knapp, Brian Lapping, Max Leonard, Chris Lintott, Norma Percy, Jane Selley, Valerie Shrimplin, Luciana Sivilotti, John Warren and Tim Whiting for comments; any errors that remain are, of course, my own. I translate many of the longer quotations from French sources, but leave briefer passages in their original form in the expectation that readers will have no difficulty with them; as D’Artagnan says in Alexandre Dumas’ Twenty Years After, which follows the adventures of the Three Musketeers on an unlikely trip to England, ‘L’anglais n’est que du français mal prononcé.’ Anyone unfortunate enough to have to listen to my own spoken French will find that the opposite is also true.




DRAMATIS PERSONAE


Many major French scientific figures are mentioned in the following pages and many more do not find a place. I list here only those alive during the revolutionary period. Together they represent the most glittering assemblage of researchers ever gathered in a single city and although numbers of them were executed or imprisoned in those turbulent years, several of the survivors gained high political position during the Napoleonic era.


 


Appert, Nicolas 1749–1841 Inventor of tinned food, the stock cube and the pressure cooker. Imprisoned during the Revolution.


Arago, François 1786–1853 Secretary of the Paris Observatory, surveyor of France, Spain and Scotland, discoverer of magnetic eddy currents. Later Prefect of the Pyrénées-Orientales, Minister of Marine Affairs and the Colonies, and Prime Minister of France.


Bailly, Jean-Sylvan 1736–1793 Astronomer and political philosopher. Leader of the breakaway faction that took control and sparked off the Revolution. First Mayor of Paris. Guillotined.


Berthollet, Claude Louis 1748–1822 Chemist, explosives expert and inventor of bleach. Later a Senator.


Biot, Jean-Baptiste 1774–1862 Mathematician, balloonist, first student of atmospheric chemistry and discoverer of extra-terrestrial origin of meteorites.


Borda, Jean-Charles de 1733–1799 Military engineer, mathematician, cartographer, expert on voting systems and inventor of ‘repeating circle’ theodolite.


Bosc, Louis 1759–1828 Entomologist, naturalist and agricultural researcher. Fled to the United States after the Revolution. Later French consul in New York.


Bougainville, Louis Antoine de 1729–1811 Explorer and plant-collector. First French circumnavigator. Imprisoned during the Terror. Later a Senator.


Carnot, Lazare 1753–1823 Physicist, geometrician, engineer and ‘Organiser of Victory’ in the Revolution’s wars against its neighbours. Later Minister of War.


Cassini, Giovanni Domenico and descendants 1625–1845


First Director of the Paris Observatory; patriarch of the four-generation dynasty who ran the Observatory, organised the Survey of France and the first national map. Cassini IV imprisoned during the Revolution.


Chaptal, Jean-Antoine 1756–1832 Chemist and industrialist; extracted sugar from beet. Later Councillor of State and Minister of the Interior.


Charles, Jacques 1746–1823 Physicist and student of gases.


Inventor of the hydrogen balloon.


Condorcet, Nicolas de 1743–1794 Mathematician, expert on electoral systems and fluid dynamics, political philosopher and instigator of the metric system. Delegate for Paris in the first National Assembly. Murdered (or committed suicide) in prison at the time of the Terror.


Coriolis, Gustave 1792–1843 Mathematician, expert on rotating systems. Associated with the Coriolis force, important in weather forecasting, oceanography and long-distance gunnery.


Cotte, Louis 1740–1815 Priest, astronomer and founder of modern meteorology.


Cousin, Jacques Antoine Joseph 1739–1800 Mathematician and astronomer. Imprisoned at the time of the Terror. Later member of the Senate.


Cuvier, Georges 1769–1832 Founder of modern palaeontology, expert on extinction, President of the Bible Society of Paris and later Vice-President of the Council of State.


Dalibard, Thomas-François 1709–1799 Botanist and author of first Flora of Paris, jointly (with Buffon) the engineer of the world’s first lightning conductor.


Daubenton, Louis-Jean-Marie 1716–1800 Comparative anatomist, animal breeder and first director of the Paris Museum of Natural History. Later a Senator.


Delambre, Jean-Baptiste 1749–1822 Director of the Paris Observatory, pioneer of the first triangulation of France and of the metric system.


Desmarest, Nicolas 1725–1815 Geologist of the volcanoes of the Auvergne and student of earthquakes. Imprisoned at the time of the Terror.


Dietrich, Philippe-Frederic de 1748–1793 Geologist and mining engineer, and the first to perform ‘La Marsellaise’ in public. Mayor of Strasbourg. Guillotined.


Dolomieu, Deodat de 1750–1801 Geologist and mineralogist, after whom the rock dolomite is named. Imprisoned at the time of the Terror.


du Pont de Nemours, Eulethère Irenée 1771–1834 Chemist and expert on explosives. Fled to the United States and set up the world’s largest chemical company.


Fourcroy, Antoine 1755–1809 Chemist, physiologist, joint discoverer of iridium, and pharmacologist. Deputy for Paris in the National Convention. Later, Councillor of State.


Fourier, Joseph 1768–1830 Mathematician and discoverer of the greenhouse effect. Later Prefect of the Department of Isère.


Franklin, Benjamin 1706–1790 American inventor of the lightning conductor and bifocal spectacles. Discoverer of the Gulf Stream and the effect of oil on troubled waters. Active in Parisian politics and the first American representative to the French Republic.


Gay-Lussac, Louis Joseph 1778–1850 Physicist, meteorologist, expert on gases and early balloonist. Set world height record of 7000 metres in 1804. Later Prefect of the Department of Haute-Vienne.


Germain, Sophie 1776–1831 Female mathematician with an interest in number theory and an expert on the elasticity of solid bodies.


Guillotin, Joseph-Ignace 1738–1814 Physician, anatomist and opponent of the death penalty, but remembered for his promotion of a decapitation device. Deputy for Paris in the first Revolutionary assembly. Imprisoned during the Terror.


Humboldt, Alexander von 1769–1859 German naturalist, geographer and explorer of South America and Siberia, largely resident in Paris.


Jussieu, Antoine Laurent du 1748–1836 Physician and botanist. Second head of the National Museum of Natural History.


Lacépède, Bernard 1756–1825 Naturalist and expert on reptiles and fish. Member of the first Revolutionary Legislative Assembly. Later, President of the Senate.


Lagrange, Joseph-Louis 1736–1813 Mathematician, statistician and astronomer, founder of the decimal system of measurement. Later, member of the Senate.


Lalande, Jérôme 1732–1807 Surveyor and astronomer. Inventor of an early form of theodolite. Freemason and one of the first to admit his atheism.


Lamarck, Jean-Baptiste de 1744–1829 Inventor of the word ‘biology’. Early proponent of evolution and of the notion that the same rules mould both biological and political progress.


Lamoignon de Malesherbes, Chrétien Guillaume de 1721–1794 Botanist and agriculturist. Argued against the death penalty for Louis XVI. Guillotined with other members of his family.


Laplace, Jean Baptiste Meusnier de 1754–1793 Geometer, surveyor and engineer. Killed at the siege of Mayence (Mainz).


Laplace, Pierre-Simon 1749–1827 Mathematician and astronomer, ‘the French Newton’. Predicted the existence of black holes. Later Minister of the Interior and Senator.


Latreille, Pierre-André 1762–1833 Zoologist and expert on arthropods. Imprisoned during the Revolution, but found a rare beetle in his cell, an event that led to his release.


Lavoisier, Antoine 1743–1794 Founder of modern chemistry and modern physiology. Munitions expert, agricultural researcher and tax-collector. Guillotined.


Leblanc, Nicolas 1742–1806 Chemist and physician, inventor of the Leblanc Process to manufacture sodium carbonate (soda) from sodium chloride (salt). Committed suicide after his factory was confiscated.


Magendie, François 1783–1855 Physiologist, pharmacologist and brain scientist. Pioneer of vivisection.


Méchain, Pierre 1744–1804 Astronomer, geographer, surveyor and pioneer of the metric system.


Monge, Gaspard 1746–1818 Physicist, mathematician, chemist and geologist. Promoted a revised calendar. Member of the Revolution’s Executive Council and Minister of Marine Affairs. Later, President of the Senate.


Parmentier, Antoine-Augustin 1737–1813 Pharmacist and pioneer of nutrition. Introduced the potato into France. Later, Head Pharmacist to the Napoleonic armies.


Ramond, Louis 1755–1827 Geologist and botanist of the Pyrenees. Deputy for Paris in the Revolutionary era. Imprisoned during the Terror. Later, member of the Council of State.


Romme, Charles-Gilbert 1750–1795 Physician and mathematician, architect of the new Revolutionary Calendar and member of the National Convention. Stabbed himself just before execution.


Rosne, Jean-François de 1774–1855 Pharmacist. Extracted ‘essence of opium’, the first alkaloid drug. In fact not opium itself, but a relative.


Rozier, François 1734–1793 Priest, botanist and agricultural researcher. Killed by revolutionary forces during the siege of Lyon.


Sage, Balthazar 1740–1824 Chemist, mineralogist and mining engineer. Founder of the School of Mines. Imprisoned during the Terror.


Saron, Bochart de 1730–1794 Astronomer and mathematician, expert on the orbit of comets. Guillotined.


Seguin, Armand-Jean-François 1767–1835 Chemist, physiologist and pharmacist. Extracted opium and tested on animals. Developed new methods of tanning and became immensely rich.


Tracy, Destutt de 1754–1836 Physiologist of the senses and philosopher of mind. Imprisoned during the Terror. Later, a Senator.




PRELUDE:


A FLASH OF INSPIRATION




Nay is it not rather the very murkiness, and atmospheric suffocation, that brings the lightning and the light?


THOMAS CARLYLE, The French Revolution





[image: image]


A striking result in the suburbs of Paris


In the spring of 1752, Louis the Well-Beloved of France, as he was known to at least some of his subjects, was much amused by a book entitled Experiments and Observations on Electricity made at Philadelphia in America. Louis was so taken by the tricks described that he ordered his own researchers to test one of the work’s as yet untried ideas. A man was to be placed in a sentry box. From its roof would protrude a long metal rod that rose into the air and descended into the box itself. As storm clouds passed overhead, the unfortunate experimenter would be instructed to hold an iron baton and to move it closer to the rod. Sparks might then pass between the two as the charge grounded itself through his body (had the box been hit by lightning, he would – like the Swedish physicist who built a similar device in St Petersburg a year or so later – have fried).


The king’s investigators were concerned that this scheme might not work, and decided to try it out in private before they dared perform in the presence of royalty. A retired dragoon was hired to act as the subject, and on a stormy May afternoon in Marly, a village a few miles west of Paris, the fateful test was made. It was a success: as predicted, the elderly soldier generated a shower of sparks when he approached the forty-foot rod. In his terror he ran to fetch the local curé, who at once offered himself up as a second subject. The cleric, too, was much struck by the experience. The technique was then demonstrated before the royal personage, and news of its success spread across France. Soon it was communicated to the Royal Society in London, which did not take a great deal of notice.


The experiment and the experimenters each cast a long shadow through history. The Philadelphia book was by Benjamin Franklin, a signatory of the United States Declaration of Independence, an active supporter of the radicals of both France and his own nation, and an inventor of global repute. The well-beloved monarch was Louis XV, the penultimate monarch before the bloody episode of 1789. He made real efforts to improve his nation’s governance, and was a keen supporter of enquiries into the natural world. In 1774, the crown passed to his grandson, Louis XVI, who nineteen years later met his end on the newly developed guillotine (‘So gentle that one would not know what to say if one had not expected to die and one would think that one had felt but a light breeze upon the neck’; a sensation soon experienced by large numbers of his erstwhile subjects). The two masters of the sentry box were the Comte de Buffon and Thomas-François Dalibard. The former was the most eminent naturalist of the day and a devotee of the then widespread belief that life and human affairs were suffused by a mystical force that led to change; the latter his student, who had translated the Franklin book, written (in Latin) a text on the plants of Paris, and who himself made advances in the study of electricity and magnetism. The name of the dragoon is, alas, not recorded.


All these individuals, and many more among the great and good of late-eighteenth-century France – several of whom came to a sticky end on the apparatus that put paid to Louis XVI – were actors in a drama in which major figures in physics, chemistry and other fields played a large part in domestic affairs, while individuals whose main reputation was made in government did work of real value in science. The experiment collapsed in the face of human imperfection, but in its brief existence the revolution of the researchers was, as Dickens put it in A Tale of Two Cities, an age of wisdom and of foolishness, of belief and of incredulity, and of hope and of despair. As is true of all such convulsions, the affair was filled with contradictions. To William Wordsworth it was a blissful dawn, to Edmund Burke a drunken delirium, directed by what he described as a ‘sect of ambitious and fanatical atheists’. Both were right. For philosophes and politiques alike, the summer of 1789 was, in several ways, both the best and the worst of times.


The nation’s literature and music were then rather in eclipse, for France had no equivalents of the British Romantics such as Wordsworth, Coleridge and de Quincey, or composers of the quality of Beethoven, Mozart and the Bach dynasty. Instead, science, somewhat burdened with philosophy, became the language of intellectual life. As a result, there was an explosion of innovation, with the emergence of the metric system, the first modern maps, new crops, new museums, observatories and academies, novel electoral systems, revised calendars and radical systems of education, together with advanced technologies and industries in which France for a time led the world.


The new regime soon faced attacks from its royalist neighbours, but thanks to its technical prowess was able to beat them off. The first explosive shells, improved gunpowder and high-tensile steel, production lines for weapons, the semaphore telegraph, spy planes in the form of balloons, canned foods for army and navy use and even new ways to tan soldiers’ boots helped France to prevail. More peaceful areas of enquiry, from astronomy to botany, made equivalent advances.


The experts who were behind them were deeply entangled with the nation’s economy, its defences and its government. In time, some became senior military men, mayors of large cities, senators, ministers at the heads of various departments and even heads of state, while others accumulated vast fortunes. Their skills helped to mould the society that emerged after the fall of the Ancien Régime.


Many have become household names to their intellectual descendants. They include Franklin and Buffon, together with Ampère and Coulomb of electrical fame, the biologists Lamarck and Cuvier, the chemists Lavoisier, Fourcroy and Berthollet, the physicists Coriolis, Gay-Lussac and Carnot, and the astronomers and mathematicians Lagrange and Laplace. In their native city they are honoured with a dozen Métro stations and a rash of street names, including those of no fewer than twenty biologists in a small area around the city’s botanical garden, the Jardin des Plantes (the Rue Darwin, in contrast, is a narrow alley in a distant suburb). Their discoveries, rather than their involvement in affairs of state, are what have lasted in the public mind, but almost all of them also played an important part in the events of the years that led to, and followed on from, the downfall of the monarchy.


That period could also boast of several figures remembered for their prominence in politics whose involvement in research has slipped from the pages of history. The economist Jacques Turgot, finance minister to Louis XV and intellectual ancestor of the free-marketer Adam Smith, saved France from fiscal collapse. He was among the earliest to use mathematics to study economic problems; and for him ‘the truths of political and moral science are capable of the same certainty as those that form the system of physical science’. Turgot saw the difference between evaporation and vaporisation (a word he invented) for the former involves only the surface while the latter pervades the whole liquid. Long before the emergence of the kinetic theory he speculated that heat is related to the rapid movement of tiny particles and that this explains why objects expand when they are warmed up. Turgot wrote on the nature of crystals, on weights and measures, and on the causes of the aurora borealis, and also came up with schemes as various as water purification plants for use at sea, icebreakers on rivers, new techniques for steel manufacture, and the quarantine of infected farm animals.


Under his influence, the venerable Collège de France was given a spring clean. Professors of church law were replaced by others charged to investigate the laws of nature. Its chair of Syrian was transmuted into a position in experimental physics, and that in Greek and Latin into an equivalent post in mathematical aspects of the same subject. Soon, almost half the College’s nineteen permanent posts were devoted to such topics. Many of those who taught, or were taught, there had illustrious careers and – as the great economist had no doubt hoped – made discoveries that helped to transform the nation’s industries.


Turgot was not the only governmental figure with a talent for research. Even in historical terms he is less celebrated than is another prominent player who, before he took up despotism, spent a large portion of his life in the laboratory. The fame of Jean-Paul Marat, who stood at the other end of the ideological spectrum, now turns not on his investigations into light, heat, electricity and sexual disease, but on his central and sanguinary role in the revolt and his own violent death.


Marat had been a radical since his youth. He spent several years in exile in England, some of them in Newcastle upon Tyne, where he sold patent medicines based on the waters of Harrogate. He also found time to agitate against the rulers of his adopted land. The subtitle of his polemic Chains of Slavery gives a hint of his views. It was ‘A work in which the clandestine and villainous attempts of Princes to ruin Liberty are pointed out, and the dreadful scenes of Despotism disclosed’. Another pamphlet warned his fellow citizens of the danger of ‘enemies of the people’, and promoted the cure: ‘five or six hundred heads cut off would assure your repose, freedom, and happiness’, a figure later revised to two hundred thousand. Once back in Paris, Marat put his theories into action and became a notorious enthusiast for the guillotine, before he himself was murdered in revenge; as Carlyle summarises his career, ‘All dogs have their day; even rabid dogs.’


Marat’s scientific work has left rather less of a mark. In 1775 he was awarded a medical degree by the University of St Andrews for his studies of venereal infections. The honour involved no more than the submission of a request signed by two medical men and payment of the appropriate fee but did recognise his abilities as a physician (Dr Johnson, when told of this practice, claimed that the university’s habits meant that it grew ‘richer by degrees’). Later, Marat published his Essay on Gleets, which recommended the insertion into a patient’s urethra of wax tapers soaked in emollient chemicals such as marshmallow extract, turpentine, and olive oil rather than the solid probes coated with lead salts used by others, which did more harm than good (his interest in sexual disease came from ‘the deplorable situation of a bosom friend’). In addition, he attacked the use of mercury to cure eye disorders because of the damage it did. Instead he recommended electric shocks to the temples together with inhalation of the essence of marshmallow, followed by copious bleeding, which at least did no harm. He was the first to notice that syphilis caused night-blindness, and to describe the black spots seen by some people after intense exercise which are, we now know, due to blockages of blood-vessels that can lead to blindness.


Soon after his return to his native city, he recorded, with some pride, that his house was often besieged by the carriages of hopeful patients. In a few years he made enough money to retire from practice and to turn full-time to research. Six years before the famous electrical experiments of Galvani on frogs, he described how the creature’s leg muscles contracted when a ‘strong discharge’ was applied. In addition, Marat translated Newton’s book on optics and earned the disapproval of the establishment for his criticisms of the great man and for his claim that the spectrum appeared not from refraction as the white light beam passed between glass and air, but from diffraction as it passed through a narrow slit before encountering the prism itself. There were, he said, just three ‘primitive colours’, yellow, red, and blue, rather than the seven described by Newton. He did thousands of experiments, some based on his own invention, the ‘solar microscope’. They involved topics as different as the colours of soap bubbles, electricity, and the nature of combustion as revealed by magnified candle flames illuminated by the Sun. Fire was, he claimed, due to an ‘igneous fluid’, a companion to his ‘electrical fluid’, which, he thought, made plants grow. Marat also speculated on the colour of shadows when viewed on different backgrounds and even made the earliest example of a diffraction grating, which used a fine grid to break white light into its constituent hues. In addition, he was the first to note that a needle on a pivot could be deflected by an electric current through a nearby wire, and so anticipated (without realising it) the discovery thirty years later of the link between electricity and magnetism. Like his monarch, he became interested in electrical storms, and claimed to have worked out the speed of light from the time it took for a flash to travel from one cloud to another (his figure is a tenth of the modern estimate, and he could never have measured the tiny interval involved). As a hobby, he collected butterflies.


Marat’s results were published in a series of well-received volumes, and on their translation into German were praised by Goethe himself. Even so, to his considerable bitterness he failed to gain entry to the intellectual elite, in part because of his heretical views, but also as a result of his fiery personality, once manifested in a fist fight with the pioneer of the hydrogen balloon, Jacques Charles, who had accused him of fakery.


His great desire was to become a member of the Royal Academy of Sciences. This had a dozen honorary adherents, most of whom were aristocrats who almost never attended its sessions, but it also boasted fifty or so fellows, many of them ‘pensioners’, who drew a salary (unlike their equivalents in the Royal Society in London, who paid – and still pay quite handsomely – for the privilege).


As the constitutional temperature rose, so did Marat’s contempt for the Academy as a representative of the monarchy he so hated. He abused its members as ‘A collection of vain men, very proud to meet twice a week to chatter – approvals for 3956 new processes … ranging from the concoction of rouge, of hair ointments, of body plasters, of treatments for bedbugs … to the most advantageous forms for toupées, for wigs and for enema nozzles.’ He was sure that in time the corrupt establishment would be overthrown and that his own ideas would triumph. Science was to be guided by public opinion and mathematics should be suppressed because ‘a servile devotion to symbols and formulae’ made large parts of the enterprise inaccessible to the people. As the disturbances grew further, he wrote that ‘At last I began to breathe in the hope that I would see humanity avenged and myself installed in the place which I deserved.’ When the chance at last arose, he became leader of a faction that drove many academicians to exile, imprisonment or death and destroyed the Academy itself.


Marat’s demise, stabbed in his bath by Charlotte Corday in reprisal for the bloodshed he had fomented, was made heroic by the painter Jacques-Louis David, who transformed the banal murder of a tyrant into a romanticised portrait, now in the Louvre. The image does not show the repulsive symptoms of skin disease picked up while the erstwhile physicist was hiding from the police in the Paris sewers (but to Carlyle the result of a ‘malady this History had rather not name’), which forced him to spend hours each day in a bath of emollient liquid.


Even royalty was swept up in the mania for discovery. Louis XV, of electrical sentry box fame, had a wide and genuine interest in the world around him, and his ill-fated grandson Louis XVI inherited his talents. The last king is often painted as an effete fool, but at school young Louis excelled in both physics and mathematics. When the future monarch was fourteen, a mathematical work entitled Eléments d’Algèbre was dedicated to him by the author, his tutor. As he wrote: ‘the pleasure you found in the solution of the majority of the problems it contains and the ease with which you grasped the key to their solution are new proofs of your intelligence and the excellence of your judgment’, which, even given the hyperbole inevitable in an address to royalty, suggests that the young prince was no dimwit. Once enthroned, Louis XVI set up a laboratory decorated with locks that he designed and built himself and filled with geometrical instruments and telescopes, tools of his lifelong fascination with geography and astronomy.


One of the central figures in the crises of those years was not French, although he spent many years in Paris. Benjamin Franklin, who had finished his own formal education at the age of ten, became much involved in the Royal Academy. He was on the committee that interviewed Marat to investigate his suitability for membership, and offered himself in return as a subject in an experiment that showed that his ‘igneous fluid’ was emitted by his own bald pate. The application was denied.


In his day, Franklin was the best-known inventor in the world. He wrote the book that led to the Marly experiment and is now most famous for his observation, carried out in Philadelphia a few months later, that a kite flown during a thunderstorm would generate sparks when an earthed key was held close to its line. He did much more in the world of technology, and dabbled in philosophy too, with his poignant aphorism that ‘Beer is living proof that God loves us and wants us to be happy.’


Franklin was born in Boston in 1706, but lived for fifteen years in England, in a grand house off the Strand, which he had to flee in 1775. He died less than a year after the fall of the Bastille. The official eulogy delivered to the Academy of Sciences began: ‘A man is dead, and two worlds are in mourning.’ Those worlds might have been America and France, or science and politics, given Benjamin Franklin’s close involvement in each. Swimming flippers, a new kind of stove, bifocal lenses, a map of the Gulf Stream and the demonstration, on a pond in Clapham, that oil can still troubled waters were all benefits to mankind, as was the urinary catheter and the glass armonica, a series of milled bowls of different size and thickness that spin on an axle and with a touch on the rim with a moist finger give a sweet tone. His interests extended to the improvement of navigation, to the possibility of refrigeration with evaporating liquids, and to the demography of the new United States, where he anticipated the ideas of Thomas Malthus by thirty years. In addition, he helped to draft the Declaration of Independence, was a founder of the American Philosophical Society and the University of Pennsylvania, and became the first representative of the United States of America to France.


Benjamin Franklin worked at a period when science had entered the public arena, and when there seemed to be almost no limit to what it could do. In Paris, electricity and its sister magnetism were the talk of the salons and the public fell over itself to accept the powers of the new ‘electrical fluid’. In 1774 the German physician Franz Mesmer put forth his theory of ‘animal magnetism’, the notion that, in a parallel to certain internal tides of the body caused by the moon, diseases could be cured with artificial tides generated by iron filings swallowed and attracted with a magnet. That uncomfortable process was soon replaced by the ‘animal magnetism’ possessed by a few dominant personalities, Mesmer included, and transmitted by the laying-on of hands. A commission of enquiry into his assertions was appointed, with Franklin as a member. He was accompanied by several other figures who would soon play a large part in the ideological tempest that rocked the nation. They included the chemist Antoine Lavoisier, the physician Joseph-Ignace Guillotin, and the astronomer Jean-Sylvan Bailly. Each underwent the magnetic treatment to no effect, and a blindfolded boy was unable to identify a ‘magnetised’ tree. The theory was nonsense and its proponent faded from view.


Franklin had long been interested in the real sparks that enliven the atmosphere. His observations led in time to the adoption of a device able to defuse the electrical, if not the ideological, storms of his day and which became an important player in a conflict between physics and politics that came to a blood-soaked end. His most famous achievement was not to debunk the non-existent powers of electricity but to protect humankind against its real threats. He came up with the idea of the lightning conductor: ‘Would not these pointed Rods probably draw the Electrical Fire silently out of a Cloud before it came nigh enough to strike, and thereby secure us from that most sudden and terrible Mischief!’


As the experiment performed to entertain the King of France was the first to show, he was right; and his insight has much improved public safety. It is in addition a microcosm of the intellectual ferment of his times.


In homage to Franklin’s eminence, in 1776, just after the Declaration of Independence, Turgot himself composed – with the literary flair of those capacious years – an epigram that hailed his works: ‘Eripuit caelo fulmen, sceptrumque tyrannis’; ‘He snatched lightning from the heavens, and the sceptre from tyrants’ (Louis XVI in contrast became annoyed by the foreigner’s popularity, and commissioned a chamber pot in which his image was placed in the bottom of the bowl).


So universal are his rods today that most of us have forgotten the horrors of electrical storms, but before they were invented sparks from the heavens were a real menace. Lightning tended to target the highest point in a town or village, which in many places was the church spire. The theological implications were a serious concern, for as Thomas Aquinas had put it: ‘It is a dogma of faith that demons can produce winds, storms, and rain of fire from heaven’, and to see God direct his anger not at the sinners but at those who hoped to save them much discommoded the clergy. To scare off the unwelcome visitors, church bells were rung at the height of a tempest, while more rational pastors were sure that the bells interfered with the flash itself, and inscribed them with the words Fulgura frango: I break up thunderbolts. Such beliefs often led to disaster. Again and again, the devout came under attack, with the death of thousands. In the Italian city of Brescia the authorities had stored gunpowder in the vaults of the Church of San Nazaro. When the servant of Satan cast his fatal bolt, much of the town was destroyed and three thousand people were killed. Not until 1786 did the Parliament of Paris set forth an edict ‘to make the custom of ringing church bells during storms illegal on account of the many deaths it caused to those who pull the ropes’.


Some places were for mysterious reasons spared the wrath of the heavens. In Geneva, the cathedral seemed safe, but the nearby (and lower) bell tower of the Church of St Gervais was hit again and again, in a contrast that led to much ecclesiastical controversy. In truth, the reason was simple: the cathedral’s metal roof was connected to the ground by iron drainpipes, while its rival was not so favoured. Such accidental good fortune explains the many claims that safety devices had been invented long before Franklin by, among others, the builders of Solomon’s Temple.


We know rather more about the uneasy atmosphere above us than did the American savant and, had he realised the risks, he might never have carried out his kite experiment. A lightning flash is an electrical spark that stretches a kilometre or more from one end to the other. Its motive power is generated as the atmosphere churns on a stormy day. Hail and raindrops accumulate charge in much the same way that someone who walks on a nylon carpet may pick up enough static – up to ten thousand volts’ worth – to get a nasty shock when he touches a metal doorknob. In a thunderstorm, hot moist air shoots upwards to generate great clouds, the summits of which may be ten kilometres high. As the air rises, it cools and takes with it billions of tiny ice crystals. Its waters also freeze into larger lumps of hail, heavy enough to fall or to stay at a constant altitude. The two elements rub against each other and generate electrical energy, which in most clouds leads to a huge positive charge at the summit. Lower down there builds up an equivalent negative charge. Lightning makes a flash within the cloud when the imbalance becomes too great. A bolt strikes the ground when the energy stored in the cloud’s base is sufficient, and close enough to the surface, to send down a tentative spark known as a ‘leader’. That attracts further jolts, to give the forked and branched appearance beloved of artists. Other injections of charge into the atmosphere, such as the mushroom clouds of the atomic bomb and the plumes of a volcano, can also generate a series of flashes.


Sometimes a discharge travels from ground to air, from tall buildings or mountaintops as they build up their own electrical potential. They may emit an ominous hum before the spark itself. Now and again, a leader has a positive, rather than a negative, charge. That generates a ‘sprite’, a brief outburst of light ten kilometres across that lasts no more than a thousandth of a second and has more in common with a fluorescent light than with a true thunderbolt. As a reminder of the enormous gaps that remain in our knowledge, nobody yet understands quite how charge is transferred between the cloud’s small ice crystals and its hail.


Storm clouds appear more often in places with lots of dust, around which water droplets can form, so that in tropical oceans thunder is rarely heard. Over Europe, in contrast, such particles are abundant, and with air pollution have become more so. The Industrial Revolution was in its infancy in the late eighteenth century, and today’s smokestacks and diesel fumes pump out billions of particles. Thunderstorms in addition have become more frequent over modern cities because of the heat they generate and the atmospheric disturbance caused by tall office blocks. France now suffers more flashes than Franklin ever saw and will see even more with the increases in humidity and temperature that come with climate change.


We live on a planet tormented by electricity, with fifty strikes a second – five million a day – across the globe. No more than one ground hit in a hundred thousand kills someone; a proportion much smaller than before the invention of Franklin’s device but still the cause of death for thousands each year (and men are at several times more risk than are women, not because they attract the attentions of Beelzebub, but because they are more often at work, or at pleasure, outdoors).
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