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            To my parents
            


         


      



    

  
    
      


         


            Author’s Note
            


         


         The Piccards have explored the entire planet. As a result, they calculated and published using a variety of imperial and metric measurements, as did the people who reported on and corresponded with them. This book aims to present a consistent hodgepodge that will be familiar to UK readers. Altitudes, of people, balloons and planes, are recorded in feet, with the metric equivalent somewhere nearby. Depths follow the same rule. Longer distances are in miles, with metric equivalents supplied; shorter distances are metric with no imperial equivalent. Volumes and weights are all metric.
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            Foreword
            


         


         This book is the story of three extraordinary men, representing three generations of a family whose name will resound through history as synonymous with exploration. The first, the scientist Auguste Piccard, followed his questing intellect into the stratosphere to touch the edge of space, while the second, his son Jacques Piccard, went the other direction, ever deeper into the ocean until his quest took him, ultimately, as deep as any human can go on this planet. Both paved the way for decades of oceanographic and atmospheric researchers that followed, and inspired subsequent generations of explorers, myself included.
         


         The third man, Jacques’s son Bertrand Piccard, chose a middle path, exploring the atmosphere horizontally with a series of envelope-pushing balloon and experimental-aircraft flights, while simultaneously questing inward – examining the soul and spirituality of exploration.


         All three men have quintessentially expressed the Explorer Gene, travelling first a journey of the mind in which their imaginations conceived something barely possible and then, with exceptional will, made it happen in the real world – pitting their strength, their resolve, and indeed their very mortal existence, against the great unknown, and prevailing.
         


         I have known only one of these men personally, and am grateful to be counted among Bertrand’s friends and fellow explorers. He asked me to write this foreword, and I was honored to do so, having personally followed quite consciously in the footsteps of his father and grandfather. When I dove in my own submersive to the bottom of the Challenger Deep, the deepest point on earth at the bottom of the Mariana Trench in the Pacific Ocean, in March 2012, one of my goals was to celebrate the pioneers who had made that historic dive 52 years earlier, and to draw attention to the fact that no one had done such a thing since then, despite all the subsequent advances in ocean technology. In a time when the world seems fully explored, and we can call up a satellite image of any spot on the Earth’s surface using Google Maps, it is vital for people to realize that a vast unknown territory – the size of North America – remains totally unexplored in the extreme depths of the world’s ocean trenches.
         


         The dive made by Jacques Piccard and Don Walsh in the bathyscaphe Trieste on January 23, 1960 was very much on my mind as I made my own attempt to revisit the deepest realm on Earth. I had become friends with Don Walsh over the years while pursuing my own dreams of exploration and through him, I got to know what Jacques was like. I could picture Jacques: serious, thoughtful, focused and driven, in his own quiet and methodical way, to challenge the impossible. As I was being bolted into my own vehicle just prior to launch, knowing that once the hatch was sealed my fate was in a sense already determined by our engineering, I pictured Jacques closing and sealing a similar massive steel hatch half a century earlier. He would have been quietly confident that the calculations and construction methods were correct, but perhaps still wondering in the back of his mind if some tiny but crucial factor had been overlooked.
         


         Jacques was the pilot but his scientist father, Auguste, was the designer of the Trieste, and it was the veracity of his calculations that would keep his son alive. The challenge of this sort of exploration is quite different than that of, say, an Arctic explorer of previous generations driving a team of sled dogs across the icy wastes. It is less a physical challenge of pitting one’s body against the elements, but instead a mental challenge of pitting one’s intellect against the physics of the natural world – in this case the ocean’s extreme pressure at depth, and the limitations of materials such as steel and acrylic that must withstand those pressures to keep the explorer safe within his craft.
         


         Auguste Piccard was inspired by Jules Verne to imagine the extraordinary machines that might one day explore the deepest reaches of the oceans, at a time when what lay down there in that vast blackness was an absolute terra incognita, literally unseen by human eyes. He visualized a revolutionary machine that would function like a balloon, a balloon of steel filled with lighter-than-water gasoline, whose buoyancy would bring it back from the depths. Before he could build such a machine, he tested his principles with aerial balloons, going higher and farther than any human had ever gone.
         


         Not content to simply design these balloons, his questing intellect compelled him to get inside them and go into the stratosphere, to see for himself what was there. An important aspect of the ‘expression’ of the Explorer Gene is this requirement to see for oneself – to bear witness, personally, to the unknown, to see that which has never been seen before by human eyes. And to project not only one’s consciousness on a journey of imagination, but to project one’s physical body, with full knowledge of the attendant risks, to some extreme vantage point from which no human being has ever looked out upon unknown vistas.
         


         Auguste was interested in cosmic rays, not in altitude records or publicity. His humility was such that he would have been appalled if his work was seen as driven by a need for notoriety. The quest of the explorer is simply To Go, as a thing in itself, to challenge oneself and satisfy one’s own curiosity, not as a means to such a paltry end as fame or fortune. Yes, the explorer is aware that to succeed is to set an example for others who may follow and further expand the sphere of human knowledge. That is an important part of the goal. So one must succeed, not die trying, and that is a huge part of the challenge: to do that which is inherently risky with the greatest level of safety possible. This is where the intellect and will are pitted against the unknown. Those with the Explorer Gene must be wise in their preparation, or their gravestones will only be signposts to other explorers of the path not to be taken.
         


         But any explorer also knows, quite keenly, that in going far beyond where others have already dared, they are entering a realm in which it is impossible to mitigate against all risk. The risk of death walks with every true explorer, and they stare that risk in the eye, knowing that the goal of expanding our reach and knowledge is worth it.


         While exploring the stratosphere in balloons filled with helium, Auguste still dreamed of his steel balloon exploring the depths. He would build it, years later, but it would be his son Jacques who would pilot it into the abyss, going far deeper than any human had gone before and ultimately, to the very deepest place on Earth. The son trusted the father’s design and calculations, and the father trusted the son to fulfill his dream by diving the machine to the ultimate unknown. This was certainly the most extraordinary father-son relationship in the history of exploration.
         


         Auguste’s design was visionary. In fact half a century later, when we were designing the Deepsea Challenger, we could not find better solutions to certain problems like the acrylic viewport or the steel-shot ballast system than those pioneered by Auguste. Despite all the advances in technology and materials-science since then, parts of our vehicle almost exactly followed his designs. It is not an exaggeration to say that many of his engineering principles paved the way for all of the research submersibles to follow, opening up the Golden Age of deep ocean exploration of the ’60s, ’70s and ’80s.


         When I gazed out on the lunar plain of that seafloor, almost seven miles down, I was connected in spirit with Jacques, who had looked out on a similar landscape half a century earlier. My dive was made 34 miles to the east of where Jacques and Don touched down. Their dive was in the west basin of the Challenger Deep, while mine was in the east basin, and it turned out that both depressions were equally deep, at least within the margin for error of their instruments and mine. As we gazed out on the two deepest spots on Earth, we each saw something out our thick acrylic viewports that no human has seen before or since. I believe I experienced what he must have felt, a sense of awe at the mystery of the world, at the vast darkness that lies beyond the limits of our feeble lights, and the sheer scale of all that remains to be explored and understood. It was exhilarating and deeply humbling.
         


         Bertrand, as the Piccard next in line, had big shoes to fill. Despite being gifted with his own full sequence of explorer genes, he initially sought a different path – inward, into the human mind and spirit – studying both psychiatry and eastern mysticism. Where his father and grandfather were logical and analytical, bringing Swiss precision and empirical science to bear on the world they saw, Bertrand followed instinct and spirituality on his quest. His eastern approach notwithstanding, he eventually found himself following the family tradition: setting balloon records (using Cameron-built balloons, ironically further entwining our family names) in daring crossings of the Atlantic and a circumnavigation of the globe.
         


         I met Bertrand at a cocktail party at the Jules Verne film festival years ago, which is fitting given that the works of the Father of Science Fiction had inspired Bertrand’s grandfather and set the whole Piccard saga in motion. He told me then of his dream to build a solar-powered airplane, and to fly it solo around the world, as a symbol of the vital role of renewable energy in the future of human civilization. We promptly ignored all those around us who were clamoring to talk to us, and began geeking out discussing engineering principles of photovoltaics and high energy-density battery systems. We bonded not only over our common spirit of adventure and exploration, but our love of the technical challenges that go with that, in our present age.
         


         Only last week, as this is written, Bertrand finished his cross-country flight of the Solar Impulse airplane here in America, an important leg of his round-the-world journey. He is fulfilling the dream he expressed to me years ago, and fulfilling the promise of not only his family’s legacy, but the Explorer Gene he carries in his DNA.
         


         Bertrand is also following his father’s principle that it is not enough to explore and bring back the scientific data, one must also communicate and inspire, so that exploration continues to expand through public support. Just as Jacques spent his later years designing subs like the August Piccard which could take large numbers of the public into the depths, Bertrand used social networking and digital connectivity to bring the public along with him on his historic flights, to help inspire the next generation of explorers and engineers.


         Most importantly, Bertrand is not only carrying forward the family tradition of innovation and exploration, but he has incorporated the equally important message of sustainability and the stewardship of our planet. His ongoing adventure will highlight the importance of solar technology in the destiny of the human race, as the fossil fuel age enters its twilight, and a perilous future lies before us if we don’t evolve and adapt. His gleaming plane symbolizes not only humanity’s bright hope for the future, but our innate ability to turn curiosity and imagination into clever technical solutions to difficult problems. This is what makes us curious monkeys magnificent as human beings, and Bertrand Piccard is continuing the family tradition of representing that which is great within us all.
         


         




         James Cameron, July 2013
         


      


    

  
    
      


         
         


         


            Introduction
            


         


         More than a hundred years after the birth of Auguste Piccard, the first of three generations of explorers, researchers working separately in Israel and the US published near-identical findings. Both teams had been looking at the 11th chromosome of the human genome, on which lies a gene called D4DR. This acts as a receptor of dopamine – the chemical that mediates sensations of pleasure. The middle of the D4DR gene contains a variable repeating sequence that is 48 base pairs in length, repeated like a stutter anything from two to 11 times, but most often between four and seven times. In January 1996, the two separate studies were published, both stating that “novelty-seeking”, a defined personality trait, was more common in people with a seven-fold repeat. The scientists hypothesised that a longer D4DR sequence could make some individuals sensitive to changes in dopamine: high levels of dopamine would lead to a more intense feeling of pleasure.
         


         The desire to explore, one of the definitive characteristics of humanity in general, has always been felt more keenly by certain individuals, whether it was called wanderlust, or the “arctic fever” of polar explorers of the early 20th century, or the impulse, as Tennyson wrote in his 1833 poem on Ulysses, the original explorer in the Western tradition, “to seek, to strive, to find and not to yield”. Now scientists had found another name, written right into our genetic code: D4DR, the explorer gene.


         The first study to question the link between D4DR and novelty-seeking was published 10 months later; a paper published in Biological Psychiatry, which analysed all 36 previous studies, said “the strength of evidence for this association remains uncertain.” In any case, individual personality traits are too complex to be determined by one gene alone.
         


         D4DR may be as much a metaphor of the genetic age as arctic fever was in an era of widespread infectious disease, or wanderlust in an age when romanticism held sway (neuroscience being the flavour of the decade, a 2012 paper published in Neuron found that “explorers”, those whose decision-making styles embrace uncertainty, used a specific part of the brain to solve puzzles – their right rostrolateral prefrontal cortex).
         


         As a scientist who counted Marie Curie, Niels Bohr and Albert Einstein among his friends, Auguste Piccard would no doubt have put the explorer gene to the test in the lab. This book does not attempt to do the same, but rather to describe how successive generations of the Piccard family, through their natures and their nurtures, and their relationships with one another, came to be such pioneers. Neil Armstrong, himself no slouch as an explorer, wrote: “Son of Jacques and grand-son of Auguste, Bertrand inherited their explorer genes… There exist few families in the world of exploration who have had a vision more vast, ambitious and creative.”


         We do not know whether the Piccards carry the D4DR gene; as well as being characterised as explorers, novelty-seekers are fickle, excitable and quick-tempered, none of which applies to this Swiss family of adventurers. Instead, it seems the explorer gene may in fact be a meme – a unit of cultural transmission that, like a gene, replicates and propa-gates itself. The strongest, fittest memes are handed down. The explorer meme means that we can all learn something of the Piccards’ spirit and passion for discovery ourselves.
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            Prisoners of the Stratosphere
            


         


         Auguste Piccard was ten miles high, the first human to enter the stratosphere, in a balloon he had designed and built himself. Writing calculations in his notebook, he was working out whether he would return to earth alive.
         


         Some hours earlier, and a few minutes after take-off from Augsburg at 3.53 on the morning of May 27, 1931, Piccard had heard a whistling sound. An electrical insulator had broken off and the pressurised cabin – the very first of its kind – was leaking air. His assistant Paul Kipfer, with an eye on the pressure gauges, had reported to Piccard: “We are at two and a half miles and there is still an equal pressure inside and outside the cabin.” Piccard, dismayed to find the airtight aluminium cabin he had designed was nearly as leaky as a traditional wicker basket, set about patching the hole with a mixture of tow and Vaseline, along with sticking tape, so as to avoid suffocation. Little by little, the whistling grew feebler, until the pair had never been so glad of silence. Piccard had brought a reserve of liquid oxygen. He poured it onto the floor and it evaporated into breathable gas. The problem was solved, for now.
         


         Piccard could observe the stratosphere for the first time in human history: “The beauty of the sky is the most poignant we have seen,” he wrote in the logbook, in a neat and tightly packed hand. “It is sombre, dark blue or violet, almost black.” But he didn’t have long to reflect; Kipfer and Piccard soon made “a very unpleasant discovery”. The valve to release hydrogen from the balloon was broken; the rope which controlled it had tangled with a supplementary rope tied on at the moment of departure. If the gas could not escape, the balloon could not descend; it would do so only when the sun grew weaker and the gas within the envelope cooled. Piccard decided to pack up his scientific instruments in case the balloon, as it drew itself out under the sun’s rays, pulled open the valve of its own accord and crashed. The two scientists tried again to open the valve, turning the winch using a crank inside the cabin. The cable broke clean off, definitely ending any hope of bringing down the balloon under control. At 9.56 am, six hours after take-off, Piccard noted in his logbook: “We are prisoners of the air.”
         


         “I do not know of any case of a balloon not coming down,” Piccard reassured Kipfer, “The only question is where, and when.” The oxygen reserves would allow the two to remain in the cabin until sunset. But that depended on an airtight cabin. Now, Piccard and Kipfer both felt their ears pop, several times, then heard the whistling once more. The Vaseline had run out through the tow and air was again escaping. The balloon was also starting to drift toward the Adriatic Sea. Piccard and Kipfer could do nothing: they could not turn the cabin, nor could they control the balloon. They would drift aimlessly until they landed.


         The sun passed its zenith and the balloon began a slow descent. Piccard, as he invariably did when faced with a problem, started working through the sums in his notebook. The descent was too slow: at this rate, it would take 15 days. By 3 pm, the descent had accelerated, but would still take more than 24 hours. Piccard found himself thinking of Salomon Andrée, a Swedish engineer and civil servant who in 1897 had set out to fly across the North Pole in a hydrogen balloon. He wasn’t found until 30 years later, when a Norwegian fishing expedition discovered his remains on a lonely, ice-bound island, along with his observations and photographs; the body had been carried back to Stockholm in a grand procession on October 5, 1930. Piccard, a scientist to the last, wished he could at least make his own observations, but needed to save oxygen: he and Kipfer decided not to make any unnecessary movement. They sat motionless in the cramped, spherical cabin, looking at each other in silence.
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               The F.N.R.S takes off from Augsburg
               


               

            


         


         Ten miles below, the activity on the ground was as frenetic as the stratosphere was still. Piccard had been supposed to land at noon. The last sighting of the balloon, a tiny, flashing point of silver, had been at around eight o’clock in the evening; its altitude was estimated at 10,000 feet (3,048 metres). Thousands of spectators had watched the balloon wander aimlessly over the Bavarian–Tyrolean border areas. Two airplanes had taken off from Munich during the afternoon in an attempt to make contact, but were unable to reach the altitude of the balloon and returned. Reports were confused: the balloon was spotted simultaneously north of Innsbruck and south of Garmisch-Partenkirchen, which are 25 miles apart. Nor could anybody tell whether Piccard had even succeeded in penetrating the stratosphere.
         


         Little was known about pressurised cabins and the worst was feared; the New York Times reported that “the smallest leak in the cabin would produce immediate unconsciousness and subsequent death.” On May 28, Piccard’s fate was front-page news, headlined:
         


         


            PICCARD BALLOON DRIFTS HELPLESSLY

ABOVE ALPS; SCIENTISTS FEARED DEAD.
            


         


         “Wrapped in silence and mystery, shrouded in the folds of night,” Guido Enderis, a reporter, cabled the New York Times, “Professor Auguste Piccard’s stratosphere balloon is tonight drifting aimlessly over the glaciers of the Tyrolean Alps, apparently out of control and occupied only by the dead.”
         


         The European press was no less pessimistic, and even more macabre. Le Journal, in a late bulletin, wrote: “The news coming from Berlin this evening a little bit after 2100 leaves no hope of finding the two brave explorers alive, who, risking their lives, have continued to explore the sky. At the present, one should note that M. Piccard and his companion are not accomplished aeronauts, capable of triumphing over the treachery that can assail a sphere at the mercy of the elements, in unknown parts, and that neither of the men would have been even able, if at all, to regulate the speed of the balloon by an appropriate jettisoning of ballast… if the aeronauts are obliged to land in pitch black, the balloon heavy with nocturnal humidity and the natural loss of gas, their fate is already sealed. There will be without doubt two mutilated corpses, crushed, unrecognisable, once the debris of the aircraft is removed.”
         


         All the spectators could do was wait. Among those craning their necks up and reading the reports was Piccard’s family: his wife Marianne, his four daughters and his nine-year-old son, Jacques.
         


      


    

  
    
      


         

         


            The Extra Decimal Point
            


         


         The twins Jean Felix and Auguste Antoine Piccard were born in Basel, next to the Rhine on the borders of Switzerland, Germany and France, on January 28, 1884. Their first act on earth was, reportedly, to save the life of their father Jules, who was lying in his sickbed, victim of an unknown disease. The arrival of twins gave him strength to live again, which does not say much for the two children, Paul and Marie, born before the twins. Jules, considered as good as dead by the doctors, would live nearly another half-century, dying at the age of 93 in 1933.
         


         The twins were born into an old, but modest family; the first recorded trace of a Piccard is in June 1390, a marriage contract between Alexia Peccar de Sechatel and Jean, the son of Perrius de Fortuna, in what is now Jourdillon, in Switzerland. Alexia was the daughter of Memet Peccar (the name suggests a Turkish origin), who owned a house which stood until at least 1882. Many of the early Piccards were ministers, but the family developed a tendency towards novelty, invention and tinkering. Rodolphe Piccard, born in 1807, was a famous miniaturist and painter at the Tsarist court, a creator of schematic drawings for two archaeological digs, on the Bosphorus and Black Sea, and the inventor of an exploding cannon ball. The twins’ uncle, Paul Piccard, was a renowned engineer. In 1887, he invented a salt-making device based on thermocompression, which worked on the same principle as the heat pump; brine was brought to the boil in an evaporator using steam generated from boilers; the steam was compressed, further increasing the temperature, and so heating the brine – all as part of a closed circuit. The Piccard apparatus was first used in the salt mines of Bex; its principles are now applied all over the world. Paul Piccard also built the turbines for the first hydroelectric power station in the world, at Niagara Falls, working alongside Nikola Tesla. The plant started producing electricity in 1895 and continued well into the Second World War, and the turbines still stand. Paul’s company, Piccard-Pictet, produced high-end motorcars called Pic-Pic, to rival Rolls-Royce and Mercedes, and built the first grand-prix cars with brakes on the front wheels; these cars didn’t complete a grand prix, but, maybe thanks to Swiss mountain know-how, won several hill-climbing auto races in the 1910s. During the First World War, the Swiss army bought a large number of Pic-Pics because of their reliability.
         


         Jules Piccard, the father of Jean Felix and Auguste, was a scientist. Born in 1840, he had studied at the Swiss Federal Institute of Technology (Eidgenössische Technische Hochschule Zürich), obtaining a degree in chemical engineering and a doctorate in philosophy; at the age of 28, he was named professor of chemistry at the University of Basel. He was curious about every innovation. He installed the first telephones in Switzerland. Demonstrating the system to his university colleagues, he called his wife Hélène to say that he would be late for lunch. One of the party told the professor: “Yes, my dear Piccard, this experience is amusing, but let me say that this invention, this telephone, has absolutely no future.”
         


         The twins were truly identical: the only way their mother could tell them apart was from the fact that Auguste was left-handed, Jean right. They both soon taught themselves to be ambidextrous and made full use of others’ confusion. One trick was for Jean Felix to go for a haircut; then Auguste, with a full head of hair, would walk through the door ten minutes later, demanding a refund.
         


         Encouraged by their father, they turned their inventiveness to more useful pursuits. The twins grew up in a house where discovery, curiosity and research were encouraged. They were both fascinated by the stories of Jules Verne – Auguste was in particular enthralled by Captain Nemo – and they received an education that encouraged them to come up with the science to match Verne’s grand fictions. Visiting professors and teachers would spend hours in Jules Piccard’s company; he would encourage his children to take part in, or at least to observe, the scientific arguments, and he provided a child’s version of a laboratory for them to play with. Jules Piccard loved the outdoors, especially the mountains, as much as the lab, and from an early age took the twins climbing. The two became experts and would maintain that passion the rest of their lives, combining their love of science and nature in spectacular style, making the outdoors their laboratory.
         


         Gas ballooning, invented in France during the 1780s, was a well-established discipline as the Piccards were growing up; the Swiss Army even maintained a balloon corps as part of its defence force. Powered flight was in fact an old concept too – Sir George Cayley, a British engineer, had described the concept of a fixed-wing flying machine with separate systems for lift, propulsion and control in 1799 – but aviation, rather than ballooning, was now the more exciting field (the Wright brothers made their first flight when the Piccard twins were 18). It was clear to the twins that, no matter what the means, man would soon be moving through the air as freely as he crossed land and sea. Aged ten, they began experimenting with hot-air balloons made of paper. The paper wasn’t very good, tearing and crumpling in on itself easily, and neither were the balloons: the twins had much to learn about pressures and volumes. But their father encouraged further attempts: “The effort is a most vital part of any experiment,” he told them. “Without continued trial and error, you can never hope for success.”
         


         Auguste and Jean were fascinated in particular by the experiments of Léon Teisserenc de Bort, a French meteorologist. Meteorology was a young and inexact science: although the United Kingdom Meteorological Office had been created in 1854, it was only in 1904 that Vilhelm Bjerknes, a Norwegian scientist, argued that it should be possible to forecast weather by making calculations based on natural laws. Experiments into the nature of the atmosphere mostly relied upon flimsy kites, which were quite unreliable. De Bort used sounding balloons filled with hydrogen instead: about a metre in diameter on the ground, these expanded greatly as they rose into lower pressure, until they burst. A small parachute would then bring the scientific apparatus back down to earth; an attached label asked its finder to ship it back to de Bort. In 1902, he sent 238 balloons from Trappes, near Versailles, up into the atmosphere. It quickly became apparent that the temperature of the atmosphere ceased to fall, remaining at minus three degrees Celsius, after a certain height: about eight miles (12.9 km). De Bort suggested the atmosphere was divided into two; he called the lower region the troposphere and the upper, the stratosphere. The discovery was not immediately acclaimed as a great breakthrough, perhaps because of meteorology’s lowly status, but it had a profound effect on the twins.
         


         Auguste and Jean both excelled at Oberrealschule (Swiss secondary education); other pupils accused them of collaborating (“Maybe,” the teacher replied, “but I know very well that neither one nor the other would be able to trust in the calculations of his brother without verifying them himself.”) In 1905, the twins followed their father and matriculated at the Swiss Federal Institute of Technology. Auguste and Jean between them divvied up the disciplines dearest to their family: physics and chemistry. Auguste had already made his first steps into a career of science a year earlier, when he published his first paper, “New essays on the geotropic sensitivity of root-ends”. This proposed that the ends of the roots were sensitive to gravity and accordingly grew downward. Although quite incorrect, the theory was generally admired at the time; Auguste was 20. Jean was also excelling, at a similarly prodigious rate: in 1909, he was named a doctor of science in organic chemistry; he started teaching at the University of Munich and became personal assistant to Adolf von Baeyer, who in 1905 had won the Nobel Prize in Chemistry. In 1916, Jean was offered a prestigious teaching role at the University of Chicago and took it, moving to the US.
         


         Auguste was awarded his degree in mechanical engineering in 1910. Three years later, he was named a doctor of science and he gave his first lecture to the French Academy of Sciences, the institution created by Louis XIV in 1699 (members have included Louis Pasteur, Ivan Pavlov and Francis Crick). Piccard spoke about the co-efficient of the magnetisation of water and of oxygen. Four years later, he wrote his doctoral thesis on the same subject; Albert Einstein was one of his examiners. Between 1915 and 1917, he wrote many remarkable papers. One, a study of extremely low temperatures co-written with Pierre Weis in 1918, explained “the Magnetocaloric Effect” first observed in 1880, and opened the way to research into superconductors. Another, “The hypothesis of the existence of a third simple radioactive body in the uranium group”, predicted the existence of a chemical Piccard called “Actinuran”. When the element was formally discovered, in 1935 by Canadian-American physicist Arthur Jeffrey Dempster, it would be called Uranium 235 and prove useful for the manufacture of nuclear weapons.
         


         These research breakthroughs went hand-in-hand with formal academic recognition. In 1917, Auguste Piccard was named a professor at the Institute of Technology. Three years later, at 36 years old, he was awarded the chair of physics, and two years after that he moved to the Free University of Brussels. Piccard had visited it to install a 20-tonne seismograph, the most precise ever invented. This young university, founded in 1884, was poaching talent to compete with its Catholic rival in Louvain and, together with the International Solvay Institute for Physics, founded by Belgian industrialist Ernest Solvay in 1912, was putting together an all-star team of scientists – and money was no object. At the Solvay Institute, Piccard kept company with the great names of his age. A photograph of the October 1927 meeting shows Auguste standing a head taller than anyone else, on the very left of the back row, close to Max Planck, Marie Curie, Albert Einstein, Niels Bohr and Erwin Schrödinger. Piccard of course knew Einstein well from his research, and had a great deal of personal affection for him. He described the German-born physicist as “the most remarkable man I have ever met. He takes a serious and profound interest in the works of other people, listens attentively for hours, asks questions, and talks with great interest, never speaking of his own work, never even referring to it… Anyone who sees and hears him would never guess from his simple manner that he is a man of world renown. However, his appearance is compelling and reveals his genius. Have you noticed his neck and head? His figure expresses extraordinary individuality.
         


         “Every time I meet Albert Einstein, I feel rich and happy, and I always wish I could be with him more.”


         In 1926, a year before the Solvay Institute photograph, Piccard had gone up in a balloon called Helvetia. He was replicating an experiment first run in 1887 by Albert Michelson and Edward Morley in Ohio, which had found that the speed of light did not vary depending on the direction of its measurement, or the movement of Earth in its orbit. Others took this as the first strong evidence that light did not travel through a medium; the lack of evidence for this “luminiferous aether” prompted Einstein to postulate a constant speed of light in 1905. Michelson and Morley had carried out their experiment at ground level; another American physicist, Miller, carrying out the same experiment in 1904, had found that light travelled at a different speed at 5,900 ft high (1,800 m): by Miller’s calculations, the speed of light did vary and Einstein was thus mistaken. Piccard did his version of the experiment 14,763 feet up (4,000 m), from June 20 to June 21, then performed two terrestrial tests, and confirmed that light travelled at the same speed. The results, published in 1926, were an important confirmation of the Special Theory of Relativity. Einstein sent a warm letter of thanks to Auguste.
         


         The Helvetia experiment was not the first time Auguste Piccard had employed a balloon in the service of science. As a young physicist, he had read all the aeronautical journals he could lay his hands on. “A question was being discussed in them by specialists,” he later wrote, “that of the distribution of gas temperatures in the interior of spherical balloons. Now, I did not agree with the published results.” Auguste went to the Swiss Aero-Club, which helped him make several ascents, in a basket laden with scientific instruments. “I had in the interior of the balloon, along its vertical axis and also in the neighbourhood of the equator, a dozen electric thermometers, thermo-couples whose cold junctions were in the basket of the balloon. I myself constructed a simple and exact potentiometer and by means of an Einthoven galvanometer I could measure the temperatures of the gas within approximately a tenth of a degree. At the same time I could, by means of a rubber tube, take samples of a gas from different parts of the balloon when it was at different heights and from them determine the density by means of a Bunsen apparatus… These studies familiarised me with the balloon. I did not then think that later they would lead me into the stratosphere.” Auguste’s scientific method had grown more precise since his and Jean’s first experiments as children.
         


         But ballooning for Auguste was not purely an experimental method; it was “the most beautiful of sports, the one which offers man the most pure of pleasures”. He had begun ballooning for fun in 1912, during his twenties. The young scientist had gone to Paris, to help with the start of the Gordon Bennett Cup. The millionaire newspaper-owner James Gordon Bennett Jr had established the race in 1906. The rules were simple: fly as far as you could from the launch site. The race continues to this day, and continues to be dangerous: in 2010, an American balloon team took off from the Bristol launch site on September 25 and disappeared five days later, during a storm over the Atlantic. Two months later, a fishing boat recovered the capsule containing the pilots’ bodies, off the coast of Italy.
         


         Piccard was fascinated, not so much by the packed crowds that cheered the start of the race, nor the competition itself (he thought organised competition something foolish) but by the state-of-the-art balloons, straining against the ropes that lashed them to the ground. In September 1912, Auguste made his first solo ascent. In 1913, he left from Zurich and looked upon Basel at night. The same year, with Jean, Auguste made a 16-hour balloon flight; they left from Zurich and flew over France and Germany. The twins were measuring the density and pressure of gas inside the balloon, as it fluctuated according to the temperature and pressure of the surrounding air – knowledge that would prove indispensable two decades later. As night fell, they could see they were passing directly over their own house in Basel. They called out to their mother, who could not see them, but who told her doctor that she was hearing voices.
         


         Auguste and Jean then joined the Swiss Army’s Lighter-than-Air Service – the balloon corps – in 1915. According to the army, though, the twins were too tall for active service: they were both 6ft 6in with wiry frames, so were employed as civilian advisers instead. In 1923, Auguste was asked to serve his country in another capacity – by racing the Gordon Bennett Cup, to be held in Brussels, in Swiss colours. He accepted, still maintaining his principled opposition to the whole spirit of the competition. And when he lifted off, he remained the prudent scientist, not the risk-taking competitor. The weather conditions were terrible so Auguste decided to land in a beet field, 62 miles (100 km) from the start of the race, near Eindhoven. Five other aeronauts, lacking his good judgment, were killed.
         


         


            *


         


         Georges Prosper Remi lived in Brussels during the 1920s and 1930s. The young illustrator often came across Auguste Piccard, who was well known in the city. Piccard was “very tall”, as Remi would recall in the 1960s. “He had an interminable neck that sprouted from a collar that was much too large.” Remi would become better known as Hergé, the creator of The Adventures of Tintin comic books, and in his strips he recreated Piccard as Professor Calculus – the archetypal mad professor. “Calculus is a reduced scale Piccard,” Hergé said. “I made Calculus a mini-Piccard, otherwise I would have had to enlarge the frames of the cartoon strip.”
         


         Calculus was a caricature, a parody of the unworldly scientist, but then so was Auguste himself; Hergé only made real what other people had frequently observed. As TIME magazine put it in 1932, Piccard looked “precisely like a cartoonist’s idea of a scientist”; the New York Times said in 1930, ahead of the stratospheric attempt, that he was “somewhat reminiscent of Jules Verne’s hero”.
         


         The first thing most people noted about Piccard, as Hergé did, was his spindly height. Auguste would peer down from behind his round, near-sighted spectacles. His forehead was high; his hair receded at the front, but Piccard cut it himself and so let it grow long on the back, and it curled broadly on its ends. He often wore a Basque beret, or, in the summer, a scarecrow hat. Every feature on his owlish face seemed to lead to a point, but his poor sight made him look gentle. His unworldliness was just the manifestation of his near-constant focus on scientific problems. He insisted that his best thoughts came to him not in the laboratory, but on long walks, hands behind back. “He always looked like his head was in the clouds,” Olivier Maillard, the brother-in-law of Auguste’s son Jacques Piccard, later told Jean-François Rubin, a biologist and author. “But he remembered every last detail.” Piccard was always calculating, secure in the belief, common to the age, in the supremacy of scientific technique: everything, if you worked it through well enough, could be explained. His response to any problem was to start inscribing calculations in his notebook, earning him the nickname of “the extra decimal point”. His scientific curiosity was wide-ranging – he was even made a member of honour of the “Belgian Committee for the investigation of reportedly paranormal phenomena”. Piccard contented himself with very little. “To work, he needed nothing, everything was in his head,” his daughter Denise told Rubin. “On his desks, along with the files of his correspondence, next to his table of logarithms, he had his Bible: he would read it, not as a theologian lacking doubt, but with respect, with interest. He often talked, and when I would suggest to him that theology would allow me to rise higher and to descend more deeply than him, he acquiesced smiling. He had within him a sincere humility, like a spirit of childhood, of confidence, of faith.”
         


         Although always neatly presented, Piccard didn’t care much for physical appearances, eschewing tailored suits in favour of second-hand clothes. He wore the pastelbord collars traditional to Belgium, which he would tear up and throw away after use. The rumour was that his wife filled his pockets with money in the morning, but in fact he carried money in a bag tied around his neck, underneath his shirt, which he wore even in bed. He always had two watches – like all good Swiss, he said. In his waistcoat pocket, he kept a very large slide rule for quick conversions.


         On campus, his students loved and admired him, precisely for his wandering mind. One student once came across Piccard on a narrow campus path and stepped aside to let him pass. They began a discussion, which Piccard soon interrupted to ask which direction he had come from. Taken aback, the student replied and pointed to the lecture hall. Piccard, satisfied, concluded: “If I came from there, that means I must have already had lunch,” nodded to the student and strolled on. In lectures, Piccard would command the blackboard, sketching mechanical diagrams with chalk in both hands at once, then break off to admonish the students: “The Lord gave you two hands and a brain. Why don’t you use them all?” Piccard was known on campus as the “absent-minded professor” – a nickname that the press would later adopt, and use to cast doubt on Piccard’s ability to succeed in his adventures. Piccard, “for all his technical virtuosity, seems at times as unworldly as a mediaeval saint,” one newspaper later wrote. “His motives are simple and good; his inventions are not aimed at making money or at killing people… Individuals help him in smaller ways. Everyone smiles and wishes him well.”
         


         Piccard was a popular lecturer. His halls were usually full and students from other courses and even universities would seek them out: a young German called Wernher von Braun once attended one and, while Piccard talked, made a promise to himself that he would one day send a rocket to the moon. The students were “continually seeking ways of doing him a kindness”, according to one newspaper. Noticing that the professor seemed to have only one suit to his name, a student who was the son of a Verviers cloth manufacture took his measurements, wove the cloth himself and begged Piccard to wear the suit he had made. The next day, the professor did, walking to the university in his new suit. His wife, tidying the house, was horrified to find her husband’s only pair of trousers hanging over the end of the bed. It was only when she asked another student to check what Auguste was wearing below his shirt that she learned of the brand-new suit. This left her slightly confused, but happy that Auguste had not just forgotten his trousers.


         When it came to interests beyond academia, Auguste cared little for the arts. He didn’t drink or smoke, in an age when cigarettes were supposed to clear the lungs, and abhorred those habits in others (although he thought smoking the greater sin by far). Piccard liked photography and walking. The love for the outdoors, which his father Jules had inculcated, never left him; Auguste was something of an ecologist before the term was invented. His first scientific publication had been on tree roots and he later published a pamphlet, The Great Pity of our Alpine Flowers, which lamented their disappearance. “The beauties with which the Creator provided our homeland are dear to us; everything related to their existence touches us directly,” he wrote. He developed a very close knowledge of landscape he grew up in. “He knew the rocks, the flowers, the glaciers, the summits, almost personally,” remembers Denise. “There was an intimate relationship between him and the Alps.” One afternoon, he was walking with his son Jacques, still a child, when they came across a small tree that had been uprooted. He took it back to their house, and explained the role of roots, leaves, and branches, then planted the tree in front of the house. Years later, Jacques was happy to see it grow into the most majestic specimen of the neighbourhood. Auguste would contentedly toil in the garden in front of the Piccards’ house in Brussels. When a professional gardener trimmed the wisteria a bit too short, Auguste’s reaction was like “a day of mourning”, according to Denise.
         


         


            *


         


         Professor Calculus, despite his apparent lack of attention to the non-scientific world, is the only character in the Tintin books to show any attraction to women. Haddock may have been too drunk, and, although a spokesperson for Hergé studios said in 2009 that Tintin was definitely not gay (“very macho in fact,” was the statement), one does wonder. Calculus, though, falls in rapture with Bianca Castafiore, for whom he creates a new type of rose through botanical experiments. The green-fingered Auguste Piccard was likewise his own sort of romantic.


         Marianne Denis, born in 1895, the ninth of ten children, grew up in Paris. Her father, Ernest Denis, was a professor at the Sorbonne. He specialised in political studies of Germany and Bohemia, and founded and edited the magazine La Nation Tchèque. He was instrumental in the creation of the Czechoslovak state in 1918, working alongside its first president, Thomas Masaryk. The latter described Denis as a “historian of nations and their evolution; he understood us, us and our history, and he was accepted, he, a Frenchman, among the ranks of our national leaders.” A statue to Denis was erected near the church of St-Nicolas in Prague in October 1928, some years after Denis’s death; on the evening of April 20, 1940, German occupiers tore it down.
         


         Denis was stern and unyielding, especially in matters of honour and morality. He did not immediately take to the young Auguste Piccard, who, in spite of otherwise excellent recommendations, had made the unforgivable error of not being French. Still, he allowed Auguste to marry Marianne, on May 26, 1920, on condition that the couple’s first child was born in France. Had the baby been a boy, he would have been able to serve in the French army; two years after the end of the Great War, Denis was seeking to defend France any way that he could. The baby was born in 1921 – a girl, whom they called Denise to honour Marianne’s family name (she would, in 1960, become one of the first female vicars ordained in Switzerland). Jacques was born a year later, in Brussels. He wasn’t therefore bound by his grandfather’s vow, but still ended up fighting for the liberation of France in 1944. In 1924, Marianne was born; the year after, Hélène (they would become a nurse and librarian respectively). Geneviève, born in 1931, eventually married an Italian count.
         


         As we shall see, Marianne’s care enabled her husband’s (literal) flights of fancy; Auguste would not have achieved so much without her. When he was decorated by the king of Belgium, so was she, for courageously putting up with such a husband. According to her son Jacques, she “never reproached my father for putting himself in danger. She always supported him. She obviously had a very limited material role, but brought support of a moral and mental kind.”
         


         Auguste raised his children in a house much like the one he himself had grown up in. “It is all high thinking and poor living in that house,” one newspaper report said. He encouraged scientific enquiry in his children just as his own father had done. On winter nights, he took Denise and Jacques to the roof of his university to observe the stars. His explanation of how spaghetti was cooked made his children think that they were “eating convection currents”. Bewildering electrical circuits ran through the house; light was refracted throughout by prisms. Holidays were invariably spent in the mountains. Auguste gave his children a strict education, but he was attentive and caring, explaining the principles of nature while they sat on his knees. On the children’s birthdays, Auguste would inflate balloons, which, let loose, would crowd the ceiling. “He was like a magician,” Jacques said. “Who does not dream of having a father like that? We were overwhelmed. I don’t even remember him once using a calculator.”


         


            *


         


         In 1926, Jean returned from America for a family gathering and Auguste confided a plan to his twin. Auguste had just proven the constancy of the speed of light. He wanted to study cosmic rays, which were little understood at the time. Henri Becquerel had discovered radioactivity in 1896; in 1906, Theodor Wolf had developed an electrometer, a device to measure radiation, and taken it to the top of the Eiffel Tower, where he had found higher levels of radiation than at ground level. Subsequent experiments, by Victor Hess and Robert Millikan, had attached electrometers to free balloons, a similar method to that used by De Bort to discover the stratosphere; Hess had concluded that “The results of my observation are best explained by the assumption that a radiation of very great penetrating power enters our atmosphere from above.” Hess won a Nobel prize for his work. Millikan later coined the term “cosmic rays”, to distinguish this sort of external radiation from that which comes from the earth itself.
         


         The atmosphere, which absorbed many of these cosmic rays, made such studies difficult: scientists could not observe their experiments directly, only wait for their balloons to return to earth. Auguste’s
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