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Chapter 1

Idea

It is 1862. James Glaisher (1809–1903) had just entered a hotel in Ludlow, in the rural English county of Shropshire. To say that he’d had a rough day would be an understatement. He’d travelled over twenty miles, walking the last seven cross-country. The previous fourteen miles he’d travelled had been through the skies, and he had been unconscious for some of it. He’d definitely earned a rest.

Glaisher and his associate Henry Coxwell (1819–1900) were aeronauts, literally ‘air sailors’: the brave, pioneering individuals who travelled by balloon. They were an experienced team, having undertaken dozens of experimental flights together. Coxwell was a natural adventurer, having been fascinated by balloons as a child, and by 1862 he had been a renowned aeronaut for quite some time, with over 400 flights under his belt. Meanwhile, Glaisher, a heavy-set family man with an impressive set of mutton chops, came to aerial adventuring late in life. Most days he was sat behind a desk as the head of the Department of Magnetism and Meteorology at the Royal Observatory at Greenwich, London. Previously, he had worked in the field and in the lab, for the British Trigonometric Survey and as a research assistant at the University of Cambridge respectively, but he increasingly found himself in the basket of a research balloon.1 His previous experience taught him that in order to better understand the natural world, scientists needed more data, and more accurate data, and sometimes that meant getting his hands dirty and collecting it himself. Glaisher represented a turning point in how we interact with our atmosphere. This Victorian gentleman, scholar, and adventurer was part of an extraordinary century of activity that transmuted a superstitious, even supernatural, field of study into one of the modern pantheon of sciences.

He commissioned Coxwell to construct a huge new high-altitude balloon – the Mammoth – with the aim of exploring the atmosphere over 30,000 feet in altitude (around 9.1 km). Originally, this endeavour did not involve Glaisher – who was in his fifties – himself flying; instead the idea was for Coxwell to train several young meteorologists to accompany him on the flights. Glaisher was forced to step up to the plate, however, when one of the trainee meteorologists ‘declined’ to ascend on a training flight with Coxwell. He subsequently wrote: ‘I found that in spite of myself I was pledged both in the eyes of the public and the British Association [for the Advancement of Science] to produce some results in return for the money expended. I therefore offered to make the observations myself.’2

This makes Glaisher’s involvement seem rather reluctant, but biographer Richard Holmes characterises the senior scientist as delighted at the opportunity. After starting his career with years of field measurements, followed by a great expanse of time behind a desk, perhaps Glaisher longed for the excitement of the cutting edge of exploration. It is difficult to imagine the man who wrote ‘do not the waves of the aerial ocean contain, within their nameless shores, a thousand discoveries?’ not finding the idea of balloon exploration exciting. He certainly proved himself to be an efficient and meticulous instrumentalist, capable of making incredibly rapid and accurate measurements even under stress.

The flight of 5 September 1862 in the Mammoth proved to be the most incredible, and most dangerous, of his career. The pair set off from Wolverhampton that afternoon at around 1 p.m. Wolverhampton was used as a launch site for two simple reasons. First, it was home to a friendly municipal gas company, which provided the coal gas that lifted the balloon. Second, it’s about as far from the coast as it is possible to be in England, and thus minimised the chance that the balloon would disastrously come down in the sea. Landing is naturally the most hazardous part of ballooning, and especially with expensive, fragile scientific equipment on board such as thermometers, barometers, and anemometers, it was imperative to secure the safety of both humans and apparatus. To this end, the pair used a padded crash box for the apparatus, designed to be as accessible and quick to stow as possible.* On this particular flight, however, the landing was the least of Coxwell and Glaisher’s worries.

 

* While the colour of this box is lost to us, the balloon was arguably equipped with the forerunner of the black box found in modern aeroplanes.

 

By 1:53 p.m. the pair had ascended to 29,000 feet (8,800 m), the temperature dropping below freezing and the sky above them a dark, Prussian blue. The flight seemed to be proceeding much like any of the other flights the pair had previously undertaken, but Coxwell and Glaisher were in fact in serious danger. As they ascended, the steady rotation of the basket had caused the release-valve line in the balloon – essential for decreasing altitude – to become twisted and tangled, leaving no way for the balloon to vent gas and slow down or reverse the aeronauts’ ascent.

Coxwell noticed this almost too late, and, eight kilometres above the Earth’s surface, was forced to climb out of the basket and up into the balloon to fix the line. Unless something was done, the men would asphyxiate when they reached the upper atmosphere. At 29,000 feet the air was already so thin that breathing was difficult, and both men were rapidly starting to feel the effects of oxygen deprivation. They had perhaps minutes to live. In the basket, Glaisher felt his legs give way, his vision becoming increasingly blurry, and he found himself incapable of supporting the weight of his head. He faded from consciousness. Meanwhile Coxwell, also struggling from the lack of oxygen, was attempting to wrestle the line out of the balloon and into the basket. Still the balloon climbed higher and higher, now at a rate of a thousand feet a minute. The air was so cold that his hands were beginning to freeze solid and he repeatedly lost his grip, nearly falling out of the balloon. Eventually, miraculously, he pulled the line free.

However, his hands were by this point entirely frozen and incapable of gripping on to anything. He was unable to climb back down. After a few desperate attempts, Coxwell was able to manoeuvre himself using his elbows and dropped back into the basket. But the balloon was still climbing. With his hands now blackened and immobile with frostbite, he couldn’t pull the release valve. With one last effort, he took the line in the crook of his elbow, gripped it with his teeth, and pulled hard.

His efforts were rewarded, and he heard the gas start to vent from the balloon above. Resting, panting for a few moments against the balloon basket, he crawled over to the unconscious Glaisher and attempted to rouse him. Glaisher later recalled that Coxwell, having cheated death by mere seconds, had – in a wonderful display of Victorian etiquette – implored him, ‘Do try to take temperature and barometer observations, do try.’ Glaisher replied, ‘I have been insensible’, to which Coxwell unflappably said, ‘You have, and I too, very nearly.’

Freshly revived, Glaisher took up a pencil and started to take observations as soon as he was able (having fortified himself with some brandy, carried in the balloon basket for just such eventualities). By this time the pressure readings were already increasing, and the maximum altitude the pair reached could only be estimated based on the rate of ascent and descent before and after the crisis with the release valve. This was later calculated to be around 32,000 feet, though possibly as high as 37,000 feet (9.7 km and 11.3 km respectively), above the surface. It was an altitude record that would stand for nearly forty years.

The Mammoth touched down without incident in a large grassy field in Cold Weston, an abandoned medieval village outside Ludlow. Coxwell and Glaisher, wanting to report their remarkable journey, then walked the seven or so miles to the town’s train station, but were stymied by a lack of trains that day. Glaisher telegrammed an account of their adventure, which would be front-page news the following morning, before heading to a hotel with Coxwell to get dinner.

Coxwell and Glaisher were unaware of it, but they had achieved a world first. They were almost certainly the first humans ever to leave the lower atmosphere. Had Glaisher maintained consciousness and watched over their instruments, he would have made a groundbreaking discovery: that the Earth’s atmosphere was more complex and multi-layered than anyone suspected at the time. A repeat flight was out of the question, however, as the pair had barely escaped with their lives. In fact, to this day, the two men hold the record for the highest altitude unassisted by breathing apparatus. Advanced as Mammoth was, the technology of the time simply did not allow for human exploration of such a remote environment, even though it was only a few miles above the surface of the Earth.

As all scientists are, Coxwell and Glaisher were limited by the equipment at their disposal. Our understanding of the atmosphere, and indeed of all areas of science, is intrinsically linked to the development of technology, as well as how that technology is used. To understand why their flight was so significant – and why it would have rewritten the rulebook of the atmosphere had they kept an eye on their instruments – we first need to understand how Coxwell and Glaisher thought about the atmosphere, and what they used to measure it.

 

Even before the invention of agriculture, our atmosphere was a subject of intense interest and speculation for humans, as our food supply was directly dependent upon it. Hunters and gatherers provided for their communities at the mercy of the weather. Atmospheric conditions such as temperature, wind, and rainfall shaped the migration of animals and the foraging bounty of plants, eggs, and fungi. After the invention of agriculture, the earliest civilisations grew up around fertile, arable land. This made yearly harvests possible, but their yield was still dependent on the weather, which dominated the flow of life. It’s no surprise that some of the earliest surviving fragments of writing contain references to the weather.3

These were mostly observations of phenomena and can’t be considered scientific in the modern sense. Being of such significance, however, the study of the heavens – both earthly and celestial – formed a key component of ancient religions. As early as 3500 bce, the religion of pre-dynastic Egypt prominently featured the sky and incorporated rainmaking rituals.4 Early societies believed that atmospheric phenomena were under the control of the gods – famously the Ancient Greek sky god Zeus controlled lightning and thunder, while Ancient Egyptians believed in a god of air and wind, Shu.5 Many also believed that these phenomena were connected to the heavens above them, specifically to the motion of certain heavenly objects. The Babylonians left extensive records of ‘astrometeorology’, written by astronomer-priests6 and preserved on clay tablets. These contain copious observations of astronomical phenomena and even a theoretical framework describing them, including predictions such as ‘when a cloud grows dark in heaven, a wind will blow’ and ‘when a dark halo surrounds the Moon, the month will bring rain or will gather clouds’.

Traditionally, the first steps towards science are considered to have taken place in Ancient Greece, though this may well have more to do with the abundant preservation and subsequent assimilation of Greek knowledge than with any primogeniture. The concepts of science and scientist didn’t exist until the nineteenth century, however, before which the terms natural philosophy and natural philosopher were used instead to refer to the study of nature and to someone who studied it, respectively. Again – traditionally – the first natural philosopher is considered to be Thales of Miletus (624–545 bce), who, as well as being credited with inventing the concept of a mathematical theorem and associated proof, was intensely interested in weather.7 Right from the very beginnings of science itself, the atmosphere has been there.

Thales was familiar with the Babylonian system of astrometeorology, and made his own meteorological predictions. His approach to these predictions was significantly different from those of the astronomer-priests, however: they required no gods. His was a world in which nature obeyed entirely secular, rational laws. For example, Thales travelled the ancient Mediterranean extensively and was said to have visited Egypt to witness the annual flooding of the Nile. While the Egyptians explained the flooding as being the result of the god Hapi’s arrival, controlled by the pharaoh, Thales gave a different, natural explanation. According to his theory, northerly winds prevented the Nile from flooding most of the year by pushing the river water upstream. In flooding season, however, this wind disappeared and so the river would burst out, unopposed, into the floodplain. While ultimately incorrect, this theory was entirely based on natural concepts and did not rely on mysterious gods pulling unseen, unknowable strings. It was the very beginning of what we call atmospheric science today.

While we cannot say for sure if the Ancient Greek states were the first to study and rationally theorise about the weather, we can say with absolute certainty that these were where meteorology as a field was born. The great philosopher Aristotle (384–322 bce) coined the phrase from the Greek for ‘the study of phenomena in the sky’ in a treatise titled Meteorologica, published around 340 bce.* Aristotle was arguably the most influential meteorologist of all time. His theories on the weather dominated textbooks in Western civilisation until the seventeenth century,8 and – with his omnivorous mind, working in disciplines from physics to philosophy, botany to psychology – he was hailed as the authority for nearly two millennia. While details of his life are patchy, it’s certainly clear that he was entranced by the natural world, taking meticulous observations of the plants and animals of his one-time island home of Lesbos. This obsession extended to phenomena of the sky, and his four-volume Meteorologica was the first known attempt to systematically describe and discuss the weather.9

 

* This ultimately named the modern field, via French polymath René Descartes’ 1637 work La Meteorologie.

 

Aristotle borrowed from Eudoxus of Cnidus (c.390–c.337 bce) the idea that the universe was divided into concentric spheres with the Earth at its centre. Around the Earth was a terrestrial sphere bounded by the orbit of the Moon. Above this terrestrial region was the celestial sphere. In modern terms we can think of this as dividing the known universe into our planet and its atmosphere, and the outer space beyond. This division, Aristotle argued, necessitated separate fields of science for each region: astronomy for the celestial sphere, and his new field, meteorology, for the terrestrial sphere beneath. This sphere, extending to the Moon, consisted of four elements – earth, water, air, and fire – as adapted from Empedocles (c.494–c.434 bce), arranged in concentric layers. Earth lay at the bottom with water on top, which was then topped with air, which in turn was topped by fire.
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Figure 1: Aristotle’s concept of the universe.

These layers were dynamic; for example, dry land stood above oceanic water, and fire often burned on the surface of the Earth. The four elements were in a constant process of interchange: when the heat of the Sun reached the Earth’s surface, it mixed with the cool, moist water and formed a new warm and moist substance similar to air. Similarly, the Sun’s heat mixed with the cold, dry earth to produce a substance that was warm and dry, similar to fire.

Despite being full of what to modern eyes are obviously flawed arguments, Meteorologica is a remarkable work. It summarises human knowledge of the atmosphere at the time, bringing together observations and prognostications from both Egyptian and Babylonian sources. It also represented a common theme of Ancient Greek natural philosophy: the evolution from supernatural to natural explanations. However, Aristotle’s arguments still weren’t scientific in the modern sense, as they were based on qualitative interpretations of observed natural phenomena. This was typical of much Ancient Greek natural philosophy: it was not based on experiments or – more importantly – falsifiable using data. Experiment was seen as manual labour, and so beneath the dignity of a gentleman scholar such as Aristotle.10 And even if Greek scholars had been inclined towards experimentation, precise measurements of atmospheric properties were simply not possible then – the instruments used to make such measurements hadn’t yet been invented. In fact, the very concept of measuring these properties hadn’t been invented either!

But even if the Ancient Greeks did have  access to meteorological equipment, which atmospheric measurements would be the most important to take? If you were to ask a meteorologist to join you in exploring some undiscovered land, they would pack in their bag – along with other essential scientific equipment like coffee – two crucial instruments: a thermometer and a barometer. The former measures the temperature of the surrounding air, while the latter measures the pressure this air exerts. Exactly what these concepts of temperature and pressure mean will be explained later, but for now it will suffice to say that they give scientists fundamental information about the state of the atmosphere at any particular location. By tracking how they change over time – along with other quantities such as humidity – scientists can not only classify the local climate, but, as we will see, also make predictions about its near future.

The meteorologist Sir William Napier Shaw once wrote that ‘The invention of the barometer and the thermometer marks the dawn of the real study of the physics of the atmosphere, the quantitative study by which alone we are enabled to form any true conception of its structure.’11 For our understanding of the atmospheric giant to evolve from that of antiquity to the one of pre-modern natural philosophy, these two instruments needed to be invented. As it would happen, both would first appear in Renaissance Italy.

 

The year is 1593. A hundred years have passed since Christopher Columbus limped back to port in Lisbon, bringing with him tales of the New World. Since then, immense wealth
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