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INTRODUCTION


[image: Illustration]n 1983 a researcher named David Wade Chambers developed the Draw-a-Scientist Test. It was a simple way to work out when children began developing an image of the typical scientist in their heads. Did they see them as bespectacled geniuses in lab coats? Wild-eyed sorcerers with frizzy hair and potions? Or shy bookworms with their nose buried in a pile of academic papers?


Over the next 11 years, Chambers administered tests to more than 4,000 children between the ages of 5 and 11. The results were singularly depressing: of the thousands of drawings produced, only 28 featured female scientists. These were all drawn by girls, who made up 49 per cent of the study; there wasn’t a single picture of a woman drawn by a boy. In other words, in the eyes of an average child, a scientist was far likelier to be a bearded figure shouting something like “Eureka!” and “I’ve got it!” than – a female.1


This isn’t a slight on the schoolchildren of Montreal, Quebec, where the majority of the study’s subjects came from. But if children are supposed to be our future, then the future – at least when it comes to science – is looking very male indeed.


According to the Women in Science and Engineering (WISE) campaign, women currently occupy just 21.1 per cent of the total STEM (science, technology, engineering and mathematics) jobs in the UK.2 Things are only fractionally better in the US: although women make up about 50 per cent of the workforce, statistics for 2011 from the United States Department of Commerce show that they take up less than 25 per cent of STEM positions.3
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To be fair, women have been shut out of typical routes to scientific careers for a very long time. Most institutions of higher education did not begin to accept women until the 20th century. Magdalene College at the University of Cambridge – which counts a Nobel-winning physicist among its alumni – waited until 1986 to admit female students, reportedly prompting its men to hold a funeral procession, complete with coffin, to mourn the death of the college.4


These elite schools and academies were – and still are – seen as the gatekeepers of scientific accomplishment: training ground, career-making research centre and intellectual hothouse all in one. And in the past they were about as open-minded as an 11-year-old Montreal schoolchild when it came to who could pass through their doors.


So does this mean that the history books are totally empty of women making earth-shattering discoveries, teasing out scientific truths or publishing bombshell revelations about the inner workings of the universe? Of course not.


Can’t get into university? No problem. In the 18th century, French mathematician Sophie Germain adopted a male nom de plume – Monsieur Le Blanc – so she could obtain the lecture notes. Can’t speak to your academic peers because of their penchant for socializing at all-male clubs? Émilie du Châtelet dressed up in male drag so that she could stroll into Café Gradot to discuss equations.


If you look even further back, you can find women in antiquity and medieval times who were scientific trailblazers in their own right, and whose contributions to their field are still alive and well. Maria the Jewess (also known as Maria the Prophetess, was so highly regarded as a chemist and alchemist in the ancient world that she was rumoured to have discovered the Philosopher’s Stone itself, but the innovation for which she is best known is the bain-marie, or the double boiler, which is still used in kitchens today.


Even longer ago, Tapputi – the chemist by royal appointment of the ancient Babylonian court – distilled and extracted chemicals for use in perfumes and unguents in Mesopotamia, the cradle of civilization. And four centuries after the birth of Christ, the Greek doctor Aspasia was pioneering gynaecological and surgical techniques that any doctor will find familiar today, including a way to rotate a breech baby for birth.


But if you had asked me to draw a picture of a scientist as a child, I wouldn’t have drawn any of these women. In all honesty, I would probably have drawn a picture of a man. You see, even though I had been taught by female science teachers and went to an all-girls’ elementary school, I had still absorbed and digested the stereotype of what a scientist should look like. By the age of 14, you were most likely to spot me in a chemistry or mathematics class, throwing my hands up in the air and saying, “I just can’t do it,” and my teachers affirming, “Well, that is the one thing you definitely got right.”


Shamefully, I still carry the remnants of that attitude with me now. If I offer to split a bill at a restaurant, I’m scared that even working it out on my phone, let alone in my head, would show me up as mathematically incapable. Yet every time I’ve had to do it, I’ve surprised myself with how capable I can be.


I suspect that’s true for a lot of girls in science classes. Girls and boys are not born able to wield a Bunsen burner or a calculator with any more or less competence than the other, but adults tend to have lower expectations of the girls’ abilities. The girls then internalize these lessons over time, becoming a little less confident and a little less outspoken with every passing comment, until the words come tumbling out of their own mouths: “Don’t ask me! I can’t do it!”


Forgotten Women: The Scientists has been a way of re-educating myself and to show that there were plenty of women who couldn’t just “do” it: they did it exceedingly well, and better than anybody else, often while confronting incredible levels of sexism and at exceedingly high personal cost.


History is full of brilliant women who were forced to accept unpaid jobs as volunteers or assistants just to get their foot in the lab door. Or who were made to resign or step down from their positions after getting married (the logic presumably being that they were better suited to wearing aprons than they were lab coats and goggles).


And when these women made an incredible discovery of their own – the kind that cracks open the field of nuclear fission, for instance – they were often conned out of their rightful acknowledgment. The praise was redirected to male collaborators, research partners and – in more than one case – husbands.


It’s little wonder that when British astronomer Cecilia Payne-Gaposchkin looked back on her decades-long career in science, she didn’t mince her words: “A woman knows the frustration of belonging to a minority group. We may not actually be a minority, but we are certainly disadvantaged.”5


Working with The New Historia at the New School, Parsons, we picked 48 women to profile for each book in the Forgotten Women series: 48, because that’s the total number of women who have won the Nobel Prize between its inception in 1901 and 2017, when its latest batch of winners was announced at the time of writing. That’s 48 out of 911 Nobel Laureates in total, going back all the way to the beginning of the 20th century. Some of those women’s stories are detailed here. Others, like DNA crystallographer Rosalind Franklin and nuclear physicist Lise Meitner, were arguably cheated out of their Nobel.


Trawling through the length and breadth of scientific history to choose the women in The Scientists was a daunting – and humbling – task. I have attempted to include a truly diverse and representative mix of scientists from all over the world. However, there’s no getting away from the fact that science is just as bad on ethnic diversity as it is on gender equality. Privileged women in the West were often the first to benefit from new scientific opportunities: you just need to look at the West Computers to see an example of where black women were employed at the US space agency only after their white counterparts were admitted.


The women who battled the interlocking foes of sexism, racism and class-based prejudice are those I most admire, but every person in The Scientists is worthy of praise. Their resistance is illustrated not only by their impressive achievements, but also in the tiny details of their lives, which were the things that brought me the most pleasure to research and write about: radio astronomy trailblazer Ruby Payne-Scott’s campaign of stubbornness in wearing shorts to her scandalized office, for instance; or inventor Mary Beatrice Davidson Kenner checking persistently at the US patent office to see if any of her ideas had been patented (she was aged 12); or even Wangari Maathai’s brisk assessment of her husband when he requested a divorce: “I should have known that ambition and success were not to be expected in an African woman.”


These women live on in their contributions to science, but it’s these rich and complex stories of human achievement that have been minimized, sidelined or struck off the page completely. This book is an attempt to wrestle the spotlight back onto these unknown heroes. So the next time a child draws a picture of a scientist, they’ll have a little more imagination than just a bearded guy shouting “Gadzooks!”
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THE HARVARD COMPUTERS


[image: Illustration]he era of human computers didn’t begin with the West Computers or the Bletchleyettes. Toward the end of the 19th century, Harvard College Observatory drafted in dozens of women to take on one of the most unique mathematical computing jobs in its 178-year history: to unravel the mysteries of the heavens by calculating the positions of the stars.


The work was less glamorous than it sounded. Thanks to new photographic technology, astronomers were able to capture images of the night sky onto glass plates. The problem, however, was that there was far too much data and too few people to analyse it. Observatory director Edward Charles Pickering (1846–1919) had an unusual solution: he employed a team of women to do it.


At the time, bright and talented graduates were emerging from America’s newly founded women’s colleges – such as Vassar College in upstate New York – and on the hunt for employment prospects that offered a little more excitement than working as a schoolteacher or running a household. Being a computer was as good as it got, even if they were paid far less than their male colleagues at 25 to 30 cents an hour. But it wasn’t just middle-class educated women who were offered a chance at classifying the stars; there were also uneducated women like Williamina Fleming (1857–1911), a Dundee-born single mother and housemaid whose aptitude for computing led Pickering to promote her from cleaning his rooms to computing his plates.


The Harvard Computers (1881–1919) – or, as they more rudely began to be known at the time, Pickering’s Harem – worked in the library next to the observatory. The process of measuring the brightness of the stars and their positions in the sky required painstaking attention to detail and utmost concentration. Though the work was considered boring and tedious – hence why women were landed with it – it was also a lot less straightforward than it seemed. Most plates simply revealed dark splodges of dots against the glass. With the careful application of mathematical formulae, the women could work out the coordinates of the stars and their brightness. The northern and southern skies had never been mapped in their entirety before. The Harvard College Observatory, with its immense collection of plates, stood the best chance of doing it, and it couldn’t have made any progress without its computers.
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Then came another challenge: how should they categorize these celestial bodies? Wellesley College graduate Annie Jump Cannon (1863–1941) created the Harvard Classification Scheme, which sorts the stars based on qualities such as their colour and temperature. As Cannon put it: “It was almost as if the distant stars had really acquired speech, and were able to tell of their constitution and physical condition.”1 Her system is still used by astronomers today. Cannon and another computer, Henrietta Swan Leavitt (1868–1921), were both deaf; in Cannon’s case, this proved advantageous when she wanted to concentrate at work, as she would simply remove her hearing aid to block out the noises of the outside world.


Even though none of them – barring Cannon – were ever allowed to use the mighty Harvard telescope known as the Great Refractor, the computers were on the cutting edge of astronomical discovery. Fleming, for instance, catalogued more than 10,000 stars and was the first to spot the Horsehead Nebula, some 1,500 miles from earth. However, initial publications of the finding missed out her name completely. (Subsequent catalogues, thankfully, rectified the mistake.) In 1899 she became the Curator of astronomical photographs and was one of the few computers to be appointed to a professional position at Harvard. Leavitt, on the other hand, realized that some stars pulsate with consistent brightness, making these so-called Cepheid variables solid benchmarks for calculating distances across space: a method that Edwin Hubble relied on to prove that the universe goes beyond our own paltry galaxy. In this way, the findings made by the Harvard Computers were truly revolutionary.


Harvard continued to use photographic plates until the 1990s, when digital cameras supplanted the old way of doing things. But the 500,000 glass plates that the computers once pored over still reside at the university, along with 118 boxes of notes and logbooks recently unearthed by the curator of the Harvard-Smithsonian Center for Astrophysics. Together, they constitute a perfect record of what the night sky looked like a century ago, and of the women who sat in the small room next to Harvard’s telescope, deciphering the secrets of the universe. In 2005 the Center began cleaning and digitizing each glass plate for its archive. At the time of writing, more than 207,000 images have been preserved.





INGE LEHMANN


[image: Illustration]nge Lehmann (1888–1993) experienced her first earthquake in Denmark when she was a teenager. On the Copenhagen street where she was born and raised, a slow but unmistakable rumble under her feet shook the floors of the Lehmann family home, and a lamp hanging from the ceiling began to swing back and forth. “It was very strange,” she later recalled. “This was my only experience with an earthquake until I became a seismologist 20 years later.”2


The epicentre of the quake was never discovered. Denmark is not known for seismic activity due to its distance from any major fault lines; when earthquakes do occur in Europe, they tend to afflict Mediterranean countries such as Italy and Greece. Lehmann was among the many Danes left baffled by the mysterious tremor, but she was probably the only one who went on to become a scientist whose discoveries paved the way to a better understanding of them.


Lehmann was born in 1888 into a highly respected middle-class family of academics, engineers and bankers in Østerbro, the neighbourhood between Copenhagen’s three lakes and the sea. Her parents sent her to an especially progressive co-educational school, where, as Lehmann characterized it: “No difference between the intellect of boys and girls was recognized, a fact that brought some disappointments later in life when I had to recognize that this was not the general attitude.”3 Lehmann’s route to seismology was circuitous at best; she quit her mathematics degree at the University of Copenhagen due to illness and worked in an actuary’s office for some years, before finally graduating in 1920 and getting a job as an assistant to a professor of actuarial science.


Three years into her post, she was hired as an assistant by Niels Erik Nørlund, the director of the Gradmålingen, a scientific institute that was later incorporated into the Royal Danish Geodetic Institute. Nørlund was a mathematician, but he had embarked on an ambitious mission to construct seismological stations in Denmark and Greenland. Along with three young men, Lehmann set to work installing seismographs, despite the fact that she had never seen one before. In fact, Lehmann was pretty much learning as she went along; she tore through seismology books and essentially taught herself everything she needed to know. She wasn’t Denmark’s only female seismologist; she was its only one, full stop. It is little wonder that the Institute had promoted her to be the head of its seismology department by 1928.
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In the early part of the 20th century, geophysicists thought that a molten core lay at the centre of earth, encircled by a solid mantle and then a crust. According to this theory, a certain kind of seismic wave known as P-waves – the kind that a seismograph registers first during an earthquake – would be deflected by the liquid core. But a massive earthquake in New Zealand in 1929 left Lehmann perplexed. A few P-waves had actually been registered at other seismological stations.


As her nephew Niles Groes later remembered, Lehamann left no stone unturned when it came to attacking the mysteries of her field:


“I remember Inge one Sunday in her beloved garden…with a big table filled with cardboard oatmeal boxes. In the boxes were cardboard cards with information on earthquakes…all over the world. This was before computer processing was available, but the system was the same. With her cardboard cards and her oatmeal boxes, Inge registered the velocity of propagation of the earthquakes to all parts of the globe. By means of this information, she deduced new theories of the inner parts of the Earth.”4


What Lehmann discovered literally turned seismology upside down. According to her calculations, the earth was actually hiding a solid innermost core within its molten centre and this was what the P-waves were bouncing off. “The existence of a small solid core in the innermost part of the earth was seen to result in waves emerging at distances where it had not been possible to predict their presence,” she declared.5 This wasn’t the only discovery she made; in 1954 she also noticed that there was a 50-kilometre (31-mile) area buried some 190 kilometres (120 miles) into the earth where seismic waves actually increase in velocity: a mystery known in seismic terms as a discontinuity.


Lehmann remained at the Royal Danish Geodetic Institute for the rest of her life and was still investigating the workings of the earth into her seventies. In 1971 the American Geophysical Union awarded her its highest honour, the William Bowie Medal. When she received the prize, Lehmann was described as “a master of a black art for which no amount of computerization is likely to be a complete substitute.”6 If you needed proof of that, you can just look to the fact that scientists still haven’t cracked the Lehmann discontinuity: the seismic quirk that takes its name from the woman who discovered it.
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CECILIA PAYNE-GAPOSCHKIN


[image: Illustration]hen children look toward the sky at night and at the stars peeking through the clouds, they may ask questions such as “What are stars?” and “What are they made of?” For the early part of the 20th century, scientists simply didn’t know. Many theorized that the stars were made of pretty much the same minerals and elements found in the earth’s crust, like silicon and iron. The genius of Cecilia Payne-Gaposchkin (1900–1979) was to demonstrate that this was substantively wrong, and in the process she turned the universe upside down.


When Payne-Gaposchkin was five years old, she too looked up at the sky. While on a walk with her mother in Boddington Wood, Buckinghamshire, England, she caught a glimpse of a shooting star. Payne-Gaposchkin’s mother taught her a rhyme to remember its name: “As we were walking home that night / We saw a shining meteorite.”7 Payne-Gaposchkin was entranced by the sight of this luminous star appearing to tumble from the heavens.


That night set her on course to become one of the world’s pre-eminent astronomers, but when she looked back at her 50-year career, she simply spoke of her unexpected delight at having so dramatically expanded mankind’s scientific understanding of space. “I was not consciously aiming at the point I finally reached,” she wrote in her autobiography, The Dyer’s Hand. “I simply went on plodding, rewarded by the beauty of the scenery, towards an unexpected goal.”8


In her words, Payne-Gaposchkin was “dowdy and studious” as a young woman.9 She agonized over dances and social events, and was keener on books than boys. (“Fancy!” one of her brother’s friends once remarked. “A girl who reads Plato for pleasure!”10) She was keenly aware that her brother was favoured above the girls in the family, for every effort was made to get him into Oxford. Payne-Gaposchkin, who had her heart set on Cambridge, had to manage it herself by winning a scholarship to Newnham College.


At Cambridge, women were sequestered in separate colleges and segregated from men in lecture theatres. They were even paired off with each other in the lab. But when Payne-Gaposchkin travelled to the Harvard College Observatory for a doctoral degree in astronomy, she was thrilled that her colleagues there treated her as a fellow scientist; they walked the streets of Cambridge, Massachusetts, and loitered in restaurants arguing passionately about the composition of the universe. “We met as equals; nobody descended to me on account of sex or youth…We were scientists, we were scholars,” she said, adding pointedly, “neither of these words has a gender.”11
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Payne-Gaposchkin was one of the few female scholars at the Harvard College Observatory, though she crossed paths with many of the women computers tasked with number-crunching duties there (see The Harvard Computers). These women had classified hundreds of thousands of stars according to their spectral characteristics, and Payne-Gaposchkin was determined to find out how these related to their actual temperature and composition. “There followed months, almost a year as I remember it, of utter bewilderment,” she recalled.12 But by carefully applying Indian physicist Meghnad Saha’s equation of ionization, she was able to link the spectral patterns witnessed by the computers and other astronomers to different temperature ranges. “Two years of estimation, plotting, calculation and the work I had planned was done,” she wrote. “I had determined a stellar temperature scale and had measured the astrophysical abundance of the chemical elements.”13


What she eventually discovered was nothing less than an answer to the burning question: What are the stars made of? She suggested that the stars were overwhelmingly composed of hydrogen and helium in vast quantities: a fact which we now know to be true. But her advisor at the time, American astronomer Henry Norris Russell, believed her results were wildly off and she removed her groundbreaking conclusion on his advice.


Despite this, Payne-Gaposchkin’s dissertation, Stellar Atmospheres, was praised by Otto Struve and Velta Zebergs, authors of Astronomy of the 20th Century (1962), as “the most brilliant PhD thesis ever written in astronomy.”14 All 600 copies of the resulting monograph sold out and she entered J M Cattell’s American Men of Science as its youngest ever astronomer of note.


But this was 1925 and the path ahead for a female scientist did not run smoothly. Payne-Gaposchkin began teaching at Harvard, but the president of the university said expressly that she would not be appointed to an official post as long as he was still in office. Despite teaching a full course load, she was listed as a “technical assistant” and was underpaid. “I was paid so little that I was ashamed to admit it to my relations in England,” she wrote. “They thought I was coining money in a land of millionaires.”15
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Between 1932 and 1933, three of Payne-Gaposchkin’s close friends passed away and left her bereft. “I made a silent resolve,” she said later. “I would open my heart to the world, I would embrace life and do my part as a human being.”16 She embarked on a grand tour of observatories in Europe as part of her new adventurousness.
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Payne-Gaposchkin, who had her head stuck in her books and was oblivious to the mounting tensions in Europe, received a rude shock when she visited the great observatory in Pulkovo, Russia, only to find that the director was forced to steal wood from his neighbour’s fences to keep the fire in their office burning. At an astronomy conference in Göttingen, Germany, she received another surprise when a shy Russian astronomer named Sergei Gaposchkin slid a note into her hand. He was exiled from the Soviet Union but was growing increasingly terrified of Nazi persecution in Germany. Would she help him escape to America?


She did one better: she got him a job at Harvard and a visa from Washington. “Perhaps it was all ordained from the beginning,” she writes. “It led to the uniting of two lives, the flowing of two rivers, bound for the same goal, into one channel. In March 1934 I became Cecilia Payne-Gaposchkin.”17 Together, Cecilia and Sergei assembled an exhaustive survey of everything that was known about variable stars, or stars that appear to fluctuate in brightness. Conservative estimates from colleagues at the Observatory claimed it would take 90 years; with each other – and the help of half a dozen assistants – they did it in five.


Over the next few decades, they would publish and co-author many papers and books together, and Cecilia was finally given her due when she was appointed chairman of the Department of Astronomy in 1956. Her radical conclusions about the cosmic make-up of the stars was finally proven right: we now know that our galaxy is 74 per cent hydrogen, 24 per cent helium and the remaining 2 per cent other elements.


In her memoirs, Payne-Gaposchkin said that she was often asked by young women for careers advice, which she was happy to give: “Here it is, valeat quantum. Do not undertake a scientific career for fame or money…Undertake it only if nothing else will satisfy you; for nothing else is probably what you will receive. Your reward will be the widening of the horizon as you climb. And if you achieve that reward you will ask for no other.”18





WANG ZHENYI


[image: Illustration]efore she died at the tragically young age of 29, Wang Zhenyi (1768–1797) chose poetry to declare: “It’s made to believe / Women are the same as Men; / Are you not convinced / Daughters can also be heroic?”19 It is an apt verse to describe one of the greatest scholars of China’s Qing dynasty: a largely self-taught woman who wrote papers on everything from trigonometry to astronomy, as well as poetic verse.
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Born in 1768 into a well-educated family in Anhui province, Wang spent her childhood in the vast library of her grandfather, a former governor who owned more than 70 volumes of books. He introduced her to astronomy, while her father – a scholar who wrote books on medicine – taught her mathematics. Though most Chinese women at the time were cloistered at home and expected to remain quiet and docile – as one early Chinese saying went, “a woman is virtuous only if she is untalented”20 – Wang’s family clearly saw the value in educating their bright and quick-witted daughter.


In turn, Wang had a knack for seeking out female mentors and teachers: when her well-travelled family moved to Jilin, in northeast China, the wife of a Mongol general taught her how to ride horses and shoot with a bow and arrow. When she turned 18, she met a group of female scholars in present-day Nanjing through their mutual love of poetry. At 25, she married and settled in Xuancheng in her home province, and began to build a name for herself as a poet and scientist.


“I have traveled ten thousand li and read ten thousand volumes,” Wang once wrote.21 Her extensive travels with her family had given her a thirst for knowledge and a keen eye for injustice: she wrote often of the poverty she had seen in the countryside and the inequality between the rich and the poor. Over her brief lifetime, she wrote enough poetry to fill 13 volumes.


Despite a head start, courtesy of her father and grandfather, Wang would sometimes struggle with her studies in mathematics and astronomy. “There were times that I had to put down the pen and sigh,” she said. “But I love the subject, I do not give up.”22 However, it was her scientific achievements that truly distinguished her. At the time, most people in China did not understand the movement of the planets and how these affected lunar and solar eclipses, which were thought to be signs of the gods’ anger. One of Wang’s great successes was to explain accurately a lunar eclipse by way of her own scientific experiment: she built a model in a garden pavilion to demonstrate the movements of the celestial bodies, with a round table standing in for the earth, a mirror for the moon and a crystal lamp as the sun. By moving these around, she showed that a lunar eclipse is caused when the moon passes directly behind our planet and into its shadow.


Wang didn’t stop there; she found ways to explain and calculate the equinoxes, analysed the movement of the planets and stars, and adopted an open-minded approach to knowledge. When Chinese scholars rejected the Western calendar, Wang – ever the astronomer – realized that it was based more precisely on the movement of the sun and rebuked her fellow scholars: “What counts is the usefulness, no matter whether it is Chinese or Western.”23


Wang also saw the value in making scientific knowledge more accessible. She was quick to understand complex mathematical principles – including Pythagoras’ theorem – and adept at translating them for a wider audience. With The Musts of Calculation, she rewrote the respected mathematician Mei Wending’s unwieldy work into straightforward and simple language, and at 24 published her own five-volume text, The Simple Principles of Calculation (1792).


The cause of Wang’s death remains unknown, but she knew that she was dying before she turned 30 and passed on her manuscripts to her best friend, instructing her to preserve them. It is thought that she authored six books on mathematics and astronomy, though none of them have survived. But her spirit lives on in the generations of scholars who came after her, and in her firm belief that men and women, as she put it, “are all people, who have the same reason for studying”.24
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