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For Penelope, who was born curious


—M. F.


For my mentee, Jaileen, and the Nieves family


—K. W.
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INTRODUCTION
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IN THESE PAGES YOU’LL read about twenty scientists who changed the way we understand the universe.


Boring, right?


Wrong!


Whether they studied galaxies far away or fruit fly cells, the structure of a virus or the structure of the stratosphere, the behavior of a billiard ball or the behavior of a Komodo dragon—all of these women woke up eager to make discoveries every day.


And for us, that’s a very good thing. Without these women, people would know a lot less, and the world would be a sicker, dirtier, more dangerous place.


From ancient times until today, women have pursued science and math, even if their contributions weren’t always recognized. We chose the women in this book because they do different kinds of science, and because each of their stories is different. Some grew up rich and others poor. Some grew up in peaceful circumstances, and others in times or places torn by conflict. Some were the smartest kids in the class, while others struggled to find something they were good at.


As women in professions dominated by men, some felt discrimination, while others said they were usually able to shrug it off.


One thing they had in common: They were born curious.


Are you curious too? Read on.


Then get up, get out, and do some science of your own!
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ELLEN SWALLOW RICHARDS



GEOCHEMIST


1842–1911
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MARCH IS THE QUIETEST month on the farm near Dunstable, Massachusetts, so every year the family takes a break and visits relatives in Vermont, Maine, and New Hampshire. The distances are short, but this is the 1840s, and the only way to travel is by wagon. Every trip becomes an adventure.


Bumping along in the back, tucked in blankets, the little girl with the serious gray eyes listens to her parents argue. Mama—always a worrier—says the still-snowy road is too dangerous, and they should turn back. But Papa, driving the team of horses, says that’s nonsense. The roads are well-traveled and, “Where any one else has been, there I can go.”


All her life, the girl will remember this motto of her papa’s and think that while it’s true enough, it doesn’t really suit her. What she wishes for herself is an adventurous spirit, one tough enough to do things no one else has ever done.


As a child, though, Ellen Henrietta Swallow—known as Nellie—was kept plenty busy with routine chores at home. Her mother got sick a lot. Her father had his hands full with the farm, which never brought in much money. It was up to Nellie to cook, wash, iron, clean, and even hang wallpaper.


Nellie liked some of the work and took pride in doing it well. By the time she was ten, her embroidery and her baking had won prizes at the county fair.


Nellie’s pursuits were not confined to the house. She also drove the cows to pasture, pitched hay and—best of all—kept a garden. All her life Nellie loved flowers and plants. In a letter to her cousin and best friend, Annie, she bragged about her amaryllis and geraniums.


Nellie was good at schoolwork, especially Latin, and when she graduated from the Westford Academy—the equivalent of today’s high school—she wanted more education. Unfortunately, her family was having the usual money troubles, and there was none to spare for her to go to college.


So Nellie decided to earn the money herself.


By this time her father had opened a general store. She worked the counter, kept the accounts, and went to Boston to buy supplies. She also gave Latin lessons. Most important, she saved like crazy, living for a while on a diet of only bread and milk.


Two years passed, and still Nellie did not have enough money for college. In 1866—when she was twenty-four—the hard work, the scrimping, and the frustration combined to make her sick. Till then Nellie had always been a bundle of energy, but suddenly she couldn’t so much as get up off the couch.


Today we would probably call the problem depression. She called it “purgatory, the time when my own heart turned against me.”


How she overcame her sickness is not clear, but later she would write, “When you feel an indication of a certain morbid feeling, resolutely set your mind in another direction, and don’t give up easily. Let the mind know there is a willpower to control it. This is possible.”


By the summer of 1868, she had a plan, which she announced to a friend like this: “…I have been to school a good deal, read quite a little, and so secured quite a little knowledge. Now I am going to Vassar College to get it straightened out and assimilated.”


Vassar College in New York State was only seven years old and exclusively for women. (Today men attend Vassar too.) Nellie was twenty-five when she enrolled, and from the moment she got there she loved it. Among her professors was the astronomer Maria (pronounced Mar-EYE-ah) Mitchell, whose life story would inspire astrophysicist Vera Cooper Rubin (see page 31) six decades later.


Maria encouraged Nellie to become an astronomer, but Nellie chose to focus on chemistry. She believed being useful was part of her Christian duty. She thought knowing chemistry would make her useful, but she had no idea how.


Nellie researched the chemical composition of iron ore at Vassar, then went to the Massachusetts Institute of Technology (MIT). She was the first woman to earn a degree in chemistry in the United States, and the first woman to study at a technical institute.


In 1875 Nellie married an MIT professor of mining engineering, Robert Richards. The two spent their honeymoon in Nova Scotia with a few friends—Robert’s entire class of future engineers. Eventually, the couple would travel all over the world studying rocks, mining, and mineral processing. In 1879, Nellie became the first woman to join the American Institute of Mining and Metallurgical Engineers.


Nellie had worried about money all her life. While doing her graduate studies at MIT, she made ends meet by running the boarding house where she lived. Now she was helped out by her husband’s salary and could put her scientific training to work. At last she could be useful the way she had always intended.


Remembering her own frustrations seeking more education, she founded MIT’s women’s laboratory, a place for science teachers (almost all women) to learn more about the subjects they taught. Soon after that, she developed an advanced chemistry program at the Girls High School in Boston. Later, she would become an instructor of sanitary chemistry at MIT, the first woman to serve on the MIT faculty.


In 1876, she and Robert renovated a house to show off her ideas about environmental and domestic science. Among other things, they installed special windows to improve ventilation, removed lead pipes to clean the drinking water, and built a drip irrigation system for Nellie’s beloved houseplants.


Nellie’s dedication to bringing science home led her to test foods to determine how nutritious they were, and to calculate exactly how much gas was required to cook different meals. The result of that and similar research was the field now known as home economics, or family and consumer science. Nellie founded the American Home Economics Association and wrote ten books on nutrition, housing, sanitation, and health.


She also helped establish the New England Kitchen, which came up with inexpensive ways to prepare healthy food. From that project came the first school lunch program in the United States.


In 1887, the Massachusetts state department of health asked Nellie to improve drinking water for the people in and around Boston. As usual, she was energetic, working fourteen-hour days, seven days a week, to test some 40,000 water samples and using the results to make a map of water pollution in Massachusetts. Based on her research, the first water quality standards were established in the United States.


Later, Nellie would start a business that analyzed air, food, fabric, mineral oils, and even wallpaper to make sure they were safe.


As a student at MIT, Nellie had done the work for a doctorate in chemistry, but the university refused to give her the degree. It would have been the first graduate degree in chemistry from the school, and some professors thought it would look bad if it went to a woman.


Almost one hundred years later, MIT established a special professorship for a distinguished woman scientist. From 2012 to 2016, climate scientist Susan Solomon (see page 83) was the Ellen Swallow Richards professor at MIT.




ELLEN SWALLOW RICHARDS


Achievement: Geochemist who founded the fields of sanitation engineering and home economics and helped establish the first standards for clean drinking water.


Quote: “You cannot make women contented with cleaning and cooking, and you need not try.”


Fascinating fact: In college, Nellie Richards and her friends tried to cure themselves of the habit of using “bad” language, including expressions like “My goodness!” Any time a girl got caught, she had to pay a few cents as penalty. Nellie never had to pay.
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JOAN BEAUCHAMP PROCTER



ZOOLOGIST


1897–1931
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EVEN WHEN SHE’S TINY, the little girl does not care about dolls. Instead she likes animals. Dogs and cats are good. Even better are snakes, toads, lizards, and turtles.


In 1907 when she is ten, her parents let her bring home to London a green Dalmatian wall lizard from a family vacation. She watches the lizard’s behavior, and reads everything she can about lizards, too. She is good at art and good with her hands, so she draws a picture of a dream house for her pet. Then she builds it.


Before she gets to work, she thinks hard. What does her lizard like? How much does it like to move around? What and how does it eat?


When she grows up, Joan Beauchamp Procter will do the same thing again but on a much bigger scale. She will design and then help build the reptile house at the London Zoo, the first of its kind anywhere. Almost a century later, it is still in use.


Joan’s Dalmatian lizard went with her everywhere, even to the table for tea. Her parents and older sister, Chrystabel, were not necessarily big lizard fans, but they put up with her. Joan had been born with health problems, and she was sick and in pain a lot. Give her a break, her family must have thought. Lizards make Joan happy. Let her have her lizards.


Not everyone was so tolerant. As a teenager, Joan had a pet crocodile. One day she brought it with her to math class, and something went wrong. Just what is not recorded, but you can bet it involved a set of sharp teeth. Joan was one of the best students at her prestigious private school. Even so, the math teacher was not amused.


That summer the family again went on vacation. With a pale purple ribbon tied around its middle, the crocodile went for walks with Joan. As it grew, she took her questions about its care and feeding straight to the top—the curator of the reptile collection at one of the biggest and best museums in the world, the British Museum.


The man in charge of the reptile collection, Sir Edward George Boulenger, was so impressed with Joan that he offered her a chance to work with him. Joan’s poor health had kept her from going to college, so she agreed, becoming what we’d now probably call an unpaid intern.


For three years at the museum, she did research on herpetology, the study of reptiles. She wrote letters about her research to experts all over the world, earning a reputation as a good scientist. Sometimes she presented what she had learned to other scientists in London, all of them men and all of them older than Joan.


In one of her presentations, she solved a mystery: How did a particular African tortoise manage to live in the crevices of boulders?


Joan’s answer: Unlike any other tortoise, it has a flexible shell, which is why it’s commonly called a pancake tortoise.


Besides research, the museum allowed Joan to use her artistic talents. She made models of reptiles for public display and painted watercolor pictures that were sold as postcards.


Joan rose fast. In 1924, she took over for Boulenger as curator of reptiles at the London Zoo when he left to head up the London Aquarium. Joan was twenty-five years old, with dark hair and piercing eyes. She was also petite. Some of the snakes and lizards at the zoo were huge. The newspapers loved the story of the first woman zoo curator, and she became a media sensation.


She ignored the attention. She was too busy. Not only did she manage day-to-day care, she also treated the animals’ bites and sores. She identified new reptile diseases and found treatments. She operated on the eyes of rattlesnakes and cobras.


Remember how she was good with her hands? There wasn’t as much ready-made veterinary equipment then as there is now. Sometimes Joan herself made the instruments required for surgery.


In 1928, two Komodo dragons arrived at the London Zoo from Indonesia. Komodos are a species of lizard that weigh about 150 pounds and grow to more than eight feet long. When they bite, they secrete venom into their prey. The new ones were pretty beat up after being caught and shipped. One of them, a female named Sumbawa, had a mouth infection, which Joan treated herself. She also spoon-fed the lizard eggs and pieces of chicken. Once Sumbawa bit the bowl off the spoon. Oops!


In an essay, Joan wrote that some people thought Komodo dragons were ferocious, but this was nonsense. Instead, the animals had a curious dignity, large, bright, gentle eyes, and the temperament of a big dog. A few weeks after Sumbawa’s arrival, Joan hosted a children’s tea party with Sumbawa as the star attraction.


Times have changed, and zoologists today would frown on a professional who treated a wild animal like a pet. But Joan was ahead of her time in her sincere regard and respect for the reptiles in her care. Rather than thinking first of their value to humans, she thought first of their health and well-being.


When it was time to design a new enclosure for the reptiles at the zoo, Joan planned every detail, including new kinds of heating, lighting, and window glass to keep the reptiles healthy. Once the design was done, she supervised the construction, making sure the workers got every detail right.


By 1928, Joan’s health was getting worse. She tried to quit her job, but her boss wouldn’t let her. She was too valuable. So she got around the zoo in a motorized wheelchair, often accompanied by a Komodo dragon on a leash. Joan had come from a prominent, prosperous family. She didn’t earn much money, but she lived in a big house near the zoo with a chimpanzee named Johnnie and several reptile pets. There she died in her sleep in 1931 at the age of thirty-four.


Afterward, two species of reptile were named for her: the Uluguru forest snake, Buhoma procterae; and the Speke’s hinge-back tortoise, Testudo procterae. When her colleagues at the London Zoo commissioned a marble bust of her, they placed it near the entrance to the reptile house. There, Joan Beauchamp Procter still greets visitors today.




JOAN BEAUCHAMP PROCTER


Achievement: Zoologist who advanced understanding of reptiles and amphibians, served as curator at the London Zoo, pioneered humane design for zoo habitats, and developed innovative veterinary surgical techniques.


Quote: “It is quite true that (Komodo dragons) are very nervous and quite true that they could no doubt kill one if they wished or give a terrible bite to the hand when taking food greedily, but there is no vice in them.”


Fascinating fact: Joan designed not only the reptile house at the London Zoo but also an enclosure for baboons known as Monkey Hill. It was very popular with visitors, but the baboons fought fiercely in the small space, and many died. Eventually it had to be torn down.
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FRANCES OLDHAM KELSEY



PHARMACOLOGIST AND PHYSICIAN


1914–2015
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THERE ARE NO SCHOOLS in the small town of Cobble Hill on Vancouver Island in Canada, so Mom—Katherine Oldham—takes it upon herself to teach her five-year-old son to read and write.


His sister is two years younger—only three—but what the heck. She might as well pay attention. Soon she gets the hang of reading and writing too.


The girl’s name is Frances, but she goes by Frankie. Eventually, she will earn degrees in biology, pharmacology, and medicine, and live a very long life—101 years. Throughout, she will credit inspiring teachers, starting with her mother, for her success.


In the early twentieth century, Vancouver Island was wide open and beautiful. There were no cars yet. Everyone got around by horse and buggy. Frankie herself enjoyed free roam of the place, collecting bugs and the eggs of wild birds.


Frankie was the only girl enrolled at her first real school, which was run by a father and son from Ireland. There she learned a lot of Latin and some algebra and geometry. She also took painting and piano lessons from two talented women who had had professional careers. Her dancing teacher would go on to work in New York City with one of the most famous dancers of the twentieth century, Martha Graham.


Not all Frankie’s education was formal. Her best friend, Jerry, taught her to hunt and fish and—when cars finally arrived—to drive a truck, too.


She never told her parents that last part.


Frankie had decided early on she wanted to be a scientist, but the only science class offered at her high school in the nearby city of Victoria was chemistry and, as she wrote later, “Chemistry lost me with the law of mass action.”


She was “feeling a bit in the dark and stuck,” when a biology professor who was also a family friend took her for a nature walk on the beach. He knew all the animals and plants, including their scientific classifications. He also had suggestions about how she might catch up in school.


Inspired, Frankie took classes at Victoria College for two years, then went to study at McGill University in Montreal.


At McGill, Frankie studied biology and pharmacology—the effect of chemicals on the body. Some of her projects sound kind of crazy. For example, to earn her master’s degree, she studied the effect of chemicals secreted by the pituitary gland.


“For a year I sat surrounded by frogs in little cages set in water,” she recalled later. “I would lift them up, dry them, weigh them, inject them, put them back in water, and then weigh them at fifteen- to twenty-minute intervals for four hours.”


Later, still learning about the pituitary gland, she studied whales, codfish, and armadillos.


In 1936, Frankie left Canada and moved to Chicago to study for her PhD in pharmacology. There, her advisor, Eugene Geiling, asked her to help him with a project. A new liquid medicine that contained an antibiotic called sulfanilamide was being prescribed to treat infections. Because it tasted sweet, it was often given to children with sore throats.


The medicine was popular, but some doctors thought it might be harmful. Days after taking it, many patients got sick; a few had even died. What was going on? To find out, Eugene set up an animal study.


“My job was to watch the rats,” Frankie recalled decades later. “I can see them still.” What she saw was the poor things getting sick and eventually dying. It wasn’t long before the problem became obvious. The chemical used to make sulfanilamide dissolve in liquid was poison.


The company stopped selling the medicine, but many patients had already suffered permanent damage to their kidneys, and about one hundred had died. When the news got out, people demanded that the government do something. In 1938, Congress passed a law requiring any company with a new medicine to show evidence that it was safe before selling it.


Frankie married a colleague, Fremont Ellis Kelsey, in 1943. They had two daughters, and Frankie went back to school for another degree, this one in medicine. The family spent six years in South Dakota, then moved to Washington, D.C., where Frankie took a job as a medical officer with the Food and Drug Administration (FDA).


She is best known for what happened next.


The FDA is the government agency in charge of making sure medicines are safe. Frankie had been there only a month when her boss asked her to look at an application for a license to sell a drug called thalidomide. It was intended to cure nausea and help people—especially pregnant women—sleep.


The drug was already being sold in Europe, so the drug maker figured the FDA would approve its application, no problem.


But Frankie thought the application was incomplete. Instead of including evidence based on scientific studies, it included reviews from doctors saying how great the drug was. Frankie didn’t approve the license. She asked for more information.


Executives at the drug company were mad. They had tons of thalidomide in warehouses, ready to sell. They expected to make a lot of money. They visited her office to try to change her mind. They wrote letters. They phoned her boss. They called Frankie “nitpicking” and “unreasonable.”


Frankie was tall, but she was not an intimidating person. She spoke quietly and couldn’t be bothered with makeup. She was forty-seven years old, and her hair was going gray. People who didn’t know her well thought she was shy.


But she wasn’t, not really.


She knew bad science when she saw it. And she wouldn’t back down.


About three months after the drug maker had submitted its application, Frankie saw a report by a British physician whose patients had taken thalidomide. In some cases, he wrote, it made the nerves in their hands and feet go numb.


Frankie became even more concerned. Working on a malaria treatment fifteen years before, she had seen firsthand how a chemical in a female rabbit’s bloodstream could affect its unborn kit. If thalidomide affected the nerves in a woman’s hands and feet, what might it do to an unborn child?


Frankie’s requests for more information were still holding up the drug’s license in late 1961 when news began arriving from hospitals in Europe. Babies were being born with awful birth defects. What did the babies have in common? Their mothers had taken thalidomide.


In the end, more than 10,000 children in Europe and elsewhere were born with deformities caused by thalidomide. Along with FDA colleagues Oyam Jiro and Lee Geismar, Frankie prevented a similar tragedy in the United States.


Newspapers called her a hero, and President John F. Kennedy presented her with an award for public service. In his speech, the president cited Frankie’s “high ability and steadfast confidence in her professional decision.”


Just as they had in 1938, lawmakers responded by passing new, stricter laws regulating the sale of drugs.


Frankie wasn’t done yet. She worked at the FDA for the next forty-three years, rewriting and improving safety rules, many of which were eventually adopted in other countries. She retired in 2005 at age ninety. By then she had lived in the United States for almost seventy years. But the most prominent piece of art in her home was a photo of her childhood home in Cobble Hill.




FRANCES OLDHAM KELSEY


Achievement: Pharmacologist, physician, and public official who saved lives and prevented birth defects by blocking the sale of dangerous drugs.


Quote: “Just stick to your guns.”


Fascinating fact: In school, Frankie did research on the pituitary glands of armadillos. Armadillos cannot be bred in a lab, so she drove from Chicago to a Texas ranch, hunted and captured several, then brought them back to her lab to study.
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