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			Context

			In March 2017, the NASA Authorization Act was renewed for the first time since 2010, guaranteeing the association’s ability to continue exploring space under the guidance of the US government. The act’s renewal comes in the midst of a period of social upheaval in the United States, particularly when it comes to gender politics. Events such as the Women’s March on Washington have mobilized millions of people to stand up for women’s rights and gender equality and to call out industries and professions that are failing to cultivate a diverse, equally paid workforce.

			NASA is not immune to gender issues. While most well-known astronauts and rocket scientists are men, women have served as the backbone of America’s space agency since long before digital computers were capable of doing advanced mathematical calculations. Now, books and films such as Hidden Figures, which was nominated for the Academy Award for Best Picture and grossed more than $200 million, are starting to call attention to the female computers who have played important roles in missile and rocket launches since the 1940s.

			In Rise of the Rocket Girls: The Women Who Propelled Us, from Missiles to the Moon to Mars, author Nathalia Holt tells the story of the women who worked for the Jet Propulsion Laboratory (JPL), a NASA lab founded in Pasadena, California, in 1936. Holt found that JPL had been a sort of hub for young women who excelled in math and science but had little hope of finding positions outside of teaching, nursing, or secretorial work. Early trajectory calculators, such as Macie Roberts and Helen Ling, sought to hire other female employees, nurturing the careers of women would go on to become some of the field’s first computer programmers and female engineers and make crucial contributions to projects including the Deep Space Network, Voyager, and Mars missions.

			Rise of the Rocket Girls is an engaging account that details the accomplishments of JPL’s female employees, finally giving the women the recognition that they deserve.

		

	
		
			Overview

			In the 1930s, rocketry still walked a fine line between being a field of scientific study and being thought of as science fiction. Members of groups such as the Suicide Squad, a collection of researchers who performed explosive and damaging experiments on Caltech’s campus, risked being written off as mad scientists or just plain unprofessional. Over the next three decades, however, the scientific community relented as rocket scientists proved the real possibilities of their work time and again. But that community remained much more resistant to another, larger group: women.

			Generally limited to the career options of secretary, teacher, nurse, or housewife, women were rarely granted positions in scientific fields—or even allowed to pursue the education that would qualify them for such positions. Perhaps it was this shared outsider status that brought women with gifts for math and science to the newly founded Jet Propulsion Laboratory (JPL). In Rise of the Rocket Girls: The Women Who Propelled Us, from Missiles to the Moon to Mars, Nathalia Holt delves into the unsung history of the women who were hired to work as computers for JPL. Before the development of machines bearing the same name, these women processed all of the lab’s raw data through handwritten calculations in their notebooks. 

			When Macie Roberts—one of JPL’s early hires—became supervisor of the computer lab, she used her authority to hire only women for her team, fostering a strong, supportive group of female mathematicians that would grow to include Barbara Paulson, Helen Ling, Sue Finley, and Sylvia Lundy. As JPL’s projects changed and grew from developing missiles and satellites to completing moon landings and planetary exploration, the women’s roles and abilities grew with them. These women were the first to learn computer programming on early IBMs, they went to night school to obtain advanced degrees, and they ultimately received recognition as full-fledged engineers—all while balancing marriages and children, too. 

			During the past seventy years, the women who helped build JPL have contributed to creating the world’s first rocket-powered airplane; launching the United States’ first satellite; sending Voyagers 1 and 2 to collect photos and data from Jupiter, Saturn, Neptune, and Uranus; building the Deep Space Network; and putting rovers on Mars, among other things. Most of the women have retired by now, but one, eighty-year-old Sue Finley, continues their legacy.

		

	
		
			Summary

			Preface

			In 2010, author Nathalia Holt was pregnant and searching for the perfect name for her daughter. After tentatively settling on Eleanor Frances, she researched the name and came across Eleanor Francis Helin, a scientist who had worked for NASA’s Jet Propulsion Laboratory (JPL) beginning in the 1950s and had discovered more than eight hundred asteroids and comets over the course of her career. Holt, a scientist herself, was both pleased to find such a namesake for her daughter and intrigued by the woman’s career in rocket science, a male-dominated field. She dedicated herself to learning more about Helin and the other women who worked for the Jet Propulsion Lab in its early days.

			Need to Know: Eleanor Francis Helin passed away in 2009, so Holt was unable to speak with her, but much of the personal information in Rise of the Rocket Girls comes from the author’s interviews with scientists profiled in the book.

			January 1958: Launch Day

			An unnamed female computer (someone who did calculations by hand before the age of electro-mechanical computers) and the rest of the team at JPL wait nervously for their satellite, launched earlier that day, to go into orbit. If it makes it out of the atmosphere and begins to circle the planet, their device will be the first American satellite in space. After sixteen hours of waiting and calculating, the unidentified woman determines that the satellite has reached a high enough point in its trajectory to exit the atmosphere, a beep detecting its signal confirms her math, and the team celebrates their victory.

			Need to Know: The American team at JPL was desperate for their satellite launch to succeed because the USSR was ahead in the Space Race, having launched Sputnik the year before.

			Part I: 1940s

			Chapter 1: Up, Up, and Away

			In the 1930s, Barby and Richard Canright eloped and moved to Pasadena, California, where Barby attended classes at Occidental College and worked as a typist while Richard worked toward his graduate degree at the California Institute of Technology (Caltech). On Caltech’s campus, they met and became friends with Jack Parsons, Frank Malina, and Ed Forman, a group of young scientists who formed what was known as the Suicide Squad. Some of the United States’ earliest rocket experimenters, the group earned its name by igniting explosives that endangered themselves and other students—and caused extensive property damage.

			Eventually, the group got kicked off the Caltech campus, but by then, they had attracted the attention of the US government. In 1939, they received a $1,000 grant from the National Academy of Sciences, then $10,000 from the Army Air Corps to help fund rocket plane research. With these resources, the group was able to hire employees, including Richard and Barby, the latter becoming the first female computer for the future Jet Propulsion Laboratory.

			Seeking a more secluded area to perform their loud, risky experiments, the group moved their operations to Arroyo Seco, a dry, uninhabited canyon outside Pasadena. During the 1940s, most of the scientific community considered rocket science eccentric at best, but the army saw something they needed in the theoretical “rocket plane” (a plane with rockets strapped to it, the precursor to jet engines). Jet-assisted takeoff, or JATO, would help bombers launch off short runways, a priority during World War II that intensified after the bombing of Pearl Harbor. The scientists attached JATO units to a small plane that was chained to the ground; in their first trials, they reduced takeoff distance by half. By August 1941, they powered a launch without any propellers: It was the first American rocket-powered airplane flight.

			JPL’s early success with JATO confirmed their reputation and ensured continued access to funding. As they turned their focus to developing rocket propellant, they also hired more employees, including Macie Roberts, Melba Nead, and Virginia Prettyman. The female-driven computer department had begun.

			Need to Know: Most of the scientists at JPL studied rocketry because they were inspired by the prospect of exploring outer space, not by creating stronger weapons for earthly warfare. Some of the founding members of JPL were so put off by the moral ambiguity of weaponry that they left the company or profession; but without the military funding early on, JPL might have been over before it even started.

			Chapter 2: Headed West

			While early JPL employees were creating the first successful rocket planes and assisting with the war effort, future members of the computer team were making their own unique ways to Pasadena. Helen Yee Ling Chow, originally from the Philippines, lived with her family in British Hong Kong in 1941. She hid in a closet with her brother, Edwin, when the Japanese bombed the city (on the same day as Pearl Harbor), and moved frequently with her family after, as they tried to stay safe. Despite tumultuous times, Helen’s mother was strict about her children’s education, and Helen had a talent for math. After attending Canton College for two years, she received a full-ride scholarship to attend the University of Notre Dame and moved on her own to Indiana to major in art and minor in math.

			Like Barby Canright, Barbara Lewis grew up in Ohio. After her dad died when she was 14, her older sisters attended college and then moved to California. When Barbara turned 19, she and her mother also headed west. Barbara lived in Altadena and attended junior college until her sister, who worked as a secretary at JPL, got her an interview to be a computer. 

			Susan Greene was a California native who attended Scripps, an all-women’s college, but took advanced math classes at the neighboring men’s college, Claremont. Her first computer job was at Convair, part of the booming aerospace industry, but after getting married and pregnant she left that company. Soon after, she had a stillbirth, and without a job she felt rudderless.

			After graduating from Notre Dame, Helen moved to Pasadena to join her family, who had also relocated to the United States. She had hoped to find work decorating department store windows, but she was unable to find employment. Desperate for a job (and being a math whiz who never dreamed she could work in the male-dominated science sector), she applied for a computer position at JPL, where Edwin was a structural engineer.

			Need to Know: Though many of JPL’s first female employees had taken advanced math and science classes in high school and college, they had done so mostly for pleasure—they hardly expected to find employment where they could use their skills. Despite their talent and hard work, there was no promotional pathway out of the computer department; rather, their male employers expected that they would abandon their posts as soon as they got married and had children.

			Part II: 1950s

			Chapter 3: Rockets Rising

			JPL continued its missile projects after the end of WWII, but the experiments were beginning to foretell future projects that were more concerned with space than warfare. In 1945, a Corporal missile prototype flew higher than any rocket had before, grazing the edge of the atmosphere forty miles in the air. The computers’ equations became concerned with creating a liquid propellant that was strong enough to launch rockets without causing their engines to pulse and explode. Their computations regarding the balance of liquid hydrogen, oxygen, and nitrogen contributed to the development of hypergolic propellant, which would eventually power all manner of spacecraft.

			As JPL’s operations expanded, so did the size of their workforce. Macie Roberts was appointed supervisor of the computer department, and she took her responsibility for the department’s well-being seriously. She made it her policy to hire only women, because she felt that it created fewer distractions. In turn, it opened up opportunities for more women to be hired into the company than would have been likely otherwise, and for the young women to be mentored under her businesslike but caring watch. 

			Over the course of the next decade, JPL experimented with the Corporal, WAC Corporal, and Bumper WAC, all missiles of varying sizes that built on Nazi V-2 technology and used liquid propellant to travel further and higher than ever before. Launches were moved to White Sands, New Mexico, and then Cocoa Beach, Florida, as testing the powerful missiles became more of a threat to the surrounding public. Security became a greater concern, too, as the Red Scare overcame the country and the USSR detonated its first atomic bomb. Certain employees underwent scrutiny for supposed Communist ties, or, as in the case of Hsue-Shen Tsien (a founding member of JPL), were banned from the lab, put under house arrest, and eventually deported. 

			Need to Know: The work environment at JPL was casual as far as offices go, but only for the men. In Pasadena, they wore short sleeves and decorated their offices with racy pictures; in White Sands, they drank, gambled, and went out with women across the border in Juarez, Mexico. The women, meanwhile, were expected to maintain a well-kept and polite demeanor, avoid certain men and their offices, and watch the launches they’d worked on from California instead of on-site.

			Chapter 4: Miss Guided Missile

			The Corporal missile proved challenging to develop, but it was finally completed by the end of the 1950s. By then, JPL had retrained its focus on the Sergeant, an advanced missile system with a longer range and increased accuracy—in theory. Its inertial guidance system and “burning star” propulsion method were new, untested, and didn’t exactly have the Army’s confidence. After a number of failed tests in the early 1950s, the project was shelved.

			Despite failures like this, JPL was continuing its rapid expansion. Its budget more than doubled—from $5 million to $11 million—between 1950 and 1953, and employees often worked intense twelve-hour days. Luckily, they got along well, and friendships developed among the computers as well as between departments. Somewhat counter-intuitively, a company-wide beauty pageant called the Miss Guided Missile contest demonstrated the progressive hiring policies at JPL—most science-driven companies would not have had enough female employees to participate in such a contest during the ’50s. Of course, this was thanks to Macie, who also hired JPL’s first African American employee, Janez Lawson, in 1952. Janez was one of only two computers sent to the IBM training school when JPL bought its first mechanical computer, the IBM 701. 

			JPL eventually resumed work on the Sergeant after William Pickering took over as director of the company. The completed missile used new mechanical gyroscope technology that reduced the weight of the missile and created greater accuracy in tracking and changing direction. The Sergeant was the last missile that JPL developed, but its technology was a precursor to that which would be used for space-destined rockets in the near future.

			Need to Know: Women were starting to come to JPL with more advanced degrees and experience than before, but they struggled to get jobs outside the computer department. For example, Marie Crowley would have preferred to be a chemist, but that department’s manager had capped their number of female employees at three. 

			Long hours and rushed computing sometimes led to dangerous mistakes in the industry—work was rarely double-checked before the data was used to conduct experiments, so the women had to be extremely fastidious in order to avoid disasters. 

			Chapter 5: Holding Back

			JPL was expanding so quickly, and women with science and math degrees were so few, that Macie took chances on some young women who weren’t able to keep up with the job. Others, however, should have been hired as engineers—such as Helen Chow, whose aptitude was apparent in her work and speed. For the time being, though, only Barbara received a promotion when she became Macie’s second-in-command.

			As JPL became dedicated to space exploration, a notorious face appeared among the staff: that of Wernher von Braun, a Nazi war criminal. He had been captured by the United States after WWII as part of Operation Paperclip, an effort to claim Nazi scientists and their work for advancing American purposes before the Soviets could capture them instead. Von Braun was generally treated with an uneasy respect, because despite his despicable past, he was considered an innovator and a genius in the field of rocket science. JPL had enlisted him to work on Project Orbiter, their satellite proposal for the International Geophysical Year (IGY) declared from July 1957 to December 1958. 

			The IGY was intended to be a collaboration between nations to explore the planet by studying cosmic rays, oceanography, and other environmental and cosmic phenomena. It became more of a competition between the USSR and the Untied States to launch the first successful satellite, and between the army, navy, and air force to have their satellite design chosen for funding. JPL’s bid lost to the navy, but they still developed the multi-stage launching technology for Jupiter-C, a ballistic missile rocket project. Thanks in part to Helen and Marie’s work, multiple launches of Jupiter-C succeeded in exiting the atmosphere. Had the module at the top contained a satellite, it would have preceded Sputnik in entering the Earth’s orbit.

			Need to Know: The computers didn’t only crunch numbers, they made crucial contributions to JPL’s projects, such as Helen’s work on Jupiter-C and Marie’s work on the Microlock tracking system. Barbara and the young and talented Margaret “Margie” Behrens, another computer, both on the verge of marriage, struggled with the draw of work and more education versus the expectation that they would have children and quit their jobs soon. 

			Chapter 6: Ninety Days and Ninety Minutes

			By December 1956, JPL had performed three test launches of Jupiter-C (and renamed the project to Juno), while the navy’s satellite project, Vanguard, was only testing the first stage of its rockets. Soon afterward, Juno was shut down due to funding issues. It was frustrating for everyone at JPL to have their work overlooked, even more so when the USSR launched Sputnik in October 1957. Pickering and von Braun petitioned President Eisenhower to let them launch Juno, and after they were denied, JPL made a rather facetious proposal for Project Red Socks, a rocket to the moon. Meanwhile, the first Vanguard attempt failed on the launch pad while broadcasting live on December 9, 1957.

			In the wake of Vanguard’s failure, JPL was finally given a chance to launch their satellite. After years of waiting, they were given only until the end of January to prepare the launch; luckily, their satellite, the Explorer, which launched on January 31, 1958, was a success. A successful Vanguard launch wouldn’t take place until March 1958.

			The computers were experiencing their own ups and downs, as well as new challenges in balancing work with their personal lives. In 1956, Marie Crowley took a position in the chemistry department; in 1957, she decided to leave the lab after an accident with nitric acid. Janez chose to leave the lab in order to have children, though she did return to work as a chemical engineer in the private sector a few years later. Their departures made way for Sue Finley’s arrival in 1958, while Helen, who was getting married to Arthur Ling, had no intention of quitting her work.

			Need to Know: The Eisenhower administration had discouraged JPL’s satellite project in part because JPL fell under the army’s jurisdiction, and they didn’t want to give the impression that the US satellite was a weapon or a threat. The Explorer’s success helped JPL transform their public persona from military scientists to rocket scientists. 

			Chapter 7: Moonglow

			In July 1958, President Eisenhower established the National Aeronautics and Space Administration (NASA). His wariness about letting JPL dedicate itself to space exploration lingered even after the Explorer project, so it was months before they became an official part of NASA. With space opened up to a greater degree, the scientists at JPL started dreaming of exploring Mars and Venus—the two planets thought in the 1950s to possibly harbor life. 

			Instead, their first assignment was to save the Air Force’s unsuccessful moon probe, Pioneer. Using calculations that had been abandoned when Project Red Socks was denied, the computers and scientists at JPL managed to send Pioneer 4 past the moon and into the Sun’s orbit in March 1959—a great achievement, but it came after the Soviet Union’s successful launch of Luna 1. JPL, officially tasked with crewless lunar and planetary missions as well as rocket development, decided to start developing an international tracking system; after ten years of service, Barbara visited the Mojave Desert for the first time to see the tracking system and begin planning the network.

			At 27 years old, Barbara’s unmarried status was an anomaly—her boyfriend even sent her to see a therapist when she said she wanted to wait to get married. She did end up marrying him, but when Macie retired, Barbara also took over as supervisor (to the chagrin of some of the men at JPL, who thought a man should oversee the computer department). Like Macie, who encouraged younger women like Margie to keep learning instead of marrying too soon, Barbara wanted to foster a supportive environment for women in computer and rocket science.

			Need to Know: In the midst of the Pioneer project, JPL upgraded to an IBM 704. Learning computer programming was mostly left to the women at the time—the engineers still preferred to have their calculations performed by the human calculators, who to them were faster and more trustworthy than the expensive machine.

			Part III: 1960s

			Chapter 8: Analog Overlords

			JPL was expected to continue developing more advanced moon probes, but its scientists were already bored by the idea of lunar exploration and wanted to focus their energy on other planets. The scientists and engineers decided to divide into two teams, developing five Ranger probes that would tackle the lunar missions and two Mariner probes that would fly to Venus and Mars; the computers would work for both groups. 

			The women were glad not to be divided and especially happy that none of them were left out of the more intriguing planetary missions, but the workload was heavy. The lunar missions had varying success and seemed to lag behind the Soviets, due at least in part to the divided attention being paid by JPL scientists. By 1962, three years after the USSR crash-landed Luna 2, none of the Ranger missions had made contact with the moon. Fortunately, Mariner was faring better: in December 1962, Mariner 2 was the first spacecraft to pass close by Venus and send back data, including a recording of the planet’s sound picked up by the probe.

			The computer lab, which had been renamed Mission Design, was dealing with another challenge on top of the workload: pregnancy. Maternity leave was nonexistent and leaves of absence were rare, as Barbara learned when she was fired for being seven months pregnant. Helen, who became head of Mission Design in Barbara’s stead, saved up vacation days in order to give birth and stay home with her newborn for seven weeks. A year after Barbara’s unfair termination, Helen was able to offer her an open position, and Barbara happily returned to work.

			Need to Know: Smaller, more powerful IBMs were appearing, like the IBM 1620 that the computers christened “Cora” in 1960. As the women eagerly learned FORTRAN programming—a new computer-programing language that was ideal for translating mathmatical equations into code—human computers around the United States were being laid off; fortunately for the women at JPL, the engineers still didn’t trust mechanical computers or know how to use them. 

			Chapter 9: Planetary Pull

			In 1963, while engineers and Mission Design reassessed Ranger and analyzed data from Venus, the Deep Space Network (DSN) was unveiled. The huge satellite dishes and accompanying stations, located in Australia, Spain, and the United States, would help scientists track spacecraft with greater precision, especially as they started launching ships destined for further planets. The next year, Ranger 7 finally began a string of successes when it crashed onto the Moon and took photos of its surface, and Mariner 4 was launched and passed Mars in 1965. The team was disappointed to see such a lifeless surface, but happy with their accomplishment.

			Because there were no astronauts involved, the Ranger missions received far less attention during the 1960s than Apollo, but they were paving the way for the first humans to land on the moon. Ranger led up to Surveyor, a series of three ships that helped scientists plan for a soft Moon landing instead of a crash.

			Helen and Barbara were busy working, having more children (and trading off childcare with their husbands), learning computer programming, and pushing the other female employees to hone their IBM expertise. While a few members of the Mission Design team, like Kathy Thuleen, were finally seeing themselves credited as engineers and in publications, most of the women still didn’t receive the recognition they deserved; Helen knew that computer science knowledge could help secure them in their careers.

			Need to Know: Gender-wise, JPL was not making huge progress, but the environment was changing little by little. More women, including Margie Behrens, were coming back to their jobs after having children—women even began wearing pantsuits in the workplace.

			Chapter 10: The Last Queen of Outer Space

			In 1969, the United States achieved the pinnacle of the Space Race: Landing and putting humans on the moon. Though JPL wasn’t directly responsible for Apollo, its employees’ work on Ranger and Surveyor, as well as hypergolic propellant and multi-stage rockets, had been crucial to the mission’s completion. 

			At the lab, attention had already turned to the remaining Mariner missions, as well as a prospective Grand Tour that would send two probes along a once-in-a-176-year planetary line-up to collect data from every planet between the Earth and Uranus. President Nixon denied the Grand Tour funding, but Margie and Sylvia Lundy, a new member of Mission Design, helped program Mariner 10 to test the use of gravity assist, a means of using planets’ gravity to navigate spacecraft with less energy (therefore reducing costs).

			The lab was not immune to the push for women’s rights that was happening across the country. In 1969, when California passed the Family Law Act, Margie got divorced; Sylvia later left her husband as well. Sue Finley returned to work on a psychologist’s recommendation after six years, just before the computers were officially given the title of engineer and required to hold an engineering degree. The JPL beauty pageant, which had been renamed the “Queen of Outer Space,” was held for the last time in 1970.

			Need to Know: Most engineering programs only began to accept female students in 1970, so when JPL made the degree a requirement for Mission Design, few women held one. Still working to foster a female environment, Helen would hire new women as programmers and encourage them to go to night school to earn a more advanced degree.

			Part IV: 1970s–Today

			Chapter 11: Men Are from Mars 

			During the Vietnam War, NASA saw its budget cut by 17%, and public support for the Apollo missions fell from an already middling level. While rocket scientists were enthralled by space exploration, US citizens questioned whether the millions of dollars couldn’t be more useful for helping the people who were suffering on Earth. Apollo’s last four missions were canceled, though the planned space shuttle was allowed to continue because it could reuse Apollo hardware, and Nixon saw potential for commercial usage.

			In 1974, Mariner 10 circled Venus and sailed on to Mercury, proving that gravity assist would work for the Grand Tour. Barbara was focused on Viking 1 and 2, which launched in 1975 and were the first spacecraft to land on Mars and examine its surface. Helen worked closely on an ocean-data-collecting satellite called SEASAT, which launched in 1978 and used sensitive radar to collect sea data. 

			Sylvia and Sue focused on Voyager, the new name for the Grand Tour ships, which had been approved to travel to Saturn (though JPL fully planned to send the probes on further when the time came). Sylvia, who was gaining engineering credentials, developed a computer program called post-E that determined Voyager trajectories. Sue was becoming an expert at programming the DSN to track spacecraft signals at enormous distances. In 1977, Voyager 1 and 2 were launched with only minor hiccups, and they waited to see what the returns on their work would be. 

			Need to Know: The politics of NASA affected the scientists whether they liked it or not—for example, manufacture of the Skylab space shuttle did not go to the best private contractor, but to the cheapest one in a district where Nixon hoped to win votes. Sometimes, the public voice worked in a project’s favor, such as the orbiting telescope (the future Hubble Space Telescope), which Nixon initially denied but eventually received funding thanks to widespread support.

			Chapter 12: Look Like a Girl 

			In the spring of 1979, Voyager 1 reached Jupiter and spent weeks collecting images and data of the previously unexplored planet. Both of the Voyager probes followed their intended trajectories, and the JPL staff, now exponentially larger than in the early years, managed to still have an intimate feel as employees spent hours and overnights in the auditoriums, watching images flow in from Saturn, Neptune, and finally Uranus. Voyager 1, which headed straight for the edge of the solar system after Saturn, took two famous last pictures before it crossed into interstellar space: Portrait of the Solar System and Pale Blue Dot.

			In the 1980s, the women of JPL who used to work computations for every project found themselves divided between different tasks more frequently, but Helen, Sue, and Barbara all worked on Galileo, a Jupiter probe. The Challenger explosion in 1986 was a tragedy that delayed Galileo’s launch and forced it to take a slower route, but in 1995 it reached Jupiter. By then, Barbara and Helen had both retired, with decades of admirable work for JPL to show for themselves. 

			In the 1970s, Intel introduced the microprocessor, and by the 1980s the Personal Computer (PC) revolution was changing the composition of JPL, NASA, and other computer science programs. Currently, JPL still employs more women than any other NASA office, but fewer women are graduating with advanced computer-science degrees than did thirty years ago. Without an entry point like the old computer position that didn’t require a degree, more women are being kept out of the field of rocket science than let into it.

			Sylvia, one of the younger women of the crew, became manager of the Mars Surveyor project before her retirement in 2008, and helped land multiple rovers on Mars’s surface. Sue, one of JPL’s longest-serving employees, said that she wouldn’t retire until Juno reaches Jupiter in July 2016.

			Need to Know: If it weren’t for the dedicated leadership of women like Helen and Macie, many fewer women would have been given a chance to work for JPL and make contributions to US space exploration.

			Epilogue

			Author Nathalia Holt toured the JPL facility with seventeen former computers as she was writing Rise of the Rocket Girls. The women shared their friendship and memories with Holt as they visited their former offices and old experiment sites. Most of the women, like Barbara and Helen, had not seen each other in years—Barbara lives in Iowa, and Helen lives in an assisted living facility near Pasadena, both close to their daughters. Sue is the only member of the group who still works, traveling around the world to continue programming the DSN.

			Need to Know: Sue Finley, who never graduated from college, was grandfathered into her engineering position, but when JPL started requiring its engineers to hold advanced degrees in 2008, she was demoted from a salaried position to an hourly position. 

		

	
		
			Timeline

			1939: The GALCIT Rocket Research Project (a.k.a. the Suicide Squad) receives its first $1,000 grant from the National Academy of Sciences.

			1940: The GALCIT Rocket Research Project receives a $10,000 grant from the Army Air Corps and changes its name to the Air Corps Jet Propulsion Research Project (and later becomes the Jet Propulsion Laboratory, or JPL).

			August 12, 1941: JPL launches their first rocket plane, executing the first American rocket-powered plane flight.

			December 7, 1941: Japan attacks Pearl Harbor and British Hong Kong.

			1942: Members of the former Suicide Squad and JPL start Aerojet.

			December 1942: JPL succeeds in launching the Douglas A-20A bomber using rockets.

			1944: Theodore von Kármán leaves JPL to start Scientific Advisory Group for the air force; Frank Malina takes over as JPL’s acting director.

			October 1945: The Corporal missile prototype flies up forty miles, a record-breaking altitude.

			1946: Helen Yee Ling Chow moves to Indiana to attend Notre Dame.

			May 22, 1947: The first Corporal missile is tested; it reaches a height of 129,000 feet and travels sixty miles away.

			February 24, 1949: Bumper WAC is launched and reaches a record velocity of 5,150 mph and leaves the atmosphere to travel 242 miles high.

			March 1952: Janez Lawson is hired to be a computer at JPL.

			1953: Helen moves to Pasadena, California.

			August 9, 1955: The US Department of Defense chooses the Navy’s satellite design, Project Vanguard, over JPL’s.

			1956: The Sergeant, JPL’s last missile project, is completed and sent to Korea.

			September 19, 1956: First launch of Jupiter-C in Cape Canaveral, Florida.

			July 1957–December 1958: Timespan for the International Geophysical Year (IGY), an international cooperative study of Earth.

			May 1957: The second Jupiter-C launch falters; it falls into ocean and gets torn apart by sharks.

			August 8, 1957: The third Jupiter-C is launched, and its nose cone survives re-entry into the atmosphere.

			October 4, 1957: The Soviet Union launches Sputnik while holding an IGY conference cocktail party at the Russian embassy in Washington, DC.

			November 1957: The USSR launches Sputnik 2. It contains Geiger counters and spectrometers to measure solar radiation and cosmic rays, as well as a dog named Laika, the first living creature in space.

			December 6, 1957: Vanguard launches during a live broadcast and explodes on the launch pad.

			January 30, 1958: Sue Finley starts working at JPL.

			January 31, 1958: JPL’s first satellite, Explorer, is launched successfully.

			February 5, 1958: The second Vanguard launch fails.

			March 17, 1958: The Vanguard satellite is finally launched successfully.

			July 29, 1958: President Eisenhower establishes NASA.

			January 2, 1959: Luna 1, a Soviet satellite, passes within four thousand miles of the moon before entering the Sun’s orbit.

			March 3, 1959: Pioneer 4 is launched successfully and passes by the moon.

			1959: Macie retires, and Barbara takes her place as computer supervisor.

			September 1959: Luna 2 crash-lands on the moon.

			1960: IBM 1620, named Cora by Mission Design, joins the lab.

			April 12, 1961: Yuri Gagarin is the first human to reach space.

			May 5, 1961: Alan Shepard is launched in the Freedom 7 capsule to 116 miles above Earth, but doesn’t go into orbit.

			August 23, 1961: The first Ranger launches from Cape Canaveral and successfully enters low orbit, but the second rocket short-circuits and the ship is stuck in low orbit untill falling on August 31.

			August 27, 1962: Mariner 2 launches and successfully exits the atmosphere.

			October 1962: The Cuban missile crisis distracts the US from the failed launch of Ranger 5.

			December 14, 1962: Mariner passes by Venus; its scanners are successfully activated to send back data from the planet.

			December 1963: The Deep Space Network (DSN) and Space Flight Operations Facility (SFOF) are unveiled.

			November 28, 1964: Mariner 4 is launched with the first navigational system that uses the stars.

			February 20, 1965: Ranger 8 lands on the Moon and transmits photographs and video back to Earth.

			July 14, 1965: Mariner 4 passes Mars; the first image of the planet is recorded in code and colored in with pastels.

			June 1, 1966: Surveyor lands delicately on the moon.

			January 1967: Three astronauts are killed in a fire during a simulated Apollo takeoff.

			April 1967: Surveyor 3 is launched; it lands in a crater and takes the first samples of moon dirt.

			June 1968: Sylvia Lundy starts working for Mission Design.

			1969: California passes the Family Law Act, allowing partners to divorce due to “irreconcilable differences,” and divorce rate surges.

			July 20, 1969: Neil Armstrong and Buzz Aldrin walk on the moon.

			July 29, 1969: Mariner 6 passes Mars, providing the first live footage of the planet.

			November 1969: Apollo 12 reaches the Moon carrying two astronauts, who find Surveyor 3 and bring it back to Earth.

			April 11, 1970: Apollo 13 is launched.

			January 1971: Intel introduces the 4004 chip, the first microprocessor.

			1971: The March Against Moon Rocks, at Cape Kennedy, was held to protest the funding of NASA as the country was plunging into debt from the Vietnam war. 

			June 1971: The Russian space station Salyut 1’s reentry capsule, Soyuz 11, reentered the atmosphere and was opened to find its crew dead from a malfunctioning pressure valve—the only three humans in history to die outside Earth’s atmosphere.

			1972: “Mariner Jupiter/Saturn 1977: The Mission Frame” is published. A plan for the route of Mariner 10 (a.k.a. MJS 77), it features Sylvia’s name and picture along with four male engineers; Apollo 17, the last human-piloted lunar mission, is completed.

			February–March 1974: Mariner 10 circles Venus and passes Mercury.

			1974: Altair, the first home computer, is introduced.

			August & September 1975: Viking 1 and 2 are launched.

			July 20, 1976: The Viking lander is dropped and successfully touches down on Mars.

			August 20, 1977: Voyager 2 is launched.

			September 5, 1977: Voyager 1 is launched.

			June 1978: SEASAT, a satellite for collecting sea data, is launched.

			March 5–April 13, 1979: Voyager 1 collects data and thousands of photos of Jupiter system.

			July 11, 1979: Skylab, having sprung a leak, falls after six years orbiting the planet.

			April 12, 1981: Columbia, the first spaceflight of NASA’s Space Shuttle program, was launched. 

			January 28, 1986: Challenger explodes, killing all seven astronauts inside.

			January 1986: Voyager 2 reaches Uranus and delivers images of the planet and its moon, Miranda.

			August 25, 1989: Chuck Berry performs at JPL in honor of Voyager 2 reaching Neptune.

			October 1989: Galileo is launched.

			February 14, 1990: Voyager 1 takes its final pictures, Family Portrait of the Solar System and Pale Blue Dot.

			April 24, 1990: The Hubble Space Telescope is launched.

			April 1993: Barbara retires after forty-five years at JPL.

			August 1993: The Mars Observer disappears into space just before reaching Mars.

			December 1995: Galileo reaches Jupiter and drops a probe into the atmosphere.

			July 1997: The Pathfinder arrives at Mars, lands safely and releases Sojourner, the first rover.

			December 1998 & January 1999: The Mars Surveyor mission is launched, but both of its ships get lost.

			September 21, 2003: Galileo crashes into Jupiter after fourteen years in space, eight of which were spent exploring Jupiter.

			2004: Spirit and Opportunity rovers land on Mars and find evidence of water.

			December 14, 2010: Author Nathalia Holt gives birth to her daughter, Eleanor Frances.

			2012: Curiosity rover lands on Mars.

			2013: Holt organizes a reunion of seventeen former computers at the JPL campus.

		

	
		
			Cast of Characters

			Margaret “Margie” Behrens: One of the youngest computers hired for JPL in the 1950s, Margie was hired straight out of high school. She left her job to have children with her first husband, a JPL engineer, but later re-joined the Mission Design team. 

			Wernher von Braun: A prolific rocket scientist with a controversial past, von Braun was a Nazi war criminal who invented the V-2 missile for Germany in WWII. After being brought to the Unnited States by Operation Paperclip, he worked with JPL as they transitioned away from weaponry and into space exploration.

			Barbara “Barby” Canright: One of the first JPL employees and one of their first female computers. She and her husband became friends with the Suicide Squad when they moved from Ohio to Pasadena to attend college. 

			Richard Canright: Barby’s husband, a grad student at Caltech while the Suicide Squad performed their early experiments on campus; he eventually became one of JPL’s early engineers. 

			Helen Yee Ling Chow: Born in the Philippines and raised in China during WWII, Helen immigrated to the United States to attend college and took a job as a computer at JPL in the 1950s. She eventually became the director of Mission Design and continued Macie Roberts’s practice of hiring young women and helping cultivate their careers in science. 

			Marie Crowley: An employee at JPL hired in 1951 after working in data reduction at Aerojet. She joined the chemistry lab at JPL in 1956 but quit after spilling nitric acid on her skin and deciding to start a family.

			Susan Greene Finley: One of JPL’s longest serving employees, she took a job at the lab in the 1960s after leaving her job at Convair due to a pregnancy that ended in stillbirth. Though she never graduated from college, she was grandfathered into the engineering team at JPL and still works on projects using the Deep Space Network today.

			Ed Forman: One of the three founding members of the Suicide Squad, which would later become the Jet Propulsion Laboratory (JPL). 

			Eleanor Francis Helin: A computer for JPL who eventually ran a program that tracked and discovered asteroids. She became the inspiration for this book when author Nathalia Holt discovered her story while researching names for her daughter.

			Freeman Kincaid: Early computer for JPL; one of the few men to hold the position before Macie Roberts began hiring only women. Joined the Merchant Marine and left JPL in 1944.

			Janez Lawson: Computer hired by Macie Roberts in the 1950s who became JPL’s first African American employee. She was one of the first JPL employees to attend IBM training school and learn to program the company’s first mechanical computer, an IBM 701.

			Sylvia Lundy: One of the later hires for the computer lab, Sylvia had completed a full-year computing course at Rutgers before arriving at JPL. She eventually earned higher academic degrees, moved into engineering, and managed the Mars Pathfinder program before retiring from the lab.

			Frank Malina: Caltech student and cofounder of the Suicide Squad who became the chief engineer at Aerojet. He left the company in the late 1940s due to his moral disagreement with using rockets for weaponry.

			Jack Parsons: One of the cofounders of the Suicide Squad, later JPL and Aerojet. He made significant discoveries regarding propellant but was forced to leave JPL in the 1940s after divorcing his wife and joining a religious cult.

			Barbara Lewis Paulson: One of the earlier hires for the computer lab at JPL; she replaced Macie Roberts as supervisor after Macie retired, until Barbara was fired for being pregnant. She came back to JPL after each of her daughters was born, ultimately working for JPL for forty-five years.

			Macie Roberts: Former IRS auditor who was slightly older than the other women on the early JPL computer team. She became the group’s supervisor and made it her policy to hire only women for the department.

			Hsue-Shen Tsien: Originally from China, he was one of the founding members of JPL who also helped capture Nazi scientists after WWII as part of Operation Paperclip. During the Red Scare, he was banned from the lab for supposed Communist ties and deported to China where he became known as the Father of Chinese Rocketry.

			Kathy Thuleen: Computer programmer who studied the Martian data gathered by the Mariner voyages; she was one of the first computers to be credited as an engineer when Roger Bourke included her name on a publication about the Mariner 5 altitude-control system.

			Theodore von Kármán: Frank Malina’s grad school adviser who became one of the cofounders of JPL and Aerojet. Von Kármán was also the director of GALCIT, the early incarnation of JPL.

		

	
		
			Direct Quotes and Analysis

			“‘Our dreams of designing rockets for scientific research at high altitudes and for space flight had to be deferred for several years.’”

			Ed Forman said this in regards to WWII and the JPL’s role in weaponry. The Suicide Squad was able to develop into JPL with funding that the young scientists received from the government because the army was interested in using rocket planes and jet propulsion to launch bomber planes and long-range missiles. Although these projects led to some discoveries and success, JPL’s founders and employees were less interested in weaponry than in the exploratory possibilities of space travel. They were grateful for the end of WWII and the Korean War because for them it meant a chance to shift the lab’s focus to their real goals.

			“As the computers chatted comfortably during a lunch break one day, one of them said they were ‘just like a sorority,’ … When Macie overheard her, she wasn’t amused. ‘You’re professional women,’ she reminded them.”

			By hiring only women for the computer lab at JPL, Macie Roberts created a friendly, supportive environment for the female employees; working long hours together, the colleagues became close friends. Macie wanted the women to be friends, but she also wanted them to take themselves seriously—if they didn’t, it would be that much harder to earn the respect they deserved for performing a difficult, necessary job.

			“She was the only African American in the group, and her commute was symbolic of how much further she had come than many of her colleagues.”

			This refers to Janez Lawson and the hour-plus drive she took from Santa Monica to Pasadena and back each day to work at JPL. Los Angeles was relatively diverse in the 1950s, and Janez’s family there was relatively well off, but outside of work she felt less comfortable in Pasadena. Not only was the town still very segregated, but her grandmother had also worked there as a maid for a rich, white family for years. By any standard, Janez was an accomplished young woman, but much like her extra-long drive to work, she’d had to work twice as hard as her colleagues to get a job at the lab.

			“The list of objectives [for Project Red Socks]: ‘1. Get pictures, 2. Refine space guidance techniques, 3. Impress the world.’”

			After the US government chose to fund the Vanguard satellite proposal over JPL’s Orbiter proposal in the late 1950s, the scientists at JPL decided to turn their energy to Project Red Socks, a proposed rocket to the moon that seemed highly unrealistic at the time and was quickly denied funding. This list of objectives shows a sense of humor, but also cockiness. Ironically, JPL was assigned to execute a series of lunar missions for NASA just a few years later, but by then the scientists were more interested in pursuing space travel toward other planets in the solar system.

			“‘Engineers make up the problems and we solve them.’”

			Helen said this about the computers’ work relationship with the engineers at JPL. Engineers seeking to understand the results of an experiment would pass raw data on to the computers, who would process it through the appropriate equations and deliver answers back to the engineers. The women were responsible for giving the data meaning. 

			“‘We are protesting our country’s inability to choose humane priorities.’”

			Hosea Williams, an activist, made this statement in 1971 during a protest held by hundreds of African Americans at Cape Kennedy, called March Against Moon Rocks. During the 1960s, JPL and other NASA employees were obsessed with getting ships and people onto the moon and other planets; the general public was not always as enthusiastic about millions of dollars being spent on space travel instead of being used to make meaningful change for people who were being oppressed on Earth.

			“‘In this job you need to look like a girl, act like a lady, think like a man, and work like a dog.’”

			A saying that Macie Roberts was known for telling women whom she hired to work in the computer lab at JPL, which highlights both the high intellectual and work standards that the women were held to as well as the standards of appearance and manner that strict gender roles demanded they maintain. Although the female employees worked extremely hard to live up to these standards, their male colleagues often failed to recognize their contributions and underestimated their commitment to the job.

		

	
		
			Trivia

			
					Ida, an asteroid in the asteroid belt between Mars and Jupiter, is big enough to have its own moon.

					The Ercoupe airplane, used during JPL’s first rocket-plane experiments, was sold at Macy’s starting in 1945 for a down payment of $998. 

					The Golden Record, which was included on the Voyager 1 and 2 spacecrafts, was a compilation of 115 images and audio files including natural Earth sounds, greetings in fifty-five languages, and a variety of music from the East and West. 

					Up to 100 tons of cosmic dust falls into the Earth’s atmosphere each day. 

					More women studied computer science when it was an emerging field in the 1980s than do today. 37% of computer science students in 1984 were women; by 2011, that percentage had diminished by half. 

					Since the Challenger’s explosion in 1986, one other human-piloted spacecraft of NASA’s has met disaster: On February 1, 2003, the Columbia exploded on re-entry, killing the seven astronauts inside.

					The Antikythera Mechanism, a complex device for tracking lunar and solar cycles found in a shipwreck from around 100 BC, is considered the world’s first computer. 

					In the 1950s, IBM 701 cost about $16,000 per month to rent. 

					Space Camp was founded in 1982; former Nazi Wernher von Braun was one of its creators. 

					NASA has a Women and Girls Initiative that aims to inspire future scientists, astronauts, engineers, and mathematicians.

			

		

	
		
			What’s that Word?

			Altitude: An object’s distance from Earth’s surface. A key measurement in many of the computers’ equations.

			Command guidance system: Type of guidance system that uses radio signals sent from a ground station to control a missile’s flight direction; it is not very accurate or secure. The Corporal used a command guidance system.

			Computer: Person who computes, or performs mathematical calculations. The term only began to refer to machines instead of people once the machines became complex enough to perform more complicated equations.

			Data reduction: Plugging number data into equations and solving them; the work of computers. At some data reduction jobs, computers crunched numbers without context; at JPL, computers were given more insight into the meaningfulness of the data. 

			FORTRAN: Short for Formula Translation; a programing language that the computers started learning in the 1970s to translate their mathematical equations into binary code.

			Friden calculator: Early calculating machine that was heavy and expensive; it could add, subtract, multiply, and divide by typing numbers into columns and printing the calculations out onto a piece of paper like a typewriter. In the 1940s at JPL the computers all took turns on one Friden calculator; by the 1970s they were obsolete.

			Gravity assist: Means of propelling spacecraft that uses less fuel by curving the ship around a planet in such a way that it uses the planet’s gravity to gain speed and head toward its destination. Especially useful for spacecraft traveling longer distances, like Voyager 1 and 2.

			Gyroscope: Device with a rotating top piece and stable axis that can be used in navigational devices to control direction. The first smaller, electric gyroscopes were used in the Sergeant to create an opposing force to the rocket’s propulsion and allow its fins to move and change direction.

			High-Order Assembly Language (HAL): Programming language used for the space shuttle, the women in Mission Design learned HAL in addition to FORTRAN as computer programs became more complex.

			Inertial guidance system: Directional system that tracks missile speed and direction using accelerometers and gyroscopes placed inside the missile. More accurate than command guidance; used in the Sergeant. 

			Jet engine: Piston engine and propellor alternative for operating planes. It uses a thermodynamic reaction to create high pressure inside an engine so that the molecules will rush out through a narrow opening to push the plane/object forward.

			Microprocessor: Multi-functional computer chip that replaced vacuum tubes and led to the PC revolution. The chip could hold a sizable amount of programmable and erasable memory that made computing faster and more compact than ever before, leading to personal computers for all JPL employees as well as a transition to cubicles in the office, since workers no longer needed to share computers.

			Rocket propellant: Combination of fuel and an oxidizer that can accept an electron and create an oxidation-reduction reaction (like oxygen allowing fuel to burn). Must be contained within rocket engines in order to send them out of the atmosphere.

		

	
		
			Critical Response

			
					A New York Times bestseller

					A Los Angeles Times bestseller

					An Amazon Best Book of 2016

					2016 Goodreads Choice Awards finalist

			

			“Holt does a fine job balancing the personal stories of these women with the technical discussions of their work. … Rise of the Rocket Girls tells a fascinating story of the women who made largely unseen yet essential contributions to the early history of spaceflight.” —Jeff Foust, The Space Review

			“Nathalia Holt’s Rise of the Rocket Girls is a refreshing and delightful read, telling the previously untold story of the many women who contributed significantly to America’s participation in the Space Race of the 1950s and 1960s.” —Jeanette Ferrara, Science Line

			“When it comes down to it, Rise of the Rocket Girls is a story about women helping women—and it’s a good story, at that. It chronicles the trajectory of women’s careers at NASA from computers to full-fledged engineers.” —Cassandra Seltzer and Kelley Christensen, Earthzine

			“As Nathalia Holt’s Rise of the Rocket Girls engagingly informs us, those early American satellites and the many more that followed would not have cleared paths to the stars and planets without the contributions of smart, mathematically inclined women.” —Gene Seymour, USA Today

			“Holt (Cured), a microbiologist and science writer, honors the lives and work of the women who provided the fledgling Jet Propulsion Lab with computing power, in this accessible and human-centered history.” —Publishers Weekly

			“Holt uses a combination of archival material and interviews to write a comprehensive history of the computing department. … I recommend reading Rocket Girls for an inspiring look at women pushing boundaries and expectations.” —Shawnna Buttery, Cell Reports

		

	
		
			About Nathalia Holt

			Nathalia Holt, PhD, is an acclaimed microbiologist and science writer who specializes in HIV biology and trained at the Ragon Institute at Massachusetts General Hospital, MIT, and Harvard University. She grew up in Manhattan, where she volunteered at an HIV ward as a teenager and was inspired to study molecular biology. Her first book, Cured: The People Who Defeated HIV, is a reflection of the interests that drive her work.

			Holt now lives in Boston, Massachusetts with her husband and two daughters, one of whose name served as the inspiration for Rise of the Rocket Girls. Holt’s writing about women in science fields, pediatric medicine, and space exploration appears in publications that include the New York Times and the Atlantic. 

		

	
		
			For Your Information

			Online

			“Alan Shepard, the Apollo 1 Disaster, and the Race to the Moon.” The Portalist. 

			“Interview: Space Historian Glen Swanson Talks the Apollo Program.” The Portalist.

			“Juno Captures the ‘Roar’ of Jupiter.” NASA Jet Propulsion Laboratory, YouTube.

			“Meet the ‘Hidden Figures’ mathematician who helped send Americans into space.” Los Angeles Times.

			“Meet The ‘Rocket Girls,’ The Women Who Charted The Course To Space.” NPR.

			“NASA, the ‘Challenger’ Disaster, and How One Phone Call Could Have Saved the Crew.” The Portalist. 

			“A Space Pioneer, 79, Is Ready to Track Juno for NASA.” The New York Times.

			“Why the First Close-Up Image of Mars Was Hastily Painted in Pastels.” Motherboard.

			“Why We Desperately Need to Study More Female Astronauts.” Motherboard.

			Books

			Find Where the Wind Goes: Moments from My Life by Dr. Mae Jemison

			The Glass Universe: How the Ladies of the Harvard Observatory Took Measure of the Stars by Dava Sobel

			Hidden Figures: The American Dream and the Untold Story of the Black Women Mathematicians Who Helped Win the Space Race by Margot Lee Shetterly

			Innovation by Adam Steltzner and William Patrick

			Lab Girl by Hope Jahren

			The Right Kind of Crazy: A True Story of Teamwork, Leadership, and High-Stakes by William Patrick

			Rocket Girl: The Story of Mary Sherman Morgan, America’s First Female Rocket Scientist by George D. Morgan

			Other Books by Nathalia Holt

			Cured: The People Who Defeated HIV

			The Queens of Animation
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