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Foreword
by DR. MAE C. JEMISON



Growing up on the South Side of Chicago during the ’60s, always insistent that I would be a scientist and go into space, I was surrounded by the profound social, political, and cultural demands that changed the world. All this was set against a backdrop of robust, fast-paced scientific research, technological advances, and the Space Race that would result in the first human stepping foot on the Moon in less than a decade. 


Throughout my career—as a physician in West Africa, a NASA astronaut, an engineer, an environmental studies professor, and an entrepreneur—I have noted that what we as a society are able to accomplish depends heavily on the breadth, scope, and diversity of our imagination, ethics, and ambitions even more so than the technological capabilities with which we start. The narratives—the stories through which the “What if” musings are expressed—are particularly important.


I have watched and read science fiction most of my life while studying science and being immersed in dance, art, and politics. Ideas presented in books and movies fueled me to go deeper into our current science and society, looking for ways to accomplish, understand, and validate concepts presented in fictional stories. Books like A for Andromeda by Fred Hoyle, Colossus by Dennis Feltham Jones, Isaac Asimov’s The Gods Themselves, and Octavia Butler’s Wild Seed challenged me to consider not only the science, but also how varied perspectives can open a new world of discovery and understanding societies. 


Among the many space and sci-fi movies and television programs of the ’60s, Star Trek had an indelible, lasting influence on our world, despite being cancelled after just three seasons. The series is an example of how a well-told narrative that engages our imagination and spirit, as well as the zeitgeist of the time, makes a difference.


Star Trek fueled continued enthusiasm for space exploration across a wide spectrum of people—from those who dreamt of space to those who made the dreams of the design, engineering, building, logistics, and funding of successful space exploration real. The success of Star Trek is found not only in the robust franchise of the numerous films and television series it has spawned, but also in the way its central tenets have spread into our global culture. Star Trek popularized many concepts, including: the “Prime Directive” non-interference rule; warp drive; multiracial and multispecies crews; engineering as an integral “do or die” system with Scotty giving it all he’s got; transporters using mass energy conversion; and—most importantly—that space was worth exploring. 


In the Star Trek universe, science was a major character and space exploration was the central character—not Kirk, Spock, nor Uhura. New science, technologies, and space advancements were the focal points against which we could examine and attempt to solve social issues, from racism, sexism, nuclear war, bigotry, colonialization, food shortages, elitism, and criminal systems to individual egos and the hegemonies of emotion and logic. The crew and workings of the Enterprise were posited as potential solutions. Star Trek made real social change, ensuring space exploration could be an opportunity for all. Actress Nichelle Nichols personally put her professional reputation and her Star Trek character Lt. Uhura’s popularity front and center, lending her credibility to ensure NASA received applications from women and non-white scientists and engineers for the new and inclusive shuttle astronaut corps. It seems many engineers and scientists did not believe NASA’s sincerity about inclusivity—but Star Trek had credibility.


In our real, nonfictional world, space exploration continued, but at a much slower and less bold pace than I expected. Much to my personal dismay, though space exploration continued over the past fifty years, humans have yet to return to the Moon. In fact, the last three Apollo missions, with rockets and vehicles already built, were canceled from lack of congressional funding support. I believe that is because the narrative of Apollo did not compel the public at large; unlike Star Trek, many people, particularly from various ethnic and socioeconomic groups, did not see themselves as a part of, nor benefiting from, space exploration. By and large, the story being delivered by NASA and the news media wasn’t nearly as compelling as what’s found on page and screen. That’s why this book is so exciting. 


Within these pages, Ariel Waldman thoughtfully charts the ways science fiction and real-life space exploration intersect, capturing both the limitless creativity and the logic and structures of the real world. Her analysis reflects what I do in my own work as leader of the 100 Year Starship (100YSS), a global initiative that seeks to ensure that the capabilities for human interstellar flight exist within the next 100 years. The initiative requires healthy doses of imagination and grounding in current science, engineering, and systems, balanced by the understanding of the history of society and civilizations along with their interlinked evolution. The proposal for 100YSS that won the competitive DARPA seed-funding grant was entitled “An Inclusive Audacious Journey Transforms Life Here on Earth and Beyond.” We purposefully include artists, storytellers, teachers, students, political scientists, astronomers, physicians, aerospace engineers, economists, theologians, anthropologists, and others at the table together. This wide, inclusive range of voices pushes the initiative to evolve more robust, comprehensive solutions as well as reexamine the benefit to humans and the Earth every step of the way. 


As Out There: The Science Behind Sci-Fi Film and TV takes us on a stroll through the landscape of space-oriented science fiction—the gritty urban jungles, the fast-moving superhighways, and the lazy rural backroads—I am reminded how the stories are shaped by science of today and possibilities of tomorrow and, in turn, impact the world view of the public, researchers, policy makers, and technologists. Out There brings home the key themes, conundrums, and “accepted technologies” that arise in science-fiction narratives. It is an engaging, informative, and important read I think you are going to enjoy. I certainly did!


—Dr. Mae C. Jemison
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Introduction



One of my favorite aspects of science fiction is its thoughtful exploration of the unknown. How it can transport us and ask us to contemplate what it would be like to live on another planet, encounter a pulsar, or have access to a technology that feels a few steps out of reach. I am always fascinated by areas of science that reveal things we may never be able to experience for ourselves, whether due to distance, orders of magnitude, or perception. Technology and ingenuity help to bridge that gap using microscopes, telescopes, and a dizzying array of sensors that make the invisible visible. Through scientific research, we possess the ability to scratch away at the unknown, but it is always with a sense that we may forever be incapable of feeling or seeing the full extent of what is out there.


I’m in love with exploring the unknown despite these limitations, and as a result I’m often left asking myself, What would that be like? Dark matter, snowball Earth, black holes, alien creatures, multiplanet civilizations—the list goes on. While science is working out the answers, science fiction gives me a way to feel an otherwise impossible encounter and probe just a bit further at the edge of the unknown.


I’ve been fortunate to stray into an unusual career where I can frequently reach out to cutting-edge researchers, pop culture philosophers, and sci-fi creators about my nagging questions and have fascinating conversations with them. And that’s precisely what formed the basis of this book. For me, science fiction in all its forms, but especially film and television, is so much more than what it depicts. What it inspires and provokes—the tangential imagination it catalyzes—is also impactful. Out There is dedicated precisely to that inventive energy.


In this book we embark on an exploratory tour through an uncharted expanse to investigate how science fiction and science are bringing us closer to understanding what’s possible and what’s out there. I sat down with experts and visionaries to discuss topics ranging from discovering aliens to traveling to distant stars, and to explore the creative and critical thinking we should engage in when imagining the future of space exploration for science fiction and reality. Ready to rocket to the Moon and beyond? Then let’s light this candle.
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BEYOND EARTH


ARE WE STILL IN THE DARK WHEN IT COMES TO IMAGINING OTHER WORLDS?


Alien worlds are playgrounds for our imaginations to run wild. When we venture into space, up becomes down. Well, more accurately, there’s no up or down at all on the journey to another world. Instead, we must leave behind our basic assumptions about the way things are. From the air we breathe, the water we drink, the food we eat to the strength of gravity that tethers us to the planet and the power of a magnetic field that protects us from radiation—whether we acknowledge it or not, we have been shaped and molded through millennia of being earthbound, so when we break out of our atmosphere to travel offworld, space acts as a reset button for our expectations. Upon arriving at a world that’s new to us, how much further will it challenge our most basic assumptions about what it’s like to call a world “home”?


That is the wonderful part about the cinematic universe of films and TV shows, be they science fiction or fantasy. They have the power to take us to countless planets, moons, asteroids, and stars. Jupiter Ascending, Prometheus, Europa Report, Stargate Universe, and The Expanse are just a few from this century that do so, and many more have been taking us on these journeys to celestial bodies for decades, like Star Wars, Star Trek, and Doctor Who. They provide otherworldly stages that inspire us to ask, What would visiting that strange planet or icy moon be like? In real life so far, humans have only ever set foot on one other world: our Moon. This constant in our night sky has long been center stage for fantastical theories and ideas about what it might be like to set foot on the surface. The Moon has always been right there, so close and yet just far enough away, making it easy to dream about what might be lurking around its illuminated plains and dark splotches. Its allure as another world with countless mysteries only grew when, in 1609, the first lunar observations and drawings were made using a telescope. Suddenly the Moon had depth. Literally. Through a telescope we could now see that there were mountains and craters and hills. Clearly a landscape for something fantastical to abound.


Three hundred years after those starry-eyed telescopic observations, we still wanted to know what it was like on the Moon. Le Voyage dans la lune (A Trip to the Moon), a film by director Georges Méliès that debuted in 1902, merged science and fiction into a joyful fourteen-minute adventure as the first-ever sci-fi film. The silent movie follows a group of intrepid astronomers as they launch from Earth to the Moon and meet an entire society of lunar aliens. Since there was no concept of a rocket back in the early twentieth century, the film depicts the astronomers launching from inside an elephant-sized bullet that was loaded into a massive cannon. (In fact, it wouldn’t be until the breakthrough invention of missiles in the 1940s that an actual journey to the Moon began to seem technologically feasible for the first time in human existence.)


Upon arriving on the surface of the Moon, the astronomers in the film see the Earth rise from their lunar vantage point—long before the first astronaut in real life captured the iconic photograph Earthrise in 1968. Le Voyage dans la lune explores the unfamiliar world of the Moon, depicting it as a place where snow falls, where there are caves filled with mushrooms, and where an entire society of insect-like aliens known as the Selenites live. After a harrowing fight with the Selenites, the astronomers push their bullet capsule off the side of the Moon and return to Earth, splashing into the ocean like the Mercury, Gemini, and Apollo astronauts would in real life sixty years later.


Well over a century after its debut, Le Voyage dans la lune remains an iconic piece of sci-fi and pop culture. It was both the first of its kind and ahead of its time with its creative yet thoughtful imagination of how we could travel to the Moon and what landscapes might await us there. Its most iconic scene depicts a vaguely human face in the Moon with the massive bullet lodged in its eye—meant to serve as a humorous wink to the audience that the astronomers had successfully landed on the fabled “man in the Moon.” The image to this day remains instantly recognizable, even if many don’t know its exact origin.


So, what does Le Voyage dans la lune show us about how we imagine possible worlds? Dr. Kimberly Ennico Smith, an astrophysicist who works on instruments for space telescopes and planetary spacecraft at NASA, is utterly enraptured by the Moon and the giant leaps in knowledge we’ve been able to achieve in studying it. “What’s so striking about A Trip to the Moon,” she told me, “is that it was before we even had the first airplane. The Wright brothers didn’t fly until 1903.”


In the last decade or so, one of the more important things we’ve learned is that the Moon contains frozen water, which will prove extremely useful for creating rocket fuel and making life a little easier for future astronauts who might reside there and who need water to drink and to hydrate food and plants. It’s not quite like the snow that Méliès imagined, but it isn’t that far off either. Even the way we discovered the water echoes the film. Ennico Smith worked with Dr. Tony Colaprete, a planetary scientist at NASA, on a lunar impactor spacecraft that detected water on the Moon by colliding into it, much like the bullet capsule in the movie.


“What I love even more about A Trip to the Moon are the caverns, because we now know there are collapsed lava tubes and skylights on the Moon!” Colaprete said. “We’re very interested in exploring them, just like those characters did. I don’t think we’ll find mushrooms or the Selenites, the Moon people, like they did, but we’d be just as excited to explore.”


Though it has been a long time since humans physically explored the Moon during the Apollo missions that took place between 1969 and 1972, eagerness to return abounds. The Moon offers so many more areas to discover than what the Apollo astronauts were able to see. Much of the geology on the Moon can inform us about the history of Earth, and the far side of the Moon could become an ideal place to host a telescope. NASA robotics technologist Dr. Saptarshi Bandyopadhyay has proposed building one suspended inside a two-mile-diameter lunar crater. Plans are in the works for NASA to return humans to the surface of the Moon. Space agencies from other nations are also hoping to put boots on this otherworldly surface for the first time. However, the Moon will likely not be the final destination, but instead a testing ground for humans before they venture farther out—to Mars.


The Moon might have been the first “otherworld” that we fantasized about, but since the mid-twentieth century there has been no shortage of films, shows, and stories in just about every genre that have explored Mars. In the 1970s we mapped the entire surface of the planet, first with the spacecraft Mariner 9, then with the Viking orbiters, and today we can view the planet’s features in unprecedented detail thanks to space probes like the Mars Reconnaissance Orbiter, which launched in 2005 and can capture and send back images of features as small as a kitchen table—in case any Martians wanted to invite us over to lunch. We’ve also driven for miles on Mars since 1997, remotely operating rovers like Sojourner, Spirit, Opportunity, Curiosity, Perseverance, and Zhurong around the red planet’s surface with a small time delay. Despite decades of exploration, there’s still much to imagine when it comes to what it’s actually like on Mars.


But with the Moon and Mars having been the subject of our imaginations for so long, it can feel exciting to shift our daydreams to a more distant and unknown target—exoplanets, planets that exist outside our solar system. If Mars has long been humanity’s horizon goal, then exoplanets are the stuff of fever dreams. Currently no foreseeable technology exists that could safely transport humans beyond our solar system. So we must journey there in our minds like we have done throughout history. However, unlike our predecessors, we are lucky enough to live in a time when breakthroughs in exoplanet science are possible due to ever-advancing technologies. Our telescopes on land and in space have already been able to detect thousands of exoplanets and have even captured pixelated images of some, giving us a creative leg up in our possible depictions of life beyond our solar system.


A lack of scientific evidence and research has never stopped us from dreaming about faraway planets. On the cusp of a new era and a year before the first satellite, Sputnik, entered orbit, a film did just that. In 1956 Forbidden Planet imagined what it would be like to explore an alien world. The movie is considered by many to be a sci-fi classic, and although it is nowadays entirely outdated in the social interactions it depicts, it remains a trailblazer in the genre for its portrayals of what a distant world might be like, down to the unusual color of vegetation.


In order to really understand why Forbidden Planet stands out, I spoke about the film with researchers who frequently use telescopes to discover and characterize previously unknown exoplanets in our galaxy. As an astrophysicist at NASA, Dr. Megan Ansdell studies how planets form and evolve. “What I’ve always found interesting about exoplanets in movies is that they tend to be characterized by one thing,” she explained. “It’s a water-world or this is the desert-world or this is the ice-world. You see this both in movies old and new—from Star Wars to Interstellar. However, we know that planets are more than just one thing. Even here on Earth our planet contains multitudes.”


So, while we might have been simplifying them a bit in our depictions, exoplanets seem like the kind of thing that we’ve always assumed existed, long before we had any scientific measurements to prove they were out there. In truth, looking at our world and solar system as a model, it would have been pretty creepy to peer far out into the cosmos and not detect any other planets. It’d be super awkward and perplexing if our solar system contained the only planets in our entire galaxy of over a hundred billion stars. Forbidden Planet, which explored an exoplanet before humans had even launched their first satellite, may have been pop culture’s way to reassure ourselves that we weren’t alone in the universe.


With this in mind, it is fair to wonder just how far ahead of its time Forbidden Planet really was. I asked Dr. Franck Marchis, senior astronomer at the SETI (Search for Extraterrestrial Intelligence) Institute, who designs instruments that take photos of exoplanets. “The first exoplanet to be discovered in 1995 was a hot version of Jupiter that was orbiting around its star in three days,” he said. “So a year on this planet lasted only three Earth days long. Forbidden Planet came out forty years before that discovery. The only science the director and writers had to go off at that time were books theorizing about exoplanets, which were purely speculative.”


Since then we’ve discovered thousands of exoplanets, most of them thanks to the Kepler Mission. A telescope NASA launched into space in 2009, Kepler embodied a step change in our understanding and knowledge of exoplanets. “The telescope helps us detect the radius, mass, and density of exoplanets, which helps us determine their composition and characterize what they might be like,” said Ansdell. “We can start learning about the composition of the atmosphere of exoplanets and looking for things like biosignatures [signs of life] to see if it’s a habitable, or even currently inhabited, world.”


Ansdell is particularly interested in learning more about the characteristics of groups of exoplanets within star systems. While it is common to see a second moon or sun, or sometimes a distant planet, hovering in the sky of fictional planets, they often feel placed there merely for decoration. Of course, for Ansdell, exoplanet systems are much more important and interesting than that. Exoplanets represent an opportunity to better understand just how relatively normal or unusual life here on Earth is. We now know that our solar system doesn’t contain the only planets in our galaxy, but we could learn that our planets have a very different origin story than the rest. Ansdell has been particularly interested in a star system with planets located 40.7 light years away from us that predates our own solar system. “The TRAPPIST-1 planetary system is fascinating,” she explained.


[image: image]The star is much smaller and much cooler than our Sun, what we call a late-M dwarf star, and emits light at redder wavelengths. But it’s surrounded by seven planets that are all rocky in composition and around Earth-size. And they’re very, very close to the star. Almost all of them would be within the orbit of Mercury. So they’re very tightly packed, and some are considered within a habitable zone of the star, or where they’d be warm enough for liquid water. But what’s really cool is that if you are on one of the planets, you could actually see the surface of the other planets in the night sky. That’s how close they are.


With thousands of discovered planets like these, creators of science fiction can pull inspiration from a plethora of scientific knowledge. Even though the commonly used singular-planet narrative Ansdell called out might not be realistic, its use in cinema is effective in getting the audience to imagine very quickly how different another world could feel. The moment in Interstellar when the characters have landed on what looks like a shallow ocean, only to be met with an approaching wave massively larger than anything that could be generated on Earth—that affected me. I found it very easy to instantly imagine what challenges anything trying to live there would have to face. But we may be closer than ever to observing the nuances of exoplanets, which may in turn help us provide richer, more detailed narratives for on-screen sci-fi depictions of them.


With the aid of telescopes developed after Kepler, we continue to learn about thousands of exoplanets—and that’s just a drop in the cosmic ocean. Being able to analyze their characteristics in the last few decades felt like we were able to live out scenes in Star Trek that were considered pure science fiction not too long ago. Nowadays not only can we investigate an exoplanet’s makeup by looking at the starlight that passes through its atmosphere, but we can also see the exoplanet itself, though it is usually a blurry cluster of just a few pixels.


“We’re able to not only detect them,” said Marchis, “but we’re beginning to be able to take pictures of them, too. There is something very special in seeing an object. For humanity to go from indirectly discovering one exoplanet when I started working in the field of astronomy, and then, just twenty years later, I’m part of a group of people that took an image of an exoplanet—it’s amazing. Those images are just little pixels for now, but we will likely be able to see much more of what these other worlds look like in our lifetime.”


In fact, scientists are already preparing for that day. A group of researchers has put together a visual catalog of the microbes that exist on the surface of the Earth, documenting their wide-ranging pigments and reflectance spectra, in the hopes that when we can take better pictures of exoplanets, it will help us eventually determine if they’re inhabited. To do this the team scraped up microbes living on the tops of ponds, deserts, and soils. The catalog is called Surface Biosignatures of Exo-Earths, but you can essentially think of it as an alien Pantone guide. The idea is that future scientists will compare photos of distant planets to the catalog to see if any images match up with images of life as we know it here on Earth. It’s pretty fun to think about how somewhere across the galaxy, a second genesis of life could be similar to what we have here.


“But when it comes down to it, we might be the alien world,” said Ansdell. “Our solar system turns out to be quite weird, and we haven’t detected anything out there like it yet. Based on what we know so far, less than 10 percent of Sun-like stars would have a solar system like ours. While that may initially sound like a bummer, I think it’s exciting to think about what the possibilities are for life that isn’t as we know it. It’s truly an exciting time to be studying exoplanets right now.”


Because humans have been in the dark about other worlds for so much of our history, I concur with Ansdell and Marchis: I think the present day represents a positively thrilling epoch in which to be alive. The 1960s and 1970s saw humans landing on the Moon and space probes venturing to the outer planets in our solar system. Today, and for many decades to come, we’re seeing and learning about an endless field of exoplanets, each with the potential to rewrite what we know about other worlds and about ourselves. As we continue to reach into the cosmos with our telescopes, the worlds closer to home in our solar system invite us to take a second look and to appreciate how much more is left to uncover. The scientific search for strange new worlds continues to humble my imagination by showing us just how much is out there. With so many new worlds being revealed to us, I’m comforted knowing that we’re beginning to see the light through our telescopes, even if it is still a little fuzzy.
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