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It is difficult to say what is impossible, for the dream of yesterday is the hope of today and the reality of tomorrow.

—Robert H. Goddard





This book is dedicated to the next generation of space explorers, undaunted by the impossible.
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Introduction

Space exploration has been at the core of my personal interests and professional life for more than five decades. When I was five, my grandmother gave me a slim book about spaceflight that seized my imagination and set me on a course toward the stars. As a student, I watched humankind’s first steps on the Moon and made up my mind to be part of our push into the cosmos.

I was piloting Air Force B-52s when NASA unveiled its new space shuttle. A few years later I got my first glimpse of an orbiter—the Columbia—at its refueling stop in Tucson, Arizona. I worked hard to earn an opportunity to fly her, and ten years later I launched aboard that very ship on my third shuttle mission. I’ve been very lucky—and privileged—to represent the United States in space on four space shuttle missions, including a journey to the International Space Station.

Perhaps the most special moment of those adventures came near the end of my third spacewalk at the space station. I was ahead of schedule for my planned work outside, and was aware that I would soon have to return to the cabin of shuttle Atlantis. Taking a brief break from my work, I gripped a handrail at the very prow of the station and looked out at my surroundings.

The view through the plastic faceplate of my helmet was breathtakingly beautiful. I was perched on the bow of a giant, space-age vessel that was falling effortlessly around the globe. Above me, the station’s golden solar array wings, against a velvet-black sky, stretched across the heavens like the canvas of a windjammer under full sail. A thousand miles ahead, the Earth’s curved horizon ended in the thin, gauzy blue of the atmosphere. Two hundred and twenty miles beneath my boots, the brilliant blue waters of the Pacific, swept with dazzling white clouds, rolled serenely by. Struck by this vista, I felt tears of gratitude and humility welling in my eyes—what a gift to see this cosmic stage set by God, and how insignificant it made me feel!

Contemplating that scene was just one of many, many inspirational moments I experienced in space. Since my final mission ended, I’ve been trying to explain what living in space is truly like. Over the years I’ve spoken to hundreds of audiences and tens of thousands of people, from kindergarteners to corporate executives, from Air Force Academy classmates to church groups, and from international travelers to professional conferees. Every group has peppered me with questions, from the basic to the unusual. In this book I’ve answered more than 400 of my favorites to introduce you to the human experience in space.

My space story is interesting, but our future in space belongs to a new generation of twenty-first-century explorers. Thus, many of my answers are addressed to those preparing to explore, along with their parents, families, and teachers. Our drive into the solar system in the decades ahead will follow varied paths to new worlds, many glimpsed only by robot scouts. Where we go, when we go, and what innovations and discoveries we’ll make in settling humanity in space are choices for these new pioneers. They will solve mysteries that have puzzled us for centuries, while asking—and answering—questions we have yet to imagine.
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An astronaut samples the surface of a near-Earth asteroid during a future deep-space mission. (NASA)

 

1. Did you always want to be an astronaut, and when did you decide?

From the first moment I learned about space exploration, I wanted to be part of it. As a ten-year-old Cub Scout, I visited the Martin Marietta rocket factory near my hometown of Baltimore, Maryland. The powerful Gemini-Titan II rockets being built there would take astronauts into space to rehearse the skills needed for the first Moon landing.

Here was the Space Race taking shape right in my home town! I remember looking up at those 10-story-tall, silver and black rockets and thinking that astronauts had the greatest job around. They were flying the most complex machines ever launched and going to places no humans had ever been. From then on, I began reading every scrap of information I could find about space exploration. I was determined to become an astronaut someday.

2. What encouraged you to become an astronaut?

When I was five, my grandmother gave me a copy of Space Flight: The Coming Exploration of the Universe. That book launched my curiosity about astronomy and rocketry. But what really got me hooked was the race to the Moon between the U.S. and the Soviet Union in the 1960s. As a ten-year-old already interested in airplanes and flight, I avidly followed each launch.

My teachers brought televisions into our classrooms so we could watch each Gemini and Apollo blastoff and splashdown. Our regular lessons were put on hold as we watched hours of space news. Television news anchors broadcasting the key moments of each mission were as excited as I was.

I recall the first American spacewalk, the first orbital docking between two spacecraft, and the first Apollo flight to circle the Moon. As the United States gained more and more experience in space, I saw how important the nation’s progress in space was to my teachers, my parents, and my friends’ parents, many of whom worked at the nearby Titan rocket factory.

I believed my parents and teachers when they told me: If you work hard in school, you, too, could be an astronaut one day. Watching the 1968 film 2001: A Space Odyssey, quickly followed by the 1969 Apollo 11 Moon landing, cemented my desire to work in space one day.
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A Titan II rocket launches Gemini 11 in 1966; the Titan II was assembled and tested at the Martin Marietta factory near Baltimore, Maryland. (NASA)
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The gift from my grandmother that started my space career—1960. (Author)

3. How did your parents react to your desire to become an astronaut?

My parents encouraged my early interest in astronomy and astronautics. They knew these would be good fields to get into because of the nation’s growing interest in space exploration due to the Space Race with the Soviets. Also, many of our neighbors worked for Martin Marietta on the Gemini-Titan II program. The winter I turned 12, my folks bought the family a 3-inch reflector telescope for Christmas. I put it to constant use examining the face of the Moon and the nearby planets.

When I was in high school, I was eager to start on the path to becoming a test pilot and getting an education in astronautics. My father encouraged me to meet with representatives of the Air Force Academy to pursue my interest in studying there after graduation. My parents didn’t laugh at my dreams. Instead, they told me that with hard work I could succeed. My mom, who was afraid to fly and chose never to take wing in an airplane, kept her fears to herself as I pursued one of the riskiest lines of work imaginable.

4. What was your career path to becoming an astronaut?

When I first decided to become an astronaut, a few of NASA’s space fliers were scientists, but most were test pilots and engineers. So I joined the Air Force to give myself the best chance of earning my test pilot credentials. After graduating from the Air Force Academy, I qualified as a pilot and flew for five years as a B-52 Stratofortress bomber copilot and aircraft commander.

When NASA introduced the space shuttle, I learned that I could qualify as a mission specialist astronaut by earning an advanced science degree. Because my favorite subjects were astronomy and space science, I decided to pursue a degree in planetary science. At the University of Arizona, I spent five years earning my doctorate, specializing in asteroid research.

My first job after getting my PhD was with the Central Intelligence Agency (CIA), working as a program management engineer. That experience showed I could work successfully in a demanding research and development position, similar to the challenges I’d face at NASA. My last job before joining the astronaut corps was as a senior scientist with Science Applications International Corporation, helping NASA plan its solar system exploration program.

5. How did you succeed in reaching your goal of becoming an astronaut?

Knowing that I would face tough competition, I worked hard to get top grades in college and excel in all of my jobs. I wanted to be an outstanding bomber commander and the best pilot in the Air Force. After that, I wanted to be a well-regarded scientist. Although I originally wanted to become a test pilot, I decided that space science was more interesting because the universe always offers new discoveries. My goal was to become an astronaut, but if I didn’t reach that goal I wanted a career that would keep engaging and challenging me over the long run.

Each time I applied to be a NASA astronaut, I tried to add new talents and skills to my resume to show steady improvement. I was turned down twice, but I persisted. One astronaut colleague applied thirteen times before being selected. Determination counts!

6. How old were you when you went into space?

I was 39 during my first mission and 46 the last time I flew. According to Albert Einstein’s general theory of relativity, time slows down for people moving rapidly through space, so they age more slowly than people on Earth. But all my time in orbit traveling at 17,500 miles per hour (28,530 kilometers per hour) shaved less than three milliseconds off my age!

7. How many times have you been in space?

I was privileged to represent the United States off the planet on four space shuttle missions. The first three were scientific expeditions. The last mission contributed to the assembly of the International Space Station by delivering and activating the $1.4 billion U.S. science laboratory module, Destiny.

8. What was the purpose of each of your four missions?

Each shuttle mission gets a number preceded by “STS,” which stands for Space Transportation System. That’s what they called the shuttle when it was being designed, and the acronym just stuck. The first shuttle mission was STS-1. The four missions I flew on were:


• STS-59, which examined our changing planet with the Space Radar Lab 1 Earth imaging system.

• STS-68, which used Space Radar Lab 2 to scan Earth for natural and man-made change.

• STS-80, which launched and retrieved two scientific research satellites.

• STS-98, which delivered the U.S. Destiny science lab to the International Space Station.



9. How many times have you orbited the Earth?

With my crews I completed 847 revolutions, or orbits, around Earth. We traveled 21.7 million miles, or almost a quarter of the distance from here to the Sun. Surprisingly, I never got farther from Earth than about 233 miles (377 kilometers). The Apollo astronauts on their journeys to the Moon traveled a thousand times farther from our planet than I did.

10. How much time have you spent in space?

Altogether, my four missions totaled 53 days, 49 minutes off the planet. The record for the longest single space mission belongs to Valeri Polyakov, who flew on Russia’s Mir space station for 438 days, from January 9, 1994 to March 22, 1995. Russia’s Gennady Padalka, with his five stays aboard the Mir and International Space stations, has lived in space for 879 days so far, longer than any other human.
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A Delta IV rocket lifts the Orion spacecraft on its first unpiloted test flight in December 2014. (NASA)

 

1. How do you simulate launch accelerations and weightlessness for astronauts in training?

I couldn’t wait to experience the sensations and sights of spaceflight—who wouldn’t? But first I had to face them in training.

To get acquainted with the strong acceleration forces, also known as g-forces, that the human body must endure during launch, I flew with shuttle astronauts in our Northrop T-38 trainer jets through wrenching aerobatics and high-g maneuvers—the kind of flying I loved as an Air Force pilot. I also trained in a large human centrifuge, a machine that spins you around very fast to create these acceleration forces.

My most exciting launch simulation was a trip to the centrifuge at Brooks Air Force Base in San Antonio, Texas. This centrifuge whirls a cabin around at the end of a long steel arm, subjecting its occupant to the same kind of acceleration you feel when an airliner powers up its engines during takeoff, squeezing you back into your seat. Suited up for liftoff, I was strapped to a shuttle seat and subjected to three simulated launches each lasting 8 minutes, 30 seconds. For the last minute, the force on my body was so strong that I felt as if I weighed nearly 500 pounds, three times my normal weight. It was hard to breathe or raise my arms, but I now knew what to expect during the ride to orbit.

To experience the weightless sensation of free fall, I boarded NASA’s KC-135 jet, once known informally, but accurately, as the “Vomit Comet.” Each exhilarating flight included 40 roller-coaster-like climbs and descents, creating free fall conditions for up to 25 seconds at a time. The repeated transitions between free fall and twice the normal force of gravity can make you feel sick to your stomach, sometimes very sick. This plane always delivered on its nickname!

2. Does NASA operate an anti-gravity room in Houston, a room in which gravity can be turned off?

Tour guides at NASA’s Johnson Space Center are often asked this question, but there is no such room. Instead, NASA relies on its specialized high-speed jets to simulate the weightless feeling of free fall, and uses the Neutral Buoyancy Lab—a mammoth swimming pool near the Space Center—to train astronauts on how their tools and spacesuits will behave while walking in space.
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Flight trajectory for NASA’s “Weightless Wonder” C-9 jet, used to expose experiments and astronauts to “zero-g” or free fall conditions. (NASA)

3. How do astronauts learn to operate a spaceship?

Flying a spaceship seems enormously complicated at first, but NASA broke down my training into manageable steps that occurred over a period of about one year. We started with introductory classes aimed at understanding the shuttle’s systems (electrical, hydraulics, computers, propulsion, etc.).

Next, we practiced operating those systems with checklists and simple training replicas of our switch panels and displays. Then we moved on to “flying” the space shuttle in a simulator with all systems working together. Finally, once assigned to a mission, my crew practiced that mission in the simulator until we knew how to perform every aspect of it and respond crisply to any emergency. That whole process took about two-and-a-half years. Astronauts assigned to the International Space Station train in a similar step-by-step approach to operate their orbiting lab and space transports.

[image: ]

European Space Agency astronaut Samantha Cristoforetti trains on an International Space Station mockup in the six-million-gallon pool of NASA’s Neutral Buoyancy Lab near Johnson Space Center in Houston, Texas. (NASA-ESA)
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NASA astronaut Scott Kelly trains inside a Soyuz simulator at the Gagarin Cosmonaut Training Center (GCTC) in Star City, Russia. (NASA/Bill Ingalls)

4. What languages do astronauts need to know to work on the International Space Station?

Just as English is the language of international air transportation, it is also the official operations language of the ISS. Crewmembers must be able to use English for handling all tasks related to operating the station. Because half the crew is from Russia, with frequent communications to Russia’s Mission Control in Moscow, ISS astronauts must also learn to speak Russian well enough to conduct technical tasks in that language. Learning Russian is also necessary for operating the Soyuz transport spacecraft. Besides, knowing your crewmates’ language is the best way to build trust and friendship during years of training and months in orbit.

5. What jobs do astronauts do, and what are their job titles?

On the International Space Station, astronauts conduct scientific research and operate the orbiting outpost for tours of duty lasting about six months. They perform spacewalks to maintain and repair the space station, and operate the robot arm (Remote Manipulator System) to grapple arriving supply vehicles and install new scientific equipment. On the ISS, all astronauts are designated as flight engineers, but only one serves as commander. This is also the case on space taxis headed to the ISS, like the Soyuz or the Crew Dragon and CST-100 Starliner commercial craft. NASA gives all of its qualified spacecraft crewmembers the job title astronaut, even before their first flight.

6. How do astronauts learn to handle emergency situations?

Learning how to respond correctly to a life-or-death emergency is the toughest challenge astronauts face in spaceflight training. Our instructors deliberately challenged our knowledge and skills. Once we were proficient at flying the shuttle simulator, they would introduce one failure after another until we made a mistake. They’d do this not just to make us sweat, but to teach us how to fly the orbiter safely while trying to recover from an emergency, like a failed engine or cabin fire. We learned to share the workload to keep such problems from overwhelming our team. These fraught-with-failure simulator sessions truly tested our ability to keep our cool and work through emergencies as a crew.

7. How many astronauts are in a space crew?

A crew on the International Space Station is made up of six astronauts, but can expand to a crew of seven. Russia’s Soyuz capsule normally launches with three crewmembers. China has flown three astronauts in its Shenzhou capsule. The shuttle flew with as few as two and as many as eight crewmembers. In the future, commercial space taxis may carry as many as seven crewmembers and passengers, and the Orion spacecraft will carry as many as four astronauts to deep space on missions lasting up to a month.
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Crewmembers pose for a group photo aboard the ISS in 2007. Pam Melroy, commander of shuttle mission STS-120, is at the center. At bottom in dark shirts, from left, are ISS expedition 16 crewmembers Clay Anderson, commander Peggy Whitson and Yuri Malenchenko. Clockwise from left, STS-120 astronauts Stephanie Wilson, Dan Tani, Scott Parazynski, Doug Wheelock, Paolo Nespoli and George Zamka. (NASA)

8. Who designs the crew’s mission patches?

The crew does. Once assigned to a flight, the crew meets to discuss the themes of the upcoming mission and how to represent them in an attractive design. The astronauts might sketch several ideas for patch designs, and many ask for suggestions from artist friends or colleagues. Once they decide on an attractive design, NASA and its partner agencies produce a draft emblem and circulate it for approval. The completed patch then represents the hopes and goals of the crew on this new adventure.
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The author’s STS-98 space shuttle crew developed the original outline design and color scheme for their mission patch, showing Atlantis heading for the ISS with the new United States Destiny science lab. (NASA)

9. How many years will an astronaut have to wait before his or her first flight?

For NASA’s astronauts selected to fly to the International Space Station, a wait of five years or more from the time they are hired is not unusual. Each spends one to two years training as an astronaut candidate, a year or more in a technical assignment as a member of the astronaut corps, and then two to three years of expedition-specific training once assigned to a flight.

After an ISS expedition, astronauts typically wait another five years before heading to space again. They take on an Earth-bound job to give them time to readapt and recharge before starting to train again. Because NASA will fly only about six astronauts per year through the mid-2020s—on the ISS, in space taxi tests, and on the Orion spacecraft—this initial wait is not likely to get any shorter.

10. How long does an astronaut train for a specific mission or expedition?

Astronauts train for at least two years to get ready for an expedition to the International Space Station. Those flying highly automated commercial space taxis will need only a year or so of training for their brief trip to and from the ISS. According to NASA, training for long duration missions on the ISS is very arduous and takes from two to three years. This training requires extensive travel, including long periods in other countries training with our international partners. Training for future deep-space expeditions, involving multiple ships like the Orion spacecraft, and possible surface exploration of an asteroid or planet, might take up to five years.
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Artist concept of NASA’s Orion deep-space crew vehicle in Earth orbit. (NASA)

11. What does astronaut candidate training consist of and how long does it last?

Astronaut candidate training prepares you to do your job effectively in space, to cope with the challenges of the space environment, and to respond effectively to emergencies that may occur. You’ll begin with classroom instruction, and then move on to high-performance jet flying, survival training, exposure to free fall, intensive spacecraft simulator sessions, food preparation classes, Russian language classes, physical conditioning, maintenance training, spacewalk preparation, and leadership training. I found astronaut candidate training to be fast-paced, intense, challenging, and fun. I was sustained and motivated throughout by the idea that at the end of it all, I would experience spaceflight!

12. Why is aviation training good preparation for spaceflight?

Spaceflight Readiness Training is what NASA calls its use of jet trainers to prepare astronauts for space missions. There are a lot of similarities between the decisions pilots make in a jet cockpit and those an astronaut must make in a spacecraft. In the air, astronauts must continually make decisions about safety, mission priorities, weather, fuel levels, and flight routes. They must respond to possible failures in aircraft systems or other emergencies. They also must communicate clearly with their crewmates and with air traffic controllers via radio.

I flew the Northrop T-38N jet trainer, paired with NASA instructor or astronaut pilots. I also commanded NASA’s Cessna Citation II business jet to give new astronauts practice in decision-making and teamwork during flight. Making the right choices and communicating clearly while safely flying a high-performance aircraft in a stressful, sometimes hostile environment—where the wrong decision can mean injury or death—is very similar to the intense, dynamic nature of spaceflight.
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Astronauts Eileen Collins and Tom Jones with their Northrop T-38 jet trainer, on a visit to the Palmdale, California factory where the space shuttle orbiters were built. (NASA)

13. How do you prepare for spaceflight’s physical demands?

Spaceflight is a physically demanding job, and being fit helps astronauts withstand the rigors of leaving Earth, working in space, and returning home.

To keep in shape, astronauts work out regularly in a gym. For many years, the astronauts used a modest but effective gym at the Johnson Space Center. It had a half-basketball court, a couple of squash and racquetball courts, fitness machines, a climbing wall, and an outdoor running track. Astronauts now use the large Columbia fitness and rehabilitation center nearby (named after the shuttle crew lost in 2003), with modern exercise equipment and a rehab swimming pool. There are also offices for the fitness coaches who prepare crewmembers for long-duration spaceflight and advise them during rehabilitation.

One year before launch, crewmembers are assigned a strength and conditioning specialist who designs a training program that emphasizes all-around fitness and regular strength training. The astronauts follow this program during workouts several times a week.

Before launch, each astronaut’s heart and lung fitness is tested on a cycle ergometer, a stationary bicycle with sensors that can measure cardiovascular performance. They are also tested for functional fitness, agility, and isokinetic strength. When the astronauts return from their mission, their physical fitness is tested again and compared to what it was before launch.

14. What facilities are used to train astronauts in Houston?

The Johnson Space Center in Houston, Texas, where NASA astronauts work and train, houses classrooms, computer-based trainers, mission simulators, and mock-ups of the International Space Station (ISS), Orion spacecraft, and commercial spacecraft. Simulators let astronauts practice tasks they will have to do in space, such as docking a vehicle at the ISS or flying or driving over the surfaces of asteroids and the Moon. At Mission Control, astronauts are exposed to real space operations by working alongside experienced flight controllers as they communicate with astronauts in space.

Outdoors, a mock Mars landscape gives astronauts a taste of driving a rover and exploring the geology of that planet. Just north of the space center is Ellington Field, where astronauts receive spaceflight readiness training in a fleet of T-38 Talon jet trainers. Also at the airport is the Neutral Buoyancy Lab, a six-million-gallon pool used for spacewalk training.

15. How realistic are the simulators used by NASA to train its crews?

There are two simulators for the International Space Station at the Johnson Space Center. They don’t move and they can’t simulate free fall, but they do a good job of reproducing the look and feel of the station, and they give crews the skills they need to operate their orbiting outpost.
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The Space Vehicle Mockup Facility (SVMF) is a full-scale, high-fidelity replica of the International Space Station layout. (NASA)

In full-sized mockups of the station’s modules, astronauts get realistic training in maintaining the station, fighting fires, and transferring cargo between the station and visiting spacecraft. They also gain experience operating safety equipment, hatches, and spacesuits.

Another mission simulator allows crews to practice using the ISS computer systems to communicate, operate systems on board, maneuver the station, and practice docking procedures.

Soon-to-be-added simulators for commercial space taxis will put crews in the liftoff position, lying on their backs to practice countdown, ascent, and splashdown procedures.

16. Do other countries train astronauts and where?

Each International Space Station partner has its own astronaut training facilities. Japan’s is located at Tsukuba Science City, outside Tokyo; Europe has the European Astronaut Centre near Cologne, Germany; Canada’s is the John H. Chapman Space Centre in St. Hubert, Quebec; and Russia has the Gagarin Cosmonaut Training Center in Star City, near Moscow.

After initial training, Japanese, European, and Canadian astronauts move to Houston for their specific ISS expedition training. NASA astronauts spend nearly half of their time in Moscow during ISS expedition training, and Russian cosmonauts spend the same amount of time training in Houston. China trains its astronauts at the Astronaut Center of China in Beijing, operated by the Chinese air force.

17. What other space training programs are available to aspiring astronauts?

There are a number of places around the U.S. and in Russia that offer a taste of spaceflight training. For example, the Kennedy Space Center Visitor Complex in Florida has the Astronaut Training Experience, while the U.S. Space and Rocket Center in Alabama runs a United States Space Camp for young people and adults. In Russia, the company Space Adventures, Ltd. runs a program that lets people experience spaceflight training at the cosmonaut training center near Moscow.

18. Is Space Camp a good idea for future astronauts?

The space camps I’ve visited offer a brief but realistic taste of an astronaut’s training and flight experiences. Many of the activities give campers hands-on experience in simulators. This allows them to experience some of the things astronauts do in space, such as manipulate a robot arm, fly a spacecraft, or work on experiments at the International Space Station. Campers learn how to work as a team under demanding conditions and get a taste of how much fun spaceflight can be.

To get a closer look at an astronaut’s duties and a chance to meet others with similar interests, consider space camp as a fun, educational vacation option.

19. Are private space firms training their own astronauts?

Commercial firms have developed their own training
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