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  To the astronauts who may one day wake beneath an unfamiliar sun 







  
    
      “Earth is the cradle of humanity but one cannot live in the cradle forever.”


    

    
      Konstantin Tsiolkovsky  
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  Introduction

  
  




Humanity lives on the shoreline of a cosmic ocean. For most of our history, the points of light in the night sky served as a fixed backdrop to our lives or a ceiling we could never hope to touch. We mapped them and named them, yet we remained bound to the gravity of a single yellow star.




A good place to start is with the sheer scale of the problem. Our closest neighboring star system is Alpha Centauri. It sits about four point three seven light-years away. That creates a gap of twenty-five trillion miles. If a standard jet plane flew nonstop to Alpha Centauri at its typical cruising speed, it would arrive in about five million years.




Even Voyager One, which is one of the fastest objects our species has ever hurled toward the dark, would need seventy thousand years to traverse that distance. Stephen Hawking once noted that if any beings on planets around Alpha Centauri are watching our television broadcasts, they are blissfully ignorant of events on Earth because our signals have not reached them yet. The stars have set a strict speed limit on travel with known physics, and they have kept their distance.




Given these forbidding numbers, why do we try? Since the 1990s, astronomers have uncovered a galaxy teeming with worlds. By mid-twenty-twenty-six, the count of confirmed exoplanets surpassed six thousand.




This census includes a dizzying variety of places. Hot Jupiters are skimming the surface of their stars, and ice giants are wandering the dark. We now know that the nearest star system hosts at least one planet. Proxima Centauri b is a world roughly the size of Earth orbiting the red dwarf Proxima Centauri. It sits within the habitable zone where liquid water might persist against the vacuum.




The fact that this planet is 4.2 light-years away is a huge draw for what we want to achieve. We know it’s there. To figure out if it has oceans, clouds, or even life, we really have to go and see for ourselves.




Beyond curiosity lies the logic of survival. Stephen Hawking argued that a species confined to a single planet navigates a precarious existence. The universe is a violent place. Asteroids, supernovae, and our own ecological mismanagement pose threats that could silence humanity permanently. Spreading to other worlds offers a form of insurance against extinction.




It is a long game played on timescales that dwarf political cycles, yet it ensures that the legacy of life that began on Earth continues. We are nowhere near needing to evacuate Earth, but building the capacity for travel now might one day tip the balance between survival and silence.




Trying to figure out interstellar travel is actually a boost for us right here on Earth. Building a starship means we have to nail things like super-efficient energy, creating completely self-sufficient, closed-loop living systems, and developing materials that can handle deep space.




As Dr. Mae Jemison, who heads up the One Hundred Year Starship project, says, tackling these cosmic challenges pays off down here. For instance, the tricks we develop for growing food efficiently on a spaceship directly help sustainable agriculture, and the necessity of recycling air and water in a tiny space improves how we manage waste globally.




Deep down, humans are explorers. That itch to know what’s beyond the next hill is what got our ancestors moving out of Africa and sailing the high seas. Fast forward to 1977, and we shot both Voyager One and Two out to scope out the outer planets. They just kept going!




In 2012, Voyager One actually busted through the heliopause: that’s basically where the Sun’s magnetic field stops and true interstellar space starts. Now it’s chilling between the stars, fifteen billion miles from the people who made it. Ralph McNutt Junior, a physicist at Johns Hopkins, thinks of these probes as the first runners in a relay race, handing the torch to a future Interstellar Probe that will head even deeper into the unknown.




The case is compelling, but the difficulty is immense. This book serves as a map of the gap between the dream and the reality. We will unpack the mind-bending distances and the available propulsion methods. Additionally, we will examine the design of a spacecraft that can survive the journey. Finally, we will venture into the speculation of warp drives and wormholes while keeping a firm eye on the boundary between proven physics and hopeful conjecture.




We are still in the early innings. No one is launching a starship next year. Yet the groundwork is being laid. It is not unrealistic to think that by the late twenty-first century, humanity might have its first craft on the way to another star.
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Voyager 1: Earth’s farthest spacecraft
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Step outside on a clear night away from city lights and look up. What do you see? If you are lucky, a band of faint shimmer will arc overhead. This is the Milky Way. It is a diadem of countless stars. 


Countless is no exaggeration. Our Milky Way galaxy contains on the order of one hundred billion stars. And beyond it lie billions of other galaxies. These are mind-bending numbers. Even within the local region of our galaxy, there are hundreds of thousands of stars. This would be a sphere of a few hundred light-years around us. 


From this abundance, our telescopes have plucked out thousands of confirmed exoplanets. Extrapolate that, and you get the estimate that planets likely outnumber stars in the Milky Way. There are tens or hundreds of billions of planets in our galaxy alone. 


The upshot is simple. There are more worlds out there than we could ever visit in a thousand lifetimes. Many will be barren rocks or gas giants. But some might be Earth-like havens, and some might even host life. The universe practically screams with possibilities.


That realization is relatively recent. We now know the universe is full of other suns and other Earths. A little over a century ago, we were not even sure other galaxies existed as separate island universes. And as recently as the 1990s, we had not confirmed a single exoplanet around a sunlike star. 


Now, not only do we know exoplanets are everywhere, but we have also characterized some of them. We have measured their sizes, masses, and densities. We have even glimpsed their atmospheric compositions for a few of the closer or larger ones. 


For instance, one exoplanet just eleven light-years away is called Ross 128-b. It orbits a red dwarf and might have a temperate climate. Another is TRAPPIST-1. It is part of a remarkable seven-planet system 39 light-years away. 


Several of the worlds in TRAPPIST one are Earth-sized and in or near the habitable zone of their dim star. These are tantalizing targets. And yet they are dozens of light-years away. They are impossibly distant from current technology. So why mention them? Because they exemplify the potential that beckons. 
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TRAPPIST-1 system


Today, exoplanet science largely involves inferring what these worlds are like by reading faint clues. We see minute dips in starlight or subtle gravitational tugs or spectral traces of atmosphere. Imagine instead being able to visit or send probes to some of these places. Imagine seeing oceans glinting or sampling alien air directly. That is the allure of interstellar travel. 


If this sounds like pure fantasy, consider how our horizons have already expanded within our Solar System. A few centuries ago, planets were little more than wandering dots in telescopes. Today, we have sent spacecraft to every planet and the dwarf planet Pluto in our Solar System. We have stood on the Moon. We have driven rovers on Mars. We have landed probes on Venus and Titan. We have even flown a drone helicopter in
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