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				For every curious mind that has ever looked up

				at the night sky and whispered:

				Why?

			

		

	
		
			INTRODUCTION

			I’ll never forget the first time I observed a distant galaxy with only my eyes.

			I was in Northern California at a friend’s house, and I’d brought a pair of small telescopes with me to the coastal mountains near the town of Elk. My friend and I peered skyward side by side, playing a game of pointing the telescopes at no particular location to see if we could find something interesting. At one point, my friend, who was not a physicist and had never looked through a telescope before that night, said, “Bruh, what’s that fuzzy thing? I can see it even without the scope.”

			I didn’t believe him. The only naked-eye fuzzy blob I could think of was the Great Nebula in Orion, twenty-four light-years across and around thirteen hundred light-years away. But the key word here is “Orion.” We weren’t looking in Orion, which was in the east that time of year and low on the horizon. We were looking north, high in the sky toward Cassiopeia. It didn’t add up.

			I went to his telescope, peered through the eyepiece, then moved my eye away and looked along the telescope barrel to the sky. And there it was. “What the heck is that?” I blurted.

			Then it hit me: We were looking at the Andromeda galaxy, the nearest large galaxy to the Milky Way, a member of our Local Group. Although I had often viewed Andromeda at observatories and on computer screens, I had never seen it like this: with my own eyes, through Earth’s atmosphere, from a dark mountaintop.

			As I stared upward, the sky suddenly transformed from a two-dimensional “celestial dome” to a three-dimensional vista spanning millions of light-years. Before me was the Milky Way’s plane of gas, dust, and stars, stretching some 87,000 light-years across. And far beyond, at 2.5 million light-years more distant, loomed the Andromeda galaxy, which I knew to be almost twice the size of the Milky Way at 150,000 light-years across. Modern humans did not even exist when the light falling on my retinas began its trip across the expanse of space and time.

			Objects look smaller the farther away they are, and yet this thing—this hazy blob—was huge: six times the width of the full Moon in our sky. My mind reeled. I could feel the scale in my bones. For the first time, I truly saw and felt the staggering vastness of the Cosmological Realm, where galaxies and galaxy clusters reign.

			I stood next to my friend and explained in my excited, profane way just how mother-effing huge that thing was. (I swear a lot—but not in this book—publisher’s orders!)

			I imagined myself as a cosmic Marvel Universe superbeing, a giant towering over the galaxies, scooping up Andromeda and the Milky Way like tadpoles from a stream. What would it be like to wade through the universe like a colossus in a galactic river?

			Catastrophic, probably! I’d implode into an ultra-supermassive black hole, tearing through space-time, devouring galaxies, and ripping open a wormhole to another universe.

			But I digress.

			That night sparked a new way of seeing for me. I began to imagine reality as layered—not just in scale, but in rules. The realm of galaxies—what I call the Cosmological Realm—is governed by different laws from the one we live in day to day, which I call the Middle Realm. Still different are the rules of the Quantum Realm, governing particles far too small to see. Each realm operates under distinct principles, but somehow they all coexist, fitting together like interlocking gears. I didn’t just realize this; I imagined it, conjured it, birthed it. The Nine Realms are my Scientific Wild-Ass Guess—my SWAG—for organizing reality.

			This isn’t a textbook. It’s not even a standard pop-sci tour of physics. It’s a SWAG at the biggest question of all: Why do we exist? This book is my attempt to weave together what we know, what we suspect, and what we can barely imagine, through the lens of the Nine Realms that make your existence possible. Each chapter explores a distinct domain of the universe governed by its own laws, scales, and deceptions. These realms are scientific, but they’re also psychological, philosophical, and imaginative. They’re grounded in physics, but not constrained by it. Together, they form a new map of reality that puts you, the reader, at its center.

			I’ll give you the facts, yes, but also the doubts, the weirdness, the poetry, and hopefully show what it’s like to ask some of these bold questions without flinching.

			This book is about what happens when we bring imagination and observation together. That’s what physicists do more than anything: We watch. Chemists mix and manipulate. Biologists dissect and culture. Geologists hike and hammer. But physicists? We observe. Then we imagine the rules behind what we see, converting this into the language of math.

			Yes, we use machines—giant particle accelerators and telescopes—but those are just extensions of our eyes. We make observations, form SWAGs, and refine them through testing. If the universe says “nope,” we move on to the next guess.

			One of the first to operate this way was Ibn al-Haytham, an Iraqi polymath working in the eleventh century. He became obsessed with how the eye works, and in 1021 CE he published The Book of Optics, a seven-volume scientific treatise grounded in one radical idea: that only observation should determine what we accept to be true.

			This sounds obvious now (to scientists, at least). But at the time, it was heretical. It meant truth wasn’t absolute or ordained by scripture; it was conditional, revisable. That was dangerous thinking.

			Later, others would pay the price for holding similar beliefs. Galileo was punished by the church for saying Earth revolved around the Sun. Giordano Bruno was burned at the stake for proposing stars were distant suns with their own planets. And in my own time, I caught flak for publishing the truth that James Webb—the NASA administrator whose name graces our newest space telescope—was not a bigot, despite popular accusations. Speaking truth, even when backed by evidence, can still get you burned.

			And yet, those obsessed with truth keep pushing. Galileo didn’t invent the telescope, a Dutchman did, but the famous Italian did make improvements to it. He was one of the first to point it at the stars, not just the horizon. My friend and I had used a slightly more advanced version of the same contraption to fall into Andromeda on that fateful California night.

			Those first telescopes weren’t much more than brass tubes with a couple of glass lenses at either end. Over time, our instruments have gotten better. We eventually realized we could analyze light and its spectrum to discern what a thing was made of, and that the universe made noises, and that everything that was something radiated energy—so we built things that could detect spectra, and radio waves, and infrared radiation. We built mountaintop observatories and vast arrays that span the globe to listen to our cosmos. Now we have imagined and engineered space telescopes like the Hubble and the James Webb, parked one million miles from Earth at a point called Lagrange 2, where the gravitational effects of Earth and the Sun cancel out. These devices have helped us discover and refine what is true about the universe.

			The results? Over the last 125 years, we’ve learned more about the universe than in all of human history before it. What will we know in 2100? In 3000? In 10000? What will everyday citizens of those eras take for granted that we don’t yet comprehend?

			We are on the cusp of a new frontier in science, one where we can now tell a compelling story about our universe and its meaning. We have learned so much and have so many data that we can begin to answer questions like “How much intelligent life is in the universe?” “Why does time exist?” “When did time start?” “How is energy created?” “What is energy?” “What is the purpose of life?” “Why does the universe exist?”

			“Why do we exist?”

			Scientists are usually squeamish about these types of questions. But I say science is ready to start answering some of them. We’ll never reach the final answers, but just as the arc of the moral universe bends toward justice, the arc of inquiry bends toward greater knowledge. And whether you’re a physicist, a grocer, a parent, or a child, this is a voyage we take together.

			At times, our journey may seem bleak. By volume, nearly the entire universe is hostile to life. It continually evolves to destroy all matter. The distant future holds nothing but oblivion, except for maybe a handful of supermassive black holes. There will be no hope.

			Fortunately, this bleak future is really, really, really, really, really, really far away. It means that for us, in our universe’s relative infancy, there is hope. To me, that hope is represented by energy and imagination. I say that energy is what makes everything happen (sounds logical, but there are other people who think it’s information or even disorder). As long as energy is flowing, there’s possibility.

			Our universe’s energetic activities play out on an incomprehensibly massive canvas. The Milky Way alone has hundreds of billions of stars—Andromeda has around a trillion—and the observable universe has hundreds of billions of galaxies. Cosmologically speaking, we live on a grain of sand on an endless beach. Believing that any specific life-form, planet, star, galaxy, or universe is exceptional is as absurd as picking a single grain from our endless beach and claiming it to be the most important one.

			But here’s the thing about big numbers: They make the possible certain. The rare becomes the inevitable. Yes, humans and our remarkable brains are unlikely. Earth’s extremely uncommon life-supporting characteristics have thus far not been found elsewhere. Yet, despite the odds, here we are. The Nine Realms help us see how. Each realm reveals a unique aspect of how reality works and contributes to the conditions that make life—and you—possible.

			In this book, we’ll travel through these realms: the Middle Realm, the Realm of Life, the Cosmological Realm, the Dark Realm, the Quantum Realm, the Temporal Realm, the Multiverse Realm, the Realms Beyond Horizons, and the Realm of Imagination. The Nine Realms are my SWAGgy attempt to organize reality into something graspable and useful for everyone, not just nerds with astro PhDs.

			Before we really get going, I’ll make a few promises: no math overload; your mind will be blown; and you will finish this book. Okay, I can’t make that last promise with all the things a book has to compete with, from video games to TikTok to making dinner, but I’m pretty sure you will.

			If you came here expecting dry science writing, I’ve got bad news: I have jokes. I have metaphors. I have opinions. I’ll use comic book references and quantum superposition in the same breath. Because that’s how the universe talks to me. And I think maybe it talks to you that way, too.

			Scientists are loath to admit it, but ultimately our SWAGs are products of our imaginations. Someone had to imagine light as a particle and then show how it acted like one. Someone else had to imagine light as a wave and show how it acted like one, too. Each had to define “particle” and “wave” in these instances, since these are made-up ideas about the world, ones we solidly take for granted but first had to have been proven to exist.

			The same principle applies to the universe, from the most minute scale to the largest. In this sense, we live in the universe, but we also imagine it into comprehensibility.

			Let’s get on our California mountaintop, peer through that scope, and dream of how we can splash some stars.

		

	
		
			MIDDLE REALM
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				It ain’t what you don’t know that gets you into trouble. It’s what you know for sure that just ain’t so.

				—credited to Mark Twain (but we ain’t sure if that’s so)

			

			Humans used to believe Earth—and humanity—was at the center of everything. Then we learned that Earth orbits the Sun, which orbits the center of the Milky Way, which just kind of floats weightlessly among a swarm of hundreds of billions of other galaxies connected by a colossal invisible superstructure.

			The universe definitely does not revolve around us. We were mistaken.

			But here’s the thing about the universe: Size matters. And while we may not reside at the universe’s center, we are in the middle of it—at least in terms of scale.

			Our starting realm is the one in which we live—the only realm where life is possible—a place I call the Middle Realm. In terms of scale, the Middle Realm includes everything larger than an atom to the full length and breadth of a galaxy’s arm. I call it the Middle Realm not to be cheeky or to suggest that it is “just right” for life (by volume, practically all of the Middle Realm is uninhabitable), but because humans are in the middle of the largest and smallest known physical distances in the entire observable universe.[*1]

			The greatest perceptible distance is the size of the observable universe itself, which is 1026 meters across (a 1 followed by 26 zeros). The least perceptible distance is the size of the smallest known physical entity, a subatomic particle called the neutrino, which measures 10–26 meters (a 1 preceded by 25 zeros and a decimal point). By chance, humans are at the scale of 100 meters, slapdab in the middle!

			The most critical structures of the Middle Realm are stars and their gigantic nurseries. The most essential building block of the Middle Realm is the humble hydrogen molecule, H2. Neither you nor I would exist without these components.

			How are they related, and how do they come together to create things like solar systems and asteroid belts and moons? And how the heck do they produce a planet like Earth, the only planet we know of that is capable of hosting complex, intelligent life? We will answer these questions as we journey from the largest to the most minuscule structures of the Middle Realm, and eventually to us.

			

			• • •

			Before we get started, we have to overcome a problem.

			Most of us hold incorrect assumptions about how the universe works that can hinder our understanding of the Nine Realms. So, let’s start by deprogramming our minds to overcome what I call normal deceptions. These deceptions aren’t lies told with bad intent; rather, they are misunderstandings we pick up simply by being human. They arise from intuition, language, cultural assumptions, our everyday observations, schoolyard myths, even well-meaning teachers. The kicker? They feel true. That’s what makes them so effective.

			These deceptions influence our understanding of how the universe functions. They are not merely trivial errors; they cause us to overlook complexity, misinterpret cause and effect, and mistakenly believe that things are separate when they are, in fact, deeply interconnected. By actively addressing these deceptions, we can enhance our comprehension of the universe and appreciate the intricate relationships that define it.

			Before we map the physics of everyday life, let’s pull back the curtain on a few everyday normal deceptions. Not because you need to memorize them, but to show you how deep the rabbit hole goes. Part of this book’s mission is to dismantle these illusions, because only by seeing clearly can we start asking the right questions—like why do we exist?

			Let’s begin by looking at a science story everyone knows: Isaac Newton watching an apple fall from a tree. It is a common enough experience—things fall all the time. But Isaac—one of the greatest scientific minds the world has ever seen—had questions: Why does the apple fall? Why does it fall straight down? Why doesn’t it float away? Why doesn’t it go sideways?

			Isaac eventually concluded that some invisible, all-encompassing force must be acting on the apple, pulling it straight to the ground and, once settled, keeping it there. He called this force gravity. He further concluded that gravity acted on all objects on the planet—including the apple tree, Isaac himself, his chair, and his quill. He also intuited that gravity is the same force that keeps the Moon orbiting Earth and both of these orbiting the Sun.

			This tale has stood the test of time because it is relatable. You don’t need to be a scientist to understand what Isaac was getting at. Our experience of reality—our normal deception—neatly conforms with the fact that things fall (and often break). Releasing an object from some height and observing it travel toward the ground is as commonplace and reliable an earthly phenomenon as the Sun rising. Falling objects and our rising Sun are not strange at all. They are normal. Yet they are both deceptions.

			It would be strange if I released an object and it just hovered above the ground. If that happened, how would you react? Shock? Wonder? A pinch of dread? Maybe you’d go into full-on freak-out mode? I probably would. It would mean something is not right.

			But here’s the thing: Falling isn’t normal. Not on a cosmic scale. Watching an apple plummet to the ground might feel mundane, but it’s actually weird. The real question is this: Why does it fall at all?

			Let’s reframe Newton’s apple moment. Imagine an apple tree floating in deep space. If an apple detaches, it doesn’t fall; it just hangs there, motionless. In most places in the universe, there’s nothing nearby to pull it in. And without a nearby object, the default state is coasting, drifting, doing nothing. If stillness and constancy are the norm, then accelerated motion—the kind that happens to the apple—should be what surprises us.

			This brings us to something that trips up many people: orbiting. A satellite circling Earth isn’t flying like a plane; it’s falling. Constantly. But it’s also moving sideways so fast that, as it falls, the ground curves away beneath it at the same rate. That’s what orbiting really is: falling with just enough horizontal motion to keep missing Earth.

			Here’s the part people may miss: An orbiting satellite is weightless, just like the people inside. So is everything else that’s falling. That includes Earth, the Moon, the Sun—heck, the entire Milky Way. If you’ve ever wondered, “What does Earth weigh?”—well, it’s in free fall around the Sun, so the answer is nothing. Weight is what you feel when something resists your fall. But when everything is falling together, there’s nothing to push back.

			So Chicken Little was right. The sky is falling!

			Let’s take another look at Isaac’s falling apple. Our everyday intuition tells us that once the apple is free from its branch, the distance between it and the ground will decrease at an ever-increasing rate. The apple is decreasing its potential energy (a measure of its energy relative to its position to the ground). At the same time, it increases its kinetic energy (a measure of its energy associated with movement as it hurtles toward the ground). We call this falling rate the gravitational acceleration of Earth. Some of you may remember this constant from high school physics—9.8 meters per second squared. But how do you distinguish between the apple falling to the ground and the ground pushing up toward the apple?

			This may sound like a ridiculous question. Clearly, our planet isn’t expanding outward to meet all falling objects, from a feather to the Moon. More apparent still, the apple doesn’t sit in place while the ground nudges toward it. Yet, our modern understanding of gravity maintains that the ground does, in fact, accelerate up toward the apple.

			Here’s why. About two hundred years after Newton, another genius came along and refined our knowledge of gravity: Albert Einstein. In Einstein’s general theory of relativity—general relativity, or GR for short—gravity is seen not as a force pulling objects down but as the curvature of space-time caused by mass and energy. This leads to a different interpretation of what it means to “fall.”

			If that sounds perplexing, don’t worry, I’ll explain space-time in detail in the Cosmological Realm. All you need to know for now is that whenever an object is released anywhere in the universe, it follows a straight path through space-time. We call this path a geodesic. If space-time is curved, as it is near massive objects like Earth, the geodesic appears to us as “falling.” The object isn’t experiencing a force; it’s simply following the most natural, “straight” path through curved space-time.

			A somewhat familiar analogue for this geodesic can be found in children’s museums and science centers worldwide. (Places that always need funding, by the way!) You’ve probably seen one of those coin funnels where you drop a quarter in and it rolls around in an ever-tightening spiral before vanishing into a hole at the bottom. The quarter isn’t actively “seeking” the hole; it’s simply moving along a curved surface shaped by the funnel. Its motion appears circular because of the shape of the surface it’s rolling along.

			Something similar happens with space-time. Anything in the universe possessing mass and energy curves space-time around it, much like the shape of the funnel. The more massive and energetic the object, the more space-time curves around it. Any other object moving in this curved space-time follows what seems to us like a curved or falling trajectory, even though it’s actually moving in a straight line through the distorted geometry.

			From the perspective of general relativity, an object in free fall—like an apple falling from a tree or a moon orbiting a planet—is following a natural trajectory determined by space-time. Meanwhile, an object at rest on the ground—like Newton’s famous apple or you sitting in your chair reading this book—is not following this natural path. Instead, the ground interferes with this natural trajectory, pushing up against, say, you, and preventing you from following your free-fall geodesic around the center of Earth. In this sense, the ground exerts a force upward on you. It only gives the impression that gravity is “pulling” you down; in reality, the ground accelerates upward relative to your natural geodesic in curved space-time. This is how physicists understand gravity to work.

			The reason this idea seems counterintuitive is that we often associate acceleration with forward motion. When we hear “the ground accelerates upward,” we envision Earth’s surface physically expanding outward. However, that’s not what’s actually occurring. I set you up and exploited that assumption when I guided you in that initial direction. Acceleration isn’t solely about increasing speed; a change in direction also constitutes a form of acceleration, which requires a force.

			Consider two examples. First, imagine swinging a yo-yo around in a circle at the end of its string. At every instant, the yo-yo accelerates toward your hand—this is centripetal acceleration—because the string exerts a tension force pulling it inward. However, the yo-yo doesn’t actually move closer to your hand; instead, it follows a circular path. Without the string, the yo-yo would fly off in a straight line.

			A second, more relevant example is the classic carnival ride where riders stand against a spinning wall. As the ride speeds up, the floor drops away, but the riders remain pinned to the wall. Why? Because their bodies want to move in a straight line, but the wall forces them into a circular path. The wall continuously pushes inward on the riders, preventing them from following their natural trajectory.

			Now, imagine the riders have no idea they are on a spinning ride. Suppose they were extremely small relative to the structure. All they would know is that they feel “stuck” to the wall; it feels like their “ground.” They might conclude that some invisible force is pulling them toward the wall. In reality, the wall accelerating inward keeps them from following their natural geodesic.

			This is similar to what happens in curved space-time. Motion through space-time can be thought of as moving in two perpendicular directions: through space and through time. If an object is “at rest” and alone in deep space, far from any massive bodies, it “hovers” and its only space-time motion is its progression through time. However, if we place it above the surface of a massive body, it will start to fall. It cannot hover. Why? Because space-time curvature has altered its natural path, redirecting part of its motion through time into motion through space. The object is not pulled down; its direction through space-time is altered—just like the yo-yo on a string or the riders in the carnival ride. The curvature causes the acceleration.

			This is what Einstein revealed: Gravity is not a force in the Newtonian sense; it is space-time’s geometry and everything’s inability to be at rest relative to space-time. The apple doesn’t fall down. Earth’s surface is curving up in space-time to meet the apple.

			How’s that for some deprogramming?

			Here’s the thing: We all carry mental models of how nature is supposed to behave. We inherit them from experience, from school, from culture, and much of the time they’re wrong. Not because we’re stupid, but because the universe isn’t built for intuition. It’s built on laws that don’t care whether we “get” them.

			As we go forward, keep this in mind: Many of the things you think you know about motion, time, space, and even cause and effect are shaped by the biases of the Middle Realm—our narrow little bubble of perception. And this book is a kind of deprogramming.

			Across the Nine Realms of reality—Middle, Life, Cosmological, Dark, Quantum, Temporal, Multiverse, Beyond Horizons, and Imagination—we’re going to pull apart the assumptions that keep us blind. Then we will build a clear picture of how the universe actually works. Not just for the sake of knowledge, but because understanding what’s real might just change what we think is possible.

			

			• • •

			Now that we’ve cleared out some of the most common misconceptions—our “normal deceptions”—we’re ready to see a more accurate picture of how our world came to be. That means starting with the basics: the particles and forces that shape the Middle Realm. We’ll begin with the smallest players—electrons—then zoom out to the stars that forged the elements, Earth that collected them, and finally, the emergence of life itself.

			Remember, the main currency of the universe is energy. Here in the Middle Realm, the flow of energy is dominated by large masses such as planets and stars, as well as tiny, indivisible particles of matter called electrons.

			If I asked a random high school student to define “electron,” they might say something like “a negatively charged particle in an atom,” and they wouldn’t be wrong. But electrons are so much more than that. In many fundamental ways, electrons and their behaviors are the basis for all ordinary matter in the universe. (By ordinary matter, I mean physical matter that we can easily perceive using our senses.) Because of the inherent relationship between mass and energy, electrons are also the basis for all common energy in the universe. And not just that! They are also the basis for light.

			You may now be thinking, “Whachoo talking about, Dr. O-lis? Electrons are responsible for matter, energy, and light? Why has no one told me that before?” I don’t actually know. It’s not a conspiracy. Chalk it up to our normal deception—and some difficult-to-update teaching traditions.

			Let’s first consider electrons and their relationship to matter. As you may already know, atoms consist of a dense nucleus surrounded by a cloud of “orbiting” electrons (to be clear, whatever electrons do around nuclei, they definitely do not constantly fall toward them as satellites do around Earth). The particles that make up an atom’s nucleus—the baryons we call protons and neutrons—weigh almost two thousand times more than electrons. If an electron weighed one pound, protons and neutrons would weigh nearly a ton. Put another way, if an electron were a loaf of bread, a proton would be an adult male polar bear or a small car.

			This difference in mass has guided our perception of atoms and biased our understanding of reality. In the same way that we view giant planets like Jupiter and Saturn as having captured some of their moons (which is true), we have been taught to think of the much more massive atomic nucleus as “capturing” the lighter electrons. This is our normal deception at work.

			But what if the opposite were true? What if electrons were the ones that captured the nuclei? This is like asking, “What if Europa captured Jupiter?” or “What if Newton’s apple captured Earth?” Preposterous questions. Isaac Newton certainly never considered them.

			Except when it comes to electrons, they aren’t preposterous. Consider what our universe would look like if electrons did not exist. Since all protons have the same electric charge, and like charges repel each other, if there were no electrons, every proton in the universe would try to get as far away as possible from every other proton. There would be no clumps of matter considerably larger than a proton. That would be a pretty dull universe!

			The mere existence of electrons changes everything.

			The fact is that electrons do capture protons. And once our tiny electron captures its much larger proton, the repulsive force between protons is shielded and effectively annulled. In this electron-encircled state, our single proton and single electron team up to become an electrically neutral hydrogen atom.

			Hydrogen, which accounts for approximately 93 percent of all atoms, is by far the universe’s most common element. (No hydrogen would mean no water, and since you and I are roughly 70 percent water, no you or me, either.) With our protons’ mutual repulsion eliminated, hydrogen atoms can now gather in unfathomably large numbers.

			And they do! The smallest components of the Middle Realm are hydrogen molecules—two bonded hydrogen atoms, or H2—but the largest individual structures of the Middle Realm are giant clouds of hydrogen molecules, clouds that are ten million times the mass of our Sun and up to six hundred light-years across. We call these giant molecular clouds (GMCs). They serve as the sole source material for new stars. Without electrons, there would be no GMCs, and without GMCs, there would be no stars or planets.

			Now let’s look at electrons as they relate to energy and light. When protons and electrons are hot and moving very fast in each other’s presence (they are virtually always in each other’s presence), the electrons can’t capture them. This state is called plasma, the universe’s most common state of matter. (As you may recall from chemistry class, the other common states are gas, liquid, and solid.)

			Electrons can only capture protons once their temperature falls below about 5,000°F (about 3,000° Kelvin)—which to you or me is still crazy hot! At these “lower” temperatures, electrons do everything possible to prevent protons from gaining energy and heating back up. Once an electron manages to capture a proton, it acts like a sort of buffer, absorbing the energy of all the commotion going on around the new hydrogen atom. When the electron absorbs excess energy in one of these interactions, it immediately dumps this extra energy by converting it to light, which streams across the universe in all directions.

			But electrons don’t just capture protons, cancel their charge, and create light.
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					Fig. 1: Atom’s Electron Emitting Light

					An electron has been excited to energy level 2 (n = 2) by some process like heat absorption. The electron sheds this energy in the form of light that possesses an amount of energy equal to the difference between energy levels 2 and 1.

					For a plain-text version of this image, go to this page.

				
			
			They also create life.

			Our normal deception states that electrons are just tiny negatively charged particles. But in reality, they are the indisputable foundation of the Middle Realm. The universe’s electrons are scurrying around, capturing protons, keeping them at lower energy, and gathering them together to form molecules and larger structures—stars, crystals, minerals, planets, and, believe it or not, you.

			To our knowledge, complex life requires a relatively small Middle Realm object known as a planet. But planets don’t just pop out of nowhere (unless, maybe, wormholes are involved—but that’s for much later in this book). To have a planet of any kind, let alone one suitable for life, we first need a star. To create all the elements required for a rocky planet like Earth, we need a whole multigenerational family of deceased stars, for without these we won’t have relatively heavy elements like iron, nickel, silicon, or oxygen, and almost all elements heavier than helium originate from stars or their stellar remnants.

			Fortunately, the Middle Realm is teeming with those star-birthing giant molecular clouds, massive conglomerations of a practically uncountable number of hydrogen molecules.

			To make a hot, bright, shining star, you must first take a GMC that spans hundreds of light-years in size and weighs a million times more than our Sun and then make it as cold and dark as possible. Once again, our normal deception does not serve us well. Stars, which are bright and hot, start out dark and cold. And by cold, I mean more frigid than anything you’ll find on Earth: −440°F! That’s colder than the liquid hydrogen NASA uses to fuel its giant Space Launch System rockets designed to return astronauts to the Moon.

			To this point, we have been discussing electrons and their role in forming hydrogen and GMCs. But to get to stars, we have to transition from electrons back to gravity. Our GMC star nursery has to be cold so that gravity can work its magic, eventually unlocking the GMC’s abundant nuclear mass energy, which is locked away inside its protons.

			Here’s how it plays out. Once our GMC reaches a sufficiently low temperature, density variations occur, forming a weblike network of filaments within the cloud. These filaments are characterized by enhanced density and extend light-years in distance. Eventually, the most densely concentrated filaments become turbulent and unstable, causing them to break apart into a series of clumps. These clumps are typically about a hundred times more massive than the Sun and span a few light-years in diameter.

			Over the course of tens of thousands to hundreds of thousands of years, these clumps accumulate more mass by gravitationally attracting additional material or colliding with other clumps. As they grow denser, the clumps break apart and collapse into cores. The cores are approximately ten times the mass of the Sun and several thousand times larger than our solar system. Eventually, some of these cores will become stars.

			These cores, which are hundreds of thousands of times larger than the stars they will eventually form, are diffuse and extended. As gravity continues to drive their collapse, the innermost 25–50 percent of the core undergoes intense gravitational compression, forming a roughly spherical protostar. Meanwhile, the surrounding material flattens into a rotating protoplanetary disk. This process lays the groundwork for the formation of a solar system.

			In the heart of the swirling core, the protostar teeters on the edge of becoming a true star. Its fate is uncertain because as gravity relentlessly pulls the core inward, it compresses the gas, increasing both its density and its temperature.

			It’s a common misconception to equate temperature with heat. More accurately, temperature measures the average speed of particles in any given solid, liquid, gas, or plasma. If an object’s particles move quickly, it’s hot; if they’re creeping along, it’s cold. In this sense, a thermometer functions like a speedometer for particle motions.

			
				
					[image: Illustration of star and planetary system formation, showing a bright protostar surrounded by a swirling protoplanetary disk with visible planets and celestial bodies amidst a dense field of stars.]
				

				
					Fig. 2: Star and Planetary System Formation

					Stages of star and planet formation: from giant molecular cloud (GMC) to filamentary collapse, protostar, and protoplanetary disk formation, leading to a mature planetary system.

				
			
			The core’s rising temperature increases its internal pressure, counteracting gravity’s compression. As the particles move faster, they collide more often and with greater force, which ramps up the pressure. The core’s pressure is further amplified by its gravitational contraction as the same number of hydrogen atoms are squeezed into an ever-shrinking volume. If the core can’t find some way to deal with these pressure increases, it will never compress enough to ignite hydrogen fusion and achieve true stardom. And most don’t. Protostars inside a GMC frequently fail to make the leap. Estimates vary, but for every star that makes it, there are between one and one hundred protostars that fail to reach full stellar status. A typical GMC can produce anywhere from tens of thousands to millions of stars, which translates
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