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Nobody told her what time it was.

She spent most of the day the way dogs spend their days, sleeping in whatever patch of sunlight that has migrated most recently across the floor, lifting her head at the sounds of the neighborhood and then letting it fall again, waiting in the patient and wordless way that animals wait. But every school day afternoon, without fail, something shifted in the texture of the world around her. It wasn't one thing. It was a constellation of things: the angle of the light through the front window, the shadows cast by the trees outside, the quality of calm that settled over the street, something carried on the air that no human nose in the house was sensitive enough to catch. Whatever it was, she felt it. And when she felt it, she got up, walked to the front window, and looked out.

She didn't pace. She didn't whine. She simply stood at the glass with her tail moving in a slow, steady rhythm, watching the street with the calm certainty of someone who knows what is coming and is content to wait for it to arrive.
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And then she sees him, her boy, coming up the sidewalk, backpack on, head down, walking the familiar route home from the bus stop. The slow tail wagging did not gradually increase. It exploded. In the space of a single heartbeat, that tail went from a leisurely, measured sweep to something approaching a controlled emergency, the whole rear half of the dog now participating, her entire body a physical expression of joy so complete that it could not be contained in any single moving part.

She knew. Not because anyone told her. Not because she had consulted a clock or counted the hours. She knew because the world had changed around her in a sequence she had felt hundreds of times before, and that sequence meant one thing: now.

What she was doing, in the only language available to her, was reading time. Not measuring it, reading it. And what she was reading, from the shifting light to the familiar footstep on the sidewalk, was change. One change, then another, then another, each one a word in a sentence the afternoon was writing for her, and she had long since learned how to read that sentence fluently.

This is, it turns out, precisely what time is. Not a river flowing past us whether we notice it or not. Not a dimension we travel through like a passenger on a train. Not a force, or a field, or a mysterious fourth axis of reality that requires advanced mathematics to describe. Time is the name we give to our experience of change, the summation of all change between any two reference points, whether those reference points are separated by a heartbeat or a millennium. And whether we perceive those changes or not.

Consider what a clock does. It doesn't capture time or contain it. It changes, pendulum swings, a quartz crystal vibrates, a cesium atom oscillates with such metronomic regularity that we have made it the global standard for measuring a second.​[1] We read those changes and call the result time. Strip away the convention and what remains is simply one set of changes being used to measure another set of changes. The turning of the Earth. The progression of the seasons. The slow march of a shadow across the ground. All of them change. Regular, repeatable, measurable change, but change nonetheless.

The dog at the window already understood this in the only way that matters. She lived it.

In the pages that follow, together we are going to take the simple truth that time is change and follow it wherever it leads. We are going to find that it leads somewhere remarkable. From the quantum floor of reality, where the very first flicker of change generated the very first instant of time. All the way out to the expanding frontier of the cosmos where the boundary between the present and the future is literally the edge of a sphere of light racing outward in all directions at the fastest speed the universe permits. And then we will journey into the nested layers of existence in between, where every living thing carries its own unique timeline within the greater cosmic one, with its own private record of change, its own beginning, its own present moment, all of it nested within and bounded by the great cosmic clock that started everything.

It begins with something you can see in a window on an ordinary school day afternoon.

Come along. It’s time.
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PART I: THE BEGINNING OF TIME
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Chapter 1: Quantum Beginning
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Imagine the coldest place in the universe.

Not the dark side of a distant moon, not the void between galaxies, not anything so large and dramatic as that. Imagine instead the smallest possible thing reduced to the smallest possible amount of energy it could ever possess. Physicists have a name for this condition. They call it the zero-point energy ground state; the absolute floor of existence, the lowest rung on the ladder of energy that nature permits.​[2] It is the condition that approaches, as closely as reality will allow, the concept of nothing.

And yet it is not nothing. It is something far more interesting than nothing.

The zero-energy ground state is not emptiness, and it is not quite stillness either. There is hint of motion there, if you can call it that, but motion of such a weak and marginal kind that it barely earns the name. Picture a wave on the open ocean but stretched. The distance from crest to trough drawn out over such a vast span, the difference in height between the two being so vanishingly slight that a person floating on the water's surface would feel nothing. No rise, no fall, no sense of movement at all. 
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The wave is there in a mathematical sense. But it is so close to flat, so nearly indistinguishable from the absence of a wave, that it exists at the very boundary between something and nothing, the shadow of vibration rather than vibration itself. The potential to change rather than change itself.​[3]

In that state, time has no foothold. Time is the summation of change between two reference points, and at the ground state, there is nothing sufficiently distinct to serve as a reference point. The crest and the trough are so nearly identical that the interval between them carries no meaningful information. There is no before that is distinguishably different from the after. And where before and after are indistinguishable, time cannot take hold.

Then, in the beginning, energy was introduced into that dormant zero-energy ground state.

The nearly flat line was compressed, and it buckled into a wave with a crest and trough. 
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Change was introduced. The shadow of vibration became vibration; real, actual, measurable oscillation between two states that were now genuinely distinct from one another. The distance from crest to trough became meaningful. A to B was now a real journey, with a real departure point and a real destination. And then B back to A: the return, the completion of the first true cycle. The smallest conceivable change, but change, nonetheless. Real change, for the first time. The beginning.

And in that first real change, there was for the first time something to measure. A before and an after. A reference point, and then a second reference point, and between them, however brief, however small, the very first interval of time.

No change, no time.

We tend to imagine time as the stage on which events occur, a pre-existing emptiness that was already there waiting when the universe arrived to perform on it. But time is not a stage. It is the performance itself. There was no time waiting to be filled. The first change and the first time arrived together, inseparably, because one is simply the name we give to the other.

The quantum filament flickers. A to B. The universe has, for the first time, a past: the instant of A, and a present: the arrival at B. And when it returns, B back to A, something manifests that did not exist before. History. Three moments instead of one. A sequence. A story, though impossibly brief, of something that was, something that changed, and something that resulted.

Everything that has happened in the approximately fourteen billion years since the big bang, every star that ignited, every planet that formed, every creature that drew breath, every thought that crossed a human mind, is an elaboration of that first flicker.​[4] The universe began changing, in progressively more complex and nested ways, ever since the beginning of time.
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Chapter 2: Superposition
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Place a stool with only two legs on a flat surface and it will not stand. It will fall to one side or the other, and if you catch it and set it up right again, it will fall again, always seeking the ground, always failing to find equilibrium. But hold it between the palms of your two hands and something interesting happens. It doesn't stop falling. It wobbles from one palm to the other in a continuous, restless search for a stability it cannot quite achieve. It is not broken. It is not defective. It is simply incomplete; a structure whose geometry demands a third point of contact that it does not yet have.
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Give it that third leg and the transformation is immediate and total. The wobble stops. The stool stands on its own. It is now stable enough not merely to stand unsupported but to bear weight, to become, in a word, useful. The third leg didn't improve the stool incrementally. It completed it. There is not a halfway between wobbling and standing. The stool either has what it needs to stand on its own or it doesn't.

This is not merely a useful picture. It is a description of what hydrogen does.

Hydrogen is the universe's two-legged stool. It is the first and most fundamental element, a single proton orbited by a single electron. It is, by the measure of chemistry, profoundly incomplete.​[5] Its single electron occupies a shell that wants two. Every other element in
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THE COMPRESSED LINE: From Straight to Wave

Compression creates instabilty. Instablity creates curvature. Curvature becomes a wave.
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