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Once, there wasn’t.


And then, somehow, there was.
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This event, going from Not to Is, is what we now call the Big Bang. This term is a mixture of a very good name (it’s catchy) and slightly misleading. While the “Big” part is certainly accurate – inventing an entire universe is the biggest you can get – the “Bang” is only accurate in the sense of an abruptness. What we mean by the Big Bang is absolutely not an explosion.

For one, explosions have a location, and expand outwards into the space surrounding it. What we have here is a rapid appearance of all the locations at one particular time. The Big Bang therefore doesn’t have a “where” it happened – all the places that currently exist were there when it happened, compressed into an incredibly dense configuration.
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George Gamow, Ralph Alpher, and Robert Herman developed the first major version of this idea, which has as its fundamental tenet that there was a “start time” to the Universe we now live in.i This distinguished it from other models of the Universe, where the Universe had just Always Been.
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Current models of the Universe place this start time at 13.82 billion years ago, with the most recent data coming from the Planck Telescope, which operated from 2009 to 2013.ii
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Time now has a start time, 13.82 billion years ago, and will continue onwards inexorably at one second per second forever. What about space?

Our current model says that space is infinite in all directions, so when the Universe was invented, it was a lot to invent. We think that all the places that exist now would have been much closer together when the Universe was young, so space itself was denser than it is now.

To think about this, imagine having a box that’s one metre square now – as you go further and further back in time, the corners of that box must be closer and closer together, and ignoring the problems that come with crushing cardboard, at some point you have an infinitesimally tiny box. That’s the early Universe.
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Since the Universe is probably spatially infinite in all directions, we have an infinite number of boxes to work with, and an infinite number of teeny tiny boxes which will expand outwards into human-sized volumes, given enough time.
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In addition to inventing all the places in the Universe, the Big Bang is also responsible for bringing into being all the ingredients for all the material that will ever exist in the Universe. However, at this very early time, all the material in the Universe is not yet anything particularly recognisable; it’s extremely compressed into a hot, dense state.

No atoms have formed yet; we simply have a soup of particles that will one day make up complex molecules and laser beams. Everything that will ever make up things that exist on Earth or anywhere else in the Universe is currently in its most basic state, like having only single-block Lego pieces instead of more complex bricks of three or four.

Much like having a temperature that’s too hot for ice to remain ice, the current Universe is simply too hot for atoms to stay atoms without coming apart immediately.
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If we look at the ingredients list of the Universe, there are only a few key pieces. The standard model of physics only has a handful of fundamental particles.


Energy

Energy is in a lot of ways a very fundamental piece of what exists in our Universe. It comes in many forms – the fuel required to create a change, or held as a temperature, or in how fast something is moving. It’s usually relatively intangible; you can feel its effects, but you can’t hold it directly.
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But physical matter also can be thought of as having energy, and so we arrive at our first statement of the rules of the Universe – which is that mass and energy are interchangeable. The conversion factor between them is quite large, so you need a lot of energy to create a little bit of material, or conversely, only a little bit of material is needed to generate a lot of energy.
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Matter

Almost all the materials we are familiar with are, if you break them down enough, made of quarks. Quarks have six “flavours” (yes, the technical term): up, down, top, bottom, charm, and strange. Depending on the combinations of these quarks, other particles we might be more familiar with could appear. For now, in our dense early Universe, it’s too hot for any of those to appear for a little while; our matter soup is probably just quarks.
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There are also six more particles which form our “matter”, known as leptons. Three of them are neutrinos (extremely low mass particles, with no charge, and also different flavours), and of the other three particles, the most well-known is the electron. The tauon is like a heavy electron, except it doesn’t like to stick around very long (decay times of 10-13 seconds), and the muon, which also doesn’t stick around very long (10-6 s). The electron is stable.
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That’s it for stuff. In our very early Universe, since we’re still at time zero while we examine what’s here, all of these particles may be crashing around, since the Universe hasn’t been around long enough for any particles to decay yet. We don’t expect any kind of order here; it’s just chaos.
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Antimatter

You can also have anti-particles for all the matter out there. They are exactly the same as matter particles, except that if they collide with their matter counterpart, they both self-destruct, producing an upsetting amount of energy and leaving behind exactly no matter after the collision. If the Universe had formed with 50% matter and 50% antimatter, we wouldn’t expect to have any matter left; we’d have a universe just filled with light instead. That didn’t happen, for some reason.iii
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Instead, the Universe as we see it has more matter than antimatter, and when everything was done smashing into each other, there was more matter left.
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Dark matter

Dark matter is also present in this early Universe. It’s not included in our list of fundamental particles because we don’t know what kind of particle dark matter is, if it is a particle, or if it is some new thing. If you like, you can consider this name as a placeholder until we figure out exactly what it is, but we’ve put some boundaries on what it can be. First – something is definitely there! We also know that dark matter is


	heavy (each particle has mass), 

	extremely hard to find in lab experiments, 

	invisible, and 

	there is a lot of it.



A lot a lot, in fact – if we count up all the matter that we can see, and add in all the matter we can’t see but which must be there in the form of dark matter, the budget comes out to be 15% regular matter, 85% dark matter – or, in other words, there’s more than five times as much mass in dark matter as there is in anything we can detect.iv
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Now that we have all the stuff in the Universe listed out, the next puzzle is to understand how the items on the list interact with each other, and it seems that the Universe has some pretty strict rules set into place. But first, there’s one more critical particle we’ll need to be familiar with – light, or, in its particle form, the photon.
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Light

Light can be thought of either as a particle (the photon), which has exactly zero mass and carries some energy, or as a wave, which carries exactly the same information through a wavelength (which can be thought of as a colour) and an amplitude.
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In the narrow range of wavelengths the human eye can see (380–750 nanometresv), shorter wavelengths are bluer, and longer wavelengths are redder. Regardless of whether or not light is actually visible to the eye (infrared waves, for instance, are not), we can keep this “redder” or “bluer” notion; infrared waves are “redder than red”. Ultraviolet, by contrast, is bluer than blue.
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The more energy the photon carries, the bluer its light.
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Rule Number One: the speed of light in a vacuum is both fixed and the fastest possible speed. This was measured as (and now defined to be) 299,792,458 metres per second.vi Since 1983, the speed of light stays at this exact number, and the metre is defined as the length that light can travel in 1/299,792,458th of a second. This speed marks the fastest anything can travel in the Universe, and is often thought of as a “speed limit”.
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“Anything” also means that this is the fastest that information can travel from place to place, which brings us the idea of causality.
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Nothing can cause anything else to happen, if it wasn’t possible to learn about that first event in the first place. I can knock over a vase, and information about my elbow is
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