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Philosophers have debated the nature of “nothing” for thousands of years, but what has

modern science got to say about it? In an interview with The Conversation, Martin Rees,

astronomer royal and emeritus professor of cosmology and astrophysics at the University of

Cambridge, explains that when physicists talk about nothing, they mean empty space

(vacuum). This may sound straightforward, but experiments show that empty space isn’t

really empty – there’s a mysterious energy latent in it which can tell us something about the

fate of the universe.

Q: Is empty space really the same as nothing?

A: Empty space seems to be nothing to us. By analogy, water may seem to be nothing to a

fish – it’s what’s left when you take away all the other things floating in the sea. Likewise,

empty space is conjectured to be quite complicated. 

We’ll tell you what’s true. You can form your own view.
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We know that the universe is very empty. The average density of space is about one atom in

every 10 cubic metres – far more rarefied than any vacuum we can achieve on Earth. But

even if you take all the matter away, space has a kind of elasticity which (as was recently

confirmed) allows gravitational waves – ripples in space itself – to propagate through it.

Moreover, we’ve learned that there is an exotic kind of energy in empty space itself.

Q: We first learnt about this vacuum energy in the 20th century with the rise of

quantum mechanics, which governs the tiny world of atoms and particles. It suggests

that empty space is made up of a field of fluctuating background energy – giving rise

to waves and virtual particles that pop into and out of existence. They can even create

a tiny force. But what about empty space on large scales?

A: The fact that empty space exerts a large-scale force was discovered 20 years ago.

Astronomers found that the expansion of the universe was accelerating. This was a surprise.

The expansion had been known for more than 50 years, but everyone expected that it would

be slowing down because of the gravitational pull that galaxies and other structures exert on

each other. It was therefore a big surprise to find that this deceleration due to gravity was

overwhelmed by something “pushing” the expansion. There is, as it were, energy latent in

empty space itself, which causes a sort of repulsion which outweighs the attraction of gravity

on these large scales. This phenomenon – dubbed dark energy – is the most dramatic

manifestation of the fact that empty space is not featureless and irrelevant. Indeed it

determines our universe’s long-term fate.

https://www.independent.co.uk/news/science/universe-quantum-string-theory-dark-energy-galaxies-physics-human1



We may have to wait for post-humans to understand universe, says astrophysicist Martin Rees30/07/2019, 10@19 PM

Q: But is there a limit to what we can know? At a scale of a trillion trillion times

smaller than an atom, quantum fluctuations in spacetime can give rise to not just

virtual particles, but to virtual black holes. This is a range that we cannot observe, and

where we have to combine theories of gravity with quantum mechanics to probe what

happens theoretically – something that’s notoriously difficult to do. 

A: There are several theories that aim to understand this, the most famous being string

theory. But none of these theories have yet engaged with the real world – so they are still

untested speculation. But I think nearly everyone accepts that space itself could have a

complicated structure on this tiny, tiny scale where gravitational and quantum effects meet. 

We know that our universe has three dimensions in space: you can go left and right,

backwards and forwards, up and down. Time is like a fourth dimension. But it’s a strong

suspicion that if you were to magnify a little point in space so that you were probing this tiny,

tiny scale, you would find that it is a tightly wound origami in about five extra dimensions that

we don’t see. It’s rather as when you look at a hosepipe from a long way away, you think it is

just a line. But when you look closer, you see that one dimension was in fact three

dimensions. String theory involves complex mathematics – so do the rival theories. But that’s

the kind of theory we’re going to need if we are to understand at the deepest level the

nearest to nothingness that we can imagine: namely empty space.

Space has a kind of elasticity which allows gravitational waves to

propagate through it (Nasa)

Q: Within our current understanding, how can we explain our entire universe

expanding from nothing? Could it really just start off from a bit of fluctuating vacuum

energy?

A: Some mysterious transition or fluctuation could have suddenly triggered a part of space to

expand – at least that’s what some theorists think. The fluctuations intrinsic to quantum

theory would be able to shake the entire universe if it were squeezed to a sufficiently tiny

scale. That would happen at a time of about 10-44 seconds – what’s called the Planck time.

That’s a scale when time and space are intertwined so that the idea of a clock ticking away

makes no sense. We can extrapolate our universe with high confidence back to a

nanosecond, and with some confidence right back much closer to the Planck time. But

thereafter, all bets are off because physics on this scale has to be superseded by some

grand, more complicated theory.

Q: If it is possible that a fluctuation of some random part of empty space gave rise to

the universe, why couldn’t exactly the same thing happen in another part of empty

space – giving birth to parallel universes in an infinite multiverse?

A: The idea that our big bang is not the only one and that what we see with our telescopes is

a tiny fraction of physical reality is popular among many physicists. And there are many

versions of a cyclic universe. It was only 50 years ago that strong evidence for a big bang

first emerged. But there have ever since been speculations about whether this is just an

episode in a cyclic universe. And there’s been growing traction for the concept that there’s far

more to physical reality than the volume of space and time that we can probe – even with the

most powerful telescopes.
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So we’ve no idea whether there was one big bang or many – there are scenarios which

predict many big bangs and some which predict one. I think we should explore them all.

Q: How will the universe end?

A: The most straightforward long range forecast predicts that the universe goes on

expanding at an accelerating rate, becomes ever emptier and ever colder. The particles in it

may decay, making the dilution proceed indefinitely. We would end up with, in a sense, a

huge volume of space, but it would be even emptier than space is now. That is one scenario,

but there are others that involve the “direction” of dark energy reversing from
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