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4a: Cosmology


Student Resource Sheet 12: The end of the universe

The future of the universe is determined by a combination of different influences acting within it. The Hubble expansion is not a force as such, but the inherent tendency of a collection of matter and energy set in motion by the Big Bang. However, that tendency is not inevitable and other forces can act to aid the expansion or resist it. Gravity is the chief effect at work and the amount of gravity in the universe is determined by density [1].

To Crunch or not to Crunch?

Any explanation of how gravity can act to halt the expansion of the universe is fundamentally flawed. The problem is that the Hubble expansion comes about due to the conditions in the early universe and can only be fully explained by an application of Einstein’s theory of gravity. Consequently any account of how gravity can act to halt this expansion, or at least slow it down, should also use Einsteinian gravity. However, this is too complex a subject to explain in a few paragraphs, so most popular accounts fudge the issue. 

I will also fudge it, but at least you have been warned!

As the galaxies fly away from each other in the Hubble drift, their mutual gravity is pulling them back trying to slow the expansion down. Remember that the Hubble expansion is not moving the galaxies through space, but that the space between them is stretching. However, this space is filled with a gravity field and so gravity is coupled to the expansion and can act back to slow the process down. This can be clearly seen with some observations of distant galaxies for which the amount of red shift in their light is being altered by the gravitational pull of other nearby galaxies. 
If the density of matter in the universe is great enough, then the gravity produced will be slowing the Hubble expansion down sufficiently so that it will come to a halt in the future, and then reverse, i.e. gravity wins. This would mean that expansion would turn into contraction and that eventually the universe would return to a state similar to that of the Big Bang. This is called the Big Crunch. 

On the other hand, if the density of the universe is low, then the Hubble expansion will be slowed, but never sufficiently to stop the expansion. In this case the universe will continue to expand for all time.

Dark Matter

The key measurement in understanding what might happen to the universe in the future is to know its density. This is not an easy thing to measure for the universe as a whole! Astronomers have to work from a series of approximations. If you know the mass of a typical star and how bright it shines, then by looking at a galaxy you can estimate the number of stars that it contains and hence the mass. From there you can work up to collections of galaxies etc. It does not sound very precise, but it is about the best that can be done. Estimations of this sort have been carried out since the 1960s, and have consistently run into a problem. This problem is illustrated by another way of estimating the mass of a galaxy. You can also do this by looking at the effect that its gravity has on other objects. Puzzlingly, the gravitational mass always seems to be 30 times or so bigger than can be estimated from the counting the stars. This extra unseen mass has come to be called dark matter. Detailed surveys have shown that among the relatively straightforward possibilities for what might be producing this mass (dark stars, black holes, dust clouds etc.) nothing can account for such a large amount of missing mass. Gravity points to the existence of this dark matter, but we currently have no real idea of what it is. Clearly, however, most of the universe is actually composed of this stuff, and it is not the ordinary matter from which we are made. 

Given the amount of dark matter that seems to exist, and the visible matter as well, it seems that the total density of the universe is about 27% of the density required to ultimately stop the expansion (23% is dark matter, 4% the visible stuff).

Dark Energy

This is even more mysterious than the dark matter!

In the late 1990s the results from a new series of experiments looking at very distant galaxies started to come in [1]. Amazingly these results point very strongly to the expansion of the universe having accelerated through history, not slowed down as might be expected. Since then, several confirming results from other measurements have come in, so the accelerating expansion has come to be recognized as an experimental fact. However, we are a long way from understanding why it is happening. The basic idea is that there must be another form of energy that exists as a continuous background to everything in the universe. This dark energy is thought to be of a very specific form, which in the context of Einstein’s theory of gravity actually produces a repulsion effect. The dark energy is sometimes referred to as quintessence, but we know very little about it. 

So what is the fate of the universe?

Putting together what we know about matter, dark matter and dark energy the current experimental indications are that the universe will continue to exist forever. As time goes on, the galaxies will get further and further apart until no galaxy can actually observe any other. The stars will burn out and either explode (if they are big enough) or fizzle out into burnt embers. Eventually there will be no material left from which to make new stars. The universe will become very cold and dark and thin. Worse is in store. Some theories predict that main particle from which matter is constructed (protons) will decay into smaller particles. If this happens, then eventually all atoms will decay and the universe will be populated with elementary particles once again. However these will be very low energy particles and reacting with each other only on very rare occasions. Still the universe will expand moving the particles further and further away from one another until there is unimaginable emptiness. This is somewhat grandiosely called the Heat Death of the universe. 

If our measurements are wrong and there is going to be a Big Crunch, then the outcome is hardly more appealing. The universe will collapse back into a super-dense immensely hot mix of particles and energy. 

Some questions:

1. Will time go backwards as the universe contracts?


No, time will continue to go forwards, it is just that the universe will be getting smaller. This is a process governed by the laws of nature as we know them, and so there is no reason to suspect that time will reverse as well.

2. Can the universe re-start after a big crunch?

A cyclic universe banging and crunching away forever is an interesting possibility, but not one for which there is any good scientific backup. Although the issue is far from resolved, it seems likely that the Big Crunch would not be the same as a bang in reverse. One way in which it is different is that there would be a lot of black holes coming together in the crunch and this is not the same as how things started. For readers with some technical knowledge the problem is that the end of the universe in a Big Crunch would be a high entropy event and the Big Bang was very low in entropy (comparatively speaking). It is not at all clear that a new universe could start from a very high entropy end to an old one.

In any case, any thoughts about a cyclic universe are necessarily speculative. It is hard to see how any observational evidence could be called in to support such a notion. If he slate is ‘wiped clean’ at every Big Crunch, then almost by definition the new universe would not know anything about the old one!

Notes:

1. By density I am here referring to the amount of matter and energy that can be found in a cubic metre of the universe. Locally on Earth the density is quite high, but we have to average across the whole universe and there is an awful lot of volume out there with not much in it!

2. 
These are the so-called super-nova experiments. The idea is to use a particular class of super-nova (exploding star) to estimate the distance to the galaxy in which it takes place. These explosions are rare, but very bright and so can be seen in even the furthest galaxies. 

Web references:

http://slate.msn.com/id/2096491/entry/0/  a nice popular account of quite modern ideas including some interviews with leading thinkers (Ed Witten, Freeman Dyson, Lawrence Krauss etc.). Well worth a read.

http://www.time.com/time/covers/1101010625/gallerie.html# - a Time website with links to other pages. Useful and informative. Some biographical details as well. 

http://universe.gsfc.nasa.gov/ - NASA page on cosmology in general, nicely put together and illustrated.
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