Cosmology Fact Sheet

The text book covers the basic ideas behind Doppler shifts and the Hubble law, these are things which go a bit further.

Red Shifts

If you look at light from other galaxies you will in general find it red shifted which means it has a relative velocity away from us. The further away the galaxy is, the greater the red shift and hence the greater it’s relative velocity away from us. Hence the Hubble law as in the book. 

Distance Measurement

We only know the distance to certain objects in the universe, and even that isn’t very accurate. Parallax measurements using the Earth’s orbit as a baseline allow us to find the distance to stars in our own galaxy quite well. Distances longer than this are no good though. 

However, if you measure the distance to a certain type of star using parallax and see how bright it is, then you have the beginning of a “standard candle”. If you can recognize this same type of star, only much further away (using chemical composition found by spectral lines, or some other method), then simply by measuring the brightness of the star and knowing the rate at which e-m radiation becomes fainter with distance you can take a pretty good stab at knowing how far away it is. 

Various different objects can be used as standard candles for different distances away. In increasing order of distance: RR Lyrae variable stars (?), Novae (temporary brightening of existing stars, probably caused by matter falling into them and being blown off again in a large fusion explosion), Cepheid variable stars (the Hubble Space telescope has been looking at these a lot), supernovae (death of stars) and finally looking at the brightness of entire galaxies. 

Each standard candle must be corroborated by some other distance measurement in order to use it. This other distance measurement may well be another type of standard candle. So, you may find that you are using a standard candle distance measurement scale that has been calibrated using another standard candle scale, which has itself been calibrated using a parallax measurement. All measurements come with inherent errors which clearly will add up the further away you are looking. The cosmic distance ladder therefore gets less accurate the further out you look. The fact that the Hubble constant is known to ( 50% is actually pretty good in that case.

Another method which can help is looking at the angular size of objects (galaxies generally). If you know how wide something really is, see how big it looks from here then you can work out how far away it is. Of course, galaxies vary in size a lot so this isn’t great either. Best bet is to combine as many methods as possible to reduce the errors. Various space telescopes will help us out a lot as time goes by.  

We can see objects which are redshifted up to z = 6 now. (z = velocity away/speed of light). This would suggest that their relative velocity away from us is much bigger than the speed of light. These objects are clearly very far away if they are obeying Hubble’s law and very bright such that they are observable. They are quasars, which are probably in fact the centres of galaxies. The centre of many galaxies is thought to contain a huge black hole. When matter collects around the edge and is accelerated by the gravity, loads of e-m radiation is emitted. All quasars ever seen are incredibly far away which suggests that they are formed at the beginning of the formation of galaxies. (It has taken ages for the light to reach us so they must be phenomena that were present in the early universe.) Once all the matter has fallen into the huge black hole, the quasar activity probably stops.

Fate of the Universe

If the universe is expanding outwards now, it is reasonable to assume that it started off smaller. Whether it can continue to expand depends on whether the gravitational pull of matter within the universe can act to slow and halt the expansion. If not, the universe will continue to expand and matter will thin out over time. If there is enough matter, the universe will recollapse into an infinitely dense blob again. The barrier between these 2 scenarios is the so called “flat universe” which will expand at an ever decreasing rate. The amount of matter needed to produce this scenario is the “critical density.”

 This boils down to the fairly simple question, “How much mass is there per cubic metre?” This is sadly very hard to say. We can only see luminous matter; the rest is hard to pin down.

Dark Matter

Visible stars would make the density of matter in the universe less than 1% of the critical density. However, there is evidence that stars do not contain most of the matter in galaxies. Galaxies rotate at the wrong speed for the stars in them to be making up all of the matter. They are likely to be surrounded by a halo of dark matter. 

Possible types of matter that might live in them would be MACHOs (Massive Astrophysical Halo Objects). Obviously, if something gets enough mass, it becomes a star so these would have to be “nearly stars” which never started a fusion reaction or dead stars which have run out of fusion fuel. However, these objects would become apparent when they passed in front of stars that we can see due to a gravitational lensing effect. (their gravity would literally focus star light, making stars appear brighter as they passed across.)

This does not happen very often at all, which proves that there can’t really be that many of these MACHOs.  

Another possibility is WIMPs (Weakly Interacting Massive Particles). These are particles which only interact using the weak nuclear force (and gravity) meaning that they are very hard to find. Neutrinos could be one example, there are loads of them (109 neutrinos per nucleon and electron in the universe) and they are hard to detect. However, experiments have been done which suggest that neutrinos only have a very tiny mass, which wouldn’t make enough difference. Other particles may well exist which do carry mass and are being looked for even now using massive detectors.

Particle physicists have done calculation which predict that all of the massive baryons (protons, neutrons etc.) produced by the Big Bang will still only make the density up to about 5% of critical value. Most of the baryonic (normal) matter that we can’t see as stars is probably held in intergalactic dust clouds. So the fate of the universe probably depends on the amount of mass that is held in strange particles we can’t detect very well at all.

