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4a: Cosmology


Student Resource Sheet 2: Cosmological red shift

Our belief in the Big Bang centres on three pieces of observational evidence, and the most important of those is that the light we see from distant galaxies is red shifted.

This does not mean that the galaxies look red! The light that we can pick up using telescopes has to be studied quite carefully in order to see the effect. 

In the PowerPoint presentation R5, one of the slides shows light from the Sun that has been split into the colours from which it is made. When this is done, the familiar fan of colour (which we call the visible spectrum) can be seen, but also a series of dark lines where various shades are missing. These are the specific colours of light that are being absorbed by the atoms in the outer layers of the Sun. To an expert, the pattern of lines shows which specific elements are present in the Sun. The line in the red part of the spectrum indicates hydrogen.

Underneath this spectrum is another from a cluster of galaxies an enormous distance away. You can see that the same basic pattern of lines is present, but shifted across towards the red end of the spectrum. This is the effect that has been called the red shift.

In 1929 Edwin Hubble discovered that the red shift of the light from distant galaxies was related to the distance light had travelled to get to us from that galaxy. This is now known as Hubble’s law. This discovery was the key to unlocking our understanding of the Big Bang.

At the time, Einstein’s theory of gravity (called General Relativity) had been published and Einstein (among others) had tried to apply it to the universe as a whole. This, in Einstein’s view, had met with limited success. Every time he applied his equations to the universe he discovered that it would not stay still. If the matter in the universe moved around just a little bit (as it was bound to) it would trigger a strange effect whereby the universe would start to expand, or to contract. Einstein did not believe this, so he altered his equations to get rid of this oddness. However, interpreted correctly Hubble’s law is direct evidence of the effect that Einstein was trying to get rid of!

The basic idea is that the universe is expanding. 

This does not mean that the galaxies are moving away from each other through space, but rather that space is getting bigger. This is very difficult to understand without the mathematics, so the best we can do is scratch around with an analogy.

Imagine blowing up a balloon. Now imagine that the surface of the balloon was some sort of two-dimensional universe. A collection of ants would be able to move across the surface of the balloon, and their wanderings in this two dimensional universe would be like that of galaxies moving through space. However, if you superglued two ants in place, then as the balloon inflated the ants would be getting further apart, but not due to their motion. In our universe the galaxies are getting further apart due to the space between them getting bigger, just like the stuck up ants.

If we accept the basic notion of an expanding universe, then the red shift comes about as the light travelling through this space is stretched by that expansion. 

Take two galaxies A and B. B is twice as far away from us as A. Consequently the light from B will take twice as long to get to us as that from A. In this time, the universe will have expanded twice as much and so the light from B will be red shifted by twice that from A. This is Hubble’s law in a nutshell. 

The red shift provides evidence for the expansion of the universe. If you accept that this is happening then clearly at some time in the past the whole universe was in a much more compressed state – so much so that the stars and galaxies did not exist, and the whole universe was filled with a dense ‘gas’ of elementary particles. Other evidence (such as the Cosmic Microwave Background) suggests that this gas was very hot. This is what we know as the Big Bang. 


Web references:

http://www.telescopes-astronomy.com.au/telescopes039.htm : A nice site taking you through the science and the history at a reasonably gentle level

http://lectureonline.cl.msu.edu/~mmp/applist/doppler/d.htm: An excellent JAVA applet that shows how the Doppler effect works. Start by using comparatively slow speeds (V/Vs about 0.7 or less) and then you can see the Doppler effect very clearly. Go faster and you can set up sonic booms!

http://en.wikipedia.org/wiki/Edwin_Hubble: a short but useful potted biog. of Hubble.

http://archive.ncsa.uiuc.edu/Cyberia/Cosmos/ExpandUni.html: a good reference site, but it does start out by suggesting that the cosmological red shift is due to a Doppler effect. This is a common strategy to get out of having to explain how the expansion really takes place. 
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