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4a: Cosmology


Student Resource Sheet 8: History of the universe - Timeline
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Image Source:

http://cdsweb.cern.ch/search.py?of=hd&f=970__a&p=000000536MMD
This image may be used in the classroom or institution only

Note: If you need a higher resolution image downloaded this from the site link.

Significant Epochs in History:

The Big Bang – Two problems. First, the actual origin of time is shrouded in mystery. Some theories suggest that time itself morphed (emerged) out of the quantum space that existed before the Big Bang. In truth we do not know what happened. Second, The theory of gravity needed to cover the Big Bang (Einstein’s General Theory of Relativity) breaks down when applied in the conditions that were present in the earliest moments of history. A new quantum gravity is needed, and it is far from clear how such a theory will work.

Inflation – This was a very short period of history (between about 10-35 and 10-32 seconds) during which we think that the universe underwent a very rapid increase in size. By the end of inflation the universe would have increased in size by a factor of 1050. A mysterious energy field called the Higgs field probably powered inflation. At the end of this period, the Higgs field would have decomposed into matter, which is just as well as the original particles of matter created in the Big Bang would have flowed away from each other to unimaginable distances. Without this collapse of the Higgs field there would only be about one proton to every volume of universe 14 billion light years across. If inflation happened, then it should have left an imprint on the density of matter in the universe, which would then show up in the cosmic microwave background. Experiments are looking for this imprint, and so far the signs are generally encouraging.


Inflation theory is currently a very active area of research and it has lead to many speculations. It is possible that not all the universe inflated at the same time, and that different regions ended up with slightly different laws of nature. Some cosmologists think that this could explain the Anthropic co-incidences that seem to exist in our’ universe (see section 4b)

Quark Soup – at the end of inflation, the universe was a super-hot, super-dense ‘soup’ of elementary particles interacting with one another. Among these particles were quarks (which we now find inside protons and neutrons) and leptons (very light particles such as the electron). 


The density is so great, that quarks are moving around in isolation. As the universe expands, it cools (but the energy does not flow to anywhere else; think of it as becoming gravitational energy) and as this era comes to an end, the quarks combine into particles such as protons and neutrons.

Lepton era – with the quarks confined to particles, the freely moving objects are now leptons such as electrons and neutrinos as well as electromagnetic radiation (photons). The universe continues to cool and expand.

Nucleosynthesis – for a brief period of time about 3 minutes into history, the temperature and density of the universe dropped to being roughly the same as that found inside stars now. Under these conditions, protons and neutrons combined to form nuclei of helium. The process stopped quickly and only 20% of the matter in the universe (by mass) was turned into helium. This is one of the key pieces of evidence that the Big Bang happened. Note that atoms of helium did not form (an atom being a nucleus surrounded by electrons) as the energy in the electromagnetic radiation was too great – electrons hit by this radiation would be blown out of the atoms.

Transparency – by about 300 000 years into history, the universe had cooled enough for the energy in the electromagnetic radiation to be less than needed to break atoms up. Consequently atoms and hydrogen and helium formed. This made the universe ‘transparent’ – in other words the electromagnetic radiation was no longer being scattered about by free electrons; (think of it as being like a fog clearing). The electromagnetic radiation ‘decoupled’ from the matter, but did not go anywhere – we can now detect this ‘relic radiation’ as the cosmic background. If inflation happened, then regions of the universe that had a slightly higher density of matter than others should be arranged in a predictable pattern. Radiation coming from these regions at the moment the fog cleared will be slightly less energetic than that coming from low-density regions. This variation can be detected by sensitive experiments. The pattern of variation is predicted by inflation theory.

Galaxy formation – slowly over billions of years, gravity pulled matter together to form stars and galaxies. This process is calculated to be so slow, that it needed a ‘push’ to get going or there would not have been enough time to form stars. Pictures from the Hubble space telescope suggest that the first stars were forming less than a billion years after the Big Bang. Cosmologists think that dark matter present in huge quantities started to clump together long before ordinary matter, getting the process underway early enough to explain these very old stars and galaxies (see 4a R12 for further discussion of dark matter).

Web references:

http://www.pbs.org/deepspace/timeline/ - takes you from the Big Bang to modern times with clickable links to brief explanations.

http://en.wikipedia.org/wiki/Timeline_of_the_Big_Bang - a more technical site, with less in the way of fancy graphics, but more detailed science. It concentrates on processes up to galaxy formation.

http://www.schoolscience.co.uk/flash/bang.htm - a flash animation timeline

http://www.globalchange.umich.edu/globalchange1/current/lectures/universe/universe.html - another nice site that covers the big bang with a brief timeline, but it also covers the evidence for the big bang.
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