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Introduction

Reading this article the reader should bear in mind that our current view of the evolution of the Universe is based on Einstein’s general relativity on which the Friedmann-Walker Robertson models are based. I will deal with these important aspects in a future article. In general relativity spacetime can be described as a four-dimensional manifold on which is defined a metric, gab, of Lorentz signature. This metric can be traced back to the matter distribution in spacetime according to Einstein’s equation Gab = 8πTab. This view of the evolution of the Universe is also based on the assumption that the big bang did happen. There is overwhelming evidence to support the big bang theory, such as the Microwave Background Radiation, yet, many scientists challenges this idea. 
A very important question raised by the theory is: “Which solution of Einstein’s equation describes the Universe we observe?” In a future article I will try to find some answers to this question. It must be pointed out that these answers are not unchallengeable. In this article I will give a very brief account of the history of our Universe.

A Very Brief History of the Evolution of Our Universe

The picture of the evolution of the Universe is the standard one, meaning it is assumed that the history of the Universe is adequately described by a Robertson-Walker solution including further assumptions of the matter content of the Universe. The Universe was radiation dominated until about 380 000 years after the big bang (at the time of recombination) and since then it is matter dominated. The Friedmann-Robertson-Walker models can be understood that the Universe was filled with gas or dust (both work equally well). The gas model should be a good approximation of the Universe until recombination and dust since then.

Our description of the history of the early Universe really starts at 10-32 s when the Universe was filled with quark-gluon plasma. Then we continue with the history at a time 1 second with a density of ρ ≈ 5 x 105 g cm-3 and the temperature is T ≈ 1010 K.

At this time the Universe consisted mostly of neutrinos, photons, electrons, positrons, neutrons and protons in thermal equilibrium. At about this stage the interactions of the neutrinos have become so weak that they could decouple from the rest of matter. For the remainder of the history of the Universe they merely passively get redshifted to a lower energy. It is important to note that with a redshifted thermal spectrum (ώ → ώ/a) at a lower temperature (T → T/a), where a represents the expansion of the Universe, the current Universe should be filled with a blackbody distribution of neutrinos at a temperature T ≈ 2 K. The detection of these neutrinos is impossible with available technology and insensitivities. 

The Universe continued to expand and cooled but the rates of reactions which convert protons into neutrons and vice versa quickly drop to much lower than the expansion rate of the Universe. The result was the neutron to proton ratio “freezes out” at 1,5 seconds at a value of roughly 1/6. The protons are more abundant than the neutrinos because they are more than 1 MeV lighter and were therefore more prevalent in thermal equilibrium before the “freeze out” occurred. The term “freeze out” must not be understood as an immediate “stop” of the interactions since they do not occur instantaneously. In addition, the neutron-proton ratio continued to decrease slowly due to the decay of neutrons. 

At 4 seconds the density was p = 3 x 104 g cm-3 and the temperature at T ≈ 5 x 109 K ≈ 0.5 MeV, approximately the mass of electrons and positrons. The number of electrons per positrons drops rapidly; the production rate drops below the annihilation rate, and shortly after this time the all the positrons will have annihilated, leaving only a small number of electrons behind. All the energy of the electron-positron pairs have been transferred to photons, heating them to a temperature of ~ 1.4 times higher than the temperature of the neutrinos. 
When the temperature of the Universe drops to about 109 K at time 3 minutes, the process of nucleosynthesis began rather abruptly, producing 4H nuclei. Fact is that at thermal equilibrium the temperatures (~3,5 x 109 K) the baryon densities would be even higher, but very little nucleosynthesis occurs before 3 minutes because deuterium (2H) plays a key role in the nuclear reactions which builds helium. Therefore, the equilibrium abundance of 2H is very low until the temperature drops to 109 K. Almost no nucleosynthesis occurs beyond 4H because of the large Coulomb barriers coupled wit the lack of stable nuclei with atomic weights 5 and 8. Very quickly, in fact within a few minutes all of the remaining neutrons present at the “freeze out” which did not decay are converted to 4H. This resulted in an abundance of 4H of about 25% by mass, with much smaller abundances of 2H, 3H, and 7Li also produced, but negligible amounts of other elements. Baryon density plays an important role. A relatively low baryon density can produce a 2H abundance of over 5 x 10-4 by mass, whereas a high baryon density – particularly high enough to “close the Universe” – (which will be dealt with in a future article) increases the effectiveness of chain reactions producing 4H, which results in a 2H abundance many orders of magnitude lower.  
Although it is difficult to observe the abundance of cosmic helium, the abundance of 25% seems to be in accordance with observations. The presence of 25% of helium in the Universe cannot be accounted for by any other means – i.e. nucleosynthesis in stars can only produce a few percent. The explanation of the production of helium by the “big bang nucleosynthesis” must be regarded as a major success of the theory.

The Universe continued to expand and cooled for about 350 000 years before the next major cosmic occurrence took place. This happened at time ~ 4 x 105 years. Prior to this time the Universe was radiation dominated. The Universe cooled sufficiently to allow the free electrons and protons to combine to form neutral hydrogen. In fact, by the time the temperature had dropped to 2000 K, the fraction of ionized hydrogen was only ~ 10-4. This occurrence is called recombination. The photons effectively decoupled from matter and cooled with the expansion of the Universe. It could be expected that the Universe should be filled with this radiation. Indeed it was the Microwave Background Radiation at temperature ≈ 2.75 K that was discovered by Penzias and Wilson in 1965.
Suggested further reading:

Brian Greene, The Elegant Universe, Jonathan Cape, London, 1999.

Brian Greene, The Fabric of the Cosmos, Allen Lane, London, 2004.

Martin Rees, Just Six Numbers, Weidenfield and Nicholson, London, 1999.

Kip Thorne, Black Holes and Time Warps, Norton, New York, 1994.
More technical:

Stephen W. Hawking and George F.R. Ellis, The Large-Scale Structure of Space-Time, Cambridge University Press, Cambridge 1973.

Roger Penrose, The Road to Reality, Jonathan Cape, London, 2004.

