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 1. Introduction

Time asymmetry refers to the flow of time from present to the future; time never flows backwards. This is an accepted feature of events in the current epoch of the Universe. We can have memories of the past but not of the future. A splattered egg will not miraculously become unsplatter. Cosmological events follow the same rule. The remnants of a supernova form a white dwarf, a neutron star or a black hole, depending on the mass of the star, while the expelled gas and dust return to the interstellar medium from which new stars and planets are born, never the reverse. The scientific explanation can be traced back to the second law of thermodynamics which states that the entropy (disorder) in any system, such as the Universe, will only increase as physical processes evolve.  Roughly speaking, entropy is the measure of ‘randomness’ in a system. It could be argued that the entropy in a newly born star, beginning its fusion of hydrogen into helium, is less than the entropy in the progenitor gas and dust cloud. However, at the end of its life the star shows more entropy than the newly formed star. The end result is an enormous increase in entropy.
The entropy in the early Universe, at the big bang, which can be measured from the 2.7K microwave background radiation (the remnants of the big bang), is about 108 or 109 per baryon in natural units (Penrose 2004). Compare this to the entropy of the black hole at the centre of our Milky Way galaxy with entropy per baryon of about 1021 which is enormously larger than the entropy of the microwave background radiation. It is estimated that other galaxies may have similar or even larger black holes at the centre. The entropy of the current Universe is therefore enormously higher than the figure for the early Universe. Whatever the figure for the Universe is now, it will grow enormously in the future.

However, it should be noted that, in time reversal symmetry of the interaction of matter in Minkowski space-time as described by local quantum field theories, the fields evolve backwards in time, which is time symmetric. To be precise, the correlation functions < Φ(t)Φ(t′) as defined by the Feynman’s path integral, are symmetric functions of t – t′ [1]. The laws of physics allow time symmetry. 
To explain time asymmetry we have to look at how special the very early Universe was. It must have been in a state of very low entropy to allow for the second law of thermodynamics to progress. But before we can look at the very early Universe, a brief explanation of the second law of thermodynamics is necessary.

2. The Second Law of Thermodynamics
The second law of thermodynamics refers to entropy and can be stated as a process that occurs in a system will tend to increase the total entropy of the Universe. Thus, while a system can undergo some physical processes that decrease its own entropy, the entropy of the Universe (which includes the system and its surroundings) will increase overall.
Microscopic systems are the exception. The second law applies only to macroscopic systems with well-defined temperatures. The smaller the scale, the less the second law applies.

In 1856, the German physicist Rudolf Clausius formulated what he called the “second fundamental theorem in the mechanical theory of heat” as follows:

                      ∫ δQ/T = - N

where N is the “equivalence-value” of all uncompensated transformations involved in a cyclical process [2]. In 1865 Clausius defined “equivalence-value” as entropy.
The wrong impression might be created due to the broad terminology used, e.g. the Universe and a lack of specific conditions such as open, closed or isolated, that the second law of thermodynamics applies to virtually every possible subject. This is of course not true. This statement is only a simplified version of a more complex description.

If time variation is taken into account, the mathematical statement of the second law applied to a closed system undergoing an arbitrary transformation is:

                          dS/dt ≥0

where S is the entropy and t is time.
It is important to realize that the second law applied to an isolated system (the total system or Universe), is made up of two parts: subsystem of interest (e.g. a black hole) and the subsystem’s surroundings. The surroundings can be so large that they can be seen as an unlimited heat reservoir at temperature TR and pressure PR  meaning that no matter how much heat is transferred to or from the sub-system, the temperature of the surroundings will remain TR; and no matter how much the volume of the sub-system expands or contracts, the pressure of the surroundings will remain PR. 
Therefore, no matter what changes dS and dSR occur in the entropies of the sub-system and the surroundings individually, according to the Second Law the entropy Stot of the isolated system must not decrease:

               dStot = DS + DSR ≥ 0
Finally if a proper infinite-reservoir-like reference state is chosen such as the Universe, the Second Law predicts a decrease in X for an irreversible process and no changes for a reversible process:

Dstot ≥ 0 is equivalent to dX + δWu ≤ 0.  
3. The very special big bang

We have given a description of the second law and the increase in entropy from the state of very low entropy in the early Universe to the very high level observed today, showing the second law applies to our Universe. Let us look at what was so special about the big bang where there appears to be a contradiction since observations show that the very early Universe was in thermal state. Observational evidence for the thermal state is found in the extremely closeness of the theoretical Planck black body curve and that exhibited by the 2.7K microwave background radiation, the remnant of the big bang, still evident today. Further evidence comes from the extraordinary agreement between what theoretical studies and observation tell us about nuclear processes in the early Universe. The theoretical calculations are crucially dependent upon the assumption that the matter in the early Universe was in thermal equilibrium taken together with the expansion of the Universe.
Roger Penrose (Penrose 2004) pointed out that cosmologists may have been misled in thinking that thermilisation meant high entropy despite the fact that the microwave background radiation clearly shows the early Universe was in a state of low entropy. Another prevalent though incorrect idea is that, soon after the big bang, the Universe was very “small” leaving a low ceiling to entropies. The correct interpretation seems to be that gravitational degrees of freedom were not thermalized together with al those matter and electromagnetic degrees of freedom which defines a ‘thermal’ state of the Universe shortly after the big bang. 

Maximum entropy in an ordinary thermal state is described in the absence of gravity which is different from maximum entropy when gravitational effects are taken into account such as in a black hole. This must in no way be interpreted that thermal equilibrium in the context of our expanding Universe is not important. In fact thermal equilibrium is the successful “hot big bang” picture which forms such an important part of a successful model of cosmology. Gravitational degrees of freedom, in contrast to other forms of matter (including electromagnetism), seems not to have thermalized at all in the early Universe. Instead of being thermalized together with the rest, gravity seems to have remained “separate”, its degrees of freedom waiting for the second law to take effect. This gives us the second law. 

How is this “separateness of gravitational degrees of freedom in the early Universe explained? Attempts to do so should rather be described as “speculative theories” of the early Universe. I use the word speculative in the sense that these theories could not be proved observationally or experimentally. In later articles I will deal with them separately. It should be remembered that they remain speculative until proved correct.

4. Conclusions

Time in the context described above should not be confused with the “flow of time” experienced by all of us. This form of “time” is a very elusive and difficult phenomenon to describe. In fact, it cannot be adequately described in science. It seems to be rooted in our ‘subconscious minds’. This has persuaded some physicists to conclude that time in this sense does not exist.
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