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Introduction

Many problems remain to puzzle cosmologists, but a theory developed in 1980 to combine general relativity and quantum mechanics may shed more light on how the big bang began, in other words what put the bang into the big bang, and why the universe is in the state we observe. Some theorist claim that the new theory will be able to tell us why there was a big bang at all. The reader would have noticed that I refer to the theory of quantum gravity. We do not yet have a fully fledged theory of quantum gravity but the best brains in the world are currently working on the problem and much of the “unseen universe” will be revealed once the theory has been worked out in detail. Let’s have a look at some problems in the Big Bang Theory that will be resolved by the new theory.

1. The Flatness Problem

What is the shape of the universe? Currently it seems to be balanced near the boundary between an open and a closed universe. This means that the universe is nearly flat. However, it seems peculiar, given the vast range of possibilities, from zero to infinite, that the density of the universe is within a factor of 10 of the critical density that would make it flat. If dark matter is as common as it seems, the density may be even closer than a factor of 1o.

This brings us to the big bang since even a small departure from the critical density when the universe was young would be magnified by subsequent expansion. In other words, to be so near critical density now, the density of the universe during its first moments must have been within 1 part in 1049 of the critical density (Penrose 2007). The question is why is the universe so flat? 

2. The Horizon Problem.

A problem with the Big Bang Theory is the isotropy of the microwave background radiation. When we correct for the motion of our galaxy, we observe the same intensity in the background radiation in all directions to at least 1 part in 1 000.  Yet, when we look at the background radiation coming from two points in the sky separated by more than 1 degree, we look at two parts of the big bang that were not causally connected when the background radiation was emitted. That is, when recombination occurred, about 380 000 years after the big bang, and the gs of the big bang became transparent to radiation, the universe was not old enough for any signal to have travelled from one of these regions to another. Therefore, the two spots we looked at did not have enough time to exchange heat and consequently even out their temperatures. The problem is therefore, how did every part of the entire big bang universe get to be so nearly the same temperature at the time of recombination? We refer to this problem as the horizon problem because the two spots are said to lie beyond their respective light-travel horizons.
3. The Solution
The key to solving these two problems and others involving subatomic physics may lie in the theory of the inflationary universe, since it means that the universe expanded exponentially when the universe was 10-35 s old at a temperature of 1028 k. It is very interesting to note that the period preceding 10-35 s is known as the period when the four fundamental forces; gravity, the electromagnetic force, the weak nuclear force and the strong nuclear force were, theoretically, one super force. At lower energies the respective forces behave differently. The theories unifying the four fundamental forces are called grand unification theories or GUT’s. According to the GUT’s the universe expanded and cooled until about 10-35 second after the big bang, when it became so cool that the four fundamental forces began to separate. This process of separating of the forces released tremendous amounts of energy, causing the universe to inflate by a factor 1020 and 1030. At that time, the entire observable universe we can see today was about the size of an atom. Suddenly it inflated exponentially and then continued to expand and cooled to its present extent.

The inflationary universe can solve the flatness problem and the horizon problem. The sudden inflation of the universe forced whatever curvature it had toward zero. That is why we now see a universe that is nearly flat. In addition, since the part of the universe we now see was about the size of an atom, it had plenty of time to equalize its temperature before the inflation occurred. That is why we see the same temperature for the background radiation in all directions. The inflationary universe is based, in part, on quantum mechanics, and a lightly different aspect of quantum mechanics may explain why there was a big bang at all. It is believed that the universe was totally empty of all matter and could be unstable and decay spontaneously by creating pairs of virtual particles until it was filled with the hot, dense state we call the big bang. The creation of virtual particles can also be seen as fluctuations in energy and it is believed that a change fluctuation could have resulted in a run-away process resulting in the birth of the universe.
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