               The Infinite Universe           
Two things are infinite – the universe and human stupidity,

                  and I am not sure about the former.

                                       


 Albert Einstein

1. What is infinity?
Infinity means different things to different people. It could mean boundless, endless or very great. To the mathematician it means a quantity greater than any assignable quantity or a number. You can count to any number and there will always be a greater number, endless, infinite. To the cosmologist it could mean there are parts of the universe which cannot be observed since light travelling at an average finite speed of 299 792 458 m/s in a vacuum did not have enough time to reach us. We don’t know the extent of the universe beyond the light barrier of 13.7 billion light years. But there is more to it; in terms of the quantum theory there are endless fluctuations of energy at the quantum level in the form of virtual particles flashing in and out of existence. The quantum theory requires the use of Hilbert spaces that may have infinitely many dimensions. According to Einstein’s equations the universe started from an infinite dense and hot state called a spacetime singularity. This could, however, be the result of the fact that Einstein’s equations do not make provision for the uncertainty principle of quantum mechanics, a prerequisite for the study of spacetime at the quantum level. At most we can say the universe originated from an extremely dense and hot state, but almost certainly no infinities! Einstein rejected the idea of the uncertainty principle in the study of the universe since he did not believe God plays dice. If we apply quantum physics to the very early universe we almost have to accept the existence of a multitude of universes to which we can have no access. A word of caution is, however called for here. The existence of universes to which we can have no access can not be proved true or false and can therefore strictly not be described as science. 
2. Finite yet boundless

In terms of Einstein’s general relativity theory, the universe could be curved inward like a sphere which means the universe could be finite without an edge. Think about the surface of the Earth. To make it more realistic let’s suppose the Earth is expanding. Please note we are talking about the surface of the Earth, not its contents. If we are living on the surface of an expanding Earth we will see our neighbour’s house rushing away from us. Yet, our neighbour sees our house rushing away from his house. This means there is no centre, just as there is no centre of the universe and no point we can identify where the big bang took place. The surface of the Earth would have no end, no boundary. The problem with this analogy is of course that the surface of the Earth is two dimensional. But let’s look at how dimensions influence perceptions of spacetime. To a two-dimensional being the surface of the Earth would be infinite. This perception changes completely in three dimensions (longitude, latitude and altitude). Einstein gave us another dimension; spacetime (space + time ≡ spacetime). Mathematically spacetime is described as a four-dimensional manifold in which all events in a sufficiently small neighbourhood can be assigned four numbers, three for space and the fourth for time. I cannot imagine spacetime as a fourth dimension but it is interesting to note that the planets follow straight lines in the fourth spacetime dimension and not ellipses. This raises an interesting possibility; we know that there is a difference in the perception of finite/infinity between two and three dimensions. What would the universe look like in the fourth dimension; what meaning would finite/infinite spacetime have in the fourth spacetime dimension?   
3. Quantum fields and the universe
There is no doubt that the theory of general relativity revolutionized our view of the structure of space and time. However, at the fundamental level, descriptions of quantum fields’ (i.e. quantum gravity) general relativity equations are insufficient. In a quantum theory the states of a system are represented by vectors in a Hilbert space, H . At the quantum level the dimensions of length are described by a unique combination of the constants ħ, c, and the gravitational constant G, the Planck length. The Planck length is only ~ 10-33 cm. It is interesting to note that the smallness of the Planck length (lp) usually occurring in atomic , nuclear, and elementary particle physics is directly related to the weakness of the gravitational force between two elementary particles comparing to the other fundamental forces (the strong, weak and electromagnetic forces). Currently, unfortunately, the Planck scales are many orders of magnitude beyond what we currently can probe with particle accelerators. 

General relativity breaks down when spacetime singularities occur and is unable to describe the gravitational collapse and certain descriptions in cosmology such as the quantum birth of the universe. It is unrealistic to expect the cosmological principles of homogeneous and isotropic models of spacetime at large distances to hold when the predicted curvature is of magnitude lp-2 or greater, such as when time is t < tp ≡ (Għ/c5)1/2 ~ 10-43 s. Except for Hilbert spaces it is very doubtful if the quantum states described by the above indicate infinities in physical spacetime. Several studies have investigated transplanckian effects occurring when the limits set by the Planck length of 10-33 cm and the Planck time of 10-43 s are exceeded. The conclusion, as far as I know, is that energies higher than the Planck limits cause spacetime to collapse into a black hole. There is, however, another limitation at the quantum level we have to consider, i.e. the uncertainty principle.   
4. The uncertainty principle

Heisenberg’s uncertainty principle places limits on the accuracy with which the momentum and position of a particle can be specified. Momentum and position uncertainty can be written as (Δpy)(Δy) ≥ ħ/2π where Δy = uncertainty in the particle’s position and Δpy = uncertainty in the linear momentum of the particle. There is also an uncertainty principle that deals with the energy of a particle in a certain state and uncertainty in the time in which the particle is in the state. At the microscopic level the uncertainty principle is of great importance for the motion of sub-atomic particles such as electrons but has little effect on objects at the macroscopic level. This does not mean that the uncertainty principle is not important for the universe at large distances. When the universe is as big as it is today there are a large number of instances of uncertainty at the quantum level. The results at large levels average out to something that can be predicted. That is why a classical theory such as general relativity work for the universe at large scales. 

When the universe was very small, as it was when it was born, there were only a small number of instances of uncertainty and the uncertainty principle was very important. Are the numbers of instances where the uncertainty principle occurs at the quantum level infinite? As far as we can tell, yes it is infinite. Until we can quantize the energy at quantum level, the fluctuations of energy at the quantum level remains infinite. However, we have to be careful. Einstein taught us that energy is another form of matter. If matter at the quantum level is infinite, it means that gravity is infinite. This is obviously not the case because matter will collapse into a black hole. This is an example where conclusions cannot be drawn on the basis of our current knowledge of quantum physics. My own feeling is that there is a very important part of the puzzle missing and a better picture will emerge when we have a theory of quantum gravity.
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