                      The Observable Universe
1. Introduction

In terms of the Big Bang cosmology, the observable Universe is the region of space forming a sphere, centred on the observer. This region of space is small enough that we may observe objects in it, in other words, there has been sufficient time for a signal emitted from the object, after the Big Bang, travelling at the speed of light, to have reached the observer. Every position has its own observable universe which may, or may not overlap with the one centred on the Earth.

The word observable used in this sense has nothing to do with whether modern technology allow us to detect radiation from an object in this region, but rather that it is possible in principle for radiation from the object to reach an observer on Earth. In fact we can only observe objects as far as the surface of recombination, about 380 000 years after the birth of the Universe, when the Universe became transparent to photons. However, it may be possible to infer information before this time through the detection of gravitational waves which also move at the speed of light. To date detectors were unable to detect gravitational waves which could be the result of insufficient sensitivity.
2. Is the Universe finite or infinite in size?

If the Universe is finite in size we have the problem of an edge and centre. In terms of modern cosmology the Universe cannot have an edge or centre. If the Universe had a centre it would mean it is finite with the Earth at its centre in violation of the cosmological principle. According to this principle any observer in any galaxy sees the same general features of the Universe. Furthermore, there is no evidence to suggest that the ‘boundary’ of the observable Universe corresponds to the boundary of the Universe (if such a boundary exists). It is likely that the galaxies in the visible Universe represent only a fraction of the galaxies in the Universe.

It is possible that the Universe is smaller than the observable Universe. This means what we take to be very distant galaxies may in fact be duplicate images of nearby galaxies, formed by light that has circumnavigated the Universe. It is difficult to test this hypothesis because different images of galaxies would show different times in its history, and consequently might appear quite different. 
3. The cosmic light horizon

The comoving distance from the Earth to the edge of the visible universe (the cosmic light horizon), is about 14 billion parsecs in any direction (one parsec = 2.36 light years). This is important because it defines a lower limit on the comoving radius of the observable universe. However, it is expected that the visible universe is somewhat smaller than the observable universe since we can only observe light emitted since recombination. The visible universe is therefore a sphere with a diameter of about 28 billion parsecs. This size corresponds to about 3x1080 cubic meters. 
The figures above are the current figures (in cosmological time) not distances at the time the light was emitted. For instance, the cosmic microwave background radiation we observe now was emitted at the time of recombination, about 380 000 years after the Big Bang, which occurred about 13.7 billion years ago. This radiation was emitted by matter that has since mostly condensed into galaxies and the galaxies are now calculated to be about 46 billion light years from us. (See reference below.) To estimate the distance to that matter at the time the light was emitted a mathematical model of the expansion must be chosen and the scale factor, α(t), calculated for the selected time since the Big Bang t. For the observationally favoured lambda-CDM model, using data from the WMAP satellite, such a calculation gives a scale factor change of approximately 1292. This means that the Universe has expanded 1292 times the size it was when the CMBR photons were released. Therefore, the most distant matter observable at present, 46 billion light years away, was only 36 million light years away from the matter that would eventually become our solar system when the microwaves we are currently receiving were emitted.
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