The Big Bang: was Einstein wrong?
2009 has been designated International Year of Astronomy in order to celebrate the 400th anniversary of Galileo's use of the telescope to demonstrate that the planets orbit the sun and not the earth. In this talk, Dr Cormac O’Raifeartaigh will outline how 20th century astronomy gave rise to another paradigm shift in science, the big bang model of the origin of the universe.

Idea 1: the expanding universe.

A great shock occurred in science in the late 1920s, when the astronomer Edwin Hubble discovered that ours is only one of many galaxies, and that the distant galaxies are moving away from one another. This discovery (Hubble’s law) was definitive evidence that our universe is not static, but expanding.

Idea 2: the big bang

The Belgian priest and mathematician Georges Lemaitre was the first to point out that if our universe is expanding as time goes on, it must have been smaller in the past. From Hubble’s data, Lemaitre predicted that many years ago, all the matter of the universe was concentrated in an extremely small and hot volume (temperature increases with density), a state from which it has been expanding and cooling ever since. He called this initial state the ‘primeaval atom’ but it was later dubbed the big bang. 

Idea 3: the big bang and relativity

To mainstream science, there was no theoretical explanation for a universe expanding outwards from an initial state (the only known force of significance at the large scales of the universe is the force of gravity, a force that pulls inwards). However, it was soon realized that an expanding universe was compatible with a dramatic new theory of gravity, space and time: Einstein’s general theory of relativity.

The general theory of relativity had been published by Einstein in 1916. Essentially, it predicted that space and time are not absolute, but can be affected by matter*. The theory had already received great support from the observation of a bending of starlight by the sun in 1919. Some theoreticians realized that, if the theory of relativity was applied to the entire cosmos, it predicted that the universe could not be static – it must expand or contract over time.

(* the theory of relativity also predicts that space and time can be affected by motion, if an object is travelling fast enough)

Idea 4: Einstein’s mistake

In fact, Einstein himself missed the prediction of an expanding universe completely! Certain that our universe is static for philosophical reasons, he added a spurious term to his equations of relativity in order to force a static universe – a very serious error he later described as ‘my biggest blunder’. (It was the young Russian mathematician Alexander Friedmann who first showed that relativity predicts an expanding universe).

Idea 5: independent evidence

The expanding universe was the first piece of evidence for the big bang model, but more soon emerged. In the 1940s, the Russian nuclear physicist George Gamow proved that a universe that began in an initial superhot, superdense state should be composed almost entirely of hydrogen and helium, the simplest chemical elements: astronomers soon discovered that this is indeed true of our universe (all the other elements are formed in dying stars and account for only 0.1 % of the universe).

Gamow and co-workers made another startling prediction:  a universe that began in an initial superhot, superdense state should also exhibit an ‘afterglow’, i.e. background radiation left over from the ‘bang’, detectable throughout the universe. This radiation was discovered accidentally by two radio-astronomers at Bell Lab in 1965.

Idea 6: modern measurements and inflation

The above describes the three main planks of evidence for the big bang theory: the expanding universe, the composition of the universe and the cosmic microwave background radiation. Since then, astronomers have studied the background radiation in increasing detail using satellite telescopes (free from atmospheric interference). In general, this work has matched the predictions of the model, and of relativity, but new puzzles have emerged.

These puzzles (the horizon, flatness and galaxy formation problems) can only be explained in the context of a new assumption: that immediately after the bang, the universe underwent a hyper-expansion in the first fractions of a second, before settling down to a much slower expansion. This assumption is known as the inflationary universe.
Today

The most recent measurements today are strongly supportive of the big bang model in general, and of an inflationary epoch in the very early universe. However, some puzzles remain: in particular it was discovered in 1998 that the current expansion of the universe is not constant, but accelerating. The reason for this is not yet clear, but it is thought to be linked to inflation. Finally, it should be noted that the term ‘big bang model’ is a misnomer: nothing is known about time zero i.e. the ‘bang’ itself, because the underlying framework for the model, the general theory of relativity, breaks down at the smallest scales. Until we have a theory of gravity that works at the smallest scales, the true origin of our universe will remain unknown…

In conclusion: was Einstein wrong?

Although incomplete, the theory of relativity has withstood every experimental test extremely well, including the observation of an expanding universe. However, Einstein was spectacularly wrong because he failed to use his own theory to predict the expanding universe!

For more detailed information on the above see http://coraifeartaigh.wordpress.com/2009/03/26/a-brief-history-of-cosmology/
