




Dark Matter
There are still many things we do not know about the universe we inhabit.  Whilst some of these problems may seem trivial details to anyone other than those engaged in their pursuit, others cannot be regarded as anything other than astonishing in their magnitude and implications.  Dark Matter is one of these problems.  

Discovery

In order to test certain of their theories, many astornomers were calculating the speed with which galaxies were rotating, and comparing this theoretical value with their observations.  The rotation speed was estimated by calculating the mass of all the stars and gas clouds in the galaxie to produce a value for the gravity in the system.  However, the values they produced were far lower than the actual speed with which the galaxies were rotating, by more than twice as much.  This should have meant that the galaxies should be flying apart as the high speed overwhelms the gravitational pull holding them together.  Yet we can see that they are not.
This means there must be a large amount of mass in the galaxy that is not detectable to us, hence was not included in the mass estimates.  Measurements using the hot gas that exists in some galaxy clusters has provided an independent estimation of the amount of dark matter; there must be at least 4 times as much dark matter as there is visible matter, otherwise these hot gas clouds would be able to escape from the galaxies.
The Possible Candidates for Dark Matter
There were initially a large number of phenomena proposed as being responsible for dark matter.  Some of these have now been disproved. 

Brown Dwarfs are stars with much lower mass than our sun; too low to produce nuclear fusion, hence difficult to detect as they do not produce any light.  These can be detected instead by examining  gravitational lensing (the distortion of light in a gravitional field).  However there is still little evidence that enough brown dwarfs exist for the extra mass to be attributed to them.

Neutron Stars and Black Holes are the extremely dense states that very heavy stars evolve into, many times the size of the sun, yet almost completely undetectable. Yet they are very rare, and so are unlikely to be capable of contributing the huge amount of mass required.
Weakly Interacting Massive Particles (WIMPs) could theoretically have been produced during the big bang, in large enough quantities, and have the right properties, to explain Dark Matter.  Yet these have never been observed at all.  Hence there are currently several experiments underway to detect these particles. 
Given the nature of Dark Matter, it is very difficult to determine its actual compsition.  But given the sheer proportion of the matter in our universe it makes up, determining what it is is an essential task for physicists, and the current work of many astronomers and physicists is focused soley on it.
