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4a: Cosmology


Student Resource Sheet 3[LA]: Cosmic microwave background

The fan of colours that we see when sunlight passes through a prism, or a piece of cut glass, is known as a spectrum. Scientifically the different colours are different wavelengths of light and the spectrum extends beyond those colours that we can see with our eyes.

This broader range of wavelengths is known as the electromagnetic spectrum. With special equipment we can detect infrared waves (as used in night vision goggles and TV remote controls), microwaves (as used in microwave ovens and satellite TV dishes) and radio waves. All these have longer wavelengths than those we can see. 
At the shorter wavelength end, blue light becomes ultra violet (as used in sun beds), X-rays (as used in medical diagnosis) and gamma rays (used sometimes for treating cancer).

What has excited astronomers is the discovery, in 1962, of a flood of low-level microwave radiation coming down to Earth from all parts of space.

The radiation does not change with time (so nothing artificial on Earth is producing it) and is virtually identical in strength in all directions (so is not a localised source). 

When you turn on your TV and it is not tuned to any station, about 1% of the ‘snow’ you see on the screen is part of this radiation being picked up by the TV. Your TV is giving you evidence that the universe was created in a Big Bang, which is more interesting than most of the programs you see between the interference!

The most convincing explanation of the origin of this radiation centres on the Big Bang. Early in cosmic history, we think that the entire universe was composed of an extremely hot and dense gas (this is called a plasma). This gas would be emitting and absorbing radiation at very short wavelengths. This had the effect of tying the radiation and the matter in the gas together – the two could not be separated.

As the universe expanded it also cooled [1] and once it reached an age of about 300,000 years, atoms formed and the radiation was suddenly unable to interact with the matter to the same extent. The radiation was able to break free.

The radiation that was emitted by the matter just before it all broke free is still present everywhere in the universe. As the universe expanded, this radiation became red shifted so that it is now in the microwave part of the spectrum. We are bathed in this radiation. 

Over the past 10 years a detailed study of the cosmic background radiation has become of great significance. 

In 2004 the first results of from the WMAP (Wilkinson Microwave Anisotrophy Probe) satellite were released showing a whole sky map of the cosmic background.
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Image Source: http://map.gsfc.nasa.gov/m_mm.html
This image may be used in the classroom or institution only.

The WMAP whole sky map – red is slightly ‘hotter’ radiation and blue to ‘colder’

The background radiation has an average temperature of 2.7 Kelvin (about –2700C) and the WMAP image shows variations either side of this of the order of 200 millions of a degree.


Web references:

http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html: an introduction to the electromagnetic spectrum with some useful illustrations

http://www.bell-labs.com/project/feature/archives/cosmology/: the web site of the company that Penzias and Wilson were working for when they made their discovery. This includes an account of the discovery.

http://www.bell-labs.com/user/apenzias/: Arno Penzias’ home page 

http://www.pbs.org/wgbh/aso/databank/entries/dp65co.html: a nice short account of the history of the discovery

http://map.gsfc.nasa.gov/: the WMAP home page

Notes:

1. This is a piece of physics that you have to be careful about. Normally when you talk of something cooling it happens because the heat has flowed to something else. In the case of the whole universe there is nowhere else for the heat to go! The universe cools as it expands in the technical sense that the kinetic energy of the particles in it goes down. Basically, the energy is turned into gravitational energy as the objects get further and further apart. In the case of the radiation in the universe, it ‘cools’ in the sense that it is red shifted to wavelengths that would be emitted by a cooler object.
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