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4a: Cosmology


Student Resource Sheet 4: Helium in the universe

The presence of large amounts of the element Helium in the universe is a clue to the fact that early in history the whole universe was very dense and very hot – similar to the conditions that are currently found inside stars. 

In order to understand this, we have to start by seeing how astronomers can estimate how much of any element there is in the universe. This, as one might imagine, can be quite a technical and fiddly exercise to do in detail, but basically astronomers use the ability of elements to react with light.

If you take any object and warm it sufficiently, it will start to glow (give off light). The colours (wavelengths) of the light that it gives off can be a clue to the elements present in the object. A sodium street lamp glows yellow, as the gas in the lamp is (mostly) sodium. Equally, if you have a gas of an element and pass light from another source through the gas, then the elements will absorb some of the light. The colours that are absorbed will tell you what elements are in the gas. 

Astronomers can use both of these techniques.
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Image Source: http://www.noao.edu/image_gallery/html/im0057.html
This image may be used in the classroom or institution only.

The pink glow in the background of this image is due to a cloud of hydrogen in space. The dark cloud in the shape of a horse’s head is in front of the hydrogen cloud and so blocks out some of the light (it also casts a shadow as can be seen below the muzzle). Giant clouds of gas in space are called nebulae. This particular one is called the Horse Head Nebula.
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Image Source: http://www.seds.org/billa/twn/b33x.html
This image may be used in the classroom or institution only.

The Horse Head Nebula is part of a much bigger structure shown in the picture above. 

The curtain of pink glow above the horse’s head is due to the giant cloud of gas emitting light. It is being warmed by the light of the bright star towards the top of the picture (although warmed is a relative term!). The pinky glow tells us that the gas cloud mostly contains hydrogen.

The bright structure towards the bottom left is also a cloud of gas giving off light. 

The ‘cloud-like’ structure along the same level as the horse’s head and to the right is seen as it is reflecting some light towards us, not giving off its own.

By studying pictures such as these and by analysing the light from stars and galaxies, astronomers have discovered that the universe is composed of:

Hydrogen: 75% by mass

Helium: 25% by mass

Heavier elements: <0.01% by mass (that’s us folks!)

The challenge in these figures is to explain where all the helium comes from. It is easy to see that hydrogen should be around, as hydrogen atoms are just protons and electrons which can both be created in the Big Bang. Helium is another matter (sic.)

We know that inside the core of a star, the temperature is hot enough for certain nuclear reactions to take place. Typically these reactions combine four hydrogens together to make one a helium. This process, nuclear fusion, produces the energy that powers a star. Plausibly then, this is where the helium comes from.

Unfortunately, this simple explanation does not work. The oldest starts that we observe seem to be about 12 billion years old [1], and they have roughly the same proportion of hydrogen and helium in them
 as the more modern ones (such as our Sun). This indicates that the helium was produced before the first stars were born. 

About 3 minutes after the Big Bang the whole universe was about as hot and as dense as the core of a typical star now. 

This means that the sort of nuclear reactions that are currently turning some hydrogen into helium inside stars were happening everywhere in the young universe. A detailed calculation taking lots of factors into account [2] predicts exactly 25% helium produced. The match to the experimental value is remarkable. 

These reactions stopped after about three and a quarter minutes because the universe gets colder as it gets bigger [3]. 


Web references:

http://www.noao.edu/image_gallery/ - a lovely selection of astronomical images that can be browsed rather easily by category.  Here you will find emission, reflection and absorption nebulae, among other things.

http://helios.gsfc.nasa.gov/nucleo.html - an excellent site about the Helios satellite which is studying the sun. It has good explanations of nucleo-synthesis in stars and the big bang with links to the WMAP site. 

Notes

1. This figure is always changing as we find new ‘oldest’ stars. One way to estimate the age of a star is to look for radioactive elements in it. As radioactive elements decay with time, we can use the amount found to date the star. The technique is similar to carbon 14 dating used on Earth.

2. You have to take into account any helium that has been produced by the star itself.

3. The density of the universe, the rate at which it is expanding and the rate at which free neutrons decay are crucial factors that have to be taken into account. The balance of these factors is critical and has been cited as an example of ‘fine tuning’ in the universe.
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