Stellar Structure – Handout 4

Abundances of the chemical elements

The figure below shows the relative abundances of the chemical elements inside stars – the so-called ‘cosmic abundance’ distribution. (The figure is taken from p.231 of Astrophysics I: Stars, by R Bowers and T Deeming, Jones & Bartlett 1984.)
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Figure 12.2. Relative cosmic abundances versus atomic number, normalized to a silicon abundance
of 10°.




The main features of the graph are:

(i) H and He are overwhelmingly more abundant than any other elements, especially the heavier ones.

(ii) There is a general decline towards higher atomic number, but there is a pronounced peak near iron (Z = 26) and some smaller peaks at ‘magic number’ nuclei (Z ~ 50, 82); both correspond to particularly stable nuclei (iron has the highest binding energy per nucleon of any nucleus; magic number nuclei can be described as having closed shells of nucleons, analogous to closed electron shells in atoms).
Abundances for the most abundant elements in the Sun, given approximately in the table below on the same scale as in the figure (i.e. scaled to N(Si) = 106), are generally consistent with the ‘cosmic’ values found from other stars. 
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� The value for He is indirect, based on observing solar cosmic rays, because the He abundance cannot be deduced directly from absorption lines in the solar photosphere (despite helium having been first found in the Sun – hence the name). The argument is that the cosmic rays give the ratios He:C:N:O while the Sun gives the ratios H:C:N:O. The ratios C:N:O are found to be the same in the two cases, so He:H is deduced by assuming it to be the same also.





