PHY111

Our Evolving Universe


Directed Reading Exercise

100 Billion Suns
Rudolf Kippenhahn

Answer all questions.  Each question will be marked out of five.  Your answers should be careful and thorough, but reasonably concise: do not write more than one typed sheet of A4 (about 400 words) for any question, and most should require less than this.  Diagrams are welcome.

Use your own words.  
Copying directly from the book is illegal (plagiarism) and will be penalised.

1. When Eddington suggested in 1926 that stars were powered by hydrogen fusion, why did most physicists quite reasonably reject this suggestion?  Explain the phenomenon, unknown in 1926, that allows hydrogen fusion to occur in the cores of stars.  Briefly summarise, with a time-line, the historical steps leading from Eddington to our present understanding of hydrogen fusion in main-sequence stars.

2. The observed properties of a star are its surface temperature, its chemical composition and its radius (deduced from luminosity and surface temperature).  Theoretical astro-physicists study stellar structure by constructing computer models of stars which reproduce these observed properties.  What information needs to be fed into such computer models to allow the computer to do the necessary calculations?  Briefly and qualitatively, explain how the laws of physics and input information you have listed determine the structure of the star.

3. Why does the Sun produce neutrinos?  When this book was written in 1985, there was only one solar neutrino detector, Ray Davis’ 37Cl-based Homestake experiment.  What is the current state of solar neutrino detection, and what is the favoured inter-pretation?  

4. What are the observed properties of a Cepheid variable (or Delta Cephei star)?  How are these properties produced?

5. What information about stellar evolution is provided by the properties of comets?  Using Kippenhahn’s figure for the mass loss caused by this mechanism, calculate how much mass the Sun has lost this way in the 4.5 billion years of its existence.  Comment on your result.  (Note: Kippenhahn, like most scientists, uses American number names: one billion = 109, one trillion = 1012.)

6. Outline the events leading up to the announcement, in January 1968, of the discovery of pulsars.  In your account, explain carefully how Jocelyn Bell knew that (i) the signals were not of terrestrial origin, (ii) they were unlikely to be from a planet orbiting a star and (iii) they were unlikely to be artificial.  Why was it immediately clear that pulsars must be small objects?

7. In what way does the Sirius system seem to contradict our standard picture of stellar evolution?  How is this apparent paradox resolved in our understanding of the evolution of close binary systems?

8. What, observationally speaking, is a nova?  Explain how we believe a nova could occur in a close binary system.  Would this model be disproved if a nova were observed in a system which did not show any of the usual characteristics of binary systems?  If not, explain why not.

9. Outline the observational properties of Hercules X-1/HZ Herculis, and explain how they lead to the conclusion that this is a binary system consisting of a normal main sequence star and a neutron star.

10. How does star formation proceed in simulations of a spherically symmetric (non-rotating) gas cloud?  How is this process modified if the cloud is given some initial rotation?  What are the problems associated with forming planetary systems, as opposed to binary stars?

