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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. Present a time-line of the most significant steps taken by individuals towards our modern understanding of the atomic nature of things, stopping at about 1910.  Give their dates of birth and death (you may need to look these up elsewhere), and summarise their contributions.  What modern technique enables us to “see” atoms directly and individually?

2. How did the discovery of radioactivity lead to a reliable measurement for the age of the Earth?  How did this estimate compare with earlier ones, and how did radioactivity provide an answer to the discrepancy?  What problem did the age of the Earth pose for our understanding of the Sun?

3. Aston’s mass measurements showed that the mass of hydrogen is 1.01 (to 2 decimal places) in modern units, whereas the mass of helium is 4.00 rather than 4(1.01.  Where has the mass gone?  Why is it that we can directly measure the difference in mass between the helium nucleus and its parts, but not that between the mass of two hydrogen atoms and a hydrogen molecule?  Why are these atomic mass measurements crucial to our understanding of stars?

4. Ordinary stars are balls of gas, held together by gravity, so why don’t they collapse down to a very small object?  What are the implications for the temperature in the centre of the star?  What central temperature emerged from Eddington’s calculations, and why did this suggest that hydrogen fusion could not provide the solar energy?  Describe the quantum mechanical process that allows fusion to occur.  Who was the first person to realise that the Sun was mostly hydrogen, and what was the evidence?

5. What is the significance for element formation and abundancies of the minima at elements like He-4, C-12, N-15 etc. in the “curve of binding energy”; and of the slope down to iron; and of the upturn beyond iron? Why is it easier to produce heavier elements from the fusion of a nucleus and a neutron than that of a nucleus and a proton?  Absorbing a neutron produces a heavier isotope of the same element; what subsequent process produces the change of element?

6. Who was the first astronomer to investigate supernovae?  Roughly when?  Why do stars that have burned their cores through all the elements to iron become unstable? What happens next, and why is it important for the production of elements of mass 45 to 60? What were the experimental data that convinced Hoyle that elements near the “iron peak” must have been formed in a supernova?

7. The obvious route from helium-4 to heavier elements is either the addition of a proton to make lithium-5, or a neutron to make helium-5, but these nuclei are not stable and do not exist.  Two helium atoms together make beryllium-8, but this is not stable either.  So explain beryllium-8’s role in the triple alpha process.  What property of the product nucleus carbon-12 was predicted by Hoyle, which makes the triple alpha process possible?  Write down the next six nuclei produced by successive alpha particle capture, starting from carbon-12. What is it about the abundance of these nuclei that suggests that this is the probable production route?

8. Why was the observation of technetium in some red giant stars a cause of surprise?  What particle is needed for its production, and what nuclear process was proposed to supply them?  How did this source of particles provide a way of producing heavy elements?  By what letter is this process known?

9. What radioactive process prevents the production of all the heavy elements by the route of question 8?  What is required to defeat this problem? What letter identifies this route?  Give an example of an element made in this way, and identify its probable birthplace.

10. What nuclei were formed in the big bang, identifying the only one that is also produced in stars? Why do we think the early Universe must have contained more protons than neutrons?  

