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Directed Reading Exercise

Atom
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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. What are Sakharov’s three conditions required to generate an excess of matter over antimatter?  Why are they necessary?

2. What factors combine to produce the result that the universe is about one-quarter helium-4 and three-quarters hydrogen-1 (by weight)?

3. Why would you not expect hydrogen fusion to occur at a temperature of 10 million degrees (in the centre of a star like the Sun)?  What features of gas kinematics and quantum mechanics in fact make it possible for fusion to occur at this temperature?  

4. This book features the formation and evolution of two massive stars, one formed in the first generation of stars and one much later.  How and why do these differ, both in the way that they form and in their structure while on the main sequence?

5. Why do we suspect that the water and atmospheric gases now present on Earth came from the outer solar system?  How could one obtain evidence to support this hypothesis?

6. Since its arrival on the main sequence, the Sun has increased substantially in luminosity.  Outline the mechanisms that have kept the Earth at a roughly constant temperature despite this steady increase in the radiative energy received from the Sun.

7. Why, given conditions on the early Earth, might we have expected “anaerobic hyperthermophilic archaea” to be among the earliest life forms on Earth?  What evidence allows us to trace the later build-up of oxygen in the atmosphere?

8. Explain why the Earth might have fallen victim to a planet-wide glaciation when all its continents happened to be grouped around the equator, but would not do so if they were spread more evenly.

9. What is the “cosmological constant”?  What effect does a non-zero cosmological constant have on the future of the universe?  What is the evidence that the cosmological constant is indeed non-zero?

10. Draw a timeline for the history of the oxygen atom described in this book.  Provide “zoomed-in” views with larger scales where they seem necessary.

