PHY111

Our Evolving Universe


Directed Reading Exercise

The Universe: A Biography
John Gribbin
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.
Briefly discuss the similarities and differences between electromagnetism and gravity.  Why is gravity so much more important than electromagnetic forces on the scale of the Universe?
2.
What is supersymmetry?  How does it connect with the idea of Grand Unified Theories?
3.
What is inflation?  Briefly explain the connection between inflation and Grand Unified Theories.  What observational evidence tends to support the idea that inflation may have happened?
4.
What are the three conditions, as specified by Sakharov, that are required to produce the asymmetry between matter and antimatter that we see in the Universe?  Why are they needed?
5.
Briefly explain how cosmologists can set a limit on the number of different types of neutrino.  Why is it that (relatively!) massive neutrinos cannot be the solution to the dark matter problem?
6.
What is an axion?  How might one detect axions on Earth?  [Incidentally, Gribbin is unjustifiably pessimistic about this.  The current generation of axion search experiments is just as good, from the point of view of covering the likely range of properties of the particle in question, as the current generation of WIMP search experiments – possibly better.]
7.
Briefly explain why it is not possible in classical physics to believe that stars can be powered by hydrogen fusion, and how this problem can be solved using quantum mechanics.
8.
Outline how an isolated star such as our Sun might form from a giant molecular cloud.  A detailed discussion is not required, but you should mention all the key points.
9.
Briefly discuss Gribbin’s argument that the complex molecules required for the evolution of life might have formed in interstellar space rather than here on Earth.
10.
List the various ways in which Gribbin suggests our Universe might end.  Are any of these theories testable?
