PHY111

Our Evolving Universe

Directed Reading Exercise
Endless Universe
Steinhardt and Turok
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. The universe contains radiation, matter and dark energy.  Explain how the relative importance of these three components has changed over the history of the universe.  What key event occurred approximately 75000 years after the Big Bang, and why is it so important?
2. Describe three pieces of observational evidence for dark matter (you may wish to look up other sources for a more detailed explanation: if you do, remember to give references).  Explain why dark matter plays a key role in the formation of structure in the universe.
3. Steinhardt and Turok name the three problems associated with the standard Friedmann-Lemaître Big Bang model as the homogeneity problem (it’s more often called the horizon problem), the inhomogeneity problem and the flatness problem.  For each of these, explain what the problematic observation is and why the standard Big Bang model does not account for it.
4. Explain the role of Higgs fields in breaking the symmetry of grand unified theories.  How does this connect with the idea of inflation?  Briefly explain the relevance of the Higgs field to the inhomogeneity problem referred to above.
5. What is “string theory”?  Briefly explain why string theory is more successful in incorporating gravity than traditional theories with pointlike particles.  How is the problem of the need for extra dimensions dealt with in most versions of string theory? 
6. What is a “brane”?  Briefly outline the setup whereby two colliding branes can mimic a big bang.
7. What are the main differences between the original “ekpyrotic” model of brane cosmology and the cyclic model?
8. An oscillatory model of the universe was first proposed back in the 1930s.  Explain the problems with this idea, and indicate why these problems do not affect the current version.
9. Compare and contrast the role and behaviour of dark energy in the inflationary and cyclic models.
10. Explain how it might be possible to test the inflationary and cyclic models – i.e., outline an observation that can be used to distinguish between them.
