PHY111

Our Evolving Universe

Directed Reading Exercise
The Hidden Reality
Brian Greene
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. Outline the reasoning leading to the conclusion that the number of possible states of the visible universe (the Hubble volume) is not infinite (though it is very large in​deed).
In the context of an infinitely large universe, what does this conclusion imply, as regards parallel universes?

2. Briefly explain why the near-uniformity of the cosmic microwave background is impossible to explain in “standard” Big Bang theory.  How does the introduction of inflation solve this problem?
Explain how “eternal inflation” leads to the idea of multiple universes, each apparently infinite in size.

3. Summarise the main features of string theory.  What are the advantages of this theory over “traditional” 20th century theories of particle physics?  Why is it so very difficult to subject string theory to meaningful experimental tests?
4. What is a “brane”?  Discuss two ways in which the brane concept leads to sets of “parallel” universes (admittedly one set is more sequential than parallel).

Why might experimental studies of gravity at very short distances provide evidence supporting the idea of branes?

5. Why doesn’t the original oscillating universe model, as worked out by Tolman in the 1930s, repeat itself endlessly?  How does the braneworld version of the cyclic uni​verse avoid this problem?
6. Why is the observed value of the cosmological constant theoretically unexpected, and yet at the same time predictable in the light of our ability to observe it?  How does this reasoning connect to string theory?

7. What problems do multiverse theories pose from a scientific perspective—i.e., why do some people feel that they are not in principle scientific, and others worry that they might impede the progress of science?

8. Contrast the Copenhagen and Many Worlds interpretations of measurement in quantum mechanics.  Comment on the problems associated with the two systems.

9. Briefly explain the concept of entropy, and why we expect entropy to increase over time.  How does this relate to black holes and awHawking radiation?
10. Under what assumptions is it reasonable to argue that we are overwhelmingly likely to be a computer simulation?
