PHY111

Our Evolving Universe


Directed Reading Exercise

The Fabric of the Cosmos
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.
When a bucket of water is set spinning around a vertical axis, what happens to the surface of the water?  Why?  What problem do we encounter if we imagine that the spinning bucket is the only object in an otherwise empty universe?
2.
Briefly explain the key principles that underlie (i) special relativity and (ii) general relativity.

3.
What aspect of quantum mechanics did Alain Aspect’s experiment test?  In your own words, briefly explain the logic behind it.
4.
Explain how the concept of entropy can be used to explain the fact that most everyday events have a well-defined “arrow of time”, even though most fundamental physical processes do not.  What are the cosmological implications of this?
5.
What is the quantum measurement problem?  Discuss some approaches to dealing with this issue.
6.
Very briefly, what is a “Higgs field”?  What is the connection between Higgs fields and inflation?
7.
What problem is encountered when attempting to develop a quantised version of general relativity?  How do string theories evade this problem?

8.
A problem with string theories is that they require more than four dimensions in order to be mathematically consistent.  How do string theorists reconcile this with the observation that our universe does seem to be four-dimensional?

9.
Discuss how results from the Large Hadron Collider might offer experimental support for some aspects of string theory.

10.
How can quantum mechanical entanglement be used to “teleport” a photon?  What are the problems inherent in attempting to extend this idea to macroscopic objects (such as Captain Picard)? 
