PHY111

Our Evolving Universe


Directed Reading Exercise

Relativity
Albert Einstein

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. Einstein starts out with very careful discussions of the concepts of “truth”, “distance”, “position” and “system of co-ordinates”.  Why do you think he felt it was necessary to discuss in such detail concepts which seem familiar and obvious?  Are there any respects in which his definitions differ from what you would have said if you had been asked to define these terms?  If there are, explain the differences.

2. Explain in your own words what Einstein means by “the principle of relativity”, and why it seems to be incompatible with the theory of electromagnetism (or “the law of propagation of light”).

3. What was the Michelson-Morley experiment, and what did its results demonstrate?

4. The Relativistic Heavy Ion Collider in Brookhaven, New York, accelerates atomic nuclei to speeds extremely close to the speed of light.  Assuming that the nuclei are spherical when observed at rest, what would they look like if we (standing at rest in the RHIC laboratory) could observe them as they travel along the RHIC beam pipe?  The collisions produce unstable subatomic particles, some of which have an average lifetime (measured in their own frame of reference) of about a picosecond (10–12 s).  The speed of light is 3  108 m s–1: is it likely that a detector placed 1 cm from the collision would be able to observe these particles?  Explain.  (Note that the energy of the collision is such that the particles produced all move at speeds very close to the speed of light.)

5. At the time this book was written, in 1920, Einstein was unable to provide any experimental evidence for his famous equation E = mc2.  There is now, of course, a great deal of such evidence.  Give one example, not from astrophysics (and not from the translator’s note on page 50), of a situation in which E = mc2 can be experi-mentally confirmed.

6. What is the conceptual difference between inertial mass and gravitational mass?  Why is the exact numerical equality of these two quantities essential to the formulation of general relativity?

7. Carefully explain, in your own words, the principles of Gaussian co-ordinates, and how they differ from the standard co-ordinate systems with which you are familiar.  Why are Gaussian co-ordinates necessary in general relativity but not in special relativity?

8. As Einstein says, in the Solar System it is the planet Mercury whose orbital motion differs from the Newtonian prediction (and agrees with that of general relativity).  Why do you think Mercury shows an effect, and not, say, Mars (which also has a noticeably elliptical orbit)?  As an astronomer, what sort of system would you look for in order to test general relativity as precisely as possible?

9. The GPS system depends on accurate timing in order to achieve its position resolution.  It turns out that two relativistic effects have to be taken into account to make the system work.  What do you think they are?  (Hint: one could be predicted by special relativity, but the other depends on general relativity.)

10. What are Einstein’s conclusions regarding cosmology and the structure of the Universe?  Are they in accord with modern observational evidence?  What is the single most crucial piece of information that Einstein lacked when he wrote this book in 1920?

