Relativity 1

In any calculations take the speed of light in free space to be 3x108 ms-1
1. What are the two postulates of Einstein's Special Theory of Relativity?

2. Describe what is meant by and inertial frame of reference.

3. If you are in the cabin of a plane with no windows and very quiet engines that is flying at a constant height and at a constant speed how can you tell that you are moving? Explain your answer.

4. Explain how the plane would have to alter its flight in order that you could detect its motion.

5. You arrange to shine to beams of light towards each other across the laboratory.

What is the velocity of the photons from one torch relative to the photons from the other as observed by:

(a) an observer stationary in the laboratory

(b) an observer moving with one of the photons in the beam from one of the torches

6. Describe one experimental result in particle Physics that could not be explained by classical ideas and led Einstein to propose his Special Theory of Relativity.

7. You will probably have studied the train and embankment problem. Does time appear to run more slowly for the observer in the train or the observer on the embankment?

8. A high energy sub nuclear particle is emitted from a far off supernova explosion. It travels towards the Earth at 98%c. The supernova is 1000 light years (9.47x1018m) away across our galaxy and so the particle should take 9.47x1018/[0.98x3x108] = 3.22x1010 s = 1020.7 years as measured by an observer on the Earth. How long does it take in the frame of reference of the particle?

9. (a) What is the mass of a beta particle (high energy electron) emitted from a nucleus at 90%c compared with the rest mass of an electron?

(b) What is the length of a 100m long space ship when it is travelling at 95%c relative to a planet as measured by:

(i) an observer at rest compared with the spaceship?

(ii) an observer at rest compared with the planet?

10. Why is the result of question 9(a) a problem for particle accelerators?

