PHY 335 Exam IV                                                     Name ________________________


Instructions:

· Place your name on all of the pages. 

· Do all of your work in this booklet. Do not tear off any sheets.

· Show all of your steps in the problems for full credit.

· Be clear and neat in your work. Any illegible work, or scribbling in the margins, will not be graded.

· Put a box around your answers when appropriate.. 

· If you need more space, you may use the back of a page and write On back of page # in the problem space or the attached blank sheets. No other scratch paper is allowed.

Try to answer as many problems as possible. Provide as much information as possible. Show sufficient work or rationale for full credit. Remember that some problems may require less work than brute force methods.

If you are stuck, or running out of time, indicate as completely as possible, the methods and steps you would take to tackle the problem. Also, indicate any relevant information that you would use. Do not spend too much time on one problem. Pace yourself.
Pay attention to the point distribution. Not all problems have the same weight.

Be careful to note units and use an appropriate number of significant digits.

	Page
	Pts
	Score

	1
	19
	

	2
	13
	

	3
	19
	

	4
	18
	

	5
	31
	

	Total
	100
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Bonus:
Captain Apollo is brought up before the Cylon court on the charge of running an interstellar red light. He pleads innocent, claiming that the light was green. How fast must he have been going? Use the frequencies: 
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1. (10 pts) Fill in the blanks

a. ____________ are the family of particles made of quarks.

b. ____________ are formed from two quarks.

c. The ____________ is the charge carrier of the electromagnetic force.

d. The ____________ was introduced by Pauli to explain energy conservation in beta decay.

e. The ____________ quark is the heaviest quark.

f. Top and bottom quarks are sometimes referred to as ____________ and ____________, respectively.

g. Ernest O. Lawrence invented the ____________.

h. Light travels on ____________ paths for which 
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i. ____________ is the quantum theory of the strong force.

2. (6 pts) The first cyclotron used a 1.30 T magnetic field and had an 11.0 cm radius. For protons
a. How fast were the protons moving at this radius?

b. At what frequency was the cyclotron operated?
3. (3 pts) A pendulum on a spaceship moving past us at 0.60c takes 2.0 s (ship time) to make one complete oscillation. What do we measure its period to be?
4. (8 pts) Answer the following about the Minkowski diagram below (to two digits).
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a. Which events occur simultaneously in the unprimed system? __________

b. What are the 
[image: image8.wmf](,)

xct

coordinates of point A? ______________
c. What are the 
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coordinates of point C? ______________
d. What is the relative speed of the primed observer to the unprimed observer? ______________
5. (5 pts) Indicate the following on the figure:

	Past light cone

Future light cone

Timelike region

Spacelike region

Time axis
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6. (10 pts) For the following, determine which are possible and which are not. For those possible, draw diagrams at the quark level, noting any mesons (W’s, Zo’s gluons, etc) that might be involved. Identify the force that is responsible (electromagnetic, strong, weak). For those that are impossible, note which conservation laws are violated.
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7. (3 pts) A spaceship moves past us at 0.30c. If we measure it to be 300 m long, then what is its proper length?
8. (6 pts) Spaceship A moves past us at 0.60c; then spaceship B follows in the same direction at 0.80c with respect to us. 
a. What do we measure as their relative speed of approach?

b. What do they measure as their relative speed of approach?

9. (12 pts) In an accelerator, protons have a kinetic energy of 500.0 MeV. What is their

a. Rest energy in MeV?

b. Total energy in MeV?

c. Relative speed with respect to the accelerator frame (in multiples of c)?

d. Momentum in MeV/c?

10. (6 pts) An observer in frame S holds a 2.00 m rod at 30o with respect to the positive x-axis. If you are moving at 0.8c with respect to S, what do you measure
a. For the rod’s length?

b. For the angle of the rod?
11. (24 pts) The baryon octet structure is shown below. Fill in the circles with the baryons, such as p, n, and write their quark compositions next to the circles.
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12. (4 pts) An observer at rest measures the coordinates of an event occurring at 
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What does an observer moving at 0.80c with respect to the positive x axis measure for the coordinates and time?

13. (3 pts) GPS satellites, located at 26560 km from the center of the Earth, are moving at 3.9 km/s. Their operation depends on time measurements, but you know that there are relativistic differences between the time recorded on the satellite and that on the Earth. According to special relativity, what is the difference between time interval measurements (
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