PHY 335                                            Homework #9

1. At what speed would 
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2. If in one second a moving stopwatch in good working condition is seen to register half a second, how fast is it moving relative to you? What time interval would be registered  if the stopwatch is hurled past you at half the speed of light?
3. What is the apparent length of a meter stick if it is moving at 0.8c relative to you parallel to its length? 

4. You are traveling in a Boeing 747 jet, whose cruising speed is 570 mph from point A to point B (in a straight line assuming the Earth is relatively flat under the path). An observer on the ground claims that you have traveled 570 miles in one hour. 
a. What is the time difference between your clock reading and his? 
b. What is the difference in your measurement of the distance from A to B and his? [The answers to parts a and b are not zero!] 
c. Do you measure a longer or shorter time interval? 
d. Do you measure a longer or shorter length interval?  

5. The mean lifetime of stationary muon, traveling at 
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a. What is the mean lifetime in the Earth system? 
b. What would an Earth observer measure for the distance the muon traveled before decaying? 

6. An experimenter arranges to trigger two flashbulbs simultaneously, producing a big flash at his origin and a smaller flash at 
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km. An observer, moving at 0.25 c in the positive x-direction views the flashes. What time interval does the observer measure? Which event occurred first?

7. Alice measures the velocity of a space train (moving in the x direction) as 0.35c. Bob is moving in the x direction at 0.5c relative to Alice. What velocity does Bob measure?  

8. A space traveler takes off from Earth and moves at 0.6c towards Vega, which is 26 ly away. 

a. How much time has elapsed on Earth during this trip?

b. How much time has elapsed when Earth observes have received word from the traveler of the arrival?

c. How much older will Earth observers calculate the traveler to be (in her frame) when she reaches Vega as compared to when she left Earth?

9. At noon a rocket ship passes the Earth at speed 
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 Observers on the ship and on Earth agree that it is noon. Answer the following questions, and draw complete spacetime diagrams in both the Earth and rocket ship frames, showing all events and worldlines:

a. At 12:30 p.m., as read by a rocket ship clock, the ship passes an interplanetary navigational station that is fixed relative to the Earth and whose clocks read Earth time. What time is it at the station? 

b. How far from Earth, in Earth coordinates, is the station? 

c. At 12:30 p.m. rocket time, the ship reports by radio back to Earth. When does Earth receive this signal (in Earth time)? 

d. The station replies immediately. When does the rocket receive the response (in rocket time)?
10. A bus that is 10.0 m long is driving towards a barn at 0.6c. The barn is only 8.5 m long with doors in the front and back. Inside the barn are two people who can  control the opening and closing of the doors.
a. What is the length of the bus in the reference frame of the people in the barn? Can the people inside momentarily close the doors and say the bus is entirely inside?
b. Now switch viewpoints to that of the bus driver. How wide is the barn according to the driver? Can the bus fit inside the barn?
c. Can both answers be right? Why, or why not?
11. A relativistic train of rest length 240 meters travels at 0.6c through a tunnel which has rest length 360 meters.  In the figure below the world lines for the tunnel openings are drawn as line 1 and 2 and the world line of the front of the train is the third dotted line. Let Stunnel be the tunnel reference frame with coordinates (x,ct) and let Strain be the train frame with coordinates (x', ct').  We set the origin as the event B0, the back of the train location just as the front end enters opening 1.
a. Label the following events on the spacetime diagram. 
(Carefully redraw the diagram on your paper). 
     F1: The front of the train enters door 1.
     F2: The front of the train passes door 2.
     B1: The back of the train enters the tunnel.
     B2: The back of the train leaves the tunnel.
b. Determine the coordinates of the following for the given frame: Use units with
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, namely let time be in units of cmeters. 
i. The coordinates (x, t) of F2 in Stunnel
ii. B1's coordinates in the train frame of reference
iii. Use the Lorentz equations to find the coordinates of B1 in Stunnel. Is B1 before or after F2 in this frame? _______
iv. Use the Lorentz equations to find the coordinates of F2 in Strain. Is B1 before or after F2 in this frame?    _______
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