Worksheet 4:
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Relativity
Useful Equations:
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v = d/t
  G = 6.67 x 10-11 N·m2/(kg2)      c = 2.997 924 58x 108 m/s                      
 
QUESTION 1

GPS satellites send time signals to GPS receivers. A GPS satellite gets a signal that reads 
t1 = 9:00:27.723 119 038
(i.e. 9 am and  27.723 119 038 seconds). 
The signal is received at 
t2 = 9:00:27.790 249 045 according to the receiver.
a) How long did it take the signal to travel from the satellite to the receiver?
b)  How far is the receiver from the satellite?
QUESTION 2
In special relativity, the relationship between the time elapsed for a GPS satellite and a clock on Earth is
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where ∆t’ is the time elapsed according to the satellite clock, ∆t is the time elapsed on Earth and  v is the satellite’s speed relative to Earth.
GPS satellites move at 
v = 3.874  x 103   m/s.  When v is much less than  c, the relationship is well approximated by 
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where the term v2/(2c2) is the rate at which a GPS clock runs slowly from the perspective of someone on Earth
a)  Calculate v2/(2c2) for a GPS satellite.
b)  How slowly does someone on   Earth see a GPS satellite running over the course of a day?
QUESTION 3
In addition to the timing error in the GPS from special relativity, GPS satellite clocks run faster by 
5.2 x 10–10 s per second due to effects from general relativity.
a)  How large a timing error does this correspond to over the course of a day?
b)  How large is the daily distance error from the combined effects of special and general relativity?
QUESTION 4
A friend says “The theory of relativity is just that, a theory. It’s not real, unlike Newton’s laws of motion which are laws.” 
Is your friend correct? Explain why or why not using the information you have learned about the effects of relativity on the GPS.
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