
PH253
Lecture 3: relativity (continued)





GPS
Uses geosynchronous satellites with atomic clocks on board
ask at least 4 satellites what time it is, with known positions compare times
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According to girl, light arrives after a time

tarrival = x/c
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Boy in O’? He moves relative to star

distance appears length contracted - shorter by factor 
total distance is (him to star) - (rate he closes gap)
(him to star) = x/
(rate he closes gap) = vt’  time in his frame
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Girl again? distance is (her to boy) + (boy to nova)
(her to boy) = vt
(boy to nova) = contracted because he is in motion!
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Combine and algebra ensues:
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Combine and algebra ensues:

can relate their times!



Two parts:
first term is ordinary time dilation
second is our failure of simultaneity at a distance



Go through this again to compare positions
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Velocity addition: how fast is the ball going?

from person on car, what is position?
 

make sure all quantities are from the right frame!

x′ b = v′ bt′ 

‘
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Velocity addition: how fast is the ball going?

from person on ground, what is position?
use Lorentz transformation - both length contraction & time dilation

 

make sure all quantities are from the right frame!

xb = γ(x′ b + vat′ ) = γ(v′ bt + vat′ )

‘
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Velocity addition: how fast is the ball going?

divide position by time to get velocity all from same frame
first transform time too!

 t = γ (t′ +
vax′ 

c2 ) = γ (t′ +
vav′ bt′ 

c2 )

‘



Velocity addition: how fast is the ball going?

Combine:
 vb =

x
t

vb =
γ (v′ bt′ + vat′ )
γ (t′ + vav′ bt′ 

c2 )
vb =

v′ b + v′ a

1 + vavb

c2

velocity of ball observed from the ground = vb =
va + v′ b

1 + vav′ b

c2



Velocity addition: how fast is the ball going?

how to know which one to use? 
do what you would normally do (add or subtract), then fix denominator



Velocity addition: how fast is the ball going?

Throw a ball out a car window at v=0.5c, car at 0.75c?

Ordinarily, vball relative to ground = 0.5c+0.75c=1.25c — NO
Using velocity addition? Would normally add them …



Velocity addition: flashlight out the window?

How fast does Joe in the rocket see the light beam go?
Would normally subtract light and rocket velocities.



Velocity addition: flashlight out the window?

What if Joe has the flashlight in the rocket? 
Add rocket + light speed?!?




