
Math

An electromagnetic (EM) pulse is sent from a moving (speed=v) ship initially at distance r toward a stationary distant object, is reflected back, and then is received by the ship.  What is the time between emission and reception?  
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

This result is entirely in keeping with the requirement that the pulse travels at speed c while the ship travels at speed v.  The same result would apply to a sonar pulse from a moving ship to a stationary object when the water has no current.
How would this time change if the range was given in a frame that is stationary respect to the distant object?  Then the range would be longer:
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.2)

so the time would be 
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.3)

This derivation relates to the twin paradox.  The space twin can first measure her speed, v, using Doppler shift  of waves reflected from nearby objects that are stationary with respect to the distant object.  Then, having already learned that the distance from earth to the distant object is r0, she can compute the distance in her frame of reference using r from equation (1.1)

) it will take to get a radar return from the distant object.(1.2)

.  And from that she can compute the time (equations 
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