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8. An astronomer on Earth observes a meteoroid in the southern sky approaching 
the Earth at a speed of 0.800c. At the time of its discovery the meteoroid is 
20.0 ly from the Earth. Calculate

(a) the time interval required for the meteoroid to reach the Earth as measured by 
the Earthbound astronomer, 

(b) this time interval as measured by a tourist on the meteoroid, and

(c) the distance to the Earth as measured by the tourist. 
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Relativistic Doppler Effect

When a light source and an observer approach each other:
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Edwin Hubble discovered that the spectral lines in the light from distant 
galaxies are shifted towards lower frequencies (Red shifted)

• These galaxies are receding from us
• The Universe is expanding
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39.63. An alien spaceship traveling 0.600c toward the Earth launches a landing craft  that 
travels in the same direction with a speed of 0.800c relative to the mother ship. As observed on 
the Earth, the spaceship is 0.200 ly from the Earth when the lander is launched.

(a) What speed do the Earth observers measure for the approaching lander?

(b) What is the distance to the Earth at the time of lander launch, as observed by the aliens on 
the mother ship? 

(c) How long does it take the lander to reach the Earth as observed by the aliens on the mother 
ship? 
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Photons: Particle of Light
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