
Gravitational lenses 
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Lens equation 

Schwarzschild lens 
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Gravitational lenses 
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Gravitational lenses: Magnification 
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Gravitational lenses: Distortion 
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Gravitational lenses 



Post-Newtonian time 
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For travelling clock with v << c 
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Geoid potential 

Sagnac effect: 
207 ns for closed path 
at the equator 

Clock synchronization on the Earth 

Two clocks at rest 
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Post-Newtonian time: GPS 
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General Relativity and Daily Life 
The Global Positioning System (GPS) 

Navigation Requirement: 15 m ➭ 50ns 

Relativistic effects: 39,000 ns per day!

GR = 46,000           SR = -7,000

Relativity must
be taken into 
account, for GPS
to function


