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Figure 16.3 A photon’s path around the Sun is shown by the solid line.
The bend in the photon’s trajectory is greatly exaggerated.
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Figure 16.4 Comparison of two photon paths through curved space be-
tween points A and B.
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Around-the-World Atomic
Clocks

In October 1971, Hafele and Keating flew cesium beam atomic clocks
around the world twice on regularly scheduled commercial airline
flights, once to the East and once to the West. In this experiment, both
gravitational time dilation and kinematic time dilation are significant -
and are in fact of comparable magnitude. Their predicted and measured

time dilation effects were as follows: Index
Predicted: Time difference in ns
Eastward Westward
Gravitational 144 +/- 14 179 +/- 18
Kinematic -184 +/- 18 96 +/- 10
Net effect -40 +/- 23 275 +/- 21
Observed: -59 +/- 10 273 +/- 21

Gravitational calculation||Kinematic calculation

HyperPhysics®#*##* Relativity Go Back
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P.4 The starship hovering above the black-hole horizon, and the trajectories
along which light travels to it from distant galaxies (the light rays). The hole’s
gravity deflects the light rays downward (“gravitational lens effect”), causing
humans on the starship to see all the light concentrated in a bright, circular spot
overhead.
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