N-body equations of motion:
Worked example: 2 bodies and the perihelion shift

Components of The disturbing force
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Mercury’ s Perihelion: Trouble to Triumph

- 1687 Newtonian triumph 5/75
- 1859 Leverrier’ s conundrum per
century

+ 1900 A turn-of-the century crisis

Planet Advance
Venus 277.8
Earth 90.0
Mars 2.5
Jupiter 153.6
Saturn 7.3
Total 531.2
Discrepancy 42.9
Modern measured value 42.98 £+ 0.001

General relativity prediction 42.98




Deflection of light
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Deflection of light

For a point mass at the origin
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Deflection of light: The 1919 Eclipse

Bl ot adn e anane o ooin ol |

LIGHTS ALL ASKEW
- IN'THE HEAVENS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed |
or Were Calculated to be, |
but Nobody Need Worry. |

A BOOK FOR 12 WISE MEN

No More in All the Worid Could
Comprehend It, Said Einsteln When
His Daring Publishers Accepted It.

o from Principe




Deflection of Iught Resul'rs
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Gravitational lenses
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Gravitational lenses
O %(Bi \/62 +49]%3)
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Gravitational lenses




Gravitational lenses: Magnification

0L = %(6i\/ﬁ2+49%)

Brightness proportional to JBdBdy at the source, f6d6dg at the observer

2 4 2
Mizﬁidei:il( b +\/5 + 0Ei2>.
BdB ~ 4\./FE + 402 5
Microlensing
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Post-Newtonian time

Clock synchronization on the Earth
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Post-Newtonian time: 6PS
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General Relativity and Daily Life

The Global Positioning System (GPS) 0 0

I

Navigation Requirement: 15 m © 50ns

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane
20,200 km Altitudes, 55 Degree Inclination

Relativity must
be taken into

account, for GPS
to function

Relativistic effects: 39,000 ns per day!

AR

GR = 46,000 SR = -7,000
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PN theory: Far-zone physics

Recall the wave-zone solution to ?7D == —47‘(',u

Must add the integral over the wave zone Yw

For the field ho# :
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