A BRIEF HISTORY OF GRAVITY

e Aristotle: Natural Motion

e Kepler: Magnetism

 Galileo: Circular inertia and projectile motion
e Descartes: Cosmic vortices

e Newton: Action at a distance, with F = GMm/R?

 Einstein: Curvature of spacetime

e 7 Who knows what the future will bring ?
(science 1s a process!)



GENERAL RELATIVITY

1. The Principle of Equivalence

2. Gravity and Spacetime
mass/energy | geometry

3. Curved Geometries
4. 3 Predictions from General Relativity:
* Bending of starlight

e Mercury’s perihelium
e Gravitational redshift



1. Principle of Equivalence (1907)

 All bodies are accelerated 1dentically by a gravitational field

F, =m0 g=GM/R® same for all
F =ma
If m, = m,, acceleration can smulate gravity'



UNIFORM ACCELERATION SIMULATES GRAVITY
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* Bending of Spacetime
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« light will also be bent by acceleration (or by gravity)!!
or, equivalently,
» gravity bends space and light follows shortest path in bent space



e Curved Geometries:
distributions of mass and energy will bend space
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Three Effects from General Relativity

1. Bending of starlight
* observable during a total eclipse of the Sun (1912, 1914, 1919)
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2. Mercury’s perihelium
* Newton: advance of 5514 arcsec/century f ® O
» Observations: 5557 arcsec/century

= 1,54 degree/century

[1 arcsec = (1/3600) degree] O Q



3. Gravitational Redshift

» Electromagnetic radiation is redshifted by strong
gravitational fields

- weaker g

| stronger g

* Light has to “work harder” to escape stronger gravitational pull
e Think of atom as clock: TIME SLOWS DOWN IN STRONG g!!
* Black holes are the extreme case: light can’t escape...




