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Gravitation .
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one inverse-cquare law, from Kepler's ellipses to why an astronavt floats
g \ \
Kepler's three laws The universal law of gravitation
o law of orbits: every planet moves in an ellipse with the \ _ Gmm,
i) force between two point masses F =
Sun at one focus oree 3¢ po =
* law of areas: line fo the Sun sweeps equal areas in universal gravifational G = 6.67x10°" N m?/kg?
equal fimes constant
* this is just angular momentum conservation E
o planet speeds up near the Sun, slows down far from it ‘:g:i;:d
o law of periods: T2 o< r?, for every planet orbiting the 2 e
same star i Fo 112
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fastest
2o equal and opposite pulls along the line of centreg; twice
._...::_:_;- ! S&ln, at a focus ac Fah a ?uarfer QF fhe Puﬁ'
alwaye attractive, along the line joining the masces;
equal areas, equal times v is meacured centre to centre. [ ic the came
equal times sweep equal areas: chort and wide near the everywhere in the universe, whatever the masces or
Sun, long and thin far away the medium
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The law of periods

every planet of one Sun, same constant 12 or’
) % o
for a circular orbit of radius r = M

one line
for all
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Farther out means clower and a longer year; all

planete lie on one straight line of T* over v’

for an ellipse, ¥ is The cemi-major axis; the constant
L depends only on the Sun'c mase

Measuring 6, the Cavendish balance *

* arod with small lead spheres m hangs from a fibre; big
spheres M come near

* the rod fwists until restoring torque matches
gravitational forque
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T: —_—
rZ

* amirror on the fibre sends a light spot along a scale: it
moves 26

scale

seen from above: M pulls m, the rod twicts through 0

(d’rawn far farger than r‘eA/)
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