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Gravity

Newton's Universal Law of Gravitation (first stated by Newton): any two masses m, and m,
exert an attractive gravitational force on each other according to
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This applies to all mazzes, not just big ones.

G = umiversal constant of gravitation = 6.67 » 107" Nm /kg (G is very small, so it iz very
difficult to measure!)

Don't confuse G with g2 "Big G" and "little g" are totally different things.

Newton showed that the force of gravity must act according to this mle 1n order to produce the
observed motions of the planets around the sun, of the moon around the earth, and of projectiles
near the earth. He then had the great insight to realize that this same force acts betoreen a/l
maszses. [Lhat gravity acts between all masses, even small ones, was expenimentally verified in
1798 by Cavendish |

Newton couldn't say why gravity acted this way, only how. Einstein (1915) General Theory of
Relativity, explained why gravity acted like this.

Example: Force of atiraction between two humans. 2 people with masses m, = m: = 70 kg,
diztance r = 1 m apart.
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This is a very tiny force! It is the weight of a mass of 3.4 =107 gram A hair weighs 2x107
grams — the force of gravity between two people talking 13 about 1/60 the weight of a single hair.

Computation of g

Important fact about the gravitational force from spherical masses: a spherical body exerts a
gravitational force on surrounding bodies that 1s the same as 1f all the sphere's maszs were
concentrated at its center. This is difficult to prove (Newton worried about this for 20 years.)
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We can now compuie the acceleration of gravity g! (Before, g was expenimentally determined,
and it was a mystery why g was the zame for all masses.)
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Mass nL M. m

dropped near G T = ME
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= (since r = Ry 13 dizstance from m to center of Earth)
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If you plug in the numbers for G, My, and R, vou get =98 m's".

Newton's Theory explains why all objects near the Earth's surface fall with the same acceleration

GM
(becapse them's cancelin F, | = _m =ma )} Newton's theory also makes a quantitative

predichion for the value of g which 1s correct.

Example: g on Planet X. Planet X has the zame mass as earth (M, = M, ) but has '2 the radms
(B, =035R,.). What iz g, , the acceleration of gravity on planet X7

Planet X 13 denser than earth z0 expect g, larger than g

GM, GM, 1 GM,
g, = — = - = — — = dg_. Don't need values of G, M, and E..!
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Method I1, zet up a ratio:
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At height h above the surface of the earth, g 13 less, since we are further from the surface, further
from the earth's center.

[=R|-—|'_'I. —

L
g
GM, GM,

— carth T~ ET T T Roewy

The zpace shuttle orbits earth at an altitude of about 200 mu = 1.6 km/mn = 320 km_ Earth's
radms 13 B, = 6380 km. So the space shuttle 15 only about 3% further from the earth's center
than we are. Ifr 1z 3% larger, then r™ 13 about 10% larger, and

M. m

. [on mass m in shuttle) = GR—hT = about 10% less than on earth's surface
|

Astronauts on the shuttle experience almost the same F ., as when on earth. So why do we say
the astronauts are weightlessT]

"Weightless" does not mean "no weight”.

"Weightless" means "freefall” means the only force acting is gravity.

If you fall down an airless elevator shaft, you wall feel exactly like the astronavts. You will be
weightlezs, vou will be in free-fall.

B T astronaut An astronant falls toward
“ | - N the earth, as she moves
forweard, just az a bullet

e fired horizontally from a

Earth F grav gun falls toward earth.

Orbits
Consider a planet like Earth but with no air. Fire projectiles horizontally from a mountain top,
with faster and faster initial speeds.
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