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Thus far I have explained the motions of bodies in non-resisting
mediums, in order that I might determine the motions of celestial
bodies in the aether. For I think that the resistance of pure aether
is either non-existent or extremely small. Quicksilver resists
strongly, water far less, and air still less. These mediums resist
according to their density, which is almost proportional to their
weights and hence (I may almost say) according to the quantity of
their solid matter. Therefore as the solid matter of air is dimi-
nished so is the resistance of the medium and in about the same
proportion up to the point that it attains the tenuity of air.... If air
were to penetrate the parts of bodies freely and so were to act not
only on the external surface of the whole but also on the surfaces of
its [internal] individual parts, its resistance would be far greater.
Aecther penetrates very freely and does not resist. All those
sounder astronomers think that comets descend below the orb of
Saturn, who know how to compute their distances from the paral-
lax of the Earth's orbit, more or less; these therefore are indif-
ferently carried through all parts of our heaven with an immense
velocity, and yet they do not lose their tails nor the vapour
surrounding their heads, which the resistance of the aether would
resist and tear away. Planets have in fact now persevered in their
motion for thousands of years, so far are they from experiencing
any impediment.

Motion in the heavens, therefore, is ruled by the laws demonstra-
ted. But if the resistance of our air is not taken into account, the
motions of projectiles in it are known from Problem 4 and the
motions of bodies falling perpendicularly from Problem 5, assum-
ing indeed that gravity is reciprocally proportional to the square of
the distance from the center of the Earth. For one kind of centri-
petal force is gravity, and from my computations it appears that
the centripetal force by which our moon is kept in its monthly
motion about the Earth is to the force of gravity on the surface of
the Earth reciprocally as the squares of the distances from the
center of the Earth, more or less. From the slower motion of pen-
dulum clocks on the summits of high mountains than in valleys it is
clear also that gravity diminishes with increase of distance from
the center of the Earth, but in what proportion has not yet been
determined.



The “Moon Test” Revisited

1669:

From Galileo’s Dialogue:
Radius of Earth = 3500 It. miles
=17,500,000 It.ft
Earth — Moon distance = 60 Earth radii
Period of Moon =27d7h43m
= 2.36058¢6 sec
Moon angular velocity = 2.6617e-6 rad/sec
Moon ro? = 7.43888e-3 It. ft/sec/sec
Moon’s tendency to fall toward Earth =
3.71944¢-3 1t. ft in first second
Tendency to fall at surface of Earth =
16 It. ft in first second
Ratio of tendencies = 4302

Compared to Earth-Moon distance squared:

19.5% difference

1684:

From Picard’s 1 deg longitude measurement
(342,360 Paris ft, vs. Cassini’s 342,366):

Radius of Earth = 19,615,783 Paris ft
Earth — Moon distance = 60 Earth radii
Period of Moon =27d7h43m

= 2.36058e6 sec
Moon angular velocity = 2.6617e-6 rad/sec
Moon ro? = 8.33833¢-3 Paris ft/sec/sec
Moon’s tendency to fall toward Earth =
4.16916¢-3 Paris ft in first second
Tendency to fall at surface of Earth =

15 Paris ft 1 inch in first second
Ratio of tendencies = 3617.9
Compared to Earth-Moon distance squared:

0.5% difference



The motions of projectiles in our air, moreover, are to be referred
to the immense and indeed motionless space of the heavens, not to
the moving space which is revolved along with our Earth and our
air, and is naively regarded as immobile. The ellipse which the
projectile describes in that motionless space is to be found and
thence its motion in a moving space is to be determined. With this
agreed, it will be gathered that the heavy body which is let fall
from the top of a tall building will be deflected a little from the
perpendicular in falling, so that the amount of its deflection and
the direction thereof [may be determined]. And conversely the
motion of the Earth may be gathered from the deflection as estab-
lished by experiments. When I myself formerly communicated this
deflection to the celebrated Hooke, he confirmed that it was so by
an experiment three times repeated, the heavy body always deflect-
ting from the perpendicular towards the east and south as in our
northern latitude it should.



