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merarum similium concentricarum et axem communem habentium

dantur spatia D-P F, E G C B in particulas, hee omnes utrinque aqﬁg

ter trahent corpus P in partes con-

k o : DT
trarias. Afquales igitur sunt vires A )
coni D P F et segmenti conici /K
E G C B, et per contrarietatem se

mutuo destruunt. . It par est ratio
virium materiee omnis extra sphee-
roidem intimam P C B M. Tra-
hitur igitur corpus P a sola sphze-
roide intimd PC B M? et propterea I
tper Corol. 3. Prop. LXXIL) at- G
tractio ejus est ad vim, qud corpus

A trahitur a spheroide toth A G O D, ut distantia P S ad distantiam

S. Q.‘ e. d.

PROPOSITIO XCIL PROBLEMA XLVL
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invenienda est vis attractionis in diversis distantiis, et lex attractionis in
sotum inde patefacta dabit rationem decrementi virium partium. singula-
, quam invenire oportuit.

PROPOSITIO XCIII. THEOREMA XLVIL

Si solidum ex und parte planum ex reliquis autem partibus infinitum, constet
ex particulis aqualibus equaliter aftraclivis, quarum vires in recessu a so-
lido decrescunt in ratione polestatis cujusvis distantiarum plusquam quad-
raticee, et vi solidi totius corpusculum ad utramvis plani partem constitutum
trahatur : dico quod solidi vis illa attractiva, in recessu ab ejus superficie
pland, decrescet in raticne potestatis, cwus latus est distantia corpusculi a
- plano, et index ternario minor quam index polestatis distantiarum.

Czs. 1. Sit L G 1 planum quo solidum terminatur. Jaceat solidum

whix=1c, et y==-e Jam verd vis qui ror-
~ pusculum P in totum cylindrum A D E K G

trahitur, experimentis inventa sit ut b —a -~
‘¢ — €, et habebitur =quatiob—a 4 c—e=

in ejus puncla singula tendentium. =, =E S =
'S b3 P 4¢3 = o

3—n %

ex qué determinandus est valor indicis generalis
n. Porro posito n = 2, @qualia fiunt aquatio~
nis membra, ergo vis in singulas cylindri parti-
culas tendens erit reciprocé ut quadratum dis-
tantiz a particuld, quemadmodum in Cor. 1.
Prop. 91. positum est. Verum si hic rati.

E corpore dato formanda est spheera vel cylindrus aliave figura regula-
ris, cujus lex attractionis, cuivis decrementi rationi congruens (per Prop.

LXXX. LXXXI. et XCL) (*) inveniri potest. - Dein factis experimentis

() * Tnveniri potest. Hoc est pex Propositiones __ x3-=—" —y3—".}. Q const. | I L
citatas inveniri potest generalis expressio seu for- ™ F—n 5 hxe autem
sula attractionis corpusculi in spharam vel
eylindrum aliamve figuram regularem, et lex
attractionis corpusculi- in- eandem figuram L
experimentis inventa conferri’ debet cum ge- - I .
nerali illa formul4, et indé habebitur quatio
cujus ope determinari poterit formule gene-
ralis exponens indeterminata, que exhibebit
attractionem in singulas particulas materize.

Ezemplum. In cylindrum A D E K G
trahatur corpusculum P, situm in ejus axe
A B, ut in Prop. XCI. ; supponaturque vis
in singulas cylindri particulas tendens reci-
procé ut distantiz dignitas cujus index n, et i
dicatur PA =43, PD=Dbh PB =g S
PE=e¢RF=g, PF=xPR=y
eritque y y = x x - g g, ideoque yd y =
xd x. Quare fluxio vis qué corpusculum '

generalis n valor inveniri, ponatur 3 —n =z,

perta sit ut quantitas q; et erit qz=b * —
a*f ¢c%—e% Fata*=p b=y,
c*—r1,e%=s. eterit (L significante Loga-
rithmum  quantitatis cui prafigitur) L. a * =
Lp Lb*=0Lv Lc*=Lr, L. e”
1. p
L..a
. LoaXl.v

= ——— = — = o 1 e

L= Ls M L5

L.a

= L. p, atque adeo L. v L. b = L. p, proin-
L.a

= L. s, adecquez L. a=L. p, ctz=

i

‘deque v L. b == p, et simili modo invenietu
IL."c L e g

- vL.b =1 et v L. b = s. Quare ®quatio
L. a L.c L.e

in cylindrum A D K .G trahitur, erit (541) evanescit, ubix = a, ety =b; Quare et g L.v
dx xdx dx ydy =b3—"— a3——"7" et fluens accuratd erit 4 =V—VL-—_’-b+v__L.b—v‘_—L.b,
utx"—"_ n—:"_‘xn-.—z—yn—x b3-—"—a3'—ﬂ’+c3—-"—-e3'_‘ L. b

e=x2~—"dx—y2—"dy; cojus fluens 3—=n

one, varios tentando numeros, non potest indicis

et vis corpusculi in cylindrum experimentis re- .

qua ab exponente indeterminata libera est. Ut
autem tollatur etiam L. v, ponatur v=t -} 1,
et(388)erit L.v=L.t ==t —3tt}|
Fra—Ltts L 5 —, &c in'infinit.  Si
itaque in zquatione modo inventa laco v scriba.
tur t 4 1, et loco L. vseriestr—+t2 L3
—, &ec. obtinebitur quatio ab exponentibus et
logarithmis indeterminatis libera, ex qua per re-
versionem serierum invenietur valor quantitatis t,
et inde reperietur L. v, atque per L. v habebitur
valor indicis z, et inde valor ipsius m. Nam

SEE L LEK 7 —_——
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_Lt41 1 5 -~ Lit+41
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§i in wquatione vel quantitate exponentiali

- proposite, indeterminata z in solis quartitatum

datarum exponentibus reperiretur, hac aquatio
vel quantitas superiori methedo posset ad alian

_reduci numero teymingrum finitam, in qua rulla

essct amplius exponens vel logarithmus indeter-
minata. Namsig==faZ~gh2*fhec+?
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Du Chatelet’s Access to Newton’s Works

Principia Philosophiae Mathematica Naturalis
2" edition: 1713

3" edition: 1726

De Mundi Systemate:1728, reprinted 1731

(i.e., the edited version of Newton’s De Motu
Corporum, Liber Secundus, described in a
preface to it as Book 3, “composed in the
popular style;” but actually composed in the
middle of 1685, more than a year before Newton
started on Book 3 “in the mathematical style”)

“Theoria Lunae”: 1702

published as an Appendix to D. Gregory’s
Astronomiae Physicae & Geometricae Elementa
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quelle nz peur &re conftroite , comme il et aifé de Ie voir, que
par l'optration du cas premier, ot l'on a wil par la narre de
la courbe, ainfi que par celle du Probléme, que le corps en par-
tant du point P g'éloignera de plus en plus du centre,
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‘PROPOSITION XXI. PROBLEME X1
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SECTION II

i

TROISIEME PARTIE
De lattrallion des ([phéroides en particulier.
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Elements of Newton’s Theory of
Gravitational Attraction

1. The force of gravity diminishes in an inverse-
square proportion with distance.

2. The force is proportional to the mass of the body
on which it acts.

3. The force is proportional to the mass of the body
toward which it is directed.

4. Newton’s third law of action and reaction holds
for the forces of gravity — i.e. the force of gravity
Is mutual between any two bodies.

5. The force toward any body is composed out of
forces toward its individual parts.

6. As a consequence of gravity, there is a conatus
or tendency to accelerate toward every body that
“fills the space” surrounding it.

7. There are mutual gravitational forces between
every pair of particles throughout the universe.



Du Chatelet on the Inverse-Square

From Kepler’s 3/2 power rule, “the force that draws the planets
toward the Sun decreases in the inverse ratio of the square of their
distance from this celestial body, supposing that they turn in
concentric circles about the Sun.”

“The idea that presents itself most naturally to the spirit ... is that
they carry out their revolutions in concentric circles; but their
apparent diameters, & more exact observations, made known long

ago that their orbits could not be concentric to the Sun: therefore,
before Kepler, their course was explained using eccentric
circles which satisfied well enough the observations of the
Sun & the planets, if we except Mercury & Mars.”

“...[the Keplerian ellipse] agrees so perfectly with the Pheno-
mena, that it is presently recognized by all Astronomers
that it is in ellipses that the planets turn around the Sun, &
that this celestial body occupies one of the foci of these
ellipses.”

“Starting from this discovery, M. Newton searched for the
law of centripetal force that is necessary to make the
planets describe an ellipse, & he found in prop. 11 that this
force must follow the inverse proportion of the square of
the body’s distances from the focus of this ellipse; ... there
only remained, to be entirely certain that the centripetal force
directing the celestial bodies in their course follows the inverse
proportion of the square of the distances, to examine if the perio-
dic times follow the same proportion in ellipses as in circles.”



In Contrast to Newton and his Principia

fames Teeros] PRINCIPIA MATHEMATICA. 17

PROPOSITIONES.

PROPOSITIO 1. THEOREMA L

Vires, quitus planete circumjoriales perpetuo retrakuniur o molibus recti-
Jines ef én orbibus suis refinentur, regpicere cenlrim Jonis, of ese reci-
wg ut quadrata distantiarum locorem ab eodem centro,

Parer pars prior propositionis per phenomenon primurm, et proposi-
Gionem secandam vel tertiom libri primiz et pars posterior per pheeno-
menen primum, et corollarium sextum propositionis quarte  ejusdem
libri,

Tdem intellige de planetis qui Saturnum comitantur, per phepemenon
gecundum.

PROPOSITIO II. THEOREMA IL

Fires, quibus planete primarii perpetup reivakuntur ¢ mofibus reciilineis, ef
in arbibus suis retinenfur, respicere Solem, et esse veciprocd wi guadrata
distanticrum ab ipsius centro.

Patet pars prior propositionis per phenomenon quintum, et proposi-
tionem secundam libei primi: et pars posterior per phenomenon gquar-
tum, et propositionem quartam ejusdem libri.  Accuratissimé antem
demonstratur heec pars propositionis (*) per quictem apheliorum. Nam

("] ® Frr quistem opleliorum. * Astronomi Sed mulitum abest qu_ﬁll: wl il _nphﬂ!mm

disirinemur,

e
pstes calcolant referendo sstra ad  modus, cerilime et uniformyis esse
imid deprehand ex chservationibus motiis nphelid

et I imatur ; sed ilhed Terrm nune plus procedene quain 507 nuoc mines
imitium fixum non est, gt propter axis Terrm v~ deprehenditur, undi quitaem aseosand son slium
fatimem mberseotio ills in antecedentin firtar e jus motum prater motum ipsius initi eclip-
41 dreiter seoapdin singulo anoo, kine fixw wel.  tem conseet.  Pariter oz obsermtionibus npbelii
dem secandls |1|'\e;;g|.'\i\||"|11&-].-].¢|:||.|.'a-1 Aphalia pls- Senernd, cjus motus irregularis  viderstur, ali=
Detarum stism progred] videntur rospects s quando accelerstd, aliquasde retrocedere, ex
inith eclipei tur ergo siogulo anno.  grotia, ol anno 1604 ad Swem anmi 1708,

Aplelinm ';':Td awm RE ipauin ferd 535 roir ase testatur Cominos

r

. Aphelinm Jovis ad motum fzarm proied

S ¢ pcoedere videtus, &  Unda copstar, aphelis
Mamtin - . - 7% quinmproaimd quisscere, ol eam quamiintem e
YVenerle = = = B8 wams maoifls ips assigmati gum excedit motam
Meeurii - - = B0 gnwm. fortg chservationpan erroribes debord,

D3

Inferences from phenomena are
licensed by Theorems of the form,
IF
P quampromixeé
THEN
Q quamproximé

Q then taken to be either accurate
or quamproximé true “until yet
other phenomena make such pro-
positions either more accuraté or
liable to exceptions.”

The most telling evidence, then, to
come from “residual phenomena”
— i.e. discrepancies between theory
and observation.



Why Not Infer the Inverse-Square
from Kepler’s Ellipse Quamproximé ?

Because, as Newton knew already in 1684, in an
eccentric circle indistinguishable from a Kepler-
lan ellipse — as with Venus, Jupiter, and Saturn
and their small eccentricities € — the centripetal
force does not vary as 1/SP? quamproximé, but
rather as 1/(SP*xPV?); that is, inversely as

SP .1

(o) +3(1-€)(-) + 3(1 €Y’ () + (1 -€7°(o)



What Newton Actually Says About
the Keplerian Ellipse

About the Sun, librated in this way, the other
Planets revolve in Elliptical Orbits and, by radii
drawn to the Sun, describe areas proportional to
the times very nearly [quamproximé], as has been
explained [expositum] (in Prop. 65). If the Sun
were at rest and the Planets did not act on one
another, the Orbits would be Elliptical and the
areas would be proportional to the times exactly
[exacté] (by Prop. 11 and Prop. 13, Corol. 1)....

If the Sun were at rest and the Planets had no
action among one another [in se invicem], their
Aphelia and Nodes would also be at rest (by Prop.
1 and Prop. 13, Corol. 1), and the major axes of
their Elliptical orbits would be as the cube roots of
the squares of their periodic times (by Prop. 15),
and thus would be given from their given periodic
times.... Moreover, Astronomical Observations
appear to confirm that the Aphelia advance very
slowly [tardissime] and the Nodes regress with
respect to the fixed stars.

as per De Mundi Systemate, 1728



Newton’s Goal for Natural Philosophy

Sic etiamsi colores ad Physicam pertineant,
eorum tamen scientia pro Mathematica
habenda est, quatenus ratione mathematica
tractantur. Imo vero cum horum accurata
scientia videatur ex difficillimis esse quae
Philosophus desideret; spero me quasi
exemplo monstraturum quantum Mathesis
in Pjhilosophia naturali valeat; et exinde ut
homines Geometras ad examen Naturae
strictius aggrediendum, & avidos scientiae
naturalis ad Geometriam prius addiscen-
dum horter; ut ne priores suum omnino
tempus in speculationibus humanae vitae
nequaquam profuturis absumant, neque
posteriores operam praepostera methodo
usque navantes, a spe sua perpetuo deci-
dant: Verum ut Geometris philosophantibus
& Philosophis exercentibus Geometriam,
pro conjecturis et probabilibus quae vendi-
tantur ubique, scientiam Naturae summis
tandem evidentiis firmatam nanciscamur.

Optical Lectures, Lect. 3, 1670-72

... Thus although colors may belong to physics,
the science of them must nevertheless be
considered mathematical, insofar as they are
treated by mathematical reasoning. Indeed,
since an accurate science of them seems to be
one of the most difficult that philosophy is in
need of, | hope to show — as it were, by my
example — how valuable mathematics is in
natural philosophy. | therefore urge geo-
meters to investigate nature more rigorously,
and those devoted to natural science to learn
geometry first. Hence the former shall not
entirely spend their time in speculations of no
value to human life, nor shall the latter, while
working assiduously with a preposterous
method, perpetually fall short of their goal.
But truly with the help of philosophical geo-
meters and geometrical philosophers, instead
of the conjectures and probabilities that are
being blazoned about everywhere, we shall
finally achieve a science of nature supported
by the greatest evidence.



Why Did She Choose to
Misrepresent the Principia?

» She did not understand why Newton did not
derive the inverse-square from the Keplerian
ellipse, and thought he should have?

» She simply followed others (including even
Leibniz in his Tentamen) in deriving the
inverse-square from the Keplerian ellipse
without worrying about why he didn’t?

» She became persuaded by the derivations of
the inverse-square from the Keplerian ellipse
by a couple of individuals close to Newton
that it was fully appropriate to do so?

» She thought Newton did not do so because
astronomers had not yet then established the
Keplerian ellipse from observations, but they
had done so in the intervening years?

Regardless, she seems not to have appreciated the
extent to which Newton was trying to pursue a
method in empirical research different from any
that had gone before in natural philosophy.



Newton on F., < Mass of Attracting Body

In the Principia:

Stipulate that the third law of
motion holds for Fgzay

Derive from celestial phenomena
and experiment that Fgga, o<
mass of the attracted body

Infer that F5z,, oc Mass of the
attracting body

As a corollary conclude that
Fsray toward a body composed
of inverse-square gravitational
forces toward its parts

In Liber Secundus:

Note the agreement [analogiam]
between Fgra, and the size of the
attracting planets

Derive from celestial phenomena and
experiment that F;,, oc mass of the
attracted body

“And since the action of centripetal
force upon the attracted [attractum]
body, at equal distances, is propor-
tional to the matter in this body, it
Is reasonable also to grant [rationi
etiam consentaneum est] that it is
proportional as well to the matter in
the attracting [trahente] body.”



Du Chatelet on Fgrayv oc Mass of Attracting Body

From the mutual attraction of Jupiter and Saturn at conjunction and the
attraction of the Moon on the Earth, as shown by be tides and the precession of
the equinoxes, “we can therefore conclude that the attractive force belongs to all
the celestial bodies.”

Noting the agreement between Fgrayv and the size of the attracting planets, but
“seeing as the size & mass are two different things, in order to be sure that
gravity follows the law of masses, it was therefore necessary to know these
masses.”

“Because the attraction of all the celestial bodies that surround them follows the
inverse-proportion of the square of the distances, it is quite likely that the parts
of which they are composed attract each other in the same proportion.”

Invoking Props. 74-76, “the total force of a planet is composed of the attractive
force of its parts: for if we imagine that several little planets unite to make a big
one, the force of this big planet would be composed of the forces of all these little

planets.”



Newton and Euler on this Question

Prop. 92: Given an attracting body, it is required to find the ratio by
which the centripetal forces tending toward each of its individual points
decrease.

From the given body a sphere or cylinder or other regular figure [including a
spheroid] is to be formed, whose law of attraction — corresponding to any ratio
of decrease — can be found by props. 80, 81, and 91. Then, by making experi-
ments, the force of attraction at different distances is to be found; and the law of
attraction toward the whole that is thus revealed will give the ratio of the
decrease of the forces tending towards each of its individual parts.

“It i1s still not decided by any single phenomenon that the attractive
forces of heavenly bodies are proportional to their masses. On the
contrary, Newton tried to determine the masses on this basis since there
IS no other way of specifying them. As soon as one now places the state-
ment that the attractive forces are proportional to the masses (which is

founded on a crude hypothesis) in doubt, ...”
Euler to Mayer, Dec. 1751



Du Chatelet on Fgrav «c Mass of Attracted Body

“But if the effect of the attraction, or the path made by the attracted body,
depends on the mass of the attracting body, why would it not also depend on the
mass of the attracted body?” [She here invokes Boyle’s experiment with a feather and
gold in a “vacuum”and Newton’s double-pendulum experiment.] “It is therefore
beyond doubt that the attractive force of our Earth proportions itself [se
proportionne] to the mass of the body it attracts.”

“.... 50, the Sun attracts each planet in the direct ratio of its mass. The
regularity of the orbit of the satellites of Jupiter around this planet is another
proof of this truth, for M. Newton proved, Prop. 65, Cor. 3, that when a system
of bodies moves in circles or in regular ellipses, it must be that these bodies
experience no sensible action besides the attractive force that makes them
describe these curves; ... so if any of Jupiter’s satellites, or Jupiter itself, was
more attracted by the Sun than another satellite relative to its mass, then this
greater attraction of the Sun would disturb the orbit of this satellite.”

“Seeing as the attraction proportions itself to the mass of the attracting body, &
to that of the attracted body, we must conclude from this that the attraction
belongs to each part of the matter, & that all parts of which a body is composed
attract each other mutually.”



Du Chatelet on Newton’s “Deduction” of the
Precession of the Equinoxes

» By analogy with his confirmed deduction of the mean motion of the
lunar nodes: deduce the action of the Sun on an excess ring of mass
around the equatorial Earth.

> “M. Newton gives thus the mean quantity of the motion of the
equinoctial points. But it is not without examining the different
varieties of the action of the Sun on the protuberance of the Earth at
the equator, always by using the consideration of this ring.... We see
by this that the axis of the Earth must change its position with
respect to the ecliptic two times during its annual course & return
twice to the same position.”

» Now add the action of the Moon, “which is to that of the Sun as
4.4815 [51/3in Lib. Sec., 61/3in 1% ed.] to 1 approximately,” yielding
5070"'12", “which is more or less, as we see, the quantity that the
best observers have determined it to be.”



Du Chatelet on the Flux and Reflux of the Sea

> “It was easy to notice ... that these phenomena depend on the position on
the Earth with respect to the Sun & to the Moon, but it was not easy to
know the manner in which these two celestial bodies produce them, & the
guantity that either one contributes. We only see the effects in which these
actions are so intermingled, that without M. Newton’s principle we would
not have been able to untangle the one from the other, nor to assign their
quantity.”

> “...the force of the Sun on the waters of the sea is to that of the Moon, as 1
to 42 approximately.”

» “M. Daniel Bernoulli adds that the heights of the tides in the ports where
observations are made depend on some many accidental circumstances that
they cannot be exactly proportional to the heights of the tides far at sea.
...[He] concludes that it would be surer to evaluate the respective forces of
the Sun & of the Moon on the tides by their duration & their intervals
rather than by their heights, & by using this method finds that the force of
the Moon is in a lesser proportion to that of the Sun than the one M. Newton
found.” [namely 2% to 1]



Du Chatelet on the Figure of the Earth

Newton deduced that, if the Earth is in hydrostatic equi-
librium and gravity toward it arises from inverse-square
gravity toward its individual parts, then, the ratio of its
polar diameter to its equatorial diameter is 229/230, and
surface gravity decreases from its pole to its equator by
0.21 percent, so long as its density is uniform.

Newton further proposed that, if the decrease in gravity
Is greater than this, the Earth’s density increases toward
the center and its flatness is greater than 1/230.

Clairaut (1738): to the contrary, a flatness of 1/230 is a
maximum under the stated assumptions, and that, if the
decrease in gravity from pole to equator is greater than
0.21 percent, the density does indeed increase toward the
center, but its flatness is less than 1/230.

Clairaut (1743): if the Earth is in hydrostatic equilibrium
and gravity toward it arises from inverse-square gravity
toward its individual parts, then the Earth is a spheroid
and there is a systematic relationship between its flatness
and the decrease in surface gravity from pole to equator

g9 _1+(2m-f)sin?p + ...
gequator 2

Assuming that the Earth is in hydrostatic equilibrium,
then the claim that its gravity arises from inverse-square
gravity toward its parts, and with it Newton’s claim of
universal gravity, can be tested by determining whether
“Clairaut’s theorem” holds for it.



Du Chatelet on the “Test”

“This great question of the figure of the Earth depends
on the law according to which primitive gravity acts.
... We were obliged to go measure a degree beneath
the equator, & another beneath the polar circle, to
decide this question.”

“The measures taken in Lapland & in Peru give a
greater flattening than the one that we have just seen

results from Newton’s theory, for these measures give
the ratio of the axes of 173 to 174.”

“It follows from M. Clairaut’s theory, that by admitting
the suppositions that he makes on the interior of the
Earth as the most natural among those that present
themselves to the spirit, that the flattening can never be
greater than 229 to 230, seeing as this ratio is the one we
find while supposing the Earth to be homogeneous, &
that it results from this theory that, in all other cases of
the gravity increasing, the flattening must be less.”

“... in the experiments that have been carried out since
M. Newton on the length of the pendulums in the differ-
ent regions of the Earth, prove that these differences
must not be attributed to this cause [thermal expansion
from temperature differences], & that there really is a
decrease in gravity from the pole to the equator greater
than the one that M. Newton gave in his table.”



>

Du Chatelet on Newton on the Motion of the Moon

“The different kinds of motion that we had noticed long ago in the Moon, & the laws of
these motions found by famous Astronomers, gave M. Newton the means of applying
with success his theory to this planet. This great man, who had already made so many
discoveries in the other parts of his System of the World, still wanted to perfect this one;
& although the method he followed at this occasion is less clear & less satisfying than the
one he had used for the other phenomena, we cannot prevent ourselves from owing him
much recognition for having applied himself to it.”

“M. Newton, after having exposed the method by which he calculates the Moon’s
inequality that is called the variation, & the method he follows while determining the
motion of the nodes, & the variation of the obliquity from the ecliptic, gives an account
of what he says he has drawn from his theory of gravitation with regards to the other
inequalities of the Moon.... In the examinations of the first inequalities, although the
reader is not extremely satisfied because of a few suppositions & of a few abstractions
made to make the problem easier [e.g a circular orbit], there is at least this advantage,
that he sees the path of the Author & he acquires new principles with which he can
flatter himself to go further. But as to that which regards the motion of the apogee &
the variation of the eccentricity [i.e. the “evection”], & of all the other inequalities of the
motion of the Moon, M. Newton contents himself with the results that are convenient for
the Astronomers in the construction of tables of the Moon’s motion, & he assures that
his theory of gravity led him to the results.”



>

Du Chatelet’s Parting Words on the Moon’s Motion

“But how did M. Newton use these alterations to the central force, & which
principles did he follow to avoid or to conquer the extreme complexity, & the
difficulties of the calculation presented by this research? This is what we have
not yet been able to discover at least not in a satisfactory way.

We find, | admit, in the first Book of the Principles, a proposition on the
general motion of the apsides, which promises initially great usages for the
theory of the apsides of the Moon, but when we come to use it, we soon see that
it does not advance us much in this research.”

“...we cannot without new contrivances that could be as difficult to find as the
entire determination of the orbit of the Moon, use M. Newton’s general proposi-
tion on the apsides for the case of the Moon. Also, on this article as one the rest
of the theory of the Moon, the greatest Geometers of this century abandoned the
path beaten by M. Newton’s commentators up to the present, & believed that
they would arrive earlier at the goal by retaking the whole work starting right
from its origin. They looked to determine directly the paths & the speeds of any
three given bodies that attract each other. We flatter ourselves in soon seeing
the success of their work: the analytic method that they follow seems to be the
only one that could really satisfy a research of this nature.”
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