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XXXII. On the Preceffion of the Equinoxes produced by
the Sun’s Attration. By the Rev. Mr, l{aac Milner,
M. A. and Fellow of Queen’s College, Cambridge ;
communicated by the Rev. Dr. Shepherd, F. R. S,

Read June 24, 1779.

F the a&ions of the Sun and Moon upon the different
parts of the earth. were equal; or if the earth itfelf
were perfe&tly {pherical, and of an uniform denfity from
the center to the furface; in either cafe the attractions of
thofe remote bodies would have no effect on the pofition
of the terreftrial equator, and the equinoial points
would conftantly be the famein.the heavens. But it was
impoffible to give the earth a rotatory motion round an
axis without giving at the fame time a centrifugal force

to its parts, This forceis greateft at the equator, and is-

in a contrary diretion to that of gravity; on either fide
of the equator the force is lefs;. and, moreover, only
part of its effects is oppofed to that of gravity. It is ufual
in determining the figure of the earth to confider the
‘whole mafs as in a ftate of fluidity, and the different co--
lumns as fuftaining one another at the center. If the

earth.
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earth be confidered as a hard body, firmly cohering in its
parts by fome other force befides that of gravity, it does
not feem neceflary that the different columns fhould be
fuppofed to fuftain each other at the center, though in
bath cafes the direGtion of gravity muft at every point of
the furface be perpendicular to the tangent of the figure.
But we know, that there is a confiderable quantity of
water upen the furface of the earth; and, therefore, if
the equatorial regions were not higher than the polar,
-they certainly would be overflowed by the Ocean, which
is.contrary to experignce; and for this reafon the propor-
tion of the diameters of the earth, determined upon the
falfe fuppofition of an entire fluidity, cannot differ much
from the truth.

§ 2. But the preceffion of the equinoxes, which de-
pends upon the unequal aétions-of the Sun and Moon on
the protuberant parts of the earth at the equator, will
not be the fame in thefe diﬂ'erent hypothefes; atleaft we
can never be certain that it will be {o until we have com-
puted their effeéts, and the computation itfelf muft pro-
ceed on different principles. Suppofe the earth to be
fluid under the form of an oblate fpheroid; or, what is
more fimple, {fuppofe the region of the equator to be fur-
rounded with a ring of fluid matter, and the unequal

aftion of the Sun will difturb the figure of the ring, and
communicate
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communicate a motion to its parts. Suppofe we knew
the precife difturbing force of the Sun upon any one
particle of this ring according to its fituation; in that cafe
we could eafily find the velocity which would be com-
municated to fuch a particle in any given time; but the
mutual ations of the fluid particles upon each other
could never be exactly eftimated, much lefs their effects:
in endeavouring to turn the whole earth round its cen~-
ter. However, it is ea{y to f{ee,.that in the cafe of a hard
ring of matter cohering clofe with the furface of the
earth at the equator, both the law by which the particles
a& on each other,. and. on the whole mafs of the earth,.
will be widely different from the cafe of fluidity, and the
effets much greater in altering the pofition of the axis
of rotation..

To explain this by an eafy examwple (fig. 1,) let a, B,
and c, reprefent three {mall bodies in the fame horizon-
tal line AE. Suppofe a to defcend by any accelerating
force as gravity; B.to-defcend by the fame force,a lefs ora
greater;. and ¢ not to be acted upon.at all: in every one
of thefe cafes the bodies a.and B.will defcend with their
refpective velocities, and the body ¢ will preferve its
fituation. If A and B.are fimall particles of fluid of any
form, and ¢ a hard one, and if the particle A be placed

3 in
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in contaét with B, have its center of gravity a little above
the center of gravity of B, and is aéted upon by the
greater accelerating force; in this cafe we may conceive
how the a&tion of A may difturb the motion of 8, and in
the fame way how the hard particle ¢ may receive a
fmall motion from the ations of A and 8. Then this
motion muft be extremely little compared with the
whole motions of A or B, and {till a great deal lefs if ¢
be ftrongly connected with a ftring of hard particles
along the line ck, fo that ¢ cannot be moved without the
whole line cE turning round the immoveable center &,
Now if a, B, and ¢, be fuppofed hard particles firmly
connected to the lever AE, then it is plain that the velo-
city of ¢, whatever it is, muft be in proportion to that of
a and B as their refpective diftances from E the center of
motion, and this, whatever the impulfive forces are with
which A and B are urged in their refpetive dire¢tions.

- The body ¢ being ftill fuppofed void of gravity, let
the bodies A and B be urged by forces perpendicular to
AE in any {mall equal times through the .unequal fpaces
s and 4, and let the magnitudes of the bodies be repre~
{ented by A, B, and c refpectively. ‘Then the fpace
through which A is actually urged in that time will

eafily appear from mechanics to be reprefented by
2 Ax

g
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AXAEX s+BXBEXIXAE  and the {pace defcribed by c is
‘AX AE*4=B X BE*-4C X CE* :

AXAEX s +8XBEXsXCE  gee article the 1 3th.
A X AR+ B X BE*4-C'x CE® . i

§ 3. The preceding. article being well underftood,
whatever doubts may: remain concerning the motion of
a ring of matter confidered 'as detached from the earth,
we may be certain that the motion of the nodes of the
equator can never be the fame, whether we fuppofe the
ring at the equator to be fluid and to reft upon the fur-
face of the earth, partaking of the diurnal motion, or
‘whether we fuppefe it hard and compa&, and by its co~
hefion communicating a proportional ‘degree. of motion
to the different parts of the earth. - In fa&, the proble'm"
of the preceffion of the equinoxes, which has hitherto
been confidered as extremely difficult, and in its folution
drawn out by authors to an immeafurable length, re-
quires no pri,nciples"but’ the received doétrine of motion,
and the application of the lever, which have been made
ufe of in the laft article. - In that article we fuppofed the
bodies A and B to be impelled by different forces in pa-
rallel lines, and we eftimated the real {pace, which either
AoOr 'c‘in any {mall time would defcribe in confequence
of thofe-impulfive forces and theit mutunal connection
by an inflexible lever. Now this is preéi’fely what is re-

Voir. LXIX. Xxx quired
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quired to be done in the cafe of the Sun’ unequal action
on the protuberant parts of the equator. The excefles
or defets of that unequal action are to be confidered as
forces applied to thote parts, which would move them
according to the different circumnftances through un-
equal fpaces proportional to-the forces in equal times of
a@ion, provided the particles were at liberty to move
freely in the direGtions in which they are urged; and,
laftly, the real fpace muft be computed through which a
particle moves at fome known diftance from the center
of the earth in confequence of thefe various forces.. This.
whole procefs will not differ from the eafy example al-
ready defcribed, except in the length of the calculation,
and the proper management of the doctrine of fluxionss
and it feems advifable in difficult fubjects alwaysto begin:
with fimple inftances before we proceed'tothofé which are
more complex, and to- diftinguith the algebraical opera~
tions from the principles upon which they are founded..
§ 4. In-order to determine how much any particle of
the earth is affected by the unequal aétion of the Sun:
(fig. 2.), let caps reprefent the earth, s the Sun at a
-great diftance, and cp a plane pérpendicular to the line
sT joining the centers of the Sun and earth. If sk or sT
reprefent the accelerating force of the Sun on a particle at
the earth’s center, and sL be taken to sx in the duplicate:
ratio
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ratio of sT t0 sP; st will reprefent the attration-on any
particle p, and by the refolution of motion T or pL will
reprefent the perturbing force of the Sun on the fame
particle. By the conftruétion sL: sk :: sk*: sp* and by

divifion KL : SK :: SK*—5P* :SP” 11 SK+SP X PK sp* and PL
or T is nearly equal to 3pK, and as 3PK is to SK Or ST,
fo is the {pace defcribed by P in any fmall time in the di-
re¢tion PK, to the fpace defcribed in the fame time by
the center of the earth in confequence of the Sun’s at-

tration. This laft {fpace is equal to zi-ﬂ where. % repre-
fents the arc defcribed by the earth’s center during any
fmall motion in its orbit, and the former is equal to
IEXE. This is the fpace which would be deferibed by ¢

PYS

in the diretion px if the particle was at liberty to move
freely. Let us at prefent fuppofe that no other particle
is difturbed by the Sun’s attraction except this one, and
then proceed to enquire into the effeéts of this ditturb-
ance when P by ifs cohéfion communicates a rotion to
the different parts of the earth, which is farther con-
ftrained to turn round an axis T, the comimon interfec-
tiont of the plane cp and the terreftrial equator. From
the laws by which motion is communicated, and the pro-
perty of the tever, it eafily appears, as in the fecond arti-
<le, that the fpace through which any particle of the

XxXx2 carth’s
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earth’s equator is impelled at the greateft diftance from
the axis T, is to 3 = ,the fpace which would be defcribed

in the fame time by any particle at liberty, the magnitude
of which is reprefented by p, as px KT x the radius of the
equator to the fum of all the particles of the earth mul-
tiplied into the {quares of their refpective diftances from
the faid axis.

To compute this fum in the eafieft way, and by an
approximation, which is quite fufficient when the polar
and equatorial diameters differ little from one another;
let peE (fig. 3.) be a {phere whofe radius is unity, divided
into an infinite number of thin cylindrical furfaces,
whofe bafes are the circles NAQ; it is obvious, that all
the particles in any one of thefe furfaces are at the {fame
diftance ca=x from the axis of motion perpendicular to
the plane of the circle NAQ, Call ap, ¥, and a, the area
of the circle ppE and the fluent of 4ax3xy, or of —4ax%7y,
becaufe xx =—y¥ gives the fum of all the particles in the
{phere multiplied into the fquares. of the refpective dif-
tances from the axis. ‘This fluent correéted is equal to

8‘5‘, and muft now be diminifhed in the ratio of 1 to

1~-2p, if we fuppofe the earth to be an oblate {pheroid

whofe equatoerial diameter is to the polar as 1 to 1—p;
4 and,
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and, laftly, the fpace defcribéd by a particle at the greateft
45P X PK X KT X &*

16AXST2X 1 —2p

§ 5. In fig. 4. let P1apDK reprefent the carth ortho-
graphically projeéted on the plane of the folftitial co-
lure, p, p, the poles, 1k a lefler circle parallel to the equa-
tor, and pape a {phere defcribed with the polar radius

diftance from the axis is equal to

pT: then, fince the particles without the globe only are
concerned in changing the pofition of the axis of rota-
tion, let L reprefent fuch a particle fituated in the cir=-
cumference of the circle 1k, and by the preceding article

its effect will be 4S-XIMXUTXE " 514 by the fame way of
16A X'ST X 1—2p

reafoning, when two equal particles L, /, are fuppofed to
be difturbed by the Sun’s attraction, the {fpace defcribed by
that point of the equator, which is at the greateft diftance
from the axis of rotation or the common interfection of

the plane cp and the equator a, will be equal to

4§% XL XLM X MT+/X lm XmT
16T X AXI—2p

every other particle without the {phere.
The fum of all the LxLMxMT+&c. muft now be

» and the fame argument holds for

found; and for this purpofe Sir 1SAAC NEWTON’ con-
ftruction is, perhaps, as convenient as any that has hi-
therto appeared. In the fame figure N# is parallel, and
xy perpendicular, to cp; take L¥=x/, and let 7, #, repre-
fent
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fent the fine and cofine of the angle er® to the radiug
unity. It is eafy to prove in his wav that rxLMxMT
+IxImxmT is equal to 2Lxmx#x m, and the
fluent of Lx* multiplied into the fluxion of the circular
arc Lx is eafily found in the following manner, without
having recourfe to tables of fluents, or the methods of
continuation.

From a known analogy the fluxion of the ar¢ L i§ to
the fluxion of its verfed fine as the radius 1x of the fame
circle to Lx the right fine. Lx multiplied into the Auxion
of the verfed fine is the fluxion of the:area-of the femi-
circle L./, and calling 1x, y, the fluent of La® multiplied
into the fluxion of the arc L is evidemily equal o
-?;, where a ftill reprefents the area of a circle whofe ra-
dius is unity: Ay is equal to the. femi-circumference 1x
and ayx T 4" is equal to the fluent of T4* multiplied into
the fame fluxion, and calling T, @,-and fubftituting for
17 its equal py, the fum of all the Lx LM xMT &G, ity the
annulus 17is equal to mzpAx W This -lnﬁ'qmam
tity multiplted into the fluxion of o, and the fivent taken
by the common method when v is equal to TP-or unity

nearly, comes out 42 "5 "and twice this quantity gives the

fum of all theLx LMx MT, without the whole fpherer ap,

and thereforethefpace defcribed by a particle of the equa-
tor
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tor in the circle of the Sun’s declination while the center
of the earth is carried through the fpace 2 of 1ts orbat is

equal to ;s—ff"—;”?” = and may be fuppofed to be equal to

355'":”: the alteration produced by the corretion in art..

4. on account of the fpheroidical figure of the earth
being too inconfiderable to affect the conclufion.

§ 6. We are to obferve, that the fpace %’-Z"-T-’fi defcribed

by that point of the equator, which is the interfetion of
the circle of the Sun’s declination, is 'generated by the
perpetual attraction of the Sun. ‘This attraction may be
reckoned conftant during the very fmall time of the
earth’s defcribing % in its annual motion; and, therefore,,
the faid point of the equator, at the end of that time, will
have 1cqhired a velocity which would carry it through:
Lz "% in the fame time.

§ 7. Let T reprefent the time of the earth’s revolution
in its orbit, # the time of its rotation round its axis,
and fuppofe 2 to be a fmall arc fimilar to % in a circle
whofe radius is unity. In figure 3. let aQ be the equa~

tor, and take A& equal to 4'%3, and &7 perpendicular to a4

equal to 3pmnw’, and A%, b2, will reprefent the direc~
tions and quantities of the two different motions of the
point A, and confequently Az will be the direction of the:

3 new
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new equator, and as A or A is to 42, fo is the radius
unity to the fine of the angle za4, and if aqor aG be
taken-equal to a quadrant, cQ_the meafure of the angle

3pmnwt

GAQ_is equal to

§ 8. Suppofe s the Sun’s place in the ecliptic Ns, N the
equinotial point, Na the Sun’s right afcenfion, and 70 a
perpendicular on AN: then 70 is to cQ_as the fine of AN
to the radius, and 7 N to 70 as the raaius to the {ine of the
angle at N the inclination of the ecliptic to the equator,
and, ex equo perturbate, rN to G as the fine of AN to
the fine of ~ and 7N the {mall preceflion of the equi-

xt  fin. NA
noxes.is equal togpmn — WX« %.n_?

§ 9. In the {phgrical tnangle ASN, the fine of AN =

cotang. N x tang. AS _"'—’}fx‘:r", and farther the fine of

s ¢
sN=g— and 7N is equal to 3p1x fin X, whofe

fluent or i{— x 270 —{in. 2wx cof. N gives the preceffion

of the equinoxes during the Sun’s motion through the
arc Ns of the ecliptic: when' Ns is equal toa circle, then
the whole fluent becomes equal to 3—’-’-’—“ x cof. N, and as

2T is to 3pzxcof. N, fois 60x60x 360 to 21”7+ 6" the
annual preceffion of the equmoxes in feconds produced
by the Sun’s attraction.

§ 10.
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4 vo We might now proceed in a Smilar way to in-
weftigate the effects of the Moon’s difturbing. force, the
rotation of the earth’s axis, and the equation of the pre- .
ceffion; but fince thefe propofitions are purely mathe-

‘rhatical, and the computations have already been gone
through by other authors, it will be needlefs to repeat
them here.

§.11. NEWTON was the firft who attempted to explain
the preceflion of the equinoxes from its caufes. Since
his time various other folutions have been given us by
the moft celebrated mathematicians; and it deferves to
be noticed, that, inn a cafe where there can be little doubt
that he was miftaken, other anthors have found it diffi-
cult fo agree among themfelves in differing from him.
M. D'ALEMBERT, in the year 1749, printed a treatife
expeefsly an the fubjed, and has finoe faid /, that him-
{¢if s mcknowledged to be the firft who determined
rightly the method of folving {uck problenys. xuLkRr, D&
L& GRANGE,FRISIUS,S1LVABELLE, W ALMESLEY,SIMPSON,
EMEX30N, have each confidered the fubjedt, and perhapy
the impovtance of the enquiry would juftify a minute
examination into the caufe of the agreement or difagree-

(4 Drjilleus, des géometres, vraiment capables dtapprécler mon travail,
ont sborslampseet fuppleed tout autre temoigmege, en deelarant que j'ai ouvert
le premier la route pour refoudre cc genre de qudftions. " See Opufc.’ Math.

vol. V. fur la Préceffion des Equinoxes.
Vor. LXIX. Yyy ment
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ment of their feveral methods; but I am deterred
from entering into {uch a difcuffion by the length of
time which it would require; efpecially as I think thofe
who have read the authors mentioned will eafily con-
ceive the {fubftance of what I thould have to obferve, and
to thofe who have not read them I fhould hardly be able
to fay any thing intelligible.

§ 12. The above folution, if it had no other advan-
tages, is,.I apprehend, much more concife than any that
has hitherto been given. Abftracted from what is faid
by way of illuftration, articles 4th to gth contain all the
calculation requifite, and as I have ftudioufly avoided the
ambiguous ufe of the terms force, vis, ¢ficacia, mo-
mentum, &c. as well as every doubtful reprefentation of
times, {paces, and velocities, which are often fubftituted
by authors in equations, I believe. the whole procefs will
appear eafy, and the evidence upon which the conclufion
refts be exactly afcertained.

§ 13. The principles defcribed in articles 2. and 4.
depend upon the third law of motion, and the property
of the lever, and are demonftrated in the following man-
ner.  Every thing remaining the fame as in art. 2. (fig.
6.) let av and BR, perpendicular to the right line or axis
AE, reprefent the forces and directions with which thofe
bodies are refpectively urged, when at liberty to move

I freely
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freely in thofe directions; and let Av, Br, ce¢, reprefent
the accelerative forces of the refpective bodies, as altered
by their mutual aétions upon each other: then, becaufe
cxcc is the moving force gained by c,and aAxvv+Bx 7R
the-moving force loft by A and 8, regard being had to
the lengths of the different levers' ar, BE, we fhall have
AxUVx AE+Bx7RxBE equal to ¢ x c¢x CE, that is,

AXAEXAV—AU+BxBEX BR—B7 equal tocx cex cE, and
by tran{pofition Ax AEx AV+Bx BExBR equal to CxCEx "
Cc+AxAExAr+BxBExB7. Let s, §, reprefent, as in
art. 2. the fpaces which would be defcribed by the bodies
A and B at liberty in any very {mall portion of time, and
let x be the fpace which a actually defcribes in that time
when connected with B and ¢ by the lever AE. The

quantities ==, “2=%, will then be the fpaces defcribed

A

by B and c refpetively ; and, laftly, becaufe the {paces de-
feribed in given times are as the accelerating forces, the '

A X AEXS+BXBE X §XAE -
AXAE +BXBE +CXCE*®

above equation gives ¥ equal to
The fame method extends itfelf eafily to more diffi-
cult cafes, and by its affiftance feveral very important

theorems are briefly demonftrated.
§ I4. The reafoning made ufe of in art. 6. will ap-
pear very evident to any one moderately verfed in the
Yyye elements
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elements of mechanics and the dotrine of moving:
forces; and therefore I muft believe that it is by miftake
that one author of note entirely omits {fo neceflary a ftep
which affels the conclufion: by juft one half. When a
body moves with any velocity in the direction am (fig.
7.) which would carry it through the {pace Ap in a {fmall
particle of time, and any force which may be reckoned
conftant for that time urges the body through the fpace
pc perpendicular to AM, the body at the end of that time
will arrive at the point ¢; bt joining ac we are not to
fuppofe, that, if that force ceafed to act, the body would
proceed in the direétion acL: for take ¢z equal and pa-
rallel to Ap, and cdin cp produced equal to 2cp, and
the direction of c at that point will be ¢/, the diagonal of
the parallelogram cd/m.

Thus when a body revolves in any curve by a centri-
petal force (fig. 8.) we may, with Sir 1saac NEWTON,
fuppofe the curve to be compofed of an indefinite num-
ber of right lines, and the body to move either in the
chords or the tangents of the curve; but then we are to
take care that we make not fuppofitions inconfiftent with
each other. Let the curve be a circle, and AD a tangent
at the point A the direction of the body’s motion when
it arrives at that point, and let bc, parallel to the diame-

ter AL be the effect of the centripetal force: then, if we
2 fuppofe
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fuppofe the body to move along the chord ac, and fay,
that the angle cap meafures the’ deflection of the path
in the time of the body’s moving through the arc or
chord Acy we fhall miftake by one half of the true quan-
tity; for draw the tangent at ¢, and fince Adis equal to
dc from the property of the circle, the angle cdp of de-
viation is equal to twice the angle cad. The pracice of
NEWTON in a fimilar cafe, where he is inveftigating the
hofary‘ motion of the lunar nodes in a circular orbit, is
entirely confiftent with this. See the Principia, lib. III.
prop. 30.

§ 15. M. D'ALEMBERT has lately charged simMpsoN’s-
account: of the preceflion of the equinoxes with fome
miftakes .of this nature in his fecond lemma; bur, in
juftice to simpsoN, I muft fay, that, whatever other de-
fects there may be in his paper; Iam convinced, after the
moft diligent attention, that thofe alluded to are without.
foundation. '

§: 16 Sir 1saac NEWTON firft obferved, that an ho-
mogeneous globe could not poffibly retain many diftiné&

motions, without compounding them all into one, and
revolving with a fimple and uniform motion about an.
invariable axis, When two forces imprefs upon a globe
two ditin@ circular ‘motions ‘%, he briefly concludes in

(b) See Principia, lib, I. prop. LxvI, corol, 22.

his
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his way, fromthe laws of motion, that it is the fame thing
as if thofe two forces were at-once impreffed in the com-
mon interfection of the equators of thofe motions, and
upon this principle we fuppofed a ¢ in aft. 7. to be the
direction of the new equator.. In order to remove any-
doubts that might arife about the juftnefs of this mode
of compounding motion, Fris1us has given a geomeétri-
cal demontftration of the prificiple: but the thing may
be fhewn much miore eafily in the following manner.
Suppofe (fig. 9.) RB, AB, to ‘be two axes about whieh
‘every point in the plane ABpr tends'to move with velaci-
ties as the refpective diftances from the axes; let pQ_per-
pendicular to AB be to PR perpendicular to &B as the an-
gular velocity of P about rB to the angular velocity of
the fame point about. a8, and let thie velocities be in con-
trary diretions: then, T fay, every point in the plane
will move with a velocity proportional to its diftance from
the axis pB.  Firft, it is evident, that'any point ¢ in the
axis RB will. move round p8 with a velocity propottional
to its diftance c#z: for the point ¢ lying in the 4xis aB
has no velocity round r8, and cm is proportional to cN.
Draw P ¢ parallel to B, and any point D ir that line will
move with a velocity proportional to pv, whieh i per«
pendicular to e, for the following reafon.

The
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The velocity of D is equal fo the difference of. its ewa
velocities round the refpective axes rB, an, or the differ~
ence of p’s velocity round ®B, and. #’s velocity round ABjy
fince all the points, in .pc move rwith sthe.fame ivelocity
round AB. Draw DT parallel to cryand thisdifference
will. be proportldnal to. rT, becaufe .the velocities of »
round RB, AB, are {fuppofed equal to each other, and pr
is proportional to pv, and every point in the plane moves
round »B with a velocity proportional to its diftance; and
the fame thing may be fhewn -when any peint is takemn:
without the plane ABCPR.

§ 17. Becaufe any point c in the:axis RB moves with
the fame velocity round pB as it does round B, theangu-
lar.velocities .ronnd the two axes AR, P8, will be to each
other inverfely. as. their refpective diftances ey ¢ 723 and
becaufe CN:sCw :PB:FC and HR : PQ:: PC $CBy b fol-
lows, tbat »8 the diagonal of the paraliclograve reic wild
reprefent the angular velocity of the revokving plane,wvben
BG, BC, atie taken.tn-each other as the angular velocities:
of tha_fame plane reund thofe refpeliive axes.

§ 18. From this it clearly follows, that the reaforn
given by siMpsoN “,.in. his mifcellaneous tradts, of the
difference between-his own. folution and that of NEWTOM:
in the:Principia, cannot poflibly be the trueone. ¢ It

(¢) Pages 44. and 45,
“ appears:
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¢« appears further,” fays he, ¢ by perufing his thirty+ninth
¢ propofition, that he there affumes it as a principle, that
¢ if a ring encompaffing the earth at its equator, but de-
¢ tached therefrom, was to tend or begin to move about
¢ its diameter with the fame accelerative force or angular
¢ celerity as that whereby the earth itfelf tends to move
¢ about the fame diameter through the action of the
¢ Sun, that then the motion of the nodes of the ring and
¢ of the equator would be exactly the fame.”

The principle is certainly implied in NEWTON’s proof,
and is capable of the moft rigid demonftration, art. 16,
17.

§ 19. It will be afked then, where is the fault of NEw«.
TON’s reafoning ! How comes his conclufion to be tao lit-
tle by above one half? It is acknowledged on all hands
that there is an error in his third lemma; but then the
correction of that error makes only a very fmall, altera-
tion in the refult.

It is impoflible for any one to- fornmx a complete judge~
ment of his method without going through the whole of
his calculations, which pre-fuppofes that the mean mo-
tion of the lunar nodes is computed. ‘'This motion may
be concifely determined and exaétly enough for the pur-
pofe from prop. 30. of the Principia, and from thence is

inferred the motion of the nodes of a fatellite revolving
in
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in'the -plane of the equator at the furface of the earth
with a velocity equal to that of the earth round its axis.
We -are then to fuppofe, that the mean motion of the
nodes of a fatellite, revolving with fuch a velocity, is the
fame  with the motion of ‘the nodes of a ring of rigid
matter furrounding the earth at its equator, and revolv-
ing with the fame velocity. This laft hypothefis is ad-
mitted by siMpsoN, who thinks that his own fecond
Iemma contains a full demontftration of the point. For
my own part, I believe with Fris1Us, that we are to look
here for the material error in NEWTON’s folution of the
problem. It is evident, that the z7#e motion of the nodes
of the fatellite, and the ring of matter, are not the fame;
and it is by no means obvious, that their mean motions
are fo. The mean motion of the nodes of a ring of hard
matter cohering together is very eafily computed by the
method in art. 4th to the gth, and turns out nearly dou-
ble the mean motion of a Moon revolving at the furface
of the earth with the {fame velocity.

It is a very interefting enquiry to find out the real
caufe of the miftake in the Principia, lib. III. prop. 39.;
and therefore at a future opportunity I may, perhaps, con-
fider this particular part of the fubject more attentively. I
havelong been fatisfied with theaccountalready given,and

Vor. LXIX. Zzz fhould
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‘fhiould probably have remained {o, if M. D’ALEMBERT ¥,
in his Opufc. vol. V. had not perfifted to affirm, that the
mean motion ot the nodes of the ring of matter and of
the fatellite were the fame.

This-opinion of fo celebrated a mathematician raifes
fcruples in. one’s mind; and fhews, that when we ven-
ture to differ from Sir 1saAc NEwTON in thefe matters, iv
is with the utmoft. difficulty that we can. arrive at.cer--
tainty.

(4) 1l n’y a deparité que-ddns 1 mouvement moyen dé:ces'déux anneaux, ou
de V’anneau folide et de'la lune; les-mouvemens inflantanés font trés differens de
pert et ’autre; . ainfi la comparaifon-du mouvement de ’anneau avec celui de la
lune, ferviroit tout au plus a trouver le mouvement moyen de 'anneau, oude ld

préceffion des -équinoxes, mais nullement:a déterminer Ja nutation. delaxe ¢t
P'équation de la:préceflion. .










A doiter. Freesa 1wt XK L Tale X 550"

M

-I-"
”-"‘g;:;.# :




