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ventricle, and the extravafation covering the fiffure in
the aorta, exactly marked, as they appeared to,

My Lord,
Your Lordfhip’s
moft obedient

and moft humble fervant,

Frank Nicholls.

LII. Of the Irregularities in the planetary
Motions, caufed by the mutual Attraction
of the Planets : In a Letter to Charles
Morton, M. D. Secretary 2o the Royal
Society, by Charles Walmefley, F. R. §.
and Member of the Royal Academy of Sci-
ences at Berlin, and of the Inflitute at Bo-
logna.

SIR,
Read Dec. 10, J M Inding that the influence, which the
176 primary planets have upon one an-

other, to difturb mutually their motions, had been
but little confidered, I thought it a fubjeG worthy of
examination. The force of the fun, to difturb the
moon’s motion, flows from the general principle of
gravitation, and has been fully afcertained, both by
theory and obfervation; and it follows, from the
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fame principle, that all the planets muft a& upon
one another, proportionally to the quantities of mata
ter contained in their bulk, and inverfe ratio of the
fquares of their mutual diftances; but as the quan-
tity of matter contained in each of them, is but {mall
when compared to that of the fun, fo their action
upon one another, is not fo fenfible as that of the fun
upon the moon. Aftronomers generally contented
themfelves with folely confidering thofe inequalities of
the planetary motions, that arife from the elliptical
figure of their orbits; but as they have been enabled,
of late years, by the perfection of their inftruments,
to make obfervations with much more accuracy than
before, they have difcovered other variations, which
they have not, indeed, been able yet to fettle, but
which feem to be owing to no other caufe, but the
mutual attra&ion of thofe celeftial bodies. In order,
therefore, to affift the aftronomers in diftinguithing
and fixing thefe variations, I fhall endeavour to cal-
culate their quantity, from the general law of gravita-
tion, and reduce the refult into tables, that may be
confulted, whenever obfervations are made.

I offer to you, at prefent, the firft part of fuch a
theory, in which I have chiefly confidered the effeGts
produced by the actions of the earth and Venus upon
each other. But the fame propofitions will likewife
give, by proper fubftitutions, the effeCs of the other
planets upon thefe two, or of thefe two upon the
others, To obviate, in part, the difficulty of fuch
intricate calculations, I'have fuppofed the orbits of the
earth and Venus to be eriginally circular, and to fuffer
no other alteration, but what is occafioned by their
mutual attraction, and the attraGion of the other

planets.
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planets. Where the forces of two planets are con-
fiderable, with refpet to each other, as in the cafe of
Jupiter and Saturn, it may be neeeffary, in fuch com-
putations, to have regard to the excentricity of their
orbits ; and this may be referved for a fubjet of fu-
ture fcrutiny. But the fuppofing the orbits of the
earth and Venus to be circular, may, in the prefent
cafe, be admitted, without difficulty, as the forces of
thefe two planets are fo fmall, and the excentricity of
their orbits not confiderable. On thefe grounds,
therefore, I have computed the variations, which are
the effets of the earth’s ation : firft, the variation of
Venus’s diftance from the fun; fecondly, that of its
place in the ecliptic; thirdly, the retrograde mo-
tion of Venus's nodes; and, fourthly, the variation
of inclination of its orbit to the plane of the ecliptic.

The fimilar irregularities in the motion of the
earth, occafioned by its gravitation to Venus, are here
likewife computed : but it is to be obferved, that the
abfolute quantity of thefe irregularities is not here
given, it being impoffible, at prefent, to do it; be-
caufe the abfolute force of Venus is not known to us.
I have, therefore, ftated that planet’s force by fu
pofition, and have, accordingly, computed the effects
it muft produce; with the view, that the aftrono-
mers may compare their obfervations with the mo-
tions fo calculated, and, from thence, difcover how
much the real force differs from that which has been
fuppofed. But the exact determination of the force of
Venus muft be obtained, by obfervations made on the
fun’s place, at fuch times, when the effe@ of the
other planets is either null or known.

Tha
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The influence of Venus upon the earth being thus
computed, that of the other planets upon the fame,
may likewife, hereafter, be confidered : by which
means, the different equations, that are to enter into
the fettling of the fun’s apparent place, will be deter-
mined ; the change of the pofition of the plane of the
earth’s orbit will alfo be known ; and, confequently,
the alteration that thence arifes in the obliquity of the
ecliptic, and in the longitude and latitude of the fixed
ftars. Thefe matters of fpeculation are referved for
another occafion, in cafe what is here offered thould
deferve approbation.

I am glad to have it in my power to prefent you
with this teftimony of my gratitude for paft favours,
and of my refpect for your diftinguifthed merit; and
it is with fincerity, I fubfcribe myfelf,

SIR,

Your very humble fervant,

P Cha., Walmefley.

Nov. 21, 1761.

De Inequalitatibus quas in motibus Planetarum
generant ipforum in Je invicem atliones.

Uoniam in theoriz hujus decurfu frequens erit
Q ufus fluentium que arcubus circuli, vel eorum
finibus, cofinibus, et finibus verfis, exprimuntur, id-
circd lemma fequens, quod alibi olim tradidi, lubet

hic apponere.
LeMmMma.
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LerMwMma.

Dato cofinu arclts cujufvis, invenire cofinum et
finum arc@s alterius qui fit ad priorem in ratione
Aaad 1.

Detur ¢ cofinus arclis A ad radium 1, et fit arcus
B — A, cujus cofinus dicatur #; eritque, ut notum
eft, A=

-—

» atque B.....AA .—_:‘—7:1—-.:—‘:;‘;

—C
Vi —ce

Ponatur ¢ = 3—}?, etf=— yy 7, fietque A =

x

T av =
Sw— -.—-i';
B_;;z‘ fedeft A. B..I 2, adeoque — 7 =5
unde log. x* ==log. 5, et x* =Y. Verum =®quationes
= 1 et = I dant = 4 Ve — 1,
2x 2y
x=c¢—Nc¢cc—1, et y== ¢t} NMrf— I, y==
t—=~NTr =1 undeeﬂx‘:—:ti‘*’tt._g—___

. Tt . .
c+Vee—1l, atque inde 27 = ¢ - Yo — 1}

 enamee———g— A . o o ——-——- .
+c-—-*/cc—-1). Flatxgnturc—j—“/cc-—le,
etc—Ncc—1=m, eritque /m =1, et ¢ = cof..
l4+m }—m

— ¢t fin. A = 2
[ .

Itaque in circulo, cujus radjus eft | 1, fi duorum
arcuum vel angulorum A et B alteruter B fit ad al-
terum A ut numerus quilibet A ad 1, et ponatur

l . .
cof. A = tm, exiftente /m — 1, erit fin, A

<.
e——

VT atque inde

—

R.
,.'::‘COf. B::
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l—m = - >+ m
- —;—V — 1, atque cof. B = cofs A A = -iz-—'f-,

I e
et fin. B=fin. \A="—""+_71. QE.L

Cororr. L

1+ m 4 mt
X i
I’"“-{-ﬂl""" I). x+m).,-x N
. 3 fed, quemadmodum per
Py e
hoc lemma eft ';m — cof AA, erit ——-———'*2;-’5—— =

cof a4 1XA=cof. A}B, atque——.—l—*-'—:::

cof. A—1 X A = cof, B—A, adeoque cof. A x cof. B
1 cof. AT B4 = cof. B—A.

Atque hoc calculi methodo - facilé eruuntur fe-

quentes formule pro duobus angulis A et B, adver-

tendo effe cof. B— A = cof. A — B, fin.B — A =
w fin, A~ B, etcof. o=11.

1° Cofl Axcof. B=1cof. A,+ B} Lcol. A—B,
2° Sin. A Xfin. B =~ 1 cof. A+B -4 1 cof. A-B,
3% Sin. Axcof. B— ﬁn AYTB+4:ifin AR,
Atque ex illis ha fequentes eliciuntur,

4° Co£A+B—-co{ A X cof. B — fin. AX fin. B.
8% Cof. A — B == fin. A xfin. B 4 cof. A X cof. B,
6° Sin. A 4+ B = fin. A Xcof. B 4~ cof. A x fin. B.
2° Sin. A — B =fin. A x cof. B — cof. A X fin. B.

Tum ex his valores tangentium haud agré deri-

vantur,
Quippe
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Quippe cum fit generatim pro quovis angulo A,
fin. A+ B
cof. A+B
fin. A xcof. B++cof. Axfin.B  fin. A xcof. B+4cof. A xfin.B

ColL AXcol.B —ImAxtin.B— cofl, A xfin. B.
cof. A x fin. B tang. A

I

i ﬁn. A . 2ATTS —_
tang. A == ——, erit tang. Ad4-B=

1 ____tang. A 4 tang. B e ege
T 1 — tang. A X tang. B’

X

g B — tang. A

tang. A — tang. B
1 + tang. A X tang. B

calculo prodit tang. A — B =
Unde ftatui poflunt, |
1o, Tang. A+B =

tang, A 4 tang. B
1 — tang. A X tang. B’
tang. A — tang. B
1 + tang. A X tang. B’
tang. m-—-tang. A—tang. B

2>, Tang. A — B =

3% Tang. A xtang. B= e A B ?
vel tang. A xtang. B= tang. A~ tang. B—tang. A -B.
tang. A — B

Corovrr. IL

Erat in lemmate A — «/:"" unde et AV 1
X —1

= log. x.
Denotet igitar E numerum cujus logarithmus

hyperbolicus eft 1, eritque EAT — x, et cum f{it

x=rc+ Ve — 1, inde obtinetur ¢ = cof, A —

FAVTT L E-av/T FAVTT _ E-ay/~3
5 , atque fin. A = ——= .

Vor. LI Oo Sunt
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Sunt qui his finoum et cofinuum valoribus potits
utuntur ; verum ii valores, quos exhibet corollarium
pracedens, fimpliciores funt et calculo plerumque
aptiores.

Corori. IIIL
Quoniam eft 2X cof. A =1 4 m, erit
fl’&—!—Al‘"m +Ax_’_‘_:'2__11x'zmz -‘*A

A—1 A—2

X X Pemt -, &,
2*xcol. Ab =1 2 _ A1
m - am T AR ——m T -

2
A— 1t A—2 i3
]_ XX m P 4, &e.
affumendo fcilicet primos et ultimos terminos homo-
logos feriei exprimentis quantitatem 7-}- 7" : unde,
propter /m = 1, provenit -
- P4 mr NN W S P ¢
A3 L L AR |
277 cof. A = — FAX—F— - Ax—;
Pé 4 A1 y
X—— +aAx——x -+, &ec.
atque adeo per lemma

Oof. A = —— incof. AA - Acof A —2XA 4

A—12 INOpgrs
3 2

»!
X —= cof. A?-A,XA»-}-AX’-‘—-;_—-I-'XA';z cof A—6
x A 4, &e.

Ubi A eft numerus impar, terminus ultimus feriei
erit ille in quo numerus a, vel A — 2, vel A—4,
&c. qui multiplicat angulum A, evadit =qualis 1.
Ubi verd a eft numerus par, terminus ultimus feriei
erit ille in quo numerus pradictus evadit zqualis o,

5 quo
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quo in cafu femiffis tantim ultimi termini fumenda
eft; cum enim feries hazc colligatur ex numero pari
terminorum homologorum, qua tamen, ubi A eft
numerus par, conftare debet ex terminorum numero
impari, ided duplum exhibet terminum ultimum.

Simili modo chm fit 2 x fin. A =T —mx ¥V —1,
erit '

‘ =1 ik g P
fp el myax —1"m

AmL A2 0-5,,3
—}\g-z—-x—f—l m+,

&ec.
z"xﬁn.A*:V—-—IxJ L NP
| 2 am T ]
— A—I A—2
+ A% Pt
_ [ &ec.

Terminis inferioribus hujus feriei prefiguntur alter-
natim figna -}- — ubi A eft numerus par, et figna
— -} ubi A eft numerus impar, adeoque in priore
cafu eft :

Rk — Vi L e
2" x fin, Al =~ 1 hin ':m‘-)\x t +a
A—x DT A—1 A—2 IMNSpgpTC
* R AR % > % -, &c.
et in cafu pofteriori .
A 1, . l’“-m’* l’*"-—-m’-"'
Sl ' — V1 —
227 xfin, AV = Ut in — AX = + 2
A=I DA —1 A=2 P Cgps

A
X x— —-Ax2x3x 2 -+, &c.
Adeoque fi A fit numerus par, erit
fin. AV -.:;;I: in+coll AAFacofl A=2XA+A

A—1I —— — -
X——col A—4 XAFAx " x

XA+, &

I,

A2 —
cof.A—06

Oo 2 Signa
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Signa hic alternatim mutantur, et fuperiora funt ad-
hibenda, ubi A exprimit unum ex numeris 4, 8, 12,
16, &c. quia tunc eft N ih=1 ; inferiora autem
adbibenda, ubi A exprimit unum ex numeris 2, 6,
10, 14, &c. quia tunc eft ¥V — 1h = —1.

Si A fit numerus impar, cum per lemma fit
P ——
fin. A — 2 x A, &c. habetur

fin, Al' = —— in +fin. AATAx fin. » — 2XA+A

pr—m

_—] ==

2&
x?';"ﬁn._a—4xAIAx*:I»x“”2ﬁn.A—-6
XA+, &c,

ubi figna fuperiora funt ufurpanda, cim A exprimit
unum ex numeris 1, 5, 9, 13, &c. quia tunc eft

— =N ; et figna inferiora, cum A fuerit
unus ex numeris 3, 7, 1I, I5, &c. quia tunc eft
N_h=~V"T1.

Notandum autem, feriei ultimum terminum effe
illum in quo numerus A, vel A — 2, vel A — 4, &c.
eft =qualis 1 ubi A eft numerus impar; atque ter-
minum ultimum effe illum in quo praedi¢tus numerus
eft.2qualis o ubi A eft numerus par, quo in cafu fe-
miffis tantum ultimi termini afflumenda eft ob ra-
tionem fuperitis datam.

Ex his finuum et cofinuum expreffionibus alia hu-
Jjufmodi theoremata deducere liceret, fed quz hic tra-
duntur ad prafens inftitutum fufficiunt.

CoRroLL.
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Cororw, IV,

Notum cft fluentem fluxionis A cof, A efle fin, A

atque fluentem fluxionis A fin. A effe fin. verf. A
Pariter i fumatur arcus AA qui fit ad arcum A ut

numerus quilibet A ad 1, cum fit AA cof: A A zqua-
lis fluxioni finGs arcls A A, erit flu, A cofi AA =

fm" ’A, etflu. A fin, AA — I Ve:f' A4

ad arcum AA adjungatur arcus datus 4, cum fluxio

arclis AA + d fit zqualis AA, erit flu, A cof. AA 4-d

fi . verf. Z
— n. 7\:&-!-({ tﬂu Aﬁn )\A+d"—' ﬁn Vel’f T\A+

Sumantur jam duo anguli, vel duo arcus AA et nA,
qui fint ad angulum, vel arcum A refpective, ut A et
p ad 1, atque per Coroll. II. habetur cof. AA cof. xw A

= tcof. A+ puxA 4 Lcofl A—pxA; unde
erit fluens fluxionis A cof. AA X cof. pA =qualis
fin. A +uxA | fin.a—uxA

B P B — .

Itemque, fi

2XAtp 2XA— @
Atque hoc methodo prodeunt fequentes formule

1. Flu. A cof. AA ¥ cof, pA = fin. 2+ px A

2 XA+ @
.'_} fin. A-——-uXA
2)(?\-——(4 .
22, Flu, A fin. AA x fin, pA = — f2tuxA
2XA+

——————m .

'!‘ ﬁn. A — y,xA

2 XA = 4

3% Flu,
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3% Flu. A fin. AA X cofs pA =

fin. verf, x+,; XA
el b S sl uind
2 XA+ p

}; fin, verf. n — u X A
g 2 Xi—- ®w )

Advertendum autem eft, ubi A = u, tunc efle
ecof. AA X cofl pA =% cof. 22A 4 %, fin. XA
% fin. pA = — L cof 2AA -+ %, fin. AA xcof. pA
= % fin. 22 A ; adeoque in hoc cafu formule prz-
cedentes evadunt

fin. 22 A A

1°. Flu. A xcoli 2Al" = i + -

2°, Flu.Axﬁn.)\ | R —

fin. verf, 22A

3% Flu, A xfin. AA x cof. AA = —

Si angulo A A addatur angulus datus 4, erit cof.
X'A—:F?'xcof. pA = L cof. mxA +d4 1
cof. A — p X A -} 4, atque inde

1°. Flu, A cof. XA - dxcof. pA =

finoa+uxA4d

2 XAt
+ fin, »—uxA+d
ZX?\-—‘I.
) M e r .
20, Flu. A fin. AA - dx fin. pA == 2t xA+d
. 2Xr+p

fin, A —uxA+d
AT ol S
2AN=—u

+

3% Flu, A fin. AAFdx COIZ,.:.A-_—-_ﬁ“' verl. A+ uxA+d

2XA+p

+ fin. verf, A — u XA +d
2 S el )

4.0.. Flu.
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~ M - ————. . f:""___:——-“
4°. Flu. A'cof. AA"}'dXﬁn.{,(,A:ﬁn verf. A u X A+d

2XNfw

fin, verf. gj’:«.:x A+ d

2 XAN—
Si fuerit A = p, erit cof. AA +dxcof AA =

scof. 22A 4 4 = cof. d, &c. adeoque formula
precedentes in has abeunt,

1°. Flu. A cof. xA 1+ 4 x cof. AA — . 2Atd

47
cof. d
fin. 2:A +4d
2. Flu. A fin. 2A +dxfin. AA = in 24: ¥
cof, d
Ly,
« a——— f . r.-—----'
3% Flu. A fin. AA J-dxcof. AA = n "ef4:AA+4
fin. d
TRLLYY
A — s fin, verf. 22 A+d
40. Flu.qA cof. AA + dXﬁn. AA. — =
_ fin. dA.
2

ProrosiTio I. PrRoBLEMA.

In fyftemate duorum planetarum circa Solem in orbibus
pené circularibus revolventium, requiratur vis pla-
netz exterioris ad perturbandum motum interioris.

Revolvantur planete duo P et Q_(Fig. 1.) in eo-
dem plano circa Solem in S, et jungantur SP, SQ_,

P
% Qrbis,
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Orbis planetz interioris Q, cu-
jus motus hic inveftigamus, circu-
laris fupponitar nifi quatends mau-
tatur eJus figura vi planete P; or-
bem verd planete P ut accuraté
circularem habemus. Pofitd ergo
unitate pro diftantid corporis Q ;|
Sole ubi ambo planete verfantur in
conjuné&ione cum Sole, fiant SQ__
—t PQ—— 2, SP = #%; tum-
que vis attractionis Solis in diftan-
tid @quali 1 fit ad vim attractionis
planetz P in eddem diftantid ut 1

. ") .
ad @, eritque ; gravitas planete Q__

in planetam P. Producatur jam, fi
opus eft, PQ_ad O ut fit PO =

57, et dud OI paralleld ipfi QS

oceurrente reGte PS produ@zin I,
propter triangula fimilia P QS,

POI, erit PQ_ PS:: PO - PI, hoceft, PI —

atque PQ_- QS ::

PO - OI, hoc eft, 012?5 Sed,

quia parum differt x ab unitate et admodum exigua eft
vis @, pro x fcribi poteft 1 in omnibus iis terminis qui

ducuntur in @, adeoque OI = f;. Ex vi PT aufe-

ratur vis —- qua gravitat Sol in planetam P, et vis re-

£
fidua :’—, —_ P‘ eft ea qua perturbatur motus planete

Q_in direCtione paralleld reGz PS: nam cum motus

planetarum
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planetarum referantur ad Solem fpeGatum tanquam
K . ¢k . ¢

immotum, vis = pars ea 5, qua fimul urgentur Sol
et planeta Q_verfus P fecundum lineas parallelas, non
mutat corporum § et Q_fitum ad {e invicem, idcoque

differentia virium fola perturbationem inducit.
. . . . . k
Quare differentia illa, nimirum % e —;”;, expona-

tur per lineam QT parallelam reGtz P S, et in SQ_
demiflo perpendiculo TR, vis QT refolvetur in vires
TR, QR, eritque vis QT ad vim TR ut radius 1

ad finum anguli Q8 P, adeoque vis TR = Eé —_ %

X fin. QSP, et vis QR = = —F X cof. QSP.
Ex viautem QR tollatur vis OI utpote in contrarium

. e o P ? ?
agens, et manebit vis 5 — — X col QSP — ~.
Vires igitur, quibus planeta P perturbat motum plaw
nete Q_quatenus in eodem plano moventur, funt

1°. Vis TR ad radium QS perpendicularis, qua
augetur vel minuitar area tempore dato defcripta,

' Pk ¢
eftque zqualis — — - X fin. QSP.
2°% Vis f,— X & cof. QSP — 1 "";I cof. QSP,
qua retrahitur planeta Q_3 Sole in direGione radii
5Q._ :
Ut autem harumce virium expreffiones formam in-

duant calculo accommodam, ope trianguli PSQ_ha-

bebitur P Q) — 22 == £k - xx — 2kx x cof. QSP,
five, pofitdi x == 1 ob rationem di¢tam, 2z — 44
Vour. LIIL Pp +
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4 1 = 2% xcof. QSP. Aflumatur jam angulus §
qui femper fit ad angulum QSP in ratione 7 ad 1,

. k
eritque QSP = ;';:, et pofito k& }- 1 =1¢¢, et 3;,—

wloave

X

. o o~ I . ¥
b, erit 2* = #» X 1— b col. —s, hincque 5 = =

b% . . . . \ .
X1 =— b cof. :—;‘ . Si 4 fuerit unitati feré ®qualis,
. ' | R P
et evolvatur quantitas 1 — 4 cof. ;‘s in feriem modo

folito, feries illa parum convergit, eftque ad opera-
tiones analyticas minls commoda. Series igitur alia
inveftiganda eft, et quia ex lemmate patet hujufmodi

quantitatem cof. Al" exprimi poffe aggregato termi-
norum, quorum finguli ducuatur in cofinus angu-
lorum qui funt anguli A multiplices, generatim fup-

ponemus 1 =5 cof, :-;sl =R - S cof. is < T cof, ;;.t
. 3 - 4
F Veof =5 -+ W cof. — s - &e.

Atque ut inveniantur valores coefficientium R, S,

T, &c. fumatur utrinque fluxio, nempe '—f’”—bsfx fin. is

,' I W TS SUPI 2,
‘xl,--bcof.n _—-Sx;sxﬁn.;:—fo;s.

' 3 - 3. 3 i'. 1 -4.' .
Xfin. 25 == VxZixfin, 25— Wx 2% fin. gy

&c. atque ducatur zquatio hec in 1 =4 cof, is, et
fubftituto pro 1 — 4 cof. :—:3 " ipfius valore R 48 cof. ;{"‘

+ T cof 25 4, &, fit mb x fin. Ls
X
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3R+Scof.i:+T cof. '2;:+Vco£g:+,&c.=1—&co£5:

% — S xfin. 2:-1- 2T xfin. ;sx 3V xfin. gs-j—W xﬁn.%s-}-, &e.

et fa®4 multiplicatione, cum fit (per Coroll. I. Lem.)

r41
n

I r X y¥—1
fin. ~sx cof. =5 == [ fin. — 5 — ; fin. —y, ac

7 —

I
s, emerget

r I r+1
fin. - L =s=*fin,—— :
n ”sxcof Zs= 5 fin.— s3I fin, -

+2mbR { FmL
+28 x fin. s +6V xfin. és, &c. =o
—2T . |

’ —mbW

Deinde nihilo zquando fingulos terminos, prodeunt

T‘__QS-}zm&R V\__4T~+m—~lxbs W —
— m¥axé - m+3%Xd ’

6V4m—aXT ac. quorum valorum progreflis fatis
m+4%Xb
manifeftus eft.
Datis igitur.primis duobus coefficientibus R et S,
dabuntur et reliqui: R et S autem fic inveniuntur.

Eft 1 — b cof. isr =w1 — mb cof. ;Iz-s 4 m

me—1 —_—1_ m—2 1)
X—; X3 5 cof. —s',

&c. =R+Sco££—s+Tco£ -:-s—[-Vcoﬁ;gs +

2
m
b cof. 5| —mx%

. . 1 |* 1—]4 I r
&c, Evolvantur termini cof, =i, cof. —sbs cof. —sl,

&c, per methodum traditam in Coroll. IIl. Lem.
ac, colle@is fimul omnibus terminis qui nullo cofinu
afficiuntur, prodibit

Pp 2 R =
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_ m MY, | m me—L Mmemd g3
R=1+4 2 X——= 84 x——X=—%x—; &
MgmmL 2 MR Mk

m—is )
+x2x4x4x6 5, &e.

cujus feriei progreffio fatis patet; &tque adeo,. cum
fit in hoc noftro problemate m — — 3, erit
—_ 373 3XS  I1X9ys 4 3X54,7%9
R=1 +4x46 +4x4.x8x8 +4x4, X8
n><13 p 3X5  7XQ 1IXI3  TEXI7 ¢
szxzé +4x4 Ex8 X ax12 X xbxxbb +, &e..
Infpicienti indolem hujus feriei patebit terminum
quemlibet @quari termino antecedenti ducto in-
rHIXr—1

-~ b, five L - — 12, » exiftente zquali nu--

mero quadruplxcato terminorum pracedentium : fic
terminus fextus, quia habetur in hoc cafu 7 =— § X 4.

== 20, =qualis eft termino quinto 333 ... 13217 gs

4 X4 16X16°
19X 21
du&o in 2oxzoé .

Termino igitur quovis hujus feriei di¢to B, ter-
minus fubfequens erit B&* —-;—:—-3 : et manente de-

inceps eodem, quem in hoc termino habet, numeri »

valore, termini fubfequentes erunt, B&* x. ==
)t =1 gt ry ral —r T —
[EE IR P8

? +-[7,‘|".—. I . oy P —1
By Xt vee I, &, Sed éft =

I r+47'—-, X. y i .
1 —— A —1 = T - —. &c, €t fi fuerit
——— r’ r+4'2 ——— I- r+4lﬁv, .

humerus
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numerus ahquantum magnus, erit ——= X rtab ']" !
r< & =
—1 I 1 tr‘-— Xr+4 rxr+ ey
=1 —-—— —_— :n_] 81" atque ita porro, rejiciendo
frattiones hujus generis ! et alias his minores,
Jus g R

Unde termini omnes pradicti, incipiendo a ter-
mino B, erunt

B4+Bl4 Bé + B - BF +,&c.= B x-—L.

1—b

Br By B BY e B P
"'"rz — = — ~ - ~ 5 XC, == f" X]":_'Z;
B+ ‘B#® B &oc. = B X b
— — bonie — e —
r++|z r+.4:|7- ,.+4']7-‘ ) r+4|7. 1 — b

B 5 B B I
— e e E T X

r+8 r4 ol r+ 81 1—b

B &5 &c. = B b®
i T T

&c. - &ec.

ac proinde tandem fit
R-—-1+v3x56“+3x5 7%9 4+3X5 7X9

4 X 4 4.><4.x8x8 4 X 4 8x8
11X13 56 3%5 ., 15X17 4 B
X'lzxmé x4x4. xbxxéb +> &c. 4 1 — b2
b 5 F b
X I g = —_ — —, &ec.

gl g8 412 rgad
Unde fi, computatis, exempli gratié, decem ter-
minis, undecimus deﬁgnetur per B, erit 7 = 10 X'4
= 40, et fumma illorum decem terminorum addita
fummea
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> b*
fumme feriei -—'i-;x I --i--cr.::.l—-—-, fee. dabat

valorem ipfius R,
Simili modo fi in zquatione preedi®4 1 —mb cof. '-::

+mxm—'x5’xcoﬁ—;—g‘ +.mx”""'x"""5’

3 2 3
| kS 2
X cof.-;;]‘ 4 &c. =R J- S cof. =S 4 T cof. =+
-}V cof. -3-5 -} &c. evolvantur quantitates eof._i;]:
cof. _—SP , cof. :Y, &c. in fuos wvalores, prout in
Coroll. I Lem. edoGum eft, et colligantur omnes
termini qui ducuntur in cof. 7‘;3 exurget

—_ — Mem1  Mem2,, M — Y
S = gzé m X 02 Z b —mx —
W — 2 m—3 —dye L M=—T1 m=—2
X 14_ X X 6 b—M‘X'TX T

—3yr— ~—5.,m=6,,
ﬁve, poﬁtom... |
—_2 L 3 S><7 3 o 3X7 9><" s
=ib1x 47(86 + 3 48 3x:zb +

5X7,9X1r  I3X15,, ceees I3 XIS
x4x8x8xnxxzxx6b + 5 12 X 16
17X19 45

x:bxzo + &e.

‘Patet autem terminum quemlibet hujus feriei 2quari

termino.antecedenti ducto in ZE1X+3 2
S orXr+4

=quali numero terminorum preeeedentium quadrupli-

cato: fic terminus fextus, quia tunc r = § X 4 = 20,

I eft

exiftente »
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-+

=1 4
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eft 2qualis termino quinto 2 +++++ =24 dn&tein

16 X 20
[ 34 XQ.S 2 ; ) 7 . » .. ..
c—=2}', Quamobrem termino quovis hujus feriei

20X 24 S
di®o B, terminus fubfequens erit B&* x ’.'.'_*.1.3‘_.":_".3,
rXr+4

five B/ X 14- ___.., et manente jam eodem valore
+4 ——

numeri 7, termini reliqui erunt, B&*
, term qui erunt, X134+ rxr+4

X I4=2=—, Bé’x1 b
+7‘+4.xr+8’ +r><r+4. +r+4-xr‘+58

X1

quantum magnus, erit 1 -

&c. Sed fi fuent # numerus ali-

X1
rxr+4. +r+4.xr+8
<+ S A— quamproxime, et
rXr+4. r+4.xr+8

X1 =3 x1 4

14+ —3—
rxr+4. r+4.><r+8 78 xr+i12
3
14 —=- , &c. Unde
rxr+4- == r+4xr+8 + r+48 Xr+ 12’
termini omnes pradi&i incipientes d termino B erunt

r+8 xr+

B#* B4+ : b ) %
3 e - 3 + 38 - +—-3-===—-+,&C~—» ':‘.E__ 5
rXr+4 rXr+4 rXI+4 rXT 44 rXr44 I—b
3B p3 3B 3B# - +.ke= 3B 2
U rb4xr+8 r+4xr+8 r+4xr+8 > r+4xXr+8 1—5
ggbc . SBbB 3B b°
b +== +,&C.~= — 3
TH8Xr412 THBXi 4 as rr8xXr+12 I1—6
3B 3B b
T +’&90o— _b‘z
r+12%r416 r12%r416 31—
&ec.. &ec.
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Ac proinde erit
X gXYy _ axX"
= gb+" ix:bz’*-f 4,x;x8x ;k"*‘?‘l
B

X a X 1t rxr<,
x E2L oy 2 B2 g ke 4 =

#.X 8 0K 12 12, X010
b 2056* 2h° 2b
PR LA + e 1, e

rXr+4 r.+4%r+8 r4+oXrtis r4+IXr416

Itaque fi, computatis, exempli gratid, quindecim ter-
minis, decimus fextus dcﬁgnetur per B, eritr=15 % 4
=60, et fumma terminorum quindecim illorum addita

2 4
fummae feriei —-1—3-—- 2 X 14 35 + 3 +, &ec.
rXr4+4  r+4Xr438

dabit valorem caeﬁicrentns S.

Determinatis hoc pacto quantitatibus affumptis R, S,
T, &c. jam ut ad exprefliones virium revertamur, vis

TR 2d radium QS perpendicularis erat -g_— — %
X fin. (LSP s fed pofuimus angulum QSP = ;—I—-,c',
eftque ——-—— in R 4 S cof. --.c +Tco{——:+V

cof. —-s-—}—chf <5 4, &c.

Rl

. . 1 1
UndevnsTR-—-i—-‘-m R = xfin.—s

+-—---fn. -5+-——~ ﬁn.—-s+ —X ﬁn.-—.c

4, & -
Et vis quz pianetam Q_diftrahit-a Sole in directione

radii QS8 erat —; %k cofy Q8P — 1 = = cof QSP,

hoe eft, & m~——---R+kR+—-—-——;——S
X cof,
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xcof. LI +k8+&V—2’I‘ +;€T+&W—zv
] 2 -

AV HEX—2W ‘
,cof'_z.s +--__—3__.2__c0f,—;3 +, &C. QE. I.

ProrosiTio . PROBLEMA.

Inequalxtates motds planete interioris ex viribus pre-
di&is ortas inveftigare.

Exeant fimul planetz P, Q__ P_D
(Fxg 2.) de locis D, C, ubi
jacebant in eddem retd cum
Sole pofito in S, et poft ali-
quod temporis fpatium reperi-
antur in P et Q, et jungan-
tur SP, SQ, PQ._ Efto CS .
= 1, et arcus circularis CQ_’
five angulus CSQ _—7s; de-

notent praeterea P et Q_re-
fpective tempora periodica pla-
netarum P et (L, cntque
ang. QSC g. PSD::P

:Q_, adeoque angulus (LP :ang. QSC:: P = Q,

: P, unde ang. QSP = —s, pofito # = p—-—-(z

Vis attractionis Solis ad diftantiam QS, et tempus
quo corpus, efdem vi uniformiter agente, impulfum
acquirere poffet eam velocxtatem, qua planeta Q_in
circulo CQ_revolvitur, tum illa ipfa velocitas, ex-
ponantur figillatim per unitatem ; et fi, {umpto arcu
CH=CS§ =1, CH exprlmat tempus illud uni-
tati quale, arcus quilibet quim minimus Qg ex-

primet tempus quo uniformi illd velocitate defcribitur.
Vour. LIL Q_gq Unde,
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Unde, cum velocitates viribus quibufvis conftantibus
genite fint ut ipf vires et tempora, quibus hz velo-
citates generantur, conjuntim ; erit velocitas 1 pla-
nete Q_in circulo CQ_revolventis ad incrementum vel
decrementum velocitatis vi Z genitum ({cripto nempe
Z pro vi planetz P normaliter ad radiunr QS agente,
prout eft in propofitione precedente definita) quo tem-
pore planeta Q_defcribit arcum quam minimum Qg,
ut vis attractionis Solis 1 ducta in tempus CH five 1,
ad vim Z du&am in tempus defcriptionis arcls Qg
five in ipfum in arcum Qg: adeoque incrementum
vel decrementum velocitatis vi Z genitum, quo tem-

pore defcribitur arcus Qg, exprimetur per Z X' Qg
five Z X 5. ,

ok . 7T r
Eft autem Z = = in R——k-g-—--z-xﬁn.;s

4 > ':V fin, =5 - T:W fin. 3.5 -, &c. et hac
quantitate du@ in §, tUm fumpt4 fluente, prodit ve-
locitatis accceleratio five retardatio, quam voco U,
genita quo tempore defcribitur a planeta Q_arcus CQ,
Lo
aequalis Q-f;ﬁ in R---},—-— :-i— X fin. verf. -;:-s 4+ E%Y
k V—X
3

2 T —W N 3
fin. verf. 7S+ —5— fin. verf. =5 - -

fin. verf, —i:ls -, &c. five pofito b =R — r_7T

'S 2
§—V T —W A"

V- X _. oin
+ 4 + 6 + 8 +,&C. U=—t?7£

. # T I S—V
mb—-R———é—,-—-;—xcof.;;s-—-

2
cof. =5
n

T—W : V —
5 cof, 3§ e X
n —

—

cof. -:—s —_, &c.
Hoe
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Hoc pa@o obtinetur variatio velocitatis in hypothefi
qudd revolvatur planeta Q_femper ad eamdem di-
ftantiam a Sole, quod in pracedenti calculo fupponi
poteft, cim tantillum varietur diftantia S Q_actione
planetz P.

Hoc fa&o, ut inveftigetur va-
riatio diftanti planetz Q_a Sole,
fingamus planetam defcripfiffe,
non arcum circularem CQ_,
fed arcum curve Cr (Fig. 3.)
et reperiri in punCo r ubi ra-
dius $Q_productus fecat cur- .
vam.

Ducatur recta S# viciniflima
ipfi S Q_occurrens circulo et
curve ¢ et #; tum centro S et
radio Sr defcribatur arcus rp,
fitque S = x. Si planeta Q_urgeretur fold vi ten-
dente ad centrum S, defcriberet areas temporibus
proportionales, atque aded, cum ipfius velocitas an-
gularis in loco C fupponatur efle 1, in loco r foret

@qualis %; fed in illo quem exhibet fchema fitu pla-
netarum minuitur hzc velocitas quantitate U fupri
definitd, unde velocitas angularis in loco 7 erit -:;---U 5

et tempus, quo defcriberetur arcus Qg velocitate r,

eft ad tempus quo defcribitur arcus 7p velocitate
. x5

%_U, ut Qg ad - re , hoceft, ut § ad ~ U;
rEl ran

unde, cim § exprimat ex jam difis tempus de-

fcriptionis arcls Q_¢ velocitate 1, exprimet quan-

Qq2 titas
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#‘ ) >~ og o M
titas —— tempus quo defcribitur arcus 7 p velocitate.
——U
*

—:;'— — U. His pofitis, quoniam planete Q_receflus.

4 centro vel ad idem acceflus pendet ex differentid:
virium, centiifugz fcilicet et centripete, quibus urge-
tur in Q_; fi hzc differentia virium dicatur P, et v
denotét velocitatem afcenflis vel defcenflis  planete
Q_fecundum radium SQ_, per idem plané ratioci-
nium, quod mox ufurpavimus in inveftigatione velo-

citatis U, habebitur @ = P x

XS
E
) X
Quoniam ex hypothefi planeta Q_, fepofitd actione

planetz P, defcriberet citculum, vires (centripeta et
centrifuga) fibi invicem ét wnitati forent ®quales :
exiftente autem planetd Q_in », ipfius attraltio in

Solem eft ;.I;,. ex qua auferenda eft vis ea qua juxta
propofitionem praecedentem diftrahitur 4 Sole, nimi-
rdm - in A 4- B oof. =5 - C cof. =5 - D cof. £
+ E cof. —}:-T—, &c. poﬁ'tisA_-—..%s--R, B =
AR AT P g o84V —aT

2 2 2
ET +4W — 2V AV 4EX am 2 W
—, E — .__L_{.__z__, &c. atque ha-

rum virjum differentia componit vim centripetam.
Vis autem centrifuga eft femper in ratione dupli-
«<catd aree temperis momento defcriptee dire@e et tri-
plicatd diftantiz inverse ; unde fi heec vis fuerit 2qualis
1,
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I, ubi incepit planeta movere in C, erit zqualis
x’xé—-—-U' x;‘;:—_——i— - —:;---UI ubi movetur in 7.
Differentia igitur inter vim centrifugam et centri-
petam, qua urgetur planeta in r fupra defignata
—

1 r’ 1 )
per P, et — x — — U — —= 4 &

xA-l;Bcc}f.—:;fs-]‘—Ccoﬁ—z--s +Dco£%s 4+ &c.

hincque habetur 9 = § x ;I; —_—U = = . %
x~x-l-;- - U. ’
X .
xs ' I ~ 2 " A
x-i x‘A-{-'-Bcof.—;s—}-Ccpf.A-;s—‘—, &c.

Vires, quibus perturbatur motus planete Q_, cim
exprimantui feriebus quorum termini ducuntur in

. 8 . g e
finum vel cofinum anguli-—s, vel anguli hujus mul-.

tiplicis, fingemus differentiam inter diftantias SQ_et
Sr exprimi ferie fimili, ac proptered ponemus x =

1—Q 4+ K cof._-%-s -+ L cof. —3— s -+ M cof. %s
4 Ncof. £, &c. exiftente Q=K 4 L 4 M

-+ N 4, &c. ut fit S7, five x = 1, ubi planetz
Q_et P incipiunt. movere 3 lined conjunionis SC D,
Quantitates autem affumpta K, L, M, &c. funt exi-.

gu=, ideoque erit -;— =1 4 Q—~— K cof. -i—s-- L

) .
cof. =5 ~— M cof. —f—:’-s = N cof, i’-:-—-, &c. quam-
praxime,.
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proxime. Subftituantur ergd in 2quatione fupra tra-
ditd valores quantitatum x, -i-, et U; et fumptd flu-

ente, rejectis iis terminis qui ducuntur in altiorem
quam unam dimenfionem quantitatum @, Q_, K,

L, &ec. prodit v = — M—-—iA—-qu

20kn BT, o 1
+'TXR‘—F_';‘+;3B_KX”X{1“'”S

Qhn S—V o C
+ 13 X 4 TXT
¢hn T—W o ¢ D M : 3
+ 5 x5 +-,-3-X-—~—-—3—xuxﬁn.n:

3

— X E N
+f;’§i‘xy_.?6_§+%x:—:xnxﬁn.%: 4, &ec.
-} Z, defignante Z quantitatem idoneam qua com-
pleatur fluens. At, quoniam velocitas v fupponitur
nulla evadere, non folum ubi s, five arcus CQ = o,
id eft, ubi planet verfantur in prim4 illd conjunctione,
fed etiam in omnibus aliis conjun&ionibus {ubfequen-

tibus, hoc eft, ubi eft angulus -:;-s,' feu PSQ =o,
vel = » X 180° {cripto fcilicet » pro quovis ex
numeris naturalibus 1, 2, 3, 4, &c. fiet. Z =

b
?.f.’.t‘.i._.’f.._ .,tf:_ A — Q_x s adeoque

L fin, =
--—';X”X» (o

20kn — 7 T ® . I
-wm—-ig-xR-—k;w-z-+-t-;B-——Kxnxﬁn. —$

Qhn S—V ., o C L } y, =
+ G x X = xaxfngs

pkn T -—W ¢ D M 3
+ x5 +-;;-x-~——-—3—xrzxﬁn-7s

3 1+
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:p&n V—X ¢ E N 4
-+ = -+ --—-;—xuxﬁn.-;l--s

4
-4, &c.
Deinde, cum fit 2p, five x ad 7p, five x5, ut ve-

locitas v qua defcribitur £p ad vclocitatcm ~:7 -—U

qua deferibitur 7p, erit 5 = v X —

, five, quia va-
—_—— U

X
lor velocitatis ¥ componitur ex quantitatibus exiguis,
. . . N .i' \ .
% == v§ quamproxime¢, et — =v. Verum etiam

zquatio affumpta ¥ = 1 — Q_-< K cof. —st + L
coﬁ-ii—s«}-Mcoﬁ%s-}-, &ec. dat?—:-—-K X —

n

’ﬁn.—x-s—-—Lx—%-ﬁn.-?'-:-—Mx—&ﬁn.—g'-:——N
n n n /3 n

w2 fin. X4 &ec.
n n

Habitis igitur duobus velocitatis v valoribus, eo-
rum termini homologi ftatuantur =quales, atque
inde obtinebuntur quantitates affumpt®, nempe

K =2%x: xsz... XA FL—RT x— 3=

L--—~x e kaxn+1——kan——1-zT
M_..3t3>< x/szn-}-“-—kan-— -3V

N“"*PX x/cVXn-}—z — kX Xn—2—4 W
&c. _
indeque manifefta fit harum quantitatuny progreffio:

5 atque
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atque hoc pa&to habetur femper diftantia x planete
Q_4a Sole.

Jam ut definiatur planetz Q_motus verus qui de-
fignatur per s, dicatur w motus medius, five, quod
perinde eft, tempus quo planeta defcripferit arcum
quemlibet C»; atque ex demonftratis eft @ —

ki 5 unde, fubflitutis valoribus quantitatum, x,

——U
X
-4:-, et U, et fumpt& fluente, ernerg'i't
£ T
W= XR =25 ——

, , Shn* 2
X fin. —n—s—\—nL.— s X 8 — VXﬁn.-’;-

, ' F
+_3_1_1\_/I__.._-f__’.’~.xT_Wxﬁn.—3—-s
n

3 18 £
N kn® T 4 . , ;
+’L_._-§2:’3xV—Xxﬁn.—s+ &c. +Z

denotante Z quantitatem idoneam ut compleatur
fluens. Sed, quia motus verus medio 2qualis evadere
fupponitur in qualibet planetarum P et %on)un&xone

cum Sole, id eft, ubi angulus PS (Lﬁve Zs ®quatur,

wvel nihilo, vel angulo 7X 180°, exhlbente r quemvis
‘ex numeris naturalibus 1, 2, 3, 4, &c. erit Z =

khn é
2Q — ‘f———-x 5. Ponantur igitur F = — 22K 4 —~ i

xR—2 -1 6 =—iL 4 HL x5V,

£
N 2nM ¢kn aN ohn*
A T T 3 + 18t3 x T W I P ""2— -“32"‘?3

X
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4 V—X, &c. eritque motus verus, five s =

! 2 3 |
4 Ffin. —s 4+ G X fin.—s - H X fin. =5 4- I
X fin. —:—-s -+, &e. vel, quia parum admodim differt
motus verus 2 motu medio s = w -}- F X fin, -;:-'w

—}-Gxﬁn.%fw—\‘-Hxﬁn‘.%‘w 4 Ix ﬁn.%w 4
&c. Q. E. L

Corori, L

His ita generatim definitis, ut fpecialis eliciatur in
motu cujufpiam planete inequalitatum menfura, de-
terminandz funt quantitates affumptz.

Itaque planeta P defignet Terram, planeta Q_Ve-
nerem, et quoniam eft diftantia Terre ad diftantiam
Veneris a Sole ut rooooo ad %2333, hec erit ratio
% ad 1, adeoque % by KR A1 =t ==

= —7TITT™

2.91129, &= 3;4 == 0.94975 ; atque inde per me-
thodum in Prop. I, expofitam prodibunt
R =9.3925 V = 11.1964 Y = 5.3380
§ = 16.6782 W — 8.8504 Z = 4.1029
T =13.8877 X =6.9045 &e.

Tum, exiftente petiodo Terr@ annuid dierum
365.2565, et periedo Veneris dierum 224.701, eft

365.2565

365.2565 — 224.701
et cum gravitas in Solem fit juxta Newtobum ad gra-
vitatem in Terram, pasibus diftantiis, ut 1 ad sy
€rit @ == oglygre

Voui. LIL Rr Unde

ex jam dictis 7 =

= 2.59866 5
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Unde, redadlis in numeros formulis in hac propo-
fitione datis, emergunt

K = o.0000103 N = — 0.0000065

L = o.0c00444 O =— — 0.0000024.

M = 0.0000377 O’ = — o.o0000r1, &c.
Atque ex his tandem deducuntur
= =—— 0.0000473 I = o.00c0100

G — — 0.0001078 I" = 0.0000033

H = — 0.0000684 &c.

Hinc ergo habentur valores coefficientium 2qua-
.. 1 2
tionis s = w -+ Fx fin. —w 4- Gxfin. —w 4+ H
x fin. %w -+, &c. ubi s denotat motum Veneris

. I ;
verum, w motum medium, et —w angulum PSQ__

five differentiam longitudinum heliocentricarum Terre
et Veneris; vel, redudis quantitatibus F, G, H, &ec.
ad exprimendas more aftronomico circuli partes, fit

§=w — ¢'’.76 X fin. —:;*w — 22".24 X fin. -;'—w
+ 14711 X fin, 2w - 27,06 x fin. 220 4- 07,68
x fin. > w+, &ec.

Ut cxemplum apponam, efto angulus P S Q_five
-Lw = 40° ac prodibit s = w — 15”.5; motus

igitur medius fuperat verum, eorumque differentia
eft 15”.5.

Computatd hoc pacto differentid inter motum Ve-
meris verum et medium refpectu Sohs, fequenti modo
mnnotefcet quanta evadat cim ¢ Terrd fpettatur. Efto

PSQ_
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PSQ_(Fig. 4.) angulus exhi-
bens, ut prius, differentiam
longitudinum planetarum P et
tempore quovis dato, et in
circulo R Q_exhibente porti-
onem orbite planete Q_, fu-
matur arcus Q_g¢ equalis dif-
ferentiz motuum pradicte, et
dutis S¢g, Pg, centro P et ra-
dio Pg defcribatur arcus ¢ fe-
cans PQ_in 7, atque, ob par-
vitatem arcuum Q_g, g7, erit
Qg :gr:irad. : fin. PQyg;
deinde -%—Sq : }—;%: :: ang. QS ¢ : ang. QPg; adeoque
:fs : ﬁn'l,ifj :: ang. QS¢ : ang. QPg, unde

ang. QPg = ang. QS¢ x I?’;SL x 2221 Dygis

F1aG. 4.

rad.
igitur angulo PSQ_et diftantiis PS, QS, dabitur di-
ftantia P Q, et angulus PQS, adeoque et angulus
PQ_¢: unde innotefcet angulus quaefitus QP p, hoc eft
@quatio motds, proutapparet fpetatori in centro Terrz
locato. Hincque, quamvis fit modica mot{s Veneris
inzqualitas telluris actione genita, qualis tamen fit ut
ateat, libet eam in fequenti tabuld oculis fubjicere.

Hujus tabula columna prima exhibet angulum QPS,
five elongationem Veneris a Sole mediam ; fecunda in-
dicat corretionem hujus elongationis, 4 conjun&ione
Veneris inferiore ufque ad maximam ejus elongationem
quz in orbe circulari eft 46° 19’ 5o’ circiter. Tertia
ct quarta columna eodem modo exhibent elongationem
Veneris, ejufque correGtionem, 4 tempore elongationis

maximz ufque ad conjunétionem fuperiorem.
Rr2 Elonga-
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Elongatio . I Elongatio .
Ven. 3 Sole, | COrrecto- | Ven. a Sole. Correllio.
° 7 1" 1 ° / 7 7 j

° o |l 46 19 50 °
5 © 46 4 2.3
10 ° 45 5.1
1y , o 40 9.5
20 ] — 93|35 7.3
125 o8 |l 30 1.8
30 1.5 I 25 — 44
35 . 1. 2-8 H 2Q 9.2
14° | 29 || 15 11.2
,‘445 . T 27 : -Io N - —
| A - bo
61950] o' llo oo

Exempli gratid, fi Venus 3 conjunétione inferiore
digreffa motu fuo medio difceflerit 4 Sole angulo elon-
gationis 40°, erit vera Veneris elongatio 40° — 2’.¢
= 39° 59’ §7"/.1: pariter, fi ulterits delata Venus
pervenerit ad eamdem elongationem 40°, erit tunc vera
Veneris elongatio 40° of 9”/.5. Eadem omnino funt
correctiones et cum iifdem fignis adhibendz, ubi poft
conjunctionem fuperiorem ezdem eveniunt elonga-
tiones.

Corovri. IL

Ex precedentibus etiam deducitur diftantia Veneris
4 Sole pro quolibet ejus cum Terrd et Sole afpectu,
5 in
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“in hypothefi quod, feclufd Terrz attrattione, in or-

bitd circulari revolveret. Sic, fi angulus 7!1— 5, few
PSQ fit 9o°, vel 270°, zquatio x:=1—Q +K cof. % s
+Lcof. =5 4 Mcof, 25 4 Ncof. £5 4, &c. fit

= 0.9999437 circiter ; et fi it PSQ = 180", fit
% == 1.0000607.

Unde, fi diftantia Veneris 2 Sole in con- 10600006
junctione inferiore ponatur - - '
In quadraturis cum Terrd erit ipfius di-

In conjuniione fuperiore erit - - - 10000607

Item innotefcit differentia inter tempus periodicum
Veneris, quale nunc eft, et tempus illud periodicum,
quale foret, fi unicd Solis attractione in orbe circulari
moveretur. Siquidem, cum Venus poft difceflum
fuum 23 conjunctione ad eamdem redierit, 2quatio ge~
neralis in propofitione tradita, qua exprimit relati-
onem inter motum Veneris verum et medium, evadit

kh
w=—1-—2Q 4 ?—F-'f'x s, five w = 1.0000066 X s

circiter : unde tempus periodicum Veneris eft ad tem-
pus illud alterum periodicum, ut 1.0000066 ad 1 ;.
adeéque, fi nulla foret gravitatio Veneris in Terram,
revolutionem fuam circa Solem maiputis duobus hore
primis citilis perageret.

Proro»
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ProrosiTio IIl. PRoOBLEMA.

In fyftemate duorum planetarum in orbitis circulari-
bus circa Solem revolventium, motum nodorum
orbite planetz interioris, quatenus ex vi planete
exterioris oritur, inveftigare.

Per motum nodorum hic intelligendus eft motus
interfeGtionis plani orbis planete interioris cum plano
orbis planetz exterioris fpeCtato ut immoto. Itaque
efto Sol in S (Fig. 5.) et centro S atque radio SQ_de-
- N m

~au

Fic. 5

feribantur in fuperficie fphare duo circuli QN, PN,
fefe interfecantes in N, quorum prior QN defignet
fitum plani orbis planete interioris Q_, et pofterior
PN fitum plani orbis planetz exterioris, cujus locus
fit in re@t4 SP producti. Eodem centro S et radio
SP defcribatur circulus PK, cujus planum fit plano

SQN
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SQN perpendiculare, fecetque circulum QN in K,
ct in SK demittatur perpendiculum PH: tum du&td
QT paralicld recte SP et T'B in planum SQN nor-
mali, fi linea QT exhibeat vim qua trahitur planeta
Q_in dire&tione QT, feu SP, TB exhibebit vim qua
diftrahitur perpendiculariter a plano fu orbite ; erit-
que triangulum QT B fimile triangulo § P H, atque
adeo, TB: QT :: PH : SP :: fin. PK : 1; deinde
in triangulo fpherico rectangulo P K N habetur,
1:fin. PN :: fin. PNK : fin. PK; unde, conjundtis
rationibus, et {Cripto ¢ pro finu anguli PN K ad ra-
dium 1, hoc eft, pro finu inclinationis orbis QN ad
orbem PN, provenit TB = QT X ¢ X fin. PN.
Samatur jam arcus quam minimus Q_g¢, ad quem
erigitur lineola perpendicularis ¢, @qualis duplo {patio
quod planeta Q_ percurrere pofiet impellente vi TB
quo tempore in orbe fuo defcriberet arcum illum Q_g,
et centro S defcriptus circulus » Q# fecans circulum
PN in # exhibebit fitum orbis planete Q_ poft tem~
pus illud, nodo N tranflato in #; atque in QN de-
miffo perpendiculo 7z, etin Sg perpendiculo Q,
erit angulus ¢ Q 7, five N Q# ad duplum angulum
g Qs, id eft, ad angulum QSg, ut vis TB ad gra-
vitatem (nempe 1) planetz Q_in Solem; hoc eft,
T;}% Qg :: TB: 1; in triangulo autem rectan-
gulo Nmn, et Nz :nm:: 1: ¢; quare conjunis his
rationibus, prodit N» — T x ﬁn'cQN x 3 fed
fupra invenimus TB=Q.T X¢X fin. PN, unde fit
N7=QT X fin. PN X fin. QN x Qg.

Efto SC linea conjunctionis planetarum, fiatque, ut
in propofitione precedente, arcus CQ =35, QgS: 5
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SQ =1; et, quia inclinatio orbis QN ad orbem PN
. . . . A I
exigua fupponitur, erit etiam hic ang. PSQ = —s
quamproximeé; proindeque, pofito arcu CN =a, erit

I LR
QN =s+4-zet PNe=s——s5 -} 2 quamproxime.

Porrd, cim lentiffimé moveantur nodi, arcus CN
{petari poteft quafi invariabilis per multarum planetz
- Q_revolutionum feriem, atque adeo fluxio arcus QN
eadem erit cum fluxione arclis QC. His pofitis, ha-

bebitur fin, PN X fin. QN = J cof. -:;-s — % cof.

x . N ‘ - )
2§~ —s 424, eftque per propofitionem primam
¢k 0 of. £ r

cof. =5 4 V cof. 35 4~ W cof. £5 -, &c. unde
fubftitutis his valoribus in zquatione Nz — QT

——

X fin. PN X fin. QN X Qg, et fumpti fluente per
methodum in Coroll. IV. lemmatis edo&am, pro-
dibit fumma omnium N, five motus nodi, quo
tempore planeta Q_3a loco conjun&ionis C procedens:

» . . . kn .
in orbe fuo defcripferit arcum CQ, =qualis f—;?— in

2
S . I T 1 . S+V 2
;;S—‘—R-——-z;-—}-‘-;—Xﬁn.—;S—‘-
T+W
+

fin, —s
4 n

kn .
A ﬁn.%s -+, &ec. +%7;1n Z x fin, 2¢

2 X I S
=R X e fin, 25— 5 - 24— X —

2n
| e——— S
fin, 2s -+ 24——X

X 2 ' T
M___zﬁn.zs-—-;-s—‘-za-———;
X
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3, T
fin, 25 mm s + 22— X

 §
25+1

T
an —.3

fin.

X

I .
2n— 4

‘ X \4
2s 4 ~:—;;+24—--;X fin. 2;-—-%'—:-“{-2:1

v 1 2 ‘ ot
—_——X fin. 25 - —s + 24, &c. exiftente

T2nf 2
: ——, # S
Z=.2n—-unR-—;;x

, I
21 — 1) + 28— 24210
T v —_
+ 27— 3X2n+ 1 & 2n——4X2n42 = 2n— §X2n+3
4-, &c. atque in his fericbus patet terminorum pro-
greflio. Q. E. L
Cororr. I
Hic liquet multas oriri in motu nodorum zquati-
ones ; fed quia minute funt, et locum planetz Q feré
nihil mutant, ideo .fatis erit ‘rationem habere motiis
nodorum medii et =quationis folius periodice, qui fic
ex pracedentibus deducuntur. Cum in planis parim
ad fe. inclinatis moveri {fupponantur planetz P et Q,
quoties.revertentur ad conjunictionem, angulus PSQ,

: . . - L . . .
five —s, qui metitur eorum diftantiam 3 fe invicem,

evadet = 360° vel = rX 360°, exiftente » numero
integro: et quia, fumpto arcu quolibet A, eft femper
fin. 7 X 360° 4+ A = fin. A; hinc, fi computatur
motus nodi pro tempore conjun@ionum, expreflio
illa generalis et prolixa in propofitione tradita in hanc

, . . ok __S . ——— :
fimplicem abit . X -5 — #Z X fin, 2 + 2a¢—{in. 24,

five pex Coroll. I. lemmatis

et S 3 ——
7 X 7 8—2nZ X fin, sX cof. s 4- za,
Vour, LIL 5s Hic
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Hic eft igitur metus nodorum factus, quo tempore
planetz P et Q_a conjunétione provedti poft quotlibet-
cunque revolutiones ad conjunétionem quamvis aliam
pervenerint, exhibente s arcum a planetd Q_in {ud or-

R . . k
bitd interea defcriptum. ‘Terminus %3- X 2nZ X fin. s

X cof. s - 24 indicat ®quationem periodicam et fa-
cillimé computatur : cumque hec @quatio modo fit

. . . . ¢4 S
additiva, modo fubtrattiva, patet termino altero sl B
exprimi generatim motum nodi medium.

Corovrr. II

Efto planeta P Terra, Q_Venus, et revolationem
Veneris ab und conjunétione inferiore cum Terrd ad
alteram vocemus, brevitatis gratid, revolutionem fjzz-
odicam ; eritque poft unam revolutionem fynodicam

-f;s = 360°, proindeque s =nX 360° = 935" 31’;
hic igitur eft arcus defcriptus 3 Venere inter duas
ejufdem generis conjunctiones. Hinc motus nodi
medius tempore revolutionis unius fynodice, qui juxta

. @knS
corollarium pracedens eft ?f‘: s fit ¢413 = 360°
23".087; atque hic motus imminutus in ratione tem-
poris periodici Terrz circa Solem ad revolutionem
Veneris fynodicam, id eft, in ratione 1 ad 7z — 1,
evadit 14”.44, motus {cilicet annuus nodorum Ve-
neris regreflivus, qui fpatio centum annorum fit
24/ 4//. ‘

. . oknZ  rumaman
/Equatio periodica —— X fin. s X cof. 5 4- 24 ut

adhuc fimplicior evadat, ponamus arcum # five CN
perexiguum

ond
———

5
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pcrexiguum-eﬂe vel nullum, id eft, fupponamus con-

jun&ionem Terre et Veneris fieri proximé in nodo,

quemadmodum contingit hoc anno 1761, eritque
. « 4o CEnZ oknZ
&quatio periodica ——— X fin. s X cof. s = ~———

X fin. 25. Cum igitur fit Z = 32.33 circiter, for-

i ¢4S ohnZ G lari -
mula s — —7=fin. 25, qu per corollarium pr

‘cedens exprimit generatim motum nodi in quali-
bet ferie revolutionum fynodicarum confetum, fi¢
©0.0000068 55 X s — 14”2 X fin. 25.  ZEquatio igitur
periodica 14.7.2 X fin. 25, quam generalem voco, eft
ut finus dupli archs & Venere defcripti in datd ferie re-
volutionum fynodicarum, nec ultra 14”.2 afcendit.
Jam, fi pro s fubftituatur g34° 31/, erit fin. 25 =
fin. 71° 2/, et regredientur nodi, in prim4 revolutione
fynodici poft conjunétionem faGam in nodo, per ar-
cum 23" — 14”2 X fin. 71° 2/ = 10" : et, fi 7 de-
notet numerum quemcumgue revolutionum fynodi-
carum, motus nodi, peracis illis revolutionibus, erit
rx 23’ —14".2 X fin.7 X 71° 2’ ; pariterque, per-
adtis revolutionibus quarum numerus eft 7 — 1, idem
motus erit 7 — 1 X 23”7 — 14”.2 X fin. 7 =1
X 71° 25 pofterior motus ex priore auferatur, et re-
manebit 23”7 — 14”2 xfin.7 x 71° 2’ = fin.r —1x 71°2’
=23"=14".2%2fin. 3503V xcol.r x71°2" — 35° 31"
=23 —16".5 X cof. 27 — 1 X 35° 31’ pro motu
nodi fao, tempore illius revolutionis fynodice, cujus
locum in ferie revolutionum indicat numerus 7.
Exempli gratid, fi defideretur motus nodi tempore:
revolutionis quartz fynodice poft conjunctionem
faCtam in nodo, erit 7 — 4, et regreflus nodi erit
Ss 2 23"
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23" == 16”.5 X cof. 7 X 35° 31 = 29”’. Sic ope
hujus formule 23" — 16”.5 X cof. 27— 1 X 35° 31’
facile computatur fequens tabula, qua exhibet re-
greflum nodi Veneris in plano ecliptice, pro duo-
decim figillatim revolutionibus fynodicis qua proximé
fequuntur conjunctionem Terre et Veneris fattam in
nodo vel proxime ad.nodum.

In revol. |[Regreflus|| In revol. |Regreflus
Ven. fynod. | nodi Ven. || Ven. fynod. | nodi Ven.
14 : 17

1% 1o || o 26

2% 28 8. 39

3% 39 9 30

4% 29 10% LI

5% 10 1%, 8

6. 9 12° 2%

Qui motus poteft, cum libuerit, ad annos communes
reduci.
Denique patet @quationem periodicam, nempe

16”.5 % col. 27 — 1 X 35° 31/, quam fpecialem ap-
pello, ubi maxima eft, evadere 16"} ; ac proinde re-
greflum nodi in. uné revolutione fynodicd nufquam
{uperare 39”;, nec minorem effe 6”1,

Propro-
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ProrosiTio IV. PRoBLEMA.

Tifdem pofitis, variationem inclinationis orbis planetae
interioris ad planum orbis planete exterioris deter-
minare.

Efto NQV (Fig. 5.) quadrans circuli, cui erigatur
perpendicularis V# occurrens arcui 7 Q7 produto in
f, cntque V¢ menfura variationis inclinationis orbis
NQYV fa&tz quo tempore nodus N transfertur in 2.
Eftautem Vz:nm:: fin. QV five cof. QN : fin. QN,
atque n#m : Nz ::¢: 1, ¢ denotante finum mclma-
tionis orbis QN ad orbem PN, .adeoque V#: N7 ::
Xcof. QN-:fin. QN ; unde- V= Nz x c—-—-—————z:Ofc'L%N,
five, quia per propofitionem fuperiorem habetur N#
= QT x fin. PN x fin. QNx Qq, V. =¢x QT
X fin. PN x.cof. QN X Qg. Hmc, cum fit. fin. PN

X cof. QN = ; fin, 25 — -—s 24 —2 ﬁn..-—-s,

fumpta fluente prodlt variatio mchnatxoms, quo tem-
pore planeta Q_a loco conjuntionis C movetur perar-

t3

ckn T
cum CQ," aequahs — f—— in R —— —— xﬁn. verf;-

k
_,+

Y fin. verf. —s -\— W fin. verf. -—s
+—V—-§—— fin. verf. -—s 4 &e. 4+—¢ﬁf-' —Z

2.8

xﬁn verf. 24+R——-x-———-ﬁn. verf. 2:-—-£s+2a~

+ X - fin. verfl 2 25 -} 24 —\- X = fin. verf.

£

28
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2 T X ) I
2‘“7‘+2“+'§x2n+1 fin. verf, 2s+;s+za

I

T 1 3 A% »
+—2-.xm_;_3 fin. verf, 2:——ns+2a+—;xm

.2 A% 1
fin. verf. 25 - —s - za—\——;x—z-—”—__—;ﬁn. verf.

I N
2743

4 w 3
25—} 24 + —x fin, verf. 25425424

I
fin, verf. 2s --%s 4 24, &c.

W

to X e s
Exiftente hic eodem valore quantitatis Z ac in propo«
fitione precedente. Q. E. L

Cororr.
'Si computetur -variatio inclinationis pro tempore
conjunionum, facile obtinebitur; hec enim per

Qckn
28 XZ

formulam in propofitione traditam evadit

X fin. verfl 25 4 22 — fin. verf. 22 que itm, fi
prima conjunionum, 3 qua fumitur motls exordium,
ftatuatur in nodo, ﬁt%‘-? X Z X fin, verf. 25.

Hoc eft igityr decrementum inclinationis orbis pla-
nete Q_faGum in qualibet ferie revolutionum ad con-
jun&ionem, defignante s arcum intered 4 planeti circa
Solem defcriptum. Conferatur hec inclinationis va-
riatio. cum ®quatione nodi periodici eodem tempore
genitd, prout in propofitione fuperiore definitur, et pa-
tebit priorem effe ad pofteriorem ut ¢ X fin. verf. 25 ad
fin, 2. ' '

Ut ad orbem Veneris hac transferantur, quem fi in-
clinari ad orbem Terra fupponatur angulo 3°23 20",

erit
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¢;fs” X Z X fin. verf. 25 == 0”.84 X fin. verf, 2,

Unde paldm fit: 1°. in quacumque ferie revolu-
tionum fynodicarum, poft conjunétionem fadtam in
nodo, decrementum inclinationis orbit® Veneris ad
eclipticam non fuperare 2 X-0”.84 = 1”7.68, quod ¢
Terrd fpeCtatum evadit 4”.4: 2° cum, peratd und re-
volutione fynodicé, fit fin, verf. 2 s = fin verf, 71°2/,incli-
nationis decrementum pro qualibet ferie revolutionum
fynodicarum quarum numerus eft 7, effe 0’/.84 X fin.
verf, »x71° 2/, et pro feric revolutionum quarum

numerus eft » — 1, efle 0”/.84 x fin, verf. r — 1
X 71° 2’5 unde horum decrementorum differentia

erit

0”.84 x fin, verf, 7 X 71° 2’ = fin. verf. 7~ 1 X 71° 2
= 0”.84%x2fin. 35° 37V Xfin. 27— 1X35°31 =

o”.98 xfin. 27 — 1 X 35° 31/, exprimit variationem
inclinationis genitam tempore revolutionis fynodicae
illius, cujus locum in ferie revolutionum denotat nu-
merus #: atque hec variatio, ut patet, nufquam cx-
cedit 0”.98 ¢ Sole confpetta, que {pectatori in centro
Terrz collocato fub angulo 2”1 apparebit. Cum igi-
tur tantilla fit orbite Veneris inclinationis variatio, non
videtur opera pretium de e ulteritis exquirere.

Demontftratis, qua ad perturbationem motis pla-
net® interioris fpectant, fupereft ut, quibus perturba-
tionibus afficiatur motus planete exterioris, viciflim
expendamus.

Proro-
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ProrosiTio V. PROBLEMA.

In fyftemate duorum planetarum circa Solem in or-
bibus pené circularibus revolventium, determinare
vim planetz interioris ad perturbandum motum ex-
terioris.

Simili ratiocinio ei, quod in propefitione primi
ufurpavimus, etiam hoc problema folvitur. Itaque
pofitd unitate pro diftantid planetz P 4 Sole, ubi ambo
planetz P et Q_conjunguntur cum Sole, (Fig. 1.) fiat
SP=ux, SQ =14 PQ=2=2. Sit 1 ad ¢ ut gra-
vitatio planetz P in Solem in diftantid 1 ad ejufdem
planetz P gravitationem in planetam Q_in eidem

diftantid, eritque -:} gravitas planete P in planetam
Qin diftanti4 PQ, Produ&4, fi opus eft, PQ_
ad O ut fit PO— g—’;, et ductd OI paralleld rectz QS

occurrente PS produ&t in I, refolvatur vis PO in
vires PI et O], eritque propter fimilia triangula PQS,

. PO S £ .
POI, vis OI 2"7%%'2%’ atque vis PI =
POxPS§

—Fq = %— five vis PI = ;}Z- quamproxime. Vis
OI impellit planetam P in dire@ione paralleld reGa
SQ, et in eundem fenfum urgetur Sol vi f; qua
gravitat in planetam Q_: exceflu igitur folo vis prioris
fupra pofteriorem, nempe g — -z-:—, cenfendus eft

urgeri planeta P in direGtione paralleld reGe SQ.
Porrd



[ 321 ]
Porro vis ff —_ -?1 ea pars, que agit perpendiculariter
ad radium PS, eft = M —_— —-—x fin. PSQ, atque altera
pars, qua amovet planetam P 4 Sole fecundum PS, eft

ot _ % x cof. PSQ._ Auferatur hzc pofterior vis

z3

. .o . 0
ex vi PI, et manebit vis = + y i e X cof. PSQ,

qua planeta P urgetur verfus Solem.

Efto DCS (Fig. 2.) linea conjunctionis planetarum,
et arcus DP, five angulus DSP vocetur s, denotent-
que P et Q_refpective tempora periodica planetatum

P et Q, eritque, pofito 7 — 3 QQ-, ang PSQ_

':7" Tum, fi fiat £ =1 4 2%, et b= r’ erit uti

in Prop. I. expofuimus, 2*=#*X I—=5 cof. - ~s, atque

-1 R 4-S cof. :7:+T cof. 3:+V % cof. §.r+, &ec.

z‘S - t3 X
oy PS xS
et quemadmodum ibi erat & — .2,—.];—_‘3-(%, hic item
PS S
et b = 2 X &, adeoque valores quantitatum af~

fumptarum R S, T, &c. iidem hic funt ac in pro-
pofitione pnmi

Unde vis -z—f - % X fin. PSQ, qua follicitatur pla-

neta P in dire@tione ad radium PS perpendiculari, fic

. . £ T 1 S—V
exprimetur %— in R— = — — xfin. —s 4
8

Vou, LIIL Tt fin,
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2 T—W 3 V—X 4
fin. ;;-S—‘—' ~ ﬁn.—;s -—‘——-—-;—-—-' ﬁn.-n-s-[-, &e,

Et vis % 4 {i,. — g x cof. PSQ_, qua urgetur
planeta P in Solem fecundum radium PS, fiet

o . %S ] y AT £ , r
;;Jn R-—--—z—-—-,éR—‘——;-—k,.-—SXCOﬁ ns
AV — y W —2V
S+ 2Tcof.—z-—s-a--- T+ P cof. 25
2 n 2 n

L

V4 iX—2W ,
— — cof. -:—'-s 4+, &c. QE. L

2

ProrosiTio VI. PRoBLEMA.
Inzqualitates motiis planete exterioris ex viribus pre-
di&is ortas inveftigare.

Per analyfim in propofitione fecunda inftitutam vis
ad radium P S perpendicularis generabit accelerati-
onem, vel retardationem velocitatis, dum arcus qui-
. ~ ey e \ : kn
libet DP defcribitur & planeta P, @qualem 'f‘tT’L
' $—V

. £ T 1 2
lnb—R--'z;—-'--z-XCO{:-"z—S-— COf.';.f

T—=W of. -,3;—5-- V,';X cof. -:—& — &c. =U
. # T S—V T —W
exxf"s:ntexbz:R-——ﬁ-—--;--‘- e +—
+ ==+ &

Deinde fi feribatur p pro vi il planetz Q_ qua
urgetur planeta P in Solem, prout in propofitione
precedente definita eft, et v pro velocitate afeenfls
vel defcenfiis planete P fecundum radium PS, et jam

5 fupponatur
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fupponatur SP =& = 1 — Q_-}- K cof. —;—s 4L
cof. —:— s <+ M cof. -;3:-: -4 N cof. -f;'-s -, &ec. exi-
ftente Q=K 4L -+ M 4- N -, &c. erit 4
vis centripeta planete P, et —5« X --I-— 4+ ul

¢jufdem vis centnfuga, atque mde habebxtur vV =

.

ol Xy~ o ;
“— U

Tum reftitutis valoribus quantxtatum U, P, %, et
profequendo calculum prout in Prop. II poﬁtxs

A=Kn+ 227y R_.-—.-E- xR —5—5+20

2

B=Lx=> +‘P*”xs..-v.... . XESF AV —2T

C= Mx-+“”*” S T W= X FT A AW =2V

D=Nx2 +~¢é’:3xV-—X—--§;§ka+kX—2W
&c. )

prodibit v = — X R»---f-;- — MM” —Qxs

+Axﬁn..;s-+B xﬁn.;s+Cxﬁn.gs+D

x fin. &5 |-, &c. - Z, et fadd hypothefi qudd fit

v = o ubi angulus PSQ == o, vel 7% 180°, expri-
mente 7 unum ex numeris naturalibus 1, 2, 3, 4,

? £S 204kh
&, erit Z = == X R = — — ¢’ S —QX S
Tt 2 ac
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ac proinde v = A x fin. i—s -4~ Bxﬁn.;“:—: +C
xﬁn.%s-}—Dx%s-}-, &ec.

Tum, quia vis centripeta hic excedere fupponitur
vim centrifugam, cum contrarium fuppofitum fuerit

Xs

in propofitione fecundd, habetur — % = v x -

Iivu
X

. . . v I
five — & = v proximé, et — > = v = K x- fin.

:Ts—}-Lx—:-ﬁn.-z-s +Mx%ﬁn.%s +Nx-‘}—t— ﬁn.—:-.c
4, &c.

Unde fa@i collatione terminorum hujus valoris

velocitatis ¥ cum terminis homologis valoris fupra
inventi, emergent

K= x i w2 AR 20 7T PE)
K=—gxm— % 24R—p Xn— kT xn+ 148

L=--£-3x———n:-—xk5xn—— 1—4iVxnd-142T

n*— 4

M:——;%x;{-akaXﬂf;.;. — kW xn 4343V

o pre———— pres—
N:-—%x;{-_-}zkaXn-—- 2—kXxnt244W
&e.

atque itd patet hujufinodi quantitatum progreffio.
Innotefcet igitur x, feu diftantia planctee P 4 Sole in
quovis ejus cum planetd Q_afpectu.

Ut obtineatur planeta: P motus verus s, defignet w
, fubfti-

motum medium, et com fit % — ——

..I.+U
x

tuantur
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‘nantur valores quantitatum », U, et fumptd fluente,
pofitis

3 = 7T
F:ZnK+¢n : T

R — o —=

£ 2

G=nLt+ 2 5=V
H=2nM+¢kn T W

3. 181‘3
nN okn® T
I=2+55x V=X
&ec.

. b
proveniet w = 1 —-zCL-_--qb z

+ G x fin, -E-s-}- H x fin. %s 4-1Ix ﬁn,.%&-]%,
&c. - Z.
Et fact4 hypothefi quod motus- verus coincidat cum

X
-5
n

medio ubi eft —;—s, feu angulus PSQ =0, vel =7

X 180°, exhibente » quemvis ex numeris 1, 2, 3,

. . khn . 9 i
4, &e. erit Z—=2Q ¢ = % %3 ac proinde, feriptis

I 2 I 2 - o \ ' \
- W, ~W, &c. pro.=s, :';s,v&c. quia parum admodum

differt motus verus & medie, habetur motus verus, five

s:w-—-Fx_ﬁn.;;fw-—Gxﬁn.%w-—-Hxﬁn.i—w
— Ixfin.few—, & Q.E. L

Cororr. I

Defignet jam planeta P Terram, Q_Venerem, et
quia pofuimus efle diftantiam mediocrem . Terre 2
Sole
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Sole ad diftantiam mediocrem Veneris & Sole ut 1 ad
k, erit hic 2 = 0.72333, atque ¢t = ¥1 - 2k =
. 224.701
1.234182. Itemeft n — F=Q = 3657565 — 220701
= 1.59866. Quantitates 4, R, S, T, &c. eofdem hic
retinent valores quos habebant in Coroll. I. Prop. IL.
Verum, ut motuum Terreftrium accurata inftitueretur
computatio, dignofcere necefle effet effeCtus aliquos
ab actione Veneris provenientes, ex quibus derivare
liceret vim attrattivam iftius planete, fed quia {pe-
ciales hujufmodi effetus nulli, quantum noverimus,
obfervationibus aftronomicis explorati habentur, prop-
tered vim Veneris nunc conjeCturd definiemus, ut
inde inzqualitates in motu Telluris computate, atque
cum obfervationibus aftronomicis collate infervire poft-
hac poffint ad eamdem vim certilis determinandam.
Itaque fupponemus gravitatem in Solem effe ad gra-
vitatem in Venerem, paribus diftantiis, ut 400000 ad
1, hoc eft, efle == o've Qui tamen valor vis
@ fi major vel minor pofted deprehenfus fuerit, in
eidem ratione fequentes omnes determinationes au-
gende funt, vel minuend®, adeoque ad juftam men-
furam facillimé reducentur. Erunt igitur

K — — o.00000575 N = 0.00000090

L = 0.00001643 O == 0.00000039 .

M = 0.00000259 O’ = o.00000022, &c,
Indeque colliguntur

F = = 0.00002459 I = o.00000105%

G = 0.00002793% I’ = o.00000042

H = 0.00000345 &ec.

atque reducis quantitatibus F;, G, H, &c. in partes
cireuli,
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circuli, tandem habetur s = w - 5”.07 x fin. _;_.w
” 2 e o Sy o

-—5.76xﬁn.nw o.71xﬁn.”w o”’.22

X fin % w —, &c. ubi s denotat motum Terrz verum,

w motum medium, et -’-:-‘w angulum PSQ, five dif-

ferentiam longitudinum heliocentricarum Terre et
Veneris.

Inde computatur fequens tabula exhibens =qua-
tionem mot(s Solis pro varid diftantid Veneris & Terrd
quam metitur angulus PSQ, five pro vari4 differentid
longitudinum heliocentricarum Terrz et Veneris quam
metitur arcus circuli maximi inter Terram et Venerem
interjectus et fecundum feriem fignorum 3 loco Terre
computatus.

Diff.



[ 328 ]

Diff. long. hel. | Zquatio |{Diff. long. hel.|  Aiquatio
| Terrz et Ven. | motis Solis. || Terre et Ven. | motis Solis.
c 124 o 144
Sig.o. o| — o0 Sig. VI. | — o
* 10 1.6 10 2.6
20 2.8 20 5.0
30 3.4 30 7.0
Sig. I. 10 ] 3.1 || Sig. VIL 10 8.4
20 2.1 20 9.1
30 0.4 30 9.2
Sig. II. 10 | <4 1.6 || Sig.VIIL 10 8.6
20 3.8 20 7.5
30 5.8 | 30 5.8
Sig. IIl. 10 7.5 || Sig- IX. 10 3.8
! 20 86 20 1.6
30 9.2 30| -+ o4
S8ig.IV. 10 9.1 Sig. X. 10| 2.1
20 8.4 20 31
30 | 7-° 30 34
Sig. V. 10 5.0 || Sig. XI. 10 2.8
20 2.6 20 0.6
30 o. 30 o

CororLL:
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Cororr. II.

Si tellus gravitate fud in Solem in circulo revolvi
pofle fupponatur, adveniente Veneris actione variari
debere diftantiam ejus a Sole patet ex hac propofi-

tione. Efto angulus ~;-s, feu PSQ=90", vel 270°, at-
que 2quatio generalis x = 1 — Q 4 K cof. -;—s 4L

cof. ~3—3 - M cof. -g-s <4, &c. in hanc abit x =
0.9999693 ; et fi fit PSQ = 180°, fit ¥ =1.0000053.

Unde fi diftantia Terrz a Sole, ubi ver-
fatur in conjunttione cum Venere,}looooooo
ponmatur = - - ~ - - - - -

In quadraturis cum Venere erit ipfius di- 6
fantia - - - - - = = = _} 9999693

Atque in oppofitione - - - - -~ - 10000053

ProprosiTio VII. ProBLEMA.

In fyftemate duorum planetarum in circulis circa
Solem revolventium, motum nodorum orbis pla-
nete exterioris in plano orbis planete interioris in~
veftigare.

Efto P locus planetz exterioris (Fig. 5.) in orbe
fuo PN, SQ_retta conjungens Solem et planetam in~
teriorem, et dicatur .c finus inclinationis duorum or-
bium ad fe invicem ad radium 1, atque per propofi-
¢
I3
vetur ab orbe fuo fecundum directionem parallelam
reGte SQ, hujufque vis ea pars quz perpendiculariter

Vor. LIL Uu agit

. . * .
tionem quintam eft %;-,—- vis qua planeta P amo-
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agit in planum orbis PN, per fimile ratiocinium quor
uh fumus in Prop. 1lII. prodit ®qualis ¢ x fin. QN
ok @
=

cum plano orbis QN fit ff — % X fin. PN x fin. QN

xPp quo tempore planeta P deferibit in orbe fuo
arcum quam minimum Pp.
Deinde fi defignaverit D locum planetz P ubi ver-

fatur in conjunctione cum planetd interiore, et ponan-
tur DP =g, Pp___ $, DN =a, erit PN = sd-4,

QN ==s 4 - -—«-s -+ @ quamproximé, atque fin. PN
x fin. QN = ; cof. — s--.Tcof zs+-—-s+2a.

Unde, calculum profequendo uti in propofitione
tertxa, motus nodorum factus, quo tempore plancta
P a loco conjunctionis D difcedens defcripferit in
orbe fuo arcum quemlrbet DP, exprimetur per

X et motus interfeGionis plani orbis PN

obn. T S+V 2
g ;s+R— + ;= + ﬁn.‘—;z—s
»—]-T:Wﬁn. 5+V+Xfm,-7—l-5+,&c..

okn .,

= —_—
+—;F1anﬁn.2a-R-— - w ——fin. 254> ~st2a

2n +l
2
zn_“ fin. z.s+;s+ 2a

ﬁn. zs—-—x—s+2a--I X

Y% X fin. 274 a2
-—zxuﬁn.zs—i-za-zx

T
——-..—-X

2;+——s+za-—--—-x2n > fin, 2:——s+za
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w 1
fin, 25 +%s 4 20— 7;‘)( Py fin.

25—3 W ol fin 252524, &
,zs-—-ns-l—za-—zx2n+5ﬁn..zs+”s+2m
S

. . . £ S
exiftente Z =12z 4 11in R-—-Z)(-2---'-‘---_?—:"-;-!-znxw+z
T ; Vv w
+ 27— 1X25+3 + 2n——2X2n+4 + 2n—3X25+5
-+, &c. 1n quibus feriebus manifefta eft terminorum
progreflio. Q _E. I.

1
2n+4

A%
4——2){

CoRoLL.

Hinc in conjun&ionibus expreflio motlis nodi evadit
ok S e — .
— X~ $—nZ xfin. 25 4 24 — fin. 2. Hic-
que eft motus nodi factus quo tempore planetz P
et Q_& conjunctione procedentes ad conjun@ionem

uamvis aliam pervenerint, exhibente s arcum 3 pla-
netd P in fud orbitd intered defcriptum. Terminus
.ok
2t

Qin ———— o qe
alter — Z X fin. 25 4 24 — {in. 24 indicat zqua-
tionem periodicam generalem ; vel etiam, fi conjunétio
illa 3 qua defumitur computationis initium, fieri fup-
ponatur in nodo, vel propé ad nodum, ®quatio pe-
. 1 . #
riodica generalis fit %—;?—Z X fin 25.

Defignet jam planeta P Terram, Q_Venerem,
eritque poft unam revolutionem fynodicam, id eft,

X —s exprimit motum nodi medium, et terminus

. . . I
poft revolutionem Veneris ad Terram, —s == 360°,
: n

Uu 2 proindeque
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proindeque s = 72X 360° == §75° 31°. Quare mo-
tus nodi medius huic temporis fpatio congruens. fit
o&ns 6o° - . . . lutioni
~ 5% 360°, qui imminutus in ratione revolutionis
Terre circa Solem ad ejufdem revolutionem ad Ve-
N .. ok
nerem, hoc eft, in ratione r ad 7, evadit f;; Sx 360°
= §”.20, motus {cilicet nodi medius annuus quo re-
greditur interfectio planorum erbium Terra ac Vene-
ris; atque hic motus fpatio centum annorum fit
8/ 4°I/' '
. . e . Okn
In computo =quationis periodice generalis ——7
% fin, 25, advertendum eft omnes terminos, ex qui-
bus  componitur valor quantitatis Z, eofdem hic effe
. . . t3
ac in Prop. III. prater terminum primum R — -

T . . .
qui ob diverfum valorem quantitatum # et £

‘X2"+I
diverfus eft. Hic igitur provenit Z = 31.59, ad-

k
eoque -%—t-:iZ X fin, 25 = §” x fin. 25; unde patet
@quationem hanc nunquam fuperare 5”. Motus

. e . . . é S

igitur nodi verus, nimirum -2%—,— X—$— nZ xfin, 25,
peractd und revolutione fynodicd poft conjun@ionem
fa@am in nodo, evadit 8’.3 — 5 X fin. 71°. 2/, quia
tunc eft fin. 25 == fin. 2 X §75°. 31" =fin. 71°. 2’;
et per ratiocinium fimile ei, quod in Coroll. 1I.

Prop. III. ufurpatum eft, conftabit 8”.3 — 5.8

x cof. 27 — 1 X 35°. 31’ exprimere regreflum nodi
factum tempore illius revolutionis fynodicz, cujus lo-

5 cum
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cum in ferie revolutionum indicat numerus ». Hinc
computatur tabula fequens quz exhibet regreflum
nodi orbite Terreftris in plano orbis Venéris pro duo-
decim figillatim revolutionibus fynodicis quz proximé
fequuntur conjuntionem Terre et Veneris fatam in
nodo , vel proxime ad nodum.

In revol. | Regrefus || In revol. |Regreflus
{ynod. |nodi Ter.|| fynod. |nodi Ter.

144 . 144

I 4 7 9

2 16 8 14

3 14 9 11

4 10 10 4

5 4 11 3

6 3 12 9

Patet autem quationem periodicam [pecialem,
nempe 5.8 x cof. 27 — 1 X 35°. 31/, ubi maxima
eft, evadere 5”.8, et regreflum nodi in quavis revo-
lutione Terrz ad Venerem non aflurgere ultra 14",
nec minui citra 2”1,

ProrosiTtio VHI. PRoBLEMA.

li{dem pofitis, variationem inclinationis orbis planetz
exterioris ad planum orbis planetz interioris deter-
minare,

Defignet I variationem inclinationis fa®am quo

tempore planeta P defcribit arcum quam minimum
Py,
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Pp, et N motum nodi eodem tempore confeGtum,
ac per ratiocinium omnino fimile ei quod adhibitum
¢ xcof, PN
fin. PN °

¢k ®
fed per propofitionem pracedentem et N == — &

eft in propofitione quartd habetur I —= N x

; e fit [—2%__ ¢
X fin. PN x fin. QN x P, adeoque fit I =7 —
xcxcol. PN xfin. QN x Pp.
Unde, cum hic fit PN = s 4+ 4, QN

s - -;—s-}- a, proindeque cof. PN X fin. QN =

I

+ fin. —I-s -+ fin. 25 4 —s - 24, fumpti fluente
prodit variatio inclinationis genita, quo tempore pla-
neta defcripferit in orbe fuo arcum quemlibet DP &

—_—

loco conjunétionis D, aequahs t3 inR—s -—--;

ﬁn.

X fin. verf. —s -]- Y fin. verf. -s +

¢c£n .
T 1
2t

verf. -—s + ﬁn. verf. ——s -, &ec. -

— Z x fin, verf, za-—}-R-——Fx zn+r ﬁn.verf
2s+——s+2a+-—-x—-—ﬁn.verf 25+za+ -
{x“+2ﬁn.verf 2s+-—s+za-—\-— x“_x
fin. verf. 2:--72-3-}—24.}--2-,(

‘ 3 v
‘S—\-—;S—‘—Zﬂ-{-";xzn

fin. verf.

27+ 3

5 fin.verf, 25 — ;s + 22

4
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+Y2— X zn'_H fin. verf, 25 - 4:-; + 24, &c. Eum-

dem hic habet valorem quantitas Z ac in propofitione
precedente. Q. E. I.

CoroL1L.

Ubi angulus PSQ_eft nullus, vel multiplex anguli
360°, id eft, ubi planete verfantur in conjunctione,
kn

. . . Ll . . . ¢[
variatio inclinationis genita generatim eft i Z

X fin. verf, 25 -} 24 — fin. verf. 22 quz, {i ponatur
arcus DN = ¢ = o, fit %%—'—‘Z X fin. vetf. 25.

Atque hoc eft decrementum inclinationis orbis
planetz P ad orbem planetz Q_faCtum in qualibet
ferie revolutionum ad conjunétionem, initio fumpto
a conjunctione fa@d in nodo, vel prope ad nodum, et
defignante s arcum intered 3 planetd P in orbe fuo
defcriptum.

Si inde computetur decrementum inclinationis orbis
Terreftris fupra planum orbite Veneris faGum poft
quotcumque revolutiones Veneris ad Terram, fiet
pckn

28
hoc decrementum, ubi maximum evadit, non fuperat
0.6, ac proinde in omni cafu negligi poteft.

Z x fin. verf, 25 = o’’.7 x fin. ver{. 25, adeoque
3 oq

LI, 4»



