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oA Correttion of the Theory of the Moti .
on of the Satelite.of Saturn, by that [n-
genions Aftronomer Mr, Epmunp
Havcvuy,

SIR,

" here fend you an Affronomical accomnt of the moft remote of all
the Planets of our Vortex, and withal of the moft inconfiderable,
I mean of the Satellite of Saturn, difcoveredin the year 1655 by
Monfienr Chriftian Hugens of Zulichems , who in that accurate Trea-
tife of his Syflema Saturnium, from pag, 25 t03 4 gives us the Theory
of its Motzon as well as the fhorenefs of the interval of time between
his Obfervations would admit; and fince him I know none thac
have gone about to improve the faid Theory,

The late Conjunitions of Fupirer and Satwrn giving me frequent
occafions of viewing them both, with a 7elefcope thar have of ahout
24 foot, and pretty good of that iengih, 1ealily remarqued this Sa-
tallite of Satarn, and baveing found it, in a convenient pafition to de-
termine its place , I percieved that /7ugeas’s numbers were confia
derably run our, and about 15.degrees in twenty years too f{wife ;
this made me refolve more nicely to enquire into its period 5 and ac-
cordingly I waited till T had gotten a competent number of Obferva.
ziows , the moft confiderable whereofare thefe.

1682. November 13°13* 0o’ PM. the Satellite appeared on the
North fide of Saturn, and a perpendicular let £all from it onthe tranf-
verfs diameter of the Rirg , fell upon the middle of the.dark fpace
of the following Aufe 5 and the fame night 19" 0o’ it had paft
the Conjurition, and the perpendiculer fell exally onthe Weffern edg
of the Glabe of Sanrn, asinTab, 2. Figure 8, The Northern Lati-
tude, and retrograde motion, made it evident that the Sarellite was
then in Perigeo.
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A2ain November »1° 167, 15", this Satelliie of Satwrs Wi on hig
South fide, the perpendicular on theline of the Arfe fell on the
middle of the dark fpace of the Weftern Anfe, and the famenight
19 0o the perpendscular fell precifly on the (euter of Saturn, and
the diftance therefrom was fomewhat fefs than one digmeter of the
Ring (asinFig. 9.) by this it wasevident that the Sarellite was in

Apogaeo.

I obferved itin Apogeo againon the 24th of Jaunary 1633, at 8",
oo’ I M. the perpendicalar on the linc of the Axfe fell exa&ly on the
Weftera limb of the Globe of Saturn, and at 9" 30’ PM. the faid pera
pendicalar fell within the Globe more than half way to the Center,
and the diftance from the line of the Anfe towards the Seuth feemed

much about one diameter of the Ring, Fig. 10,

Laily, Ftbruary 9", 1683.6" 16’ PM. it was againin eApogeo;
and I could by no means difeern towards which fide itenclin’d moft,
nor whether the tranfver(s diameter of the Rizg, or the diffance of the
Sarellite therefrom were the greater 5 {o thar at that time it was

precifly Apogeon, Fig, 11,

To compare with thefe, I chole tivo out of thole of Monfienr Hue
gensy which feemed themoft to be confided in; the firft made
¥G659, March 14> fl.n. 127 0c', at the Hague 5 when the Satel-
lite appeared about one diameter of the Ring under Saturn, butic
was gone [o farr to the Wefiward, thathe concluded, thac about four
hours before, or 7", 40'.at London, it had been in Perigao. Fig, 12.

Again <March 22°, 1659, 10" 45", the Satellire was a_whole
diameter above the line of the Anfe, and the perpendicular thereon
fell nearly upon the extremity of the Eaflers Aufe. See Fig. 6.

I could wifh that we had fome intermediate Obfervations, but
there are none extant that I canhear of 5 fo I proceed to the fearch
of this Sarelli’s period.

By the firft of my Obfervations it appears that the Satellsre was in
Perigao 1682 November 13° 17" 00\.circiter , at which time Sa-
turnwas 3% 217, 39" from the firft Star of Aries, in the Ecliptick,
but the Earth reduced to Saturns Equinoftial, and the Satellite was
9%23°46'.a 13 * 7, And March 4° 1659, 7" .40, Saturus

place in the Ecliptick, wWas 6% 0° 41’ but the Earth reduced and
- confecuently
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confequently the Sartlfite In 11% 28", 18" & prima Stella Avietis.
Theinterval of time is §5 55 daics, 9 hours, 20 minutes; inwhich
the Sarellite had made a certain number of Revolutions to the fixe
Stars, aad befides 9% 25° 28/, or 295 degrees, 28 min. whole (iue-
plement toa Circle 64° 327, 15 2 daies, 20", 36' motionof the Sa-
tellite, according to Fugens.So that 8658 daies,s",56/ or 12467876
minutes of time, 18 the time of fome number of intire Revodurions ;
and dividing that interval by 15 daies 22 hours, 39 minutes, or
22959 min. (the Period of i’iﬂgen:).ghc Quotient 543 fhewes the
number of Rewolution:3 ind ag2in dividing 12467876 min. by 543,
the 22961 5 min. or 15 daies, 2280 41% 6/ appears tobe the true
time of this Satelli’s Period, Hence the dinrnal motionwill be 22°.
34" 38" 18", and tha Amnal befides 22 Rewolutions 15, 20°. 43",
Having made 7ables to this Period, I found thatin the Apogeon Oba
fervation of Hugens the Satellite was above 3 degrees falter thanby
tny calculns, and thitin the three other Obfervations of my own be.
mg likewife in the fuperior part it wasabout 2% degrees {lowet than
by the fame Calealation, Wow “tis evident that thefe ‘differences
muft arife from fome Eccentricity in the Qrbite of this Satellte, and
thatin CHMareh 1659, tha Apecronion (as I may call it,) was fome-
wherein the Oriental Semicirele, and that in November 1632 it was
in the Weftern Semicircle, and fuppofing the Apocronion fixe, it muft
neceflarily be between 95.23° 46/.and 115,28° 18", 2 12 % ¥ that be-
ing the common part between thiole tho Semicireles: and becaufe
the difference was greaterin Hugen's Obfervation than in Mire,
*ewill follow that the Linea Apfdzns, or eApocronicnhould be near-
erto 9% 23° 46'. chanto 11% 28° 18/ I will fuppofe 1.5 22° oo’
a prima Stella Arietis, (which happens to be alfo the place of Sarurs
Eqninox,) and the greatelt eguation about 2% degrees. Upon the
fcore of this snequality the mean motion of the Satellite will be found
about 2° 45! {lower 1n 23} years; or 7 min.in a year, whence I flate
the dnnual motion 10°% 20°. 26! above a2 Rewolutions, and the cot.
re& Epocha for the laft day of December 1682 at Noon in the Merid;-
an of London 9%, 10° 15'.@a1* * v, from which Elements I com-
pofe the {ollowing Table,
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Tabula Motus Medis Satellitis Saturnii,

ab Hugenio wventi, a prima % 7.
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T here fuppofe the Linea Apfiduss fixt,as having no arguments {rom
Obfervation to prove the contraty, tho it be very probabile thar asthe
Ap:geon of our Moonhas a motion about the Zarthin about 9 years, fo
thic £ this Satellize ought to have about Satrre, buc with & much
longer Period ;which furure Obfervation may difcover.

The diltance of this Sarellire from the (uuter of Saturn feems to be
much zbout 4 Diamiters of the Kisg, or g of the Globe, and the
plaie wherein it moves very licele or no ching differring from that of
the Nisg, thatisto fay, interfe&ing the Orbof Ssinrn 4°.220.and
10% 2294 12 % V', wichan dagle of 3 3% degrees, {o as to be nearly
Parallel to the Earths Eqrgror ; whence the Latitude of the Apogeon
Semicicle from 4% 220, to10% 229 of Satisss Lo;sgx'md;, will be
Northern, and of the other Semicircles Somhern; and the contrary
in the other half of Saturns Losgitnde, to wit, from 1cs, 220, to 4%
22° of his diftance fyom che firft Scar of V.

It follows noW to thew how by the help of this Table to compute
the place of this Sarel/ite, to any time required.

Firftn e muft have the true Losgitnde of Saturs from the Earth,
and numbred from the firlt Star of v, (or rather the place of the
Earth viewed from Satsri togethes with its Latitude (ron the Orb
of Saturn, but chac being never fully + of adegree we negledticasa
zicety) and therefrom [ulffraft yo% 220, thére remains che diftance
of Saturn from this oEqguineitial poinr, with which diftance
as with the Longitade of the Sua, take out the Righs Afcenfion and De-
¢hinatisntherero (231 degress being the ob/ignity common to both )
and to the Right Afcesfion adding 10% 229, the fum fhall be. the
Longitude of che Satelli’s Aprgeon. Then fuy, As Radiss o fie of
the Declination, {0 S to the gicatelt Lariiude in Apogao, or Perigeo in
the pares of the femidiamiter ol the Ring.,

Next collelt the mrddle metion of the Satellite, and from it fub=
Sratt 1cd 2205 che remainder (hall be che mean Aremalywithwhich
tnthe Table of the Aloous primary Equation ; take out the Egeatio:
anfvering thereto y and the half thereof wdded or fubfiralled o ot
from the middle motion, 2ccording tothe Titley gives the true motiu
oir of the Satellite, from-which [sbffractche Apigasn, and if the re-
mainder be more than 6 Sigxs, the Satellite is Ceerdental 5 If iefs O-
riental, and as Radins to Sine of the rew aindsr,fo € vo the Semidiami-
rers of the Rirg 5 or 18,10 the Semidianeters of the G lobe ; that the
Sacellite 1s 10 the Eaffward ot Hefbwird of the center of Satays, ac-
cording to the afore-going Precept.

Laltly, As Radips, o Co-fiue of the (aid remairnder , fo is the
greatelt Latjtade from the live of the Anfe, 1o the Lasitade foughr_.r

arLg-
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Here Note, that T purpofely negledt the sueguality of the diftance,
arifing from the £¢censricity, as being too {inall tobe any way obfer-

vable.

Laftly toclear all difficulcies thae may arife to them that are buc
litele werfed in chis fore of Calenlariin, Thave added Two € xamples
of the work, that where the FPrecepr may feem obfcure it way be

thereby illufirated.

Anno 1657 Maii 19 [l n. Hugens Obferved the Satellite very near
toSatur» on thehestern ide,and very lictle above the live of the Anfa.
1 {uppofe this about 1ob, p. m, Auno 1658 Martii vio, 10" flon,
he Obferved it again, and ich of it, difficile confpicishatnr , quippe
propingsins admodum Sacutno,Orienten: [pectabat, erarq; Arfurum lined
aliguasito inlcvior. & quafi [wbh Saturno tranfiturns. Letus now Calcu-

late tothefe o times,

1657 Maii 90, 9% 40's Losdin

Sazpurint Locss m. 28 . 57/
h a2 %y 5% 0. 32
s AEguinahs fube  To. 000 00
Wb AEquinolt, 6. ». 32
Afcen, Rellan--- 6. 7. 50
Apogaon. 4e 294 50
Declin, Auff, 3, 23
Med. Mot, Satel.
1641, 8% 20% 17!
16. 5¢ 29. 54
Mai 6. 9. 14
. 6. 23, 12,
o" 40’ 9. 5
Long. Med, Satel. 4. 1o, 42
Apocros. 10. 22. 00
Anomalia 5. IS, 42
A guatio [ub. 31
Long. Ver.Satels 4. 10. 11
Apogaon 4. 29. %o
Refidnam Ii, 10, 21
b, e ante Apogesm 19. 39

ergo 27, Semsid. Annnli ad occafuns
5 5o ad Boream.

In each agrecing exallly with the Defcription and Figure of

Monlieur Hugens,

1658, Marti; 1°

Satorni Locus
han*xny
£ 7 uinallinm
h ab e £Equin,
Afcen. Reila,
Apogeon
Declin, Anft,

10"

2 169 24!
5% 17% 59
16 22. cO
6. 25, §9
6. 24. §
s. 16, 5'
10, 4

Med, Moz, Satel,

1641, 8% 29% 17!
I7. . 20, 30%
Bartii, g 12, 32 i
14, o 22, 4%
10 9. 247%
Lorg, Med, Satel, 11, -3. 49
Apacron, 1c. 22. 00
eAnomalia o, 1l. 49
A guatio [nb. o. 30
Lozg. Ier, Satel, 11, 3. 19
Apogeon 5. 1.
Refidunm 5¢ 174 14
b. e, ante Perigsos 12, 46

-

binc provenit 113,

Semid, Ann,ad ortum,

O 130, ad Auftram five infra,
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1 here call the Plase of this Satellis’s Orb, which hitherto 1 fup-
pofe che fame with that of the Ring, Saturss Equinvitial , not that
any difcovery hath been able to prove that the Axis of that Glsbe 1S
at right Angles thereto,but becaufe it has pleafed Mr. Hugensto call
it fo, and likewife becaufe it 1s fo nearly Parallel vo our G lobes Eqmi-
nottial ; Neverthelefs to fpeak my Opinion, Ibelieve that the Axis
is inclined, and that notalittle, to the Planeof the Ring; for as
the refleftion of the Suns light from the Rizgis a great convenience
to that Hemifphere of Saturn, whichbeholdsits illuminate fide fo
the other Hemi[phere is very much incommoded by the thadow of the
Ring , which for many Mowths, and in fome Parallels for fe-
veral Tears, occafions 2 continual Night by the interception of the
Swns beams, which isa confequence that demonfiratively follows
the pofition of the Ring in the plane of Saturns Egquator,” Now this
great inconvenience would be in fome meafure relieved by the ob-
lique pofition of the Axis, for thenthe Parallelsof Latitude inter-
fe&ing the plane of the Ring, many and in moft cafes all of them,
mighc for (ome time in every Dinrnal revolution of the Globe free
themfelves from this Ec/ipfe, which otherwife were fufficient to
render this Globe of Satars unfic for any fettled habitacion; but this is
but conje&ture.

The other Two Satellites of Saturn difcovered. by Signor (affin ae
Paris Amo 1672 and 1673, I muft confefs 1 could never yert fee.
T have been told that they difappear for about § of Sarurns revolutior,
and were only to be feen when the d4nfe were very fmall , it being
fuppofed thac the light which proceeds from the Axfe when confide-
rably opened might hide thefe Sasellits.  In the year 1685 when the
Asfe will be quice vanifhed, will be a proper time ro lookafter
them, that fo we'may bring their Motion to Rule,-and know where
to find them , for want of which knowledge ’tis likely chey are at pre-
fent not to be found.

Obfer.
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