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1. Account of the Difeovery of a Sixth and Seventh Satellite of
the Planet Saturn; with Remarks on the Confiruction of its
Ring, its Atmofphere, its Rotation on an Axis, and its [pheroidi-
cal Figure. By William Herfchel, LL.D. F. R. S.

Read November 12, 1489.

T N a fthort Poftfeript, added to my laft Paper on Nebulz, 1
announced the difcovery of a fixth fatellite of Saturn,
and mentioned, that I intended to communicate the particulars
of its orbit and fituation to the Members of the Royal Society,
at their next meeting. I have now the honour to prefent them,
at the fame time, with an account of two fatellites inftead of
one; and have called them the fixth and fevensb, though their
Vor. LXXX. B fituation
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2 Dr. HerscHEL's Obfervations

fituation in the Saturnian {yftem intitles them, very probably,,
to the firft and fecond place. This I have done to the end
that in fature we may not be liable to miftake, in referring to
former obfervations cr tables, where the five known fatellites.
have been named according to the order they have hitherto:
been fuppofed to hold in the range of diftance from the planet.

It may appear remarkable, that thefe fatellites thould have
‘remained fo long unknown te us, when, for a century and an
half paft, the planet to which they belong has been: the objet.
of almoft every aftronomer’s curiofity, on account of the fin-
gular pheenomena of its ring.  But. it will be feen prefently,.
from the fituation and fize of the fatellites, that we could:
hardly expe to difcover them: till a telefcope of the dimenfions:
~ and aperture of my forty-feet refletor fthould be conftruéted ;.
and I need not obferve how much we Members. of this Society
muft feel ourfelves obliged to our Royal Patron, for his en«
couragement of the fciences, when we perceive that the dif=
covery of thefe fatellites is intirely owing to the liberal fupport
whereby ‘our moft benevolent King has enabled his humble:
aftronomer to complete the arduous undertakmg of conftrut~
ing this inftrument.

The planet Saturn is, perhaps, one of the moft engaging
obje@s that aftronomy offers to our view: As fuch it drew
my attention {o early as the year 1774; when, on the 17th
of March, with a §i-feet refleCtor, I faw its ring reduced to
a very minute line, as reprefented in fig. 1. (Tab. 1) On the
3d of April; in the fame year, I found the planet as it were
ﬁupped of its noble ornament, -and drefled in the plain fim-
plicity of Mars. See fig, 2. - 1 pafs over the following ve'u', in
which, with a 7-feet refle@or, 1 faw the ring gradually open,
till it came to the appearance exprefled in fig. 3. (Tab. IL.) the

I3 original



on the Planer Saturn. 3

eriginal of which was delineated from nature, on the 20th
of June, 1788, by means of a very good to-feet refleCor.

It thould be noticed, that the biack difk, or beit, upon the
ring of Saturn is not in the middle of its breadth ; nor is the
ting fubdivided by many fuch lines, as has been reprefented
in divers treatifes of aftronomy; but that there is one fingle,
dark, confiderably broad line, belt, or zone, upon the ring,
which I have always permanently found in the place where
my figure reprefents it, I give this, however, only as a view
of the northern plane of the ring, as the fituation of the
planet has hitherto not afforded me any other. The fouthern
one, which is lately come to be expofed to the fun, will
fhortly be opened fufficiently to enable me to give alfo the
fituation of its belts, if it thould have any.

From my obfervations it appears, that the zone on the
northern plane of the ring is not, like the belts of Jupiter or thofe
of Saturn, {ubjet to variations of colour and figure ; but is moft
probably owing to fome permanent conftrution of the furface
of the ring itfelf. That however, for inftance, this black belt
cannot be the thadow of a chain of mountains, may be gathered
from its being vifible all round on the ring; for at the ends of
the anfz there could be no thades vifible, on account of the
dire&ion of the fun’s illumination, which would be in the line
of the chain; and the fame argument will hold good againft
fuppofed caverns or concavities. It is moreover pretty evident,
that this dark zone is contained between two concentric circles,
as all the phanomena anfwer to the projetion of fuch a zone.
Thus, in fig. 4. which was taken the 11th of May, 1780,
we may fee, that the zone is continued all round the ring,
with a gradual decreafe of breadth towards the middle,

B2 anfwering



4 - Dr.Herscuer’s Obfervations
anf{wering to the appearance of a narrow circular plane, pro-
jected into an ellipfis,

As to the furmife, which might occur to us, of a divifion
of the ring, or rather of two rings, one about the other, with
a diftance of open {pace between them, it does not appear eli-
gible to venture on fo artificial a conftruction, by way of ex-
plaining a pheenomenon that does not abfolutely demand it.
If one ring, of a breadth fo confiderable as that of Saturn,
is juftly to be efteemed the moft wonderful arch that, by the
laws of gravity, can be held together, how improbable muft
it appear to fuppofe it {ubdivided into narrow {lips of rings,
which by this feparation will be deprived of a fufficient depth,
and thus lofe the only dimenfion which can keep them from
falling upon the planet ? It 1s however true, that as yet we do
not know of the rotation of the ring, which may be of fuch
a proper velocity as greatly to affift its firength; and that, in
the fubdivifions, of courfe the different velocities for each di-
vifion may be equally {fuppofed to keep them up. If the fouthern
plane fhould prove to be very differently marked, it will at
once remove every furmife of fuch a divifion; but if it fhould
offer us the fame appearance of a dark zone, in the fame fitua-
tion, and of an equal breadth with the one I have obferved on
the northern fide, I would ftill remark, that, fince a moft effec-
tual way to verify the duplicity of the ring is within our
reach, it will be the beft way to fufpend our judgement till
that can be put to the trial. ‘The method I allude to is an
occultation of fome confiderable ftar by Saturn, when, if the
ring be divided, it will be feen between the openings, as well
as between the ring and Saturn.

With regard to the nature of the ring, we may certainly

affirm, that it 1s no lefs folid and fubftantial than the planet
itfelf,
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itfelf. ‘'The fame reafons which prove to us the folidity of the
one will be full as valid when applied to the other. Thus we
fee, 1 fig. 3. and 4. the thadow of the body of Saturn upon
the ring, which, in fig. 3. is eclipfed towards the north, on
the following fide, and in fig. 4. about the middle, according
to the oppofite fituation of the fun. 1In the fame manner we
fee the thadow of the ring caft on the planet, where in fig. 1.
and 2. we find it on the equatorial part; and May 28, 178c,
I faw it towards the fouth. If we deduce the quantity of
matter, contained in the body, from the power whereby the
fatellites are kept in their orbits, and the time of their revolu-
tion, it muft be remembered, that the ring is included in the
refult. It is alfo in a very particular manner evident, that
the ring exerts a confiderable force upon thefe revolving bodies,
fince we find them ftrongly affected with ‘many irregularities in
their motions, which we cannot properly afcribe to any other
caufe than the quantity of matter contained in thering ; at leaft
we ought to allow it a proper thare in the effet, as we do not
deny but that the confiderable equatorial elevation of Saturn,
which I fhall eftablith hereafter, muft alto join in it.

The light of the ring of Saturn is generally brighter than
that of the planet: for inftance, April 19, 1777, I faw the
fouthern part of the ring, which pafled before the body, very
plainly brighter than the difk of Saturn, on which it was pro-
je€ed; and on the 2%th of the fame month, I found, that
with a power of 410, my feven-feet refleor had hardly light
enough for Saturn, when the ring was notwithftanding fuffi-
ciently bright. Again, the 11th of March, 1780, I tried the
powers of 222, 332, and 449, fucceflively, and found the
light of Saturn lefs intenfe than that of the ring; the colour
of the body with the high powers turning to a kind of yellow,

2 . while



6 - Dr. HerscueL’s Obfervaiions
while that of the ring (ill remained white. The fame refult
happened on June 25, 1781, with the power g460.

I come now to one.of the meft remarkable properties in the
conftruction of the ring, which is its extreme thinnefs. The
fituation .of Saturn, for fome months paft, has been particu=
larly favourable for an inveftigation of this circumftance ; and
my experiments have been fo complete, that there can remai
no doubt on this head.

When we were nearly an the plane of the ring, T have
repeatedly feen the firft, the fecond, and the third fatellites,
nay even the f{ixth and feventh, pafs before and behind the
ring in fuch a manner that they ferved as excellent microme-
ters to eftimate its thicknefs by. It may be proper to men-
tion a few inftances, efpecially as they will ferve to folve fome
phanomena that have been remarked by other aftronomers,
without having been accounted for in any manner that could
be admitted, confiftently with other known fa&s. July 18,
1789, at 19 h. 417 ¢’, fidereal time, the firft fatellite feemed
to hang upon the following arm, declining a little towards the
north, and I faw it gradually advance upon ‘it towards the
body of Saturn; but the ring was not fo thick as the lucid
point. July 23, at 19:h. 41’ 8”, the fecond fatellite was 1
very little preceding the ring ; but the ring appeared to be lefs
than half the thicknefs of the fatellite. July 27, at 20 h.
15" 12’/, the fecond fatellite was about the middle, upon the
following arm of the ring, and towards the fouth; and the
fixth fatellite on the farther end, towards the north; but the
arm was thinner than either of them. Auguft 29, at 22 h.
12’ 25", the third fatellite was upon the ring, near the end of
the preceding arm; and my remark at the time when I faw it
was, that the arm feemed not to be the fourth, at leaft not the

third, part of the diameter of the fatellite, which, in the
\ fituation
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fituation it was, ] took to be lefs than one fingle fecond in dia-

meter. At the fame time T alfo {aw the {eventh fatellite, at a

httle diftance following the third, in the fhape of a bead upon

a thread, projecting on both fides of the fame arm: hence we

are fure, that the arm alfo appeared thinner than the feventh

fatellite, which is confiderably {malier than the fixth, which

again is a lictle lefs than the firlt fatellite. Auguft 31, at

20 h. 487 26", the preceding arm was loaded about the middle
by the third fatellite. O&ober 15, atoh. 43" 447, 1 faw the
fixth fatellite, without obftru&ion, about the middle of the

preceding arm, though the ring was but bafely vifible with
my forty-feet refleCtor, even while the planet was in the meri-
dian ; however, we were then a little inclined to the plane of
the ring, and the third fatellite, when it came near its con~
jun&ion with the firft, was fo fituated that it muft have partly

covered the firlt a few minutes after the time I loft it behind
my houfe. In all thete obfervations the ring did not in the

Ieaft interfere with my view of the fatellites, October 16, I

followed the fixth and feventh fatellites up to the very difk of
the planet; and the ring, which was extremely faint, oppofed
no manner of obftruion to my fecing them gradually ap-
proach the difk, where the feventh vanithed at 21 h. 467 447,

and the fixth at 22 h. 36" 44”. .

I might bring many other inftances, if the above were not
quite fufficient for the purpofe. There is, however, fome
confiderable fufpicion, that, by a refraction through fome very
rare atmofphere on the two planes of the ring, the fatellites
might be lifted up and deprefled, fo as to become vifible on
both fides of the ring, even though the ring fhould be equal in
thicknefs to the diameter of the finalleft fatellite, which may

amount to a thoufand miles. As for the argument of its.
: .acredible
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incredible thinnefs, which fome aftronomers have brought
from the fhort time of its being invifible, when the earth
pafles through its plane, we cannot fet much value upon them
for they muft have fuppofed the edge of the ring, as they have
alfo reprefented it in their figures, to be {quare; but there is
the greateft reafon to {uppofe it either {pherical or {pheroidical,
in which cafe evidently the ring cannot difappear forany long
time. Nay, I may venture to fay, that the ring cannot pofii-
bly difappear on account of its thinnefs ; fince, either from the
edge or the fides, even if it were {quare on the corners, it
muft always expofe to our fight fome part which is illuminated
by the rays of the fun: and that this is plainly the cafe, we
may conclude from its being vifible in my telefcopes during
the time when others of lefs light had loft it, and when evi-
~ dently we were turned towards the unenlightened fide, fo that
we muit either fee the rounding part of the enlightened edge,
or elfe the refletion of the light of 'Saturn upon the fide of the
darkened ring, as we fee the refle&ed light of the earth on the
dark part of the new moon. I will, however, not decide
which of the two may be the cafe; efpecially as there are
other very ftrong reafons to induce us to think, that the edge
of thering is of fuch a nature as not to refle& much light.

1 cannot leave this fubje&t without mentioning both my own
former {urmifes, and thofe of feveral other aftronomers, of a
{uppofed roughnefs in the {urface of the ring, or inequality in
the planes and inclinations of its flat fides. ‘They arofe from
{eeing luminous parts on its extent, which were fuppofed to be
proje&ing points, like the moon’s mountains ; or from feeing one
arm brighter or longer than another ; or even from feeing one
arm when the other was invifible. I was, in the beginning of
this feafon, inclined to the fame opinion, till one of thefe {up-

pofed
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pofed luminous points was kind enough to venture off the edge

of the ring, and appeared i the ﬂqape of a fatellite. Now, as
I had colle&ed every inequality of this fort, it was eafy enough
for me afterwards to calculate all fuch furmifes by the known
periodical time of the firft, {ccond, third, {ixth, and féventh-
fatellites ; and I have always found that fuch appearances were
owing to fome of thefe fatellites which were either before or
behind the ring. The 2oth of Gétober, for inftance, at
22h. 357 46", 1 faw four of Saturn’s fatellites all in one row,
and at almoft an eqnal diftance from each other, 'on the fol-
lowing fide ; and yet the firft {atellite, which was the fartheft
~of them all, was only about half-way towards its greateft elon-
gation from the body of Saturn, as may be {een in fig. 5. (Tab.
III). How eafily, withan inferior telefcope, this might have
been taken for one of the arms of Saturn, Ileave thofe to guefs |
-who know what a degree of accuracy it muft require to diftin-
guifh obje&s that are {o minute, and at the fame time fo faint,
on account of their nearnefs to the difk of the planet. Upon
the whole, therefore, I cannot fay, that I had any one inftance
that could induce me to believe the ring was not of an uniform
thicknefs ; that is, equally thick at equal diftances from the
center, and of an equal diameter throughout the whole of its
conftru&tion. The idea of protuberant points upon the ring
of Saturn, indecd, is of itfelf {ufficient to render the opinion of
their exiftence inadmiffible, when we confider the enormous
fize fuch points ought to be of, for us to fee them at the dif-
tance we are from the planet.

‘From thefe fuppofed luminous points I am, by impercep-
tible fteps, brought to the difcovery of two fatellites of Saturn,
which had efcaped unnoticed, on account of their littie diffance
from the planet, and faintnefs; which latter 15 partly to be

Vor. LXXX, C aferibed
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afcribed to their fmallnefs, and partly to being fo near the
light of the ring and difk of Saturn. Strong {ufpicions of
the exiftence of a fixth fatellite I have long entertained ; and,
if T had been more at leifure two years ago, when the difco-
very of the two Georgian fatellites took me as it were off the
{cent, I fhould certainly have been able to announce its exift-
ence as early as the 1g9th of Auguft, 1787, when, at 22 h.
18" 56”7, I faw, and marked it down as being probably, a
fixth fatellite, which was then about 12 degrees paftits greateft
preceding elongation.  But, as I obferved before, not having
time to give my thoughts to the fubje&t, 1 referved a full in-
veftigation of the number of fatellites, and the nature of the
ring of Saturn for a future opportunity. Befides, not having
any tables of the fatellites, I could not confidently fay, whether
the fifth fatellite was not one of the five which I perceived in
motion that night, though afterwadrds I found, that the real
fifth had alfo been in view, and was marked down as a flar,
by the letter 4, in a figure I delineated of Saturn and its fatel~
lites that evening.

In the year 1788 very little could be done towards a difco-
very, as my twenty-feet {peculum was fo much tarnithed by
zenith fwweeps, 1n which it had been more than ufually expofed
to falling dews, that I could hardly fee the Georgian fatellites.
In hopes of great fuccefs with my forty-feet {peculum, I de-
ferred the attack upon Saturn till that thould be finithed 5 and
having taken an early opportunity of dire&ing it to Saturn,
the very firt moment I faw the planet, which was the 28th
of laft Auguft, T was prefented with a view of {ix of its fatel-
lites, in fuch a fituation, and fo bright, as rendered it impof-
fible to miftake them, or not to fee them. The retrograde
motion of Saturn amounted to nearly 43 minutes per day,

7 which
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which made it very eafy to afcertain whether the ftars I took
to be fatellites really were fo; and, in about two hours and an
half, Thad the pleafure of finding, that the planet had vifibly
carried them all away from their places. I continued my ob-
fervations conftantly, whenever the weather would permit; and
the great light of the forty-feet {peculum was now of fo much
ufe, that I alfo, on the 17th of September, detefted the
feventh fatellite, when it was at its greateft preceding elo-
gation.

As foon as T had obfervations enough to make tables of the
motion of thefe new fatellites, 1 calculated their place back-
wards, and foon found that many fufpiciens of thefe fatellites,
in the thape of protuberant points on the arms, were con~
firmed, and ferved to correct the tables, fo as to render them
more perfet.  Fig. 6. reprefents the feven fatellites of Saturn;
as they were fituated O&ober 18, at 21 h. 22" 45”. The
{mall ftar s ferved to thew the motion of the planet in a ftrik-
ing manner s as, in about 3% hours after the above-mentioned
time, the whole Saturnian {y{tem was completely moved away,
{o as to leave the ftar s as much following the fecond and firft
fatellites, which then were in conjunction, as it now was before
the fecond.

By comparing together many obfervations of the fixth fatel-
lite, I find, that it completes a fidereal revolution about Sa-
turn in oneday, 8 hours, 53" 9. And if we {uppofe, with M.
DE LA LANDE ¥, that the fourth is at the mean diftance of 3’
from the center of Saturn, and performs one revolution in
15d. 22 h. 347 38, we find the diftance of the fixth, by
KepLER’s law, to be 357,058. Its lightis confiderably ftrong,
but not equal to that of the firft fatellite; for, on the zoth of

% Aftr. § 2996, 2997,
C2 O&ober,
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O&ober, at 19 h. 56" 46”7, when thele two fatellites were
placed as in fig. 7. the firft, notwithftanding it was nearer the
planet than the {ixth, was {till vifibly brighter than the latter.
1t would, however, be worth while to try whether a good
achromatic telefcope, of a large aperture, might not poilibly
thew it at the time of its greateft diftance from the planet,
ard when no cther fatellite is near; that is, provided it will
thew the other five fatellites with great eafe, as othcrwife there
will be no reafon to expeét it thould thew the fixth,

In the petiod of this fatellite I have employed the obferva-
tion of the 1gth of Avguft, 1787, as, from other caicula=
tions, it feems the revolution is determined near enough to
reach back fo far.

The moft diftant obfervations of the feventh fatellite, being
compared together, thew, that it makes one fidereal revolution
in 22 hours, 40 minutes, and 46 feconds: and, by the fame
data which ferved to afcertain the dimenfion of the orbit of
the fixth, we have the diftance of the {eventh, from the cen-
ter of Saturn, no more than 277366, It is incomparably {mal-
ler than the fixth; and, even in my forty-feet reflettor, ap-
pears no bigger than a very {mall lucid point. I fee it, how-
ever, alfo very well in the twenty-feet reflector ; to which the
exquifite figure of the fpeculum not a little contributes. It
muft neverthelefs be remembered, that a fatellite once difco-
vered 1s much eafier to be feen than it was before we were
acquainted with its place.

The revolution of this fatellite is not nearly fo well afcer-
tained as that of the former. The difficulty of having a num-
ber of obfervations i1s uncommouly great; for, on account of
the fmallnefs of its orbit, the fatellite lies gencrally before and
behind the planet and its ring, or at lealt fo near them that,

’ B except
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except in very fine weather, it cannot ealily be feen well

enough to take its place with accuracy. On the other hand,

the greateft elongations allow fo much latitude for miftaking
its truc fituation, that it will require a confiderable time to
divide the errors that muft arife from imperfet eftimations.

The orbits of thefe two fatellites, as appears from many
obfervations of them, are exaétly in the plane of the ring, or
at leaft deviate {o little from it, that the difference cannot be
perceived. It is true, there is a poffibility that the line of
their nodes may be in, or near, the prefent greatelt elongation,
in which cafe the orbits may have fome {mall inclination; but
as I have repeatedly feen them run along the very minute arms
of the ring, even then the deviation cannot amount to more
than perhaps one or two degrees; if, on the contrary, the
nodes fhould be fituated near the conjun&ion, this quantity
would be fo confideratle that it could not have efcaped my
obfervation.

From the ring and fatellites of Saturn we now turn our
thoughts to the planet, its belts, and its figure.

April g, 1775. 1 obferved a northern belt on Saturn, which
was a little inclined to the line of the ring.

May 1, 1776. There was another belt, inclined about 15 de-
grees to the fame line, but it was more to the
fouth, and on the following fide came up to the
place in which the ring crofies the body.

July 13, —— The belt was again deprefled towards the
north, almoft touching the line where the ring

} pafled behind the body.

April 8, 17%;. There were two fine belts, both a little in-
clined to the ring.

June
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June 20, 14%8. There were two belts parallel to the ring;
but the northern one had fome faint, cloudy
appearance, towards the preceding, or weftern fide.

May 11, 1779. Two equatorial belts. :

~— 13, —— A bright belt over a dark one.

— 22, ——— One dark, and one very faint white belt.
—— A dark belt, and a pretty bright white one,
Jan. 21, 1780. Two belts 3 the moft north clouded.

— 22, —— Faint belts,

May 17, —-— A dark, equatorial belt.

— 23, A ftrong, equatoral belt.

June 19, at roh. 157, With a new, excellent feven-feet fpe-
culum, I fee two belts, and a cloudy appearance,
which is not come up to the middle; but, as it is
a large figure, fome part of it is already paft the
center (this is, provided Saturn turns upon its axis
the fame way as Jupiter does). See fig. 8. where
the ring is omitted.

June 20, 1780. 1oh. 10”, The fame figure is on the difk, but
{eems to be more central than it was yefterday.

~— 21, gh. 25’, The fame two belts; a ftrong, dark fpot,

near the margin of the difk; fee fig. 9.; ring not
exprefled.

10 h. 1/, The {pot not fo remarkable as it was at
9 h. 25",

=~ 26, Small twenty-feet telefcope; an equatorial belt, and -

another lefs marked.

— 29, Two dark equatorial belts.

April 19, Two belts.

Auguft 23, Two belts, a little declining from the equatorial
pofition.,

Auguft
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Auguft 26, A broad belt much inclined; with 200, 250,
300, 400, faint appearances of a fecond and of a
third belt.
24, The belts lefs inclined.
Sept. 2, A darkith belt, but very little inclined; and a fine
white belt, clofe to the ring.
— 5, The belt a little inclined.
— 6, The belt not inclined.
— 8, The bright belt clofe to the ring, andtwo dark equa=
torial belts..

It will not be neceffary to continue the account of thefe
belts up to the prefent time; but I have conftantly obferved
them, and found them generally in equatorial fituations, though
now and then they were otherwife.

We may draw two conclufions from what has been reported.
The firf}, which relates to the changes in the appearance of
the belts, is, that Saturn has probably a very confiderable atmo=
fphere, in which thefe changes take place; juft as the altera-
tions in the belts of Jupiter have been thewn, with great pro-
bability, to be in his atmofphere. This has alfo been con-
firmed by other obfervations: thus, in occultations of Saturn’s
fatellites, I have found them to hang to the difk a long while
before they would vanith. And though we ought to make fome:
allowance for the encroachment of light, whereby a fatellite
is feen to reach up to the difk fooner than it adtually does,
yet, without a confiderable refra&ion, it could hardly be kept
fo long in view after the apparent conta&. The time of
hanging upon the difk, in the feventh fatellite, has actually
amounted to 20 minutes. Now, as its quick motion during
that interval carries it through an arch of near fix degrees, we
find, that this would denote a refraion of about two feconds,

provided
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provided the encroaching of light had no fhare 1 the effeét.
By an obfervation of the fixth fateliite, the refrattion of Sa-
turn’s atmolphere amounts to nearly the {ame quantity ; for this
fatellite remained about 14 or 15 minutes longer in view than
- it thould have done; and as it moves about 23 degrees in that
time, and its orbit is larger than that of the feventh, the
difference is inconfiderable. It 1s not my prefent intention to
enter into a confideration of the amount of thefe refraltions,
otherwife we might perhaps find data enough to fubjeét them to
fome calculation. But what has been faid will {uffice to fhew,
that very probably Saturn has an atmofphere of a confiderable
denfity.

The next inference we may draw from the appearance of
the belts on Saturn is, that this planet turns upon an axis which
is perpendicular to the ring. The arrangement of the belts,
during the courfe of fourteen years that I have obferved them,
has always followed the diretion of the ring, which is what
1 have called being equatorial.  Thus, as the ring opened, the
‘belts began to advance towards the fouth ; and to thew an in-
curvature anfwering to the projetion of an equatorial line, or
to a parallel of the fame. When the ring clofed up, they
returned towards the north ; and are now, while the ring pafles
over the center, exa&ly ranging with the thadow of it on the
bady ;- generally one on each fide, with a white belt clofe to
it.  When I fay, that the belts have always been equatorial,
I pafs over trifling exceptions, which certainly were owing to
local caufes. The ftep from equatorial belts to a rotation on an
axis is fo eafy, and, in the cafe of Jupiter, fo well afcertained,
that I thall not hefitate to take the fame confequence for granted
here. But, if there could remain a doubt, the obfervations of

2 ‘ June
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June 19, 20, and 21, 1980, where the fame fpot was feen in
three different fituations, would remove it completely,

There is another argument, of equal validity with the for-
mer, which now I fhall bring on. It is founded upon the fol-
lowing obfervations, and will thew that Saturn, like Jupiter,
Mars, and the Earth, is flattened at the Poles; and therefore
ought to be {uppofed to turn on its axis.

July 22, 1776, I thought Saturn was not exaltly round.

May 31, 1781, It appears as if the body of Saturn was at
leaft as much flattened as that of Jupiter; but as
the ring interferes, this may be better afcertained
eight years hence.

Auguft 18, 1787. The body of Saturn is of unequal diame-
ters, the equatorial one being the longeft.

Sept. 14, 1789, 23h. 36" 32", Having referved the exami-
nation of the two diameters of Saturn to the pre-
{fent as the moft favourable time, I meafured them
with my twenty-feet refledtor, and a good parallel
wire micrometer. |

Equatdrial diameter, 1{t meafure, 2;,94.
2d . . . 23,11
3d . . . 20,73
4th . . 22,85

Mean 22,81

Polar diameter, 1{t meafure, 20,57
2d . . . 20,10
zgd .. . 21,16

E——

Mean 20,61
Vor. LXXX, D By
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By this it appears that Saturn is confiderably flattened at
the poles. And as the greateft meafures were taken in the line
of the ring and of the belts, we are affured that the axis of
the planet is perpendicular to the plane of the ring; and
‘that the equatorial diameter 1s to the polar one nearly as 11
to 10.

We may alfo infer the real diameter of Saturn from thefe
meafures, which are perhaps more to be depended upon than
any that have hitherto been given. But asin my journal I
have meafures that were repeatedly taken thefe ten years patft,
not only of the diameter of Saturn, but of the ring, and its
opening, whereby its inclination may be known; as well as of
the diftance of the fourth, and fifth, and other fatellites,
which will be of great ufe in afcertaining the quantity of mat-
ter contained in the planet, I referve a full inveftigation of
thefe things for another opportunity ; fince, from the date of
this Paper, it will be fufficiently evident, that there can be no
time for me to enter properly into the {ubjet.

One beautiful obfervation of the tranfit of the thadow of the
fourth fatellite over the difk of Saturn, I muft add, to con-
clude this Paper.

Laft night, November 2, 1789, at 23h. 13" fidereal time,
being always in queft of any appearance that may afford the
means of afcertaining the rotation of Saturn on an axis, I
difcovered a black fpot on the following margin of the difk
of that planet.

At 23h. 21, I perceived a protuberance on the fouth pre-
ceding edge of the difk, which I fuppofed to be the fourth
fatellite going to emerge,

At
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At 23’, T found that the black {pot had advanced a little
towards the preceding fide.

At 307, with a power of 300, I found it ftill advancing,
#nd faw that the {pot was a little to the north of the equatorial
belt, but fo that a {mall part of it was upon the belt.

At 357, the black {pot was a little more than one-cighth of
the diameter of Saturn advanced from the following edge
towards the center. ’

At 397, the fatellite was detached.

At 497, the {pot was advanced {o as to be about one-third of
its way towards the center; and the fourth fatellite near half
its own apparent diameter clear of the edge.

In this fitvation of the planet I took an eye-draught of it, (fee
fig. 10.) as it appeared with the black {pot on the belt ; the lately
emerged fourth fatellite; two parallel dark belts, the inter-
mediate {pace between them and the equatorial one being a little
brighter than the reft of the difk ; the fixth, third, and fecond
fatellites on the preceding fide ; the ring proje@ing like two
very flender lines on each fide of the difk, and containing the
firft fatellite upon the following arm, with the fifth at a con-
fiderable diftance following.

At o h. 5/, the black {pot was got a little more than half
way towards the center. It was much darker than the belt,
and more upon 1t than before.

At 1 h. 2/, by advancing gradually towards the fouth, it
was now almoft intirely drawn upon the equatorial belt.

At 1 h. 13, the black fpot approached towards a central
fituation. ’

At th. 21/ 517, it was perfeQly central, and at the fame

time upon the middle of the equatorial belt.
D2 1 followed
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I followed the thadow of the fatellite with great attention
up to the center, in order to fecure a valuable epocha, which
may ferve to improve our tables of the mean motion of this
fatellite. |

WILLIAM HERSCHEL.

Slough, near Windfor,
November 3, 17392
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