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1 llalia y satiny
or grand objects bt the solar
termtern saturn is truly the most wonderful
this magnificent orb encircled bya myrtensystemX

of rings and accompanied by eight moons
performs a revolution around the sun at
tJiemean distance of MG of miles in
10 of our days orot Ein kutlutabout years
darizwhen nearest the elebearth it laIs of
miles distant an interval which childcould not
be traversed by a cannon ball flying with
a velocity of aesues an hour in less thaithan
about years circumference of itsito
orbit is of miles a distance so
great that a steam carriage moving at the
rate miles an hour would require
above years to complete thetho journeylourney
saturn rolls in silent grandeur around this
whole circuit at an average rate of
milesmlle everyeiery hour

saturn is nearly as large as jupiter being
miles in diameter around this stu-

pendousperpeiidous globe are two magnificent rings
situated inthein the plane of the equator and
nearly concentric with the planet and with
each other the inner edge of the interior

several thousand miles distant frowfrom
the surface of the planet and consequently
hhaas no contact or connection with it from
the inner to the outer edge of wethe interiorinterioi
ring or its breadth is nearly equal toio its
distance fronifrom the planet the interval bebett
tween the Interiinteriorpr and exterior isIA
1791 miles erofrofroni theli inner to10 the outer
ededge of the exterior ring or its breadth to
10 miles thathehelhee thickness of these ringringa
can not exceedemceed miles these ringi
haeharenono connectlonloa or contact with each
other let it be understood that chesothesthea
rings do not encircle the planetplaz in the forntornoajaroadbroadproadroad belt otor zone extending several
thousand miles each Wade of the equator
buthutburtheythey encircle that bloglogloreinglobebeinheinin the plane ol01ofisits equatoretiedi witti their edges directed toetorto
wardsits centrecontre the dimensions of this
extraordinary appendagee as calculatedAItaltdit 4
fram professor strivesves mi mea-
sures are as followsfallow

1 fc t 51

exterior diameteralameter of exterior ring mue
interior do do 2breadthof I1 I1 1 1I da u
exterior ildiameterlimiter of interior ring
interior i idoadoi do do 14

breadth of do 11

equatorial diameter of the planet I1 Is
laterintervalI1 between the planeplanettandand the

d interior rindringAintervalervalenval between ahethe rringsings4 17911
thickness ortheodtheof the rings not exceeding ililil

be perceived that the thickness of
the rings is incomparably smsmalalieralletlerlei thathann
their breadth from recent observation 11

itisit is believed that thetho rings are not only
double butbui that they are separated by pounfoun
and 4frome observersobservera declareleclareclaie byby six1 I
divisions these canoan he iestie

upon shenthen therathere inuss 06 axeare anansperhaps a
bermherm interyl betweenbethgen eachvach rI1
must tebe exceedingly

aburn tipappearpears striped mwwill
dardaxdarkkundand bright belts running parallee
withwim its equator these belts araare broadeisie
than those of jupiter but the alteralternationnatio
of light andana shade are fessless strongly markedthese belts are no doubt produced by I1a
similar cause to that operating upon jupi-ter

1

being the results of thathet great atmos
pharic currents arising from the dlfdifdifferenceferenc
of tmtemperature in lerentdifferentdlfdif latitudes anandgreatly modified in their direction andvelocity by the swift rotation of that plapiaplanetep
upon its axis 1

the axis of rotation laIs perpendicular til
the plane of the rings and also to the beltsbemthe planet revolves from west td east in aiperiod of 10 hours 29 minutes and I117
seconds the ring revolves around thifhiheplanet in its own plane in thetho period ofor 110
hoursboursbourdi 32 minutes and 15 seconds weichtalmost exactly the same pernodperiodp 9ass jhb
planets rotarotationtioff there being 0onlyn I1 iwo
minutes and seconds58 difference whetherW ege
theuhe goseverale ringsings revolve in the sarno
period hhashaa diotriot been determined blobs ervitionatlon bbutut it is eextremely probable fromcertainan mechanicalm ons foundedon tha laws of force lnaandana distance thathatt theretherelmust beabe a difference in their periods inorder that the system mayinay be maintainedin a stable form ofequilibrium

n ho W 14thee ringsrings aarera
preventedhinamina from

gem breakingbdifede t g upp andin d tailingfalling
iari vt surfaceaeb of the planet the
ITansweriweniwer to tthisidisas the great centdentcentrifugalr 1 al forcelilillr iorotationtation ifir a moon were pplacedelz at the
distance of miles from the centre
of saturn it would revolve around the
planet in exactlyinexactly the same period that the
ring nowhow revolves A satellite then in
order to have the same period with the
nagiringi would actually occupy a position in
theexterior ring at a distance of 23882288 miles
from its interior edgeegge or miles
from its exterior edge the centrifugal
force of a satellite inili the exterlorringlorring would
be just equal to the centripetal force to-
wards the planet therefore it would have
no tendency to fall towards orof recede from
the planet nolif we suppose two three
oraor a hundred moons situated at the same
distance from theahe planet they would all
hayahaye the sameparne periperiodfd and consequently
mouldwould bobe under the same influence of the
same two antagonistic forcesand would
docontinue to revolve aatthebitne samesamme distance
lfoyelanueif instead of a hundred moons weiwe
suppose 9 moons joined side byuy
side encircling the planet at the saniesame dis-
tance fronifrom its centre subhsuch a
wbuld hivohave no moreinore tendency to collacoliacollapse i

fitalldr falltail towards the planet than one moon
would and further if every moonmool in this
varingtt I1 instead of being spherical ghoulie betbei
flattened4 ned out sopo aas to form a ring aimalmsimilarilir in
everyeveny respect to the exterior ringdg thatthaita
actually surrounds saturn A a ring
would revolve in the same peperiodiodlod and acat
thee samesimel distance as one moon ardndand would
have no disposition to fall towards saturni
though it were broken into any number 0
fragments

the interior ring if it had the same peipe i

of rdrotationtation as the exterior would have
a tentendencydoncy to fall to towardswards the planet fonfoe
with the same period the centrifugal forforceforoe
wowoulduld be less than the ceciicentripetalpetal topree
vententont this tendency to fall the rotation 9
the interior ring must have its velocity inindini4
ceasedci eased in the inverse proproportionponti n of th
square roots of the distances otoof the tw
rings that Is the middle portion of the iniimin i
gerior ring idis miles from the centrecontre
while the distance of the point in the exte-
rior ring at satellite would revreyrevolveolVet
inthein the same time as the miles
the square root of the first number is P

thetha square root of the second is there-
fore a point on the middle of the breadth ofot
the interior ringting wouldouid edvemove miles
while the point in idethethe exterior ring moved

miles
the actual velocity of the nearest point

would be miles per second while
the actual velocity of the other point would
be milesmlle per second if the exterior
ring revolves in loh the interior
ring should revolve in ah limilin nearisnearly
ah alm sooneradoner with these volvelvelocities
neither of the rings would havebave any ten-
dency to coUcollapseapse

the quantity ofmatter towards which the
outer ring gravitates is a trifle greater than
ther quantity towards which therinnerone
gravitates therefore for thia tathetha
innerinper ring must move a qa egrain

ha

slower than Wothit otherwiseerwiffe wonI1 alavepiavevFnotnob madeade thehe nenecessarycbs arY alf wg 6 arvitarvillaafithi
I1r
e

foregoing calculationsealecale
although thetilo greatbredt t atilid0

ca31 norgonorgeborefdo 46

rrotation is calculated to ie ifringal
from contracting antiluneunir they filially coalescekieckide el
with the stirsurfacefaedefaide bf the plapiaplanettiet providingovidia I1

that gravity ofor the xaringsngsanandano
planet exactly coincide theseth se con-e cen-e con-
trestres fro external s wahawhatsoevertsoever
become separated by ever so ssmallin allali an
amount it can be demonstrated that the dedel 1

ganFanrangement will go on increasing moiemoremoreaneand
more until the edge of the ring nearest totto
the centre of the planet will finally come iq
contact with its surface an equilibrium
of instabilityis the name given td this kind
of mechanical conditions it maymv be exem-
plified

4

by balancing a rod upon the tip 0of
the finger while the rod stands in ana
exact vertical position it maintains itsellitselfitsell
inalnain a state of equilibrium and hashagai no teriterl 41dency to falfai but this equilibrium la t

ble for the slightest deviation froinfroiarom h
vertical wilywilt constantly be increased antl
ththe roarodiod failsfalls anaann the equilibrium Isa dpdes
troyed

therethero is another species ol01 equilibrium
thatthit may be called the equilibrium of ifillindof
fefereneeferenceretice for instance letiet abroduesarodUesaspeindandoc
by ltvits centre of gravity an 0 if I1
be turned in any position iliid a vertical plane
it will have no tendency to restreitgro I1lc
Jshits originalginal positpositionign or to increase ita devi
atlon but will remain entirely
to any changechan 0 Jif this rod be
like alib and be mademadd to legialeyiatt
from the verbal it immediately seekssees t
return again to itsiid original position as I1is
manifested by its oscillations on each siasla
ofbf its centrecontre of gravity this Is an equilia
gium of stability all derangementsderange ments fran

kind bof equilibrium arevievre not perma
delit 1 delther do they gogolroongoonon increasing hutbutbu
are counteracted by the constant tendency taW
return to thetho primitive condition of equil-
ibrium

141 casacaseI1 the rings of saturn were equally
thic and homogeneous that iaIs composed
of leattormatter of0 equal density whether theythem
werewore exactly concentric with the planet br
nohnot the system would be in a condition of
unstable equilibriumequilibriam and therefore would

i with the slightestslighest derangement speespeedilydUTduy
destroy itself

to construct an equilibrium of stability
three thingsthing areire necessary first one partart
of the ring mastbe thicker or denser thanttrian
other parts second the centre of position
of the ring must be without the centre ofofa

the planet andd thirdd thethe ecentreentre of tietlehe
raringg musta t revolve1v aroundr U d the common cencon
trette of gravity of the planet and ring in a4
minuteminuty orbit it can belie analytically de-
monstratedrated that with these three condi
eions the system would be in a state of
stable equilibriumeq by observation it is
found thatmat these conditions do actactuallyeallyVally
exist the ring s actually observed toto bee
talcthickererlaerloanfn some parts than inDA otherss it is
also actually ab served that the ring is not
concentric with the planet and it is further
observed that the centre ot the tillring does
revolve arounaronnaroundd the common cencentretre of
gravity

through these causes therefore the
system will be maintained through indefi-
nite ages without any danger of0 perman-
ent arising froinfrom the slight
deidegdeviationslations occasioned bylay theltha unequal
action of orpr by other causes I1

wenwhen it known that the interval be
tweeniween thelthe rings does not exceed 1800isoo muesmiles
hinr exquisite must be the adjustments
to prevent them from collapsing neltha
of thelthe planer if of equal thickness
and depdensitysity would alter its relative poipopol i

by iitsts ownown mutual gravitationsgravitationsi
bulbut one ringning in the course of a very short
time might be precipitated upon the other
by the operation of some external forforcece
unless prevented by the three conditions
which v Q havebave already specified aaapaai necesisfecessaryiby to their stability

the 0oj the rp tation odtheof he rings
is much greater thanthin their orbilual velveiveloa
cittyay amount the sungun Ttheie cadcircumfederiferii
elpe of t We oabeothe 4 04outerr rillrin
14 over miles itilil theretherelereeret ii

beheflaveelaveaver NAdrou29009 mies every hour alil
be velocityiy I1ia the r around the un 11

only 1I 01miles perporar hourhounouroun during
thitopic jh he0 aabsolutep vevelocityoeI1 y 0of
that point 0o thothe xing be mosmostmosit distant
from the sun resulting from both of these
motions willwilI1 bebo s milesnines perpei hour totoi

tbtthe easteaseeasteasi while chati point of hethe ring nearmear i
eesefistes the sun will be amovmovingI1 ng woh an abso-
luteta velocity of nimilesleslei per hour to the
westest eromfrom their noon till their midnight

a periodperiodofof only about 515 hours there
must be aaan average ebanchanchanechangee of absoluteblute
velocity of about miles per hour

the inclination otof the orbit of saturn to
the plane of the ecliptic is equal to 2 deg
29 m s the inclination of the equator
and ring to the plane of its orbit is equal
to 2328 deg lim the plane of the ring in
the year 1871 1intersects the plane of the
ecliptic in two points namely deg 47
m 8sj and de0 eg 47 in 57 ag of longi-
tude the nodes of the ring areae not quite
stationary but advance on the ecliptic
about 46 per annum

the variety of seasons upon saturn and
hishii rings will be somewhat more striking
than with us because the inclination of
his equator to his orbit is greater than ours
summer winter spring and autumn
will each be about 7 121 2 years long every
15 of our years the sun will apparently
pass through the equinoxesequinoxes of saturnisaturn at
which timetima it will be vertical to the outer
edge of the ring the sun will apparently
recede IQtoi thetile south side of the rings as tarjarar
as ehg tropic or about 3930 deg
S hyltudit athannan return back again crossing
tthed 1 1 or pianeYs beofteofof the ring and con
nugnugnue 10Zaci adegI1 north or to the northern
ttropicdal I1 elwirorof b ailebe sunsuit shines 151 years onop
the southern side of the rings and then the
samesame of time on the northern each
side otof tbtthe rings therefore has alternately
15 yearyears da v endand 15 yearyears night
saturnla rihringstingsas are not always visible inth

qntf their relative positions in
rregard to tbe sunbunun ltandnd earth there aieate
thie cansescauses joyjomtheiheirir disappearance

fustfirst weheitneoe itnet 6 sun Is vertical to the edge
of dge will be thOonthathe onlylylillumin-
ated part tae sides of the ring therefore
will bee and as the edge Is so very
thin it wwill apsoleaisoalso oe iriItiinvisiblevisible toth all telescopes
but those of the most extraordinary power
this disappearance will happenhanen once in
fifteen years when saturn is at of near his
equinoxesequinoxes when in this case the ring is3
renderonderendered visible by the aid of the most

telescopes it can only appear as
a veryvely narnanarranarrowW straightabight line of light project
jnjopjap eitherelther

1 aldeside ot the planet as a prolong-
ation t fthith Plalameterameter

second whenen the edge of the ring is
dented to the earth though one of ltdILI sidesbides
may be obliquely enlightened yet it will bebet

because ol01 altsts planepiane being ininthathe
direction tfrif the llnaline of vision and the edgetedges
heanging too thin to be seen this will nevenevorddiarishappen only when the planet is within 4Q
deggf f in otor either node or only once igin
eteen yearsears

third when the sun and earth are on thel
bp osite sides of the ring the dark side bobb i11ing towards us will be invisible this aisoalsoalsais
can never halpenhappen only once in fifteen years
when thathe pplanetanesanetq is within 0 deg I1 m 001
elthereither nodenod in thisthia case no power of ththe
telescope would render tlethe ring
but the aspect of the planet would ba ververy

like a bright roundnouns dldisei
striped wwithI1th belts of a darkish shade anand
crossed equatoriallyequatorlally by a narrow and perrr
factly black line this of course boddewould beb
the projection of the dark invisible ring
uponucbn tothe bright disc

Tthethaha ningringing of saturn willedlu always be risible
injil every part offitstItsits orbitorbil a ffpap
ofjr about 6 deg I1 inm on each epithet
node where itmay under the foregoing cp

invisible sarajuhnturnpapassesg
through this smsmalalVarepuoduo where6 the digapdisappear
ances may happen in about days or in
a little fesq than une of0 ofirouroun years cheitahen
saturn passes over that portion of I1itstt orbit
between deg 49 nisinm anddM deg 47 bofhellohelioheliocentriccentric longitude the northern sideaide ofdf

thethe riarigring 1 enlighteneden eno and visible whenwen
heh Pparses vaverr thathat portiont his orbit in
cid the of 4 deg

rp the soutaerg sided
of therma Is enlienilenlightened11toneatoned and visible A

the greatest openingea of the ringgL I1occursr
about serherai7jeryears afterafterthethe planet naspaspasses eitherelther
lodenode when the plane of the yingring willwili be
inclined aothto the lineellue of ouroun visionion About 30
dekdee

this will be the greatest angleaugle under
which wevre canban ever see the ring
effect ofperspective I1itt willwilI1 then appearlikeilkelikeilke
an ellipse imosewhose greatest diameter will be
double the shortestht thisthi is the most fav-
orable position for viewing the ring this
occurredin 1869 70 and willbijl occur again in
1884 85 from this most open positionsitiofi the
ring for 717 years continues ta change its
apparent aspect by becoming more and
more nanarrowarow until it finally vanishesinagina

atline Fall these various phases are only aapp
parenaparenn arising from the relative position of
the ring in regard to the eye these effects
duaymay be exemplified by holhoiholdingriinafling a broad
thinbill ring between our eyepye and oneono of the
walls ot this house and varying its posi-
tion it is evident that when holdheld in any
given position it will hide a certain portion
of the wall fetletiet this portion be marked
now change the posposition of the ring and
the portion of the wall obscured will be
changed also if the ring be held with its
plane inclined 30 deg with the line of
vision the portion of the wall that will be
hid will be an ellipse whose greatest diame-
ter will be double the shorter if the angle
of the inclination of the ring be less the
minor axis of the ellipse will be less and
thisthia axis will decrease its length as the in-
clinationclination decreasesd decreases untilun til finally the ellipse
will coalesce into a straight line now all
these phases actually happen in viewinge
the ring of saturn

the scenery from the surface of saturn
must be grand and imposing beyond con-
ceptioncep tion the enlightened aideside ot the ring
will be seengeen for years alternately in
the northern andaud southern hemisphere
ifIs will appear likelilse a vast arch of light ex-
tending from the eastern to the western
horizon the mountains valliestallies and land-
scapes will be very distinctly visible while
the difference of thehe rotations of the planet
and ring will be so small that the ring will
appear to them to rotate from east to west
once in about of theirthein days during which
time every part of the enlightenedenlightenei side of
the ring will successively pass their meri-
dian

while in one hemisphere they are enjoy-
ing the beautiful and sublime scenery of
this gorgeous ring in part of the other
hemisphere they will bebp suffering aa fifteen
years total eclipse occasioned by the inter-
position of the ring between them and the
sun

saturn is accompanied by eight satellites
all of which revolve around him from west
to east the most distant has its orbit in-
clined to the plane of the ring 12 degdie
which is nearlybearly one half of the angle of
inclination between the planepiane of the ningring
and that of its orbit all the rest of the
satellites move in or nearly in the plane of
thetho ring to these satellites the following
names hathaihavehavore been given I1 beginning withwI1 th
the nearest to the planet and proceeding
0outwardsutwArds namely

enceladus dione liliierhea
titan hyperion and lapetus the dldis-
covery

S
coveryy of hyperion is quitequita recent having
been made on the night of the of sep-
tember 181818 18 by two different discoverers
sanjarfhr seseparatedaram from each other namely mrlirlassei of liverpool and prof bond of
cambridge II11 S ifthe nearest or dilmas revolves in an
orbit only miles above the outer ring
or miles from the planets sllslisurfacerr ce
its period is 37 m 22 9 s

enceladusencelanas is miles from the sur
jace of the planet and revolves around it in
I1idd 8 h 53 m 6767 sso

the distance from the surface of
y
the

planet to is miles its period
is I1 d 21 h IS18 m s

dione iaIs miles from the planet
and revolves around it in 2 d 17 h

rhea is za miles distant and revolves
in 4 dja b M

titan is miles from tilethe surface of
the planet and revolves around it in 15 d
22 h 41 in s a

HyperhyperionloiL is miles from the
planet andaud revolves around it in 2200 d 12 hb

is miles from the planets
surface and revolves around it in 79 d 7abb
53 m s

the arstfirst dourjour satellites are nearer to
saturnsaturn than the moon is to our earth and
iff we suppose them to be as large as our
moon the apparent disc of the first will be
about eight times larger than that of our
moonsmoors00 Is thabthatat of the second four times
largerer thatt at of0 the third over twice as
largearge tthatthalat of the fourth will appear aboutabbitt
thothehe sasamee size the first will pass from
new to full moon in one of SaStsaturnaturns dadaysys
and the next day it will pass from fullfuli to
new moonmaon the second willivill pass through
alihllallail the phases from new to full anat mii to
nevnesnew moon in about three SaturnSatublahmiahiauianlau days
the third will pass throughgb allpu the same
aspects in a little over four of SaSiturns
days and the fourth will undergo the same
changes in a little oyeroveror got0 at Saturns
dayss the four most distant willdaabproprobablyably appear somewhat smalleraI1ifahlmachim
ouroun moon Wand each winwill eliellexhibitir t all of its

the period of itslisitsIta revolution
how splendid must be the firmament ofgeowgrowsaturnarnurn i new moons halthalf moons fullfall

moons rings all yevolving allali1 changingig


