
aw irian bDEE S E RREE T T 1 WSW S Novenovemberniber 15

CLOSING LECTURE
OFOP THE

SERIESHEIRS
BY

PROF ORSONonson PRATT SENISEN

rrr t
14

1

MEW THEORY
OPor THE

ORIGIN OF THE SOLAR SYSTEM

creation the result of law ladoflaw of proj-

ectilesfecjectiles balancabalancing1ng orbits original
condition of solar and planetary mat-
ter AYA ebulousnebulous world first pormformformedeojgie

hombow rotation was impressed upon ita
momentum consequences of the expan-
sionr and union of allail the bodies ofoj the
system nojab momentum lost or gained

av n of complexcompim motions betberperiodwd
increased ba expansion diameter of
theThrent horldworld periodferiod of rotation
bowhew a ebulous ring might originate
diablestable alqavd unstable rings Projectum

loijoi0
o batannSaturns rings plural rings
ruptured rings arbsorbs formed of
ehgring mattermathy must rush to destruction
ylethe ring theory of la place anin im-
possibility boweow planetary bodies orbori-
ginatedginatedoed howgew circular dudaud elliptic
orbits 0orignergenc ing or-

bits originated ed orbits
originated jain lawlam to the
suns locallocalities zIVof projectionsgomjow
ch0it tiethe primaryy haruworld temestimes 0ofo proj-

ections within the reach of mathemati-
cal computation Hamathematical discus-
sionsonsoa of the theory in 1861

treTHE eolar system in every department is
governed by law he who has wisdom to
control organized worlds by law certainly
has wisdom to control the materials before
they are organized and to control them
during their organization some laws are
unchangeable in their character and uni-
versal in their operations being the same
in regard to all matter whether existing aas
widely diffdiffusedaseaased chaotic particlesparticlesorbor collected
together in the form of worldworlds among
these general and universal laws may be
named gravitation every particle of mat-
ter in the universe whether organized afor
unorganized is under the donildonitdominionnion of this
Divindivibegawelaw

before ininquiringi g into the origin of plan-
etary projections let us endeavor to under-
stand moramoro fully the law of velocity and
direction in determiningdeterdeterminingminin the magnitude
and eccentricity of the orbit of a projected
body itif two bodies of unequal masses bebv
conneconnectedewaeWd by a rigid rod or bar and bal-
anced on a pivot at their common
centre ofbf gravity the distance of either
bodbody from such common centrecontra will
bo inversely proportional to its weight
that is twice the weight or mass will
bebeaneone hairhalf the distance from the cocomMA
mon centrecontra that thothe buisoialieraller mass has
three timestimea the weight oherone third the dis-
tancetance four times the mass one fourth the
distance one thousand times the mass thei
oneona chousathousandthedth part of the didistance and so
on now if these two bodies thusthua con-
nected and balanced be made to revolve
around this balancing point they will eawh
describe a circle around this common cencon P

tre the sizeilze of which will be inversely pro-
portionaldional to its mass that is twice the mass
will19 describe ai circle whose circumference
is hiieono halfhilf thaithil ofbf the smaller mamsmasa three
diniesthothe imasd its orbit will bebeonooneont third of
that of the smallersimler ten times the mass one
tenth the circumference one tilothousandusand
timestimea the mass the one thousandthth martof
the larger orbit and sosoonon

next remove the rigid rod connecting mhdthe
two bodies and I1in itits place substitute the
gravitation of the two bodies toward each
other in this case in order that the two
bodies may orbits around
their common centrethey must bobe projected
in opposite directions and at right angles to
the line connectingg them they must algaigalsol
bobe projected with velocities which will gen
erate centrifugal forces exactly equal to
their respective gravitations towardtowards each
other or which is the same thing towards
their common centre hence the balanbaian ngn g
velocities will be inverinverselybolysoly proportionproportionala i 0
the masses thitthat is twice the massmasa wiliwih
quire only one half thetho velocity of titt u
smaller mass three times the mass vvwii i

require only one third thetho velocity tfteritenri
times the mass one tenth thothe velocity
oneono thousand times thothe mass theonethothe oneonoonethth u
sanath part of the velocity and so on

itif thosethese proportional
are somewhat too th balance the cen-
tripetaltritrlpetal dorco of gravity and are in oppo-
site directdirectionslonsions and atabrightiright angles idto the
iinoduo the bodies they will each

movea in curves receding from the common
centreeitbit with velocities continually debreadecreas-
ing

i
ing until each has described exactly ononee
naifhalf of its curved orbit at which instant
the two bodies will not only bobe moving
ia opposite directions but at right angles lo10
the line connecting them but the veloci-
ties williiiill nowmow betho to describe
circles hence the two curves will be bent
inward more ilanthan a circle andabd will gradgradu-
ally

u
approach nearer while their velocitiesailialltwwillI1 continually increase by the accelerating

force of gravitygrasityt until they have deserdesendescribed
the last halt 0offitheir curved orbit at which
instant their velocities will be precisely the
same as at the moment of projection these
two curved orbits areire found to be ellipses
and the common centrecontra of gravity is found
to occupy that focus of the ellipse nearest to
the two periheliaperiperl heliahella or in this case nearest to
the two points of projection when the two
bodies have described one half of their
revolutions they will bkothboth be found on thethel
opposite sides of the common centrecontra in thelthoithothe
aphelia points of their orbits and through
out the entire revolution the two bodiesboales
will move in opposite directions and paral-
lel to each other andano at everymeery instant their
velocities will be iriin one constant
to each other and also inversely propor-
tional to the masses

if the velocities of projection are not
much greater than wwhatat are required toorbitsgenera ac circular orbits the twoiwo ellipses
willbewill be less eccentric approximating circles
As the projectile velocities increase the
eccentricity of thotha two ellipses and the
major axis will increase and ghenwhen the
velocities reach a very highhigl value or to a
definitely high value which can be mathe-
maticallyMmatimatlcallycaily computed the two ellipses wwill
ggenerateane rate into parabolic curves whosewrbranchesinches are infinite and do potnotreturn into
each other and if the projectile Vvelocities
become still greater the two balancing
curves arearo still furtherfarther altered into hyper-
bolic curvescurves whose branches are also infi-
nite bodies launched forth in either of
these last named curves would nevernever re
turn unless acted urnupon by extraneous
causes altering their orbits

if the velocities of projection are lesslesa
than those required for circular orblea they
will also generate elliptic 6orbits in this
ecases 3 if the directions are opposite and par-
allelaUe1 to each other abdatand at right anglesangies to
the connecting line the two points of pro-
jection willwin be the two aphelia or the most
distant points of the orbits from the com-
mon centrecontra the more the velocities de-
creasecrease below those required for circles the
more eccentric the two ellipses will be the
minor axis decreasing or the flattened sides
of the ellipses approaching nearer to each
otherOtherandand to the major axis and when the
velocities of projection diminish to nothing
the einnes gengenerategenuitewitenite antl a straight line
andadd the ttvx bodies will fall and meet each
other at the common centre of gravity

if in any given pair of ellipses the two
bodies were projected at similar points in
opopposite081te directions and parallel to each
otherer that is in the direction of tangents
at thothosea points and with velocities propor-
tioned to the eccentricity they would des-
cribe their respective ellipses in the same
time and in the same pattfasIs if projectedbrojeetedeteaacted
with proportional velocities atal the perpeniperiperiheliahellahelia
or

when the moanmean distances of the two
bodies from the common centre aud their
respectiverespect ivalva masses afeaieare linoknownwiliwiit it is a simple
problemproblem inla mathematics to determine the
distances from the eammoncommon centre to the
periheliaperihelia and apheliaap beliai and also the respec-
tive velocities of the two bodies at those
points

we will next inquire into the original
conditions of the materials of our system

let us go back in our imaginations to the
time when no worlds lain our solar systemsystem
existed when the materials nowmowi ina the
system worewere difdlfdiffusedmusedfused inlnainaa nebulous gas-
eous form farfan beyond the limits ortheof the mostmoat
distant planetary orbit indeed letlot its
boundaries extend lhhalfwayhalfalfhlf way to the nearest
nixedfixed starsstans such an expansion wo61uld notnovno
leave the one two millionth part of an ounce
inain a cubiecubic milemilb of spacerspace this excessively
rarefied condition would not destroy onoonu
particle of matter nor deprive it of the force
of gravitation there would still be one
common centre of gravity towards which
all these particles would tend

in approaching the great common centre
there would be myriads of other centrescontras
towards which clusters of particles would
move andana around which they would gather
in their onward progress towards the grand
centre of the whole myriads of these nu-
clei would in their turn apapproachroachnoach myriads
of others uniting andind formaforming still largerarger
nebulous gaseous masses until eventually
they would beeline united in one vast
mass and by the law of equilibrium each
particle would urge its way towards the
general centre and form a surface approxi-
mating a regular form if the grand masmash
hadbad no rotation this appapproximate regular
form would be a rarefied gaseous sphere
continually condensing and becoming
smaller under the influence of the gravgray
tatingfating force
I1 ishall next proceed to aboor how rotation

may havebavo been first impressed dionn a group
ofbf particles two partpantparticlespartleiceseg gravitating
towards each other if uninfluenced 1 by
other particles would meet in a line join-
ing their eencencentresdeltrestres at which instant they
wouldwoula come to u stateustate of rest having no
rotation or other motion arising from their
mutual gravity if a third particlenot

a greater distadistanceneg
influences two parparticlesilaa ot0 differentt makkmafe besses
cheso ewort not iwaidain a line

connecting their centresbentrescen tres but at an angle
this will generategenerated a rotationqu in addition to
thathe resultant motionmation towards the third
particle A fourth particlearticle under ilaillarsimilar
conditions and it a still greater distance
will cause the first three when meeting to
assume 9a new axis of rotation with an
increased bror decreased velocity according
to the direction and intensity of the forces
in operation thus every nucleus wiilwill ibave
a resultant rotation compounded oflof thedhe
elementary rotations of all its particles

the union of these myriads of nuclei
will also generate a resultant rotation upon
a graigralgranderiderlaen scale utlet us suppose that the
original nucleus benoiebefore it assumes the
approximate form of a sphere has beenboon
condensed or reduced dondown to thirty thou-
sand million times less bulk thanthad it origin-
ally occupied this great condensation
would bring the surface of the spheroideroileroll
near the limitlimits of the mostmoat distant planet-
ary orbit which we will suppose Is about
three thousand million of miles from its
centre let thi immense gaseous body
have a rotation resulting from all the
myriads otof rotations of its various partspants
before they came together

we havehaye thus by one lawlayr gathered the
matermaterialsmateriallallai from the vast abyss of spicespace
where theyhey existed without form andaud
avoldtvoidvold thatisthallisthat is without anany regular form
and apparently vN old or invisible onaccountaccount
of their ercesexcessivesI1ve rariaarirarityR by one law a
gaseous world Is formed hayinghaving a definite
rotation from west to east thus far we
have assumed no new or unheard of laws
introduced no impossibilities proposed no
absurdities but have stated certain simple
necessary results which under the law biof
gravitation must take place provided mat-
ter ever existed in the widely diffdiffusedusedased state
which we havehare assumed the complica-
tions existing in thothe first original move
ments among particles and groups of par-
ticles necessarily exclude mathematical
computations but when a rotating spher-
oid of definite magnitude and massmaw has
once taken form its future phenomena in
the forformationmatton of worlds are subjects of
strict mathematical investigation

the quantity of motion in a body or its
momentum Is its mass multiplied into its
velocity the quantity and direction ofbf
motion in the solar system as it now exists9

are goberngenerallyliylly known that is it is knowknown
that cheounthetho sun rotates on hisbis axis nearly from
west to eatea t jnin a4 periodarlod of about twenty
six days beucehence tthothe0 direction and velocity
of every point without his axis are known
the solar blassmasamass la alsialai known thothe
of motion arising from the suns rotation

itherefore is a subjectsubaeci of calculation and ccanan
be dpproximatelyapproximately obtained the sunssuna
irregular orbit around the centrecontra of gravity
of the system and his velocity ththereinorein are
known hence the quantitytv of motion
arising from this cause can also be calcu-
lated in like manner the quantity of
motion arising from the and

motions of each planet satellite
ring and asteroid throughout the whole
system can be calculated so far as their ro-
tations and masses are known and these
elements are generally known with some
few small exceptions

izettlet the sun planets satellites rings and
all known bodies of the solar system be
united in one without any increase or
diminution of their respective quantities of
motion that is let the resulresultanttauttant momen-
tum of the united maaikemass be equalaquil to the sum
of the now existing in the separ-
ate bodies let this united mass oebe ex-
panded

i

amaded out beyond the orbitarbit of neptuneilsitsits momentum or 2 quantity of motion
would remain unaltered beingwing the
same as now exists in the system the
quantity of motion nownog expended in or
bidual revolutions would be einerelneremergedged
inla ahothe grand rotation of ae great
nebulous parent orb and theahe guantiquantityy of
miotmotionlonklork now existing 1in the axial rotations
lo10 pladplanplanetarydetary bodies would also be absorbed
in the axial rotation of the combined massblass
thus the complex machimachinerynerynerk ofbf orbits
within orbits ellipses intersecting elleilellipseses
eccentric rings revolving within ringsgs
planes inclined to planes the receding andang
advancing of nodes and periheliaperihelia and the
whirling of apherspheroidsoilsolas would be resolved
into one regular motion simple
and uniform in its nature

the union of so many worlds with thetho
solar mass would necessarily change in
some small degree the inclination of the
solar axis but isas the mass of the sufibunsun is
several hundred times greater thanthau the
aggregate messes of all theted otherothen bodies of
the system which revolve nearly in the so-
lar equatorial plane the present position of
his axis would be affected in inclination
but little by the supposed union we may
therefore assume without any appreciable
error thetho axis of the expanded mass to be
parallel to the present solar axis it Is
evident that the axis of the expanded
globoglobe would pass through the comabonmoncommonmon
center of gravity of thothe system many tens
of thousands of miles distant from the
present position of the solar axis to
more ffullyally illustrate the change of the
suns axis by his union withwith other matter
let us suppose thetho sun and the planet mer-
cury to be flesflisfirsta expanded when ahethe
surface of the bunsunsurisurf hadad nearly reached

it would come in contaut
with the expandedx angell as vvolumeilume of
morimerlmercuryy hf-ich wowouldUAirin

k
the ieregions9abna nearnean pilihlMhq contact asaa a small

prominence oroi gaseousaseglis mountain Upan tbtthe
solar surface oahR1

i the solaiolj ayassmass being
awa timeaidies heavier tbuhlax4 am

mass would liotriot be much aiudiqirdaab
comparatively small addition midthe centre

of gravity of the united mass would be
moved 74 miles towards the point of con-
tact through which a new axis of rotation
would be formed parallel to the former
one prior to the contact
I1 it will easily be perceivedperdelved that Merc

and motions will becombacom
bained with those of the Bolarsolar eortfort must

thattie slinaun prior to thothe
contact hadhid nobnot ollya rotation bubut a

orbit of the samebame eccentri-
city and existing in the bamesame plane as mer
cunys arbit that is the munrunsunbunpud revolved
around the common centre afpfp gravity of
the two bodies in about ST days or in onoone
of Merchrys years while the
mercury was ofov milesnilles thedliedl
tancetanco of the eurssuns the common
pecentren wabwas ohlyonly 747 4 mues uhethe momentum
of the two bodies would be exactly equal
for thethe greaterea r mass multiplied into ajthetho jess
babl taftolevelocityty is equallebal to the less mass
mulmuimultipliedtapiled into thetho greater velocity themho
arbit momentum of each bodybo Is em-
ployed after loontooncontacttact in cylclichangingng g and
modifyingding velocitiesthe of allnil fthetho particlesdeles
arundaround the new amisaxis of rotationtatloud those
portionportionshofhorof thothy globe between the old anaand

be made to rotate in an
opposite0 directlontoW their former rotation
thatat isiis n the direction 0off the former solar
orbit those parts near the new lexistais
which foniforiformerly circulated around the old
must now have no motion this too would
bebib the natural result of the former orbit
motion providing that the perloperioper dotdos rota-
tion was equal to the orbi period

in the expansion of a rotatingIMglobe the
pernodperiodbriod will be increased if it Is uniform-
lyy expanded from the centre to the surface
itsts period will increase as the diameter jfiftthehe expansion near the centre is small and
increasesncrnereases towards the surface the period
will not increase as the diameter but much
more slowly if the suns materials follow
a certain law of expansion maintaining a
decreased rate of density from the centrettocentreto
the surfaceei he may when his semi diame
ter is expanded to the orbit of mercury be
made to rotate on hisbis axis in one of mer
burys years in the union of the two
masses the orbit motions would cease
being resolved into rotation as weWO hatehaye
just explained this may be called the
first stage ofexpansion

the second stage of expansion would in-
crease the semi diameter to the orbit of
venus while the period of rotation would
be decreased until it became of the bimesimebamesame
length aaas one year on venus this second
planetlanet following the same process as the

rat its gaseous form with
thhee solar mass this would again shift the
axis of rotation miles towards the point
of contact the axis still remaining parallel
to its former position

in the third stage of expansion the 0com-
bined

am
massmaw of the gumgunsun mercury and ven-

us
ten-

us would reach ththe sphere ofthe earths ex-
pandedpan dad mmassr anandd uunitingbiting with it would
rotate anearearoundna a new axis1 miles froinfrom
its former location

in like manner mars would alter the
miles if we suppose the united

mass of the asteroids to be about two and
one half million times less than that oiof the
suns and their mean distance to be about
three times that of the earth they by their
union with the solar mass would again
shift the axis of rotation illiii miles jupi

system would displace the axis over
miles Saturns system would

cause another displacement of the axis
upwards of miles uranus would
alter the axis over miles peptoneNopinne
would displace it over miles

thus it will belstenbebel seen thagthac as the system
akpanexpandedded and absorbed successively the
gaseous planetary bodies the axisimis ofbf rota-
tion would successively shift itaits 16locationcation to
each nnewow centre ofgravity As ionglong aaas
the bodies were separate each would bayehays
ia rotation around its own axis and an or
bidual motion around the common centre
of gravity

now let nsuk reverse the machinemachinery andana
beesee howho worlds and orbits may be derived
from rotnotrotationatlon combined with condensa-
tion

wette have already howhov the materwater
haeflaef may be collected into a regular form
anndarid how a rotation of the whole results
from the combination of myriads of rota
eions existing among the parts before
union let this immense gaseous body
be called the world or the tarentparent
world
this primary body must havehavo an increas-

ing density from the surface to the centre
so that its period ofrotation shall be nearly
eequalquai to neptunusNeptunes period of revolution
which lffiff over years the momenmomentumtuni of
this primary mass must be exactly equal
to the momentum now in the system that
is whatever changes may occur the quan-
tity of0 motion must be invariable if the
sun hadbad been uniformly expanded its pope-
riod of rotation at the distance of neptune
would have been nearly three times too
great being over years Itiit isameremerelylyaIYAa
matter of mathematical calcacalculationlation to deter-
mine what rate of increased dendeodensitysity as
you approach the centre will diminish the
period of rotation to nearly yearsjears

with such a rotation the equatorial ggas-
eous

as
i
atmosphere would loseiose all weight

and ccouldouid nond longer follow the interior i

bonboucondensingdensing mass but would bobe
above the shrinking surface silsailssus-

tained in that position bby its own cen
gal forcanorca acquired by rotation if attheat the
limblime of tikethe projection I1the equatorial surface
W smooth 9xia from ihoibo
jcenreenne matter would boimform a
ringflug encircling tuotho spspheroidheroldhorold whosehose equaeana


