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ourofir I1inquires have hitherto beenbeeh principals
ly restricted to thetha pormform magnitude diurnal
and annual or0 the eartheiith to thetha
form positions of As arbir
anililia to the principal phenomena syiAYIarisingp from
transitionits n in space

the nextnest mst importimportantint and interesting
subasubject0ct ofInquiinquiryrylisis the stinsun the great cen-
tral luminary fromirom which is receivedrecreeelvedelvea anaw
inexhaustible supply of light and heat and
bby which the countless species oforganized
beings which our globe are sustain-
ed inslfein lifeilfe I1 f I1
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weliwe eavehaveave already learned bybv our foriAformenformerpr
investigation that the sun is situated in
oneoner of the fogfoci of the elliptic orbit ddesi
crded by the earthy as ilit wheels it ananaannual1
course around that resplendent luminary
11ltt woula certainly be a subject of greatgraat

interest tothearnlearn the distance magnitude
motieusmotiousions weight density physical consti-
tution and all other important features of
the great centre of ouiour system I1

the distance of the sun is as we have
already observed obtained by a simple

computation from the ob-
served horizontal parallax and is in round
numbers about of miles lehmelet me
here that though wewb have hitherto
been somewhat particular in expressing
magnitudes distances times and motions
within a smallsmail fraction of their true numer-
ical value yet we shallshail herhereaftergafterdafter abandon
this strictness as being for general anfor i

mationmatlon not only unnecessary but incon-
venientTevenitenirilentent

roundhound numbers are more easily remem-
bered thanthin others and fornor conveyingying gen-
eral information they ansteransweranswer every pur
posetose

where gi eaieat accuracy ofor strictness is re-
quiredd tables are constructed with the

which the astronomercan
at any time zeferrefer for the numerical ele-
ments necessary to ibeibo used in hisbis re-
searches I1 I1

knowing the distance ofoz he sunsunsetletiet us
next inquire howbow 4its magnitude cancarl
ascertained

this problem like thatthitthat oforthethe distance Is
solved bynr the simplestsimplot of tritrltrigon-
ometry

on
I1 I1 I1

As thetho magnitude of all the heavenly
which have been determined have

been by the same principles it
may not be uninteresting to explain some ol01
thetho principles of trigonometry an angle
is the inclination or opening between twotavo
straight lines the angle is greater or less as
the lines are more or less opened

A right angle is the opening made when
each line is perpendicular to the other the
opening of a right angle Is equal toltoito 1 4 oraofa
circle all angles less than a right angle are
called acute angles all angles greater than
a right angle are called obtuse angles the
feibesfences enclosing our city blocks are intowtox
tended to stand at right angles to each other

AttriangleAtriangIeangle idis a plane enclosed by three
sidesside sutoruto every triangle therethero are three
angiesanglessassab as well as threethroe sides

itif in a triangle the three sides or two
sides acdanaddanand an angle or one side and two
angiesangles be 1 the other angles or sides

easily calculated
eyloesownow lfif weive conceive lines drawn from our
egeto eachach sidoside ofbf the suns disc it is evi-
dent at the length of these lines will be
knowin leachteacheach being equalitoequal to thesuesthe suns dis-
tance Ua 4 A 1 Ithe angle or opening of these two linesmay be measured by a micrometer or ananyy
acauaccurateate instrument this angle is equal to
thoTsunasumsi flapparent diadladiametermeter whose disc
itiiiisubtends bkor opeusopenSP ulese two linesiines neuenenehencehonce
ideall11 hphave two sides andnhia their includedudea
angleaugle alvenorglvenortenorknown to findfina thathithee otherothey side
oathof the triangle be the rehlrehi diameeroffhe diun it Is13 upon ththis simple prin 4

tuat abatha nalnairal diameter of thetha sun is
ascertained to be in equal toV

r

this mamayr be simplified in another
vvswiy so as to babe brought more fully within
akethom of who are bat inthetho abit of reflecting upon these subjectsit isii a tactfact well known by every one that
the sun and full moon appear to be of thesame size ifir their aalangularsularlular breadth be
measured by instruments they will on an

avera gebegehe found to sullsuilsubtendend about the stsamebamem
angle I1

this is apparent to anany one who will com-
pare the breadths bfof the twoto discs in adolar
eclipse for theothothen tho moonmoan Is in aa direct line
between the earthearm and semsimsun and when their
bentrescentrescen tres are in a direct line it will bele ob-
servedserved that the mooreai discolse somedomesometimestimes en-
tirely covers the disc attheat sun
a toutotal eclipse at other times a arrownarrownI1

circular ring of light will be seseenen while
the otherportions ot his disc wiilwid be hid by
the central interposition of the dark bodboobodyy
of the moon

this is called anAU alAnannularularJ ii eclipse thisslight deviation inI thathe appapparentarent size of the
two discs is owing to the variation of the
relative distancesstanosdi of the supsunsnug moonedmoon bdearth aiat different seasons of the liariyaratupon the whole then it may be safely as
sorted that the average apparenta arent dimen-
sions odtheofthe sunaisunarsun andano moonsI1

Paisesaisesalses are equaloqual
the distance of the loayon from the earth

is about muesmiles or about times
nearer the earthparth than the sun yet these two
bodieshodies appear totoi be of the same sizenomnov suppose the moon to be removed as
far from the earth as the sun the apparent
breadth of itsita disk would be times less
than the apparent breadth of the sun itthe06 moon werewerd really ofor the same dimen-
sions as the surisurlsun it would havellave thelkatheliathetha same

i

me
apparent size as the sun when removed VLafthe same distance

but as it has the same apparent dimen-
sions only when it isjs situated doo times
nearer it follows of necessity that itits real

I1I1 diameter must be times less than the
suns

now the real diameter of the moon has
been determined by the most careful ob

and measurements to be a little
overoter two thousand miles let this babul
miles

by the product will bebopbeonbe

therefore the diameter of the sun mustmusi
beibe miles or snoie accurately aa we
observed before miles

it is very difficult for Us to form any
conception of such stupendous maomagnitudes

intheif the centrecentro othe qunsun coincidedcoincided ith
aa centre of the earthearthy would
extend more 0 milesnilles beyond the
moons orbit I1

the diameter of the earth isis about
miles but the sunssuits diameter Is illili I1 tptimes
greater I1

having once ascertained the diameter of
ara globe IMs adari easy matter to calculate its
volume porfor the vvolumes0 or realroal bulks of
globes arearo to each other as the cubes otof
weirmein diameters

therefore bymultiplying illili I1 into itself
three times we get theothe volumelume of the sun
compared nthwithath the earth which Is equal to

times the volume of the earth or
in the sun is about 1400 4

times larger than the earth anotherin other
words if globes of the size of the
earth were united and into one
theykhey would form a globe of the dimensions
off the sun

cfallif allali the planets and satellites of our
system were united in one their bulk
would not bobe the one five hundredth part
of that of the sun

in some of our former lectures we
pointed out the method of weighing the
earth but the astroastronomernomer is required to
perform still greater wonders than this

it is his duty not only to weigh the globe
which we inhabit but to soar aloft with
hisIs astronomical balances through the vast
spaces which separate the planetary bodies
aindnd accurately weigh those stupendous
globes and dedeclareclarethethe quantity of matter
which each contains

even the sunsunt itselfcan be weighed with
ithe most unerring certainty buchow can
this be accomplished where can balances
be found of sufficient magnitude to contain
thase vast bodies

what astronomer is capable of wawinginggingingq
his flight to those distant worlds to ex-
amine the materials of which theythoy are
composed to place them in balances or
makemako experiments of any kind so aaas to
form an accurate judgment as to their
weightssl I1 I1 I1

wee reply that the astronomer has hisbis
aiaalarices on handband balandesbalances too of the
most perfect kind liehe is not under the ne-
cessity of leaving hisbis native earth to ex-
plore the solar system but can with the
greatestof ease balance world with world
and determine which is the heaviest

every astronomer Is in possession ofsuch
a balance

the great astronomical balance for
weighing worlds was nobnot made byvy our
american or london artists but was cancon-
structedted by the greatgreab architect of nature
itsats use was entirely unknown until dis-
covered by the gigantic u ind af the aig
mortal linewtonnowtonewton since whose time astrono-
mers have been as firfitfamiliarnillar with weighing
worlds as chemists are in weighing the I1

ingredients which enter into
itneithe various compounds which come un-
der their investigation but whathat isig the
nature orthisof this balance A 4

I1 we reply that it is the amount of defec-
tion which one body has towards another
which determines the quantity or weight of
the matter towards which the deflections
are made for instance the relative quan-
tities of matter in the earth and sun are
ascertained by comparing the moonta de-
flections towards the earth with the earths
deflections towards the sun

the amount of these deflections canan be
calculated if we know the distances and
periperlperiodicodieodle times

now the distances of the sun and moon
from us are known as also the periods of
the moons revolution around the earth

and of the earths revolution around the
sunsuri therefore from these data the deflec-
tions and consequently the relative quan-
tities of matter contained in the earthear h andan
sun can easily be deduced

it may not be uninteresting to this au-
dienced if this principle should bobe illustra-
ted by a reference fjtj some of the most
common and familiar experiments with
which we are all more or less acquainted

we all know that when a body is made
to revolve in a circle it has a tendency to
recede from the centre

this tendency will bobe greater as the vel-
ocity of revolution becomes greater and as
the distance from the centre increases

this fact is manifest by thath whirling of
a stoneatone iqiff a slslingiiiillg the longer the string oi0
the greater tthee velocity with which ip is
whirled the more walvui thehb string be
stretched s iif the velocity ba sufficiently augmented
the string wiltwill break and the stone wiilwill
becederecede from the centre

it is not the forbforce af gravity which tight-
ens the string for if the stone be whirled
in a horizontal instead or0 a vertical plane
the same tentendencydencydeney to recede from the cen-
tre will be manifested if the string be
lengthened or shortened whileahil0 the finnetime of
revolution renronremainslains the same the tendency
to stretch the string will be proportionally
increased or diminished

on the other hand if the string remain
ot the same length while the velocity of
the stone in its revolution is incincreaseakseddoror
diminished or which amounts to tnietrio same
thing while the time of revolution is di-
minishedminished or increased thether tendency to
stretch the string will be proportionally
increased or diminished

thus awill be perceived that there are
two causeseaues which increase or diminish the
tendency bathoof the whirling body to rerecedecedecode
from the centre one iaIs the increased or0r de-
creased distance from the centre of motion

the otherlother is tilethe decreased or increased
time of its period

now let us endeavor tato ascertainascer taidtalu themhd ex-
act law of the force which stretchstretchesds the
string as depending onn each of these causes
separately what will be the force
which stretches a string that Is twice thee
length of another string if they be attached
to equal weights and be made totd whirl
round in a circle in equal times

it is evident that thetho weight attached to
the long stringsiring would have twice as far to
moveinove aaas the other weight and the deflec-
tions from the tangent would be twice aaas
great as in the smaller circle therefore
hethe tension of the longer string will betwicetwice that of the shorter when the time
of revolution iaIs the same if the string be
three times longer the tension will be three
times greater if it be four times the length
the tension will be four times greater and
so on

now the distance from the centre of the
earth to the moon isJs about miles
which is equal to feet henceif a
string equal in length to the moons dis-
tance with a weight attached be made to
whirl round in the same time as aftringa string
one fogtoat in length the tension or the cen-
trifugaltritrlfugal force which stretches the longer
string will ibebe times greater
than tiethethe tension or centrifugal force of the

again if one string equal in length ta
the distadistanceneened of the sun be made to whirl
round in the same time as another string
equal in length to the distance of the moon
the tension or centrifugal forceforte of the
longer string would be about times
greater than the tension of the shorter for
fhehe distance of the sun is about times
greater than the distandistancece of the moon

in11 all these casecashaitsitaltaitit is supposed that the
weights or maiesmalesmasses ot0 matter attached lo10 the
ands of these several strings ardare equaequallandlardardand
that the periods or times of completingcompletin
their respective revolutionsrevolutiongp are also equalegnal
under these conditions we easily perceive
thotheho law of theiho Increaseincreasedil or deprodecreasedeased ten-
sion of the string depending on the dis-
tance of theTtheeevolving weightyweights that is the
tension varies directly asat the distance 1 thithia
Ssis thethalahlanelase

I1

sod what will bebb the force which
stretchestrettrotcrotchesches two strings of equal lengths the
eightsweights attached to them be equal aridarld
they be made to revolve in circles in un-
equal times Agaccordingcording to the mathebatmathmathematernat
icalcil principles of mechmechanicanloanlu the strings
would be stretched inversely as the squares
of the times of their respective revolutions
for instance if one dt6 the weights bemauerbe maueimauet
to revolve twice as quick as theotherthothe other the
tensiontenison of the string will be 4 times greater
than the one having the greater period
if one performs its revolutions 3 timestimed
as quick as the other the tension of he
string will bebo 09 times greater if19 thetho ppe-
riod of one be 4 times sooner than the
dtotherherhec the tensionort or centrifugal forrfoa will
ibe 16 timestimos grgreaterekter andlna so confon 1

it maciomameomallosmattes no didifferencefforence thesthe
strings arowreyareyare provided they ardare vo equal4
lengths for at all equal dIstandistancesbes at which
the weightswelohts are mademadd to whirl r thetho
I1inverseverser squares of the respective imesi f
their revolution will to aa
tension of the two strings i j i

nowvow let uua suppose that each of thetle
strings U 1 miles lonte and enebe
whirled cun 60ne year aal the atherother
in godgodo years in whatwhal proportion will the
two stringsgs be stretched

thetho string whose ia goo times less
than the other will bebo stretched wo
times more than the one the greater
period therefore the law of tensionan gov-
erning

ov
strings of equal lengthylength to ahmwhich are

attached equal weights may bobe expressed
in the following wordsworda

the tension ofthe strings varieslesies anveinverselyrselyelsas the squares of the times of their resiesrespec-
tive revolutions it will be perceived thatt
the law of force by which asta string is stretch-
ed as depending on the lengths when the
times and weights are equal and also as
depending on the ttimesI1 mes otof revolution when
theathe lengthsen gahs and weights are equal has been
investigated eroliafrom these two laws it isisevident can calculate the propor-
tional tensions of stringss although their
given lengths and perioperlo revolution are
unequal forinstanceI1ns tance what will liebe the pro-
portionalportiobhaifial tensions of two strings one of
which is one foot long and thethotheotherother four
feet long the time of the revolution of the
shorter being one second and that of the
longer being two seconds according to
the law depending on ihthe8 lengths when
thetho times are eafequaloqual ttetoothe tentensionsionlon odtheof the longer
would be four times greater than that of the
shorter onone0 but accordecord ininglogg athe rawlaw dendor
pending on the inverse square of their
times when are equal the ten-
sion of thetho longer would be four times less
than the shorter from both of thosethese causes
combined weir tensions would be equal
again whawhat willtWIlI be the proportional ten-
sions of two strings one of which Isjis
miles long andana the other of miles
longorlongiong or in other words whose lengths are
as thefhe respective distances of the moon andani
sun the time
attached to tilerthe shorter string being 27
and the time ofbf revolution of thetha lonserlenger

the jonstonsbensioioaloa of the longer string accord-
ing to the law depending1 on the distance
when the times are equalal is times
greater than that of the shorter one because
the length of oneode is dho times greater than
the other but thetha eniontensionenlon orthoof the longer
string is about times less than the short
eror according to thathe law df0 thetha inversinversee
squaressquared of their periodic timatimes when the
lengths are equal

if bobe divided by thothe quotient wilwll
be abutabout 221141 4 therefore from the law of
the periodic times and distances it is
proved that the longer string hashag nearly
bli2714a 141 4 times more tension than lio0 shorter
one that is if the longer string connected
the centros of the earth and sungun and the
shortershorten string connected the centros of the
earth and moon thetho earth in revolvingrevo lying
roundmand thelthe sun in d would pullpuli up
orbe stretch the string by its tendency to re-
cedecede from thethoi centrocentre of motion nearly 22111illl4
times more than the moon would stretch a
string connecting it with thetho earth her
period being 27 d

this tendency odtheof the earth to recede from
the dunandsun and orthoof the moon to recede from
the earth in their respective revolutions is
calledballed the centrifugal force and the strings
which we have supposedsuppose to connect these
bodies and which preventprevenAevent them from fly-
ing from their centrescontres are called the forcesforced
of gravitation or the centripetal forces

iilriiri circles the centrifugal and centripetal
forces are exactly equal therefore as we
have shown above that the centrifugal
force of the earth as it whirls around the
sunysunbun is about 2 141 4 times the centrifugal
force of the moon as it whirls around the
earth it follows that the gravitation of the
eartharth towards thetha sun is 221141 4 times greater
than the gravitation ofor the moon towards
the earth

thus it will beto seen that thetho propor-
tional forces of gravgravitationi tation exerted bytheby the
heavenly bodies at difdlfdifferentferonmeron distances are
calculated by the same jaw or rule as the
proportional tensionconofof strings of different
length and which are whirled round by
means of weights attached to their ends
with different degrees of velocity

but as will be shown marqmore fully here-
after gravitation Inciincreaseseasesoases as the square
of thetho distance decreases that is at 12 the
distance gravitation 14 fourlour times as great
at 131 3 the distance it isiq nine times asa
great at 141 4 thofhe distance it Is sixteen
times greatengreater at 14001 part of the distance
it is times greater whereforetherefore if the
earth were placed annearas nearnean the sun as the
moon is to the earth thothe gravitation of the
eartharth towards the sun would be
times greater than it is now butout it Is now
2 Xjle times greater than the moonsmoona gravita-
tion tto the earth consequently it11 we mul-
tiply by 214 141 4 the product will be

thereforewhereforetherefore at equal distances the earth
gravitatesgracitatestos to the sun times more than
the maou does to the earth thattha is the sun
obtains times more matter thanthethe earth

we haohaveha Q thus explainexplainedea how to use the
great astronomical balance for weighing
worlds audand have given an example by
weighing thetho sun which we find to be
about aw times heavier than the earth
we now leave this balance in qyourourgur handhandss
andnd if you will bolow the simplesimpie rules
whichaich we have given you wilvil be enabled
fo0 weigh jupiter saturnaburn and some of thetho
therother greatgreatAodiesbodies ofor our system
iwadwa wilt here observe that the numbers
sadiaaskedscdiaaiaja thematherathe bovoabove calculation are not as
exact as wouldarmould ba requisite fer compcomputingating
the rerelativelatime masses of the sunsuniun and earmearth
farforastronomical purposes athe principle
heingbeingeing the samesamotheytheythoy answer every purpose
for scientific illustrations

the solution of this great problempravem may-
beb ranked among the wonders uhunfoldedfolded
bby the mathematical principles of me-
chanicschanickcs

who could have supposed that thetho re-
volution 0oor pikpilplanetsnets injn theirthir orbits was a
phenomenon precisely of the saneosaniosamebame kind
as thethemwhirlingbIrling of a stone in a sling

who could have believed that by simply
knowing the weight of the earth itsftc perio-
dic time the length of a string the weight


