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in the preceding lectures we have demon-
strated the earths diurnal rotation from
west ththetha period of twenty three
bourshourshourshouns fifty six minutes and four seconds
meanwean solarsolli time

this period is called a sidereal day be
causeit Ris the time in which the earth per-
forms its diurnal rotation yain regard to the
staja df instance loats thisthia even
ingia certain star isLS observed to be on thetho
meridian tomorrowto morrowmarrow evening the same star
wiilwill come to the meridian at oh60 49
therefore a sidereal dayondalor a day reckreckonedonel
fromfroni the successive returns of the meridian

samsamasameaistarsstars ksa 3 s shorter than
the mean olar day the excess of the solar
day aboveabote a sidereal day is19 occasioned by
the apparent motion of the sun among the
starstan thetho sun appears tondeeto move from west
to eastant an average ratezata of smigin perpenpenper
day at this rate hano apparently moves
roundmounil the whole circle of thetho heaheavens in

I1 gh sm 19ggsas this is called a sidereal
year or the afttime iriin the sun apparent
ly performs an entire circle or comescodies round
to the same stars whence the reckoning
commencedcannim

this apparent motion of the sun will
perhaps beDC nmoretore easily comprehended if
we suppose the earth to have no rotarotationon
upon its axis let us suppose that pre-
cisely at past four on the
evening of the of december the earth
hadbad ceased to rotate upon its axis thisbethis be-
ingin the precise time in which the sun wasingin the act of setting to the inhabitants olourofour
city therefore if the rotation bad thenther
ceased the sun would have ceased to des-
cend behind the western horizon the upper
portionsportion of his discdise would still bebo visible

now if thetho sun had no apparent motion
in xelationrelation to the stars he would still con-
tinue to remain in the louizouLohorizon but having
a slow motion from west to east he would
in 24 hours appear to have risen above the
western horizon a distance nearly equal to
andeetwice hialbis own apparent diameter in a
period of time equal to fifteen days he
would appear to have risen from the west
nearly annn hour above the horizon in three
months time or about the soth of next
march the sun would appear directly on
the meridian at the equator during the
following three months the sun would
gradually descend from the meridian to-
wards a point in the eastern horizon which
is 23 deg 27 min and 30 secsoc north of the
equator itwould arrive at this point about
the of next june at this point the sun
would gradually set not to rise 2againalnain until
the of next december whence would
be seen at the amesame point where he was deeoseenseon
to set just one year before thus the rising
bointpoint of the sun would be in the western
horizonorizon 23 deg 27 min 30 secsee south of the
equator whilehiiehile his setting point would beba on
the eastern horizon the same number of
degrees north of the equator as his rising
point is south

under these circumstances the inhabi-
tants of the whole earth would have six
months day and six months night thegegeneralniril course of the sun during our dday

to the east north east while WEto thehe
inhabitants deg east of us his general
course would be during their day east
southeastsouth east when the sunaun crossed the
equator about the it would bbe
our noon whoawhen he recreecrosSedre rosted the equator
about the of next september itwould
be midnight with us thus if the earth
had no diurnal rotrotationatlonaxion wwe should still
havehare one dayray and night toju a year resulting9fraiafrommeafiejhee apparent annualrovoldrevolution1

the
sun aroundaround methe earth frofromMkestwest to eastexit

bhobhetheiho rotation of the earth upon ananakiaxllaxildoes not chaoha the apparentap raut annual motion
of theuntheau lut it closelyy ddayoayay
to dyday he will appear to move to thether east-
ward pearlyyearly olieglie degree every dadayidayh thiswill appearappear pabresabre I1 evident by watchingK1 ththothe0
timeo thtohethebromnrising of the starsstans on each succes-
sive

sueruc

forvoi instance if the starsstan which rise at 6
tomorrowto morrow morning bif particularly

noticed itjf ilabewillbe bundburd that the
liiwillill hiserise onnix the next succeeding moenmoinmorninggg

VOSS lorewore pixpir at this rate in
11 thi timelime it cilibeYA ba

ththetho ehbameimdIme manamaratars arise
ahause interval of time abe

tween thothe tos thetho stars tandlandsud the sun
willbe aboutabent to honra longer than nowcowandand

1inn three months time the same stars will rise
about 12 at ninight making the in-
terval between their rising and that of the
eutoruto still greater therefore by these phe-
nomena we know that the sumson has an ap-
parent motion eastward which constantly
increases the interval of time between his
rising and that of the stars fonfor if the same
stars be observed sixmonths hence they will
be found rising at six in the evening instead
of axin the morningthe sun having progres-
sed from them by ddegrees until he hasnashas pas-
sed one half round the great circle of the
heavens if the same stars be observed by a
telescope about nine months henchen etheycothey will
be found to rise about 12 in the day
and will setget about 12 at ninightht the sun hav-
ing in that interval gone Ti round ththethoe heav-
ens in about eleven months hence the sun
will have so nearly described a circle that
the same stars will be but a few degrees
east of the sun and will set shortly after
chesunthe sun sets while in one year from this
time the sun having passed by those stars
willliiill rise in the morning later than they
having performed one complete circle of
the heavens and all the stars will have the
same relative position in regard to the sun
that they now have

from these appearances alone it is im-
possible for us to decide whether the sun
actually goes around the earth once a year
or whether the earth goes around the sun
it is very evident that either the former or
latter motion would present the same ap-
pearancespearances in the same order and in the
same time this may be illustrated in the
following manner let a man stationed
upon a table in the centre of this taberna-
cle represent the earth let a lighted candlecandie
be carried around him representing the apapa
parent annual revolution of the sun let the
walls of the house torepresentresent the sphere of
the starstanstarry heavens anin the revolution of
the canzecandlecandie around the man in the centre
it will be referred successively to every
point in a horizontal plane cutting the sides
of the house now if the light should per-
form one revolution around the man in
about days it would be equal to the
period of the suns revolution

if furthermore the man should not turn
roundjound duningduring thetha revolution of the candle
eacheacil side of him would be successively six
months in the light and six months iuin the
shade which would represent daidakday and
night upon the earth providing it hadad no
rotation

itif the man were to turn round in the
same direction that the candle was
moving at the rate of times while the
candle made one annual revolution round
the room then each side of him would be
successively turned to the light of the
candle and then into his own shade
times during that period but as hebe would
have to rotate upon his axis 3 times
in order to face the candlecandie times he
would therethereforefore face the stars that might be
delineated upon the walls of the tabernacle
once more in the year than what he would
the revolving candleNow all these appealappear-
ances are exhibited by the sun the earth
turns upon its axis times in solar
days consequently the same side is pre-
sented to the stars times and to the
apparently revolving sun only times
in the same gerladperiod

next let tthea man and the candle ex-
change places thatthai is let the candlecandie re-
main stationary upon the table while the
man shall walk arounaroundditaitit once in
days during this period he will refer
the candle successively to the different sides
of the building which are directly opposite
from him and pheribewhen be has completed one
revolution the candle will appear by
referring it to the walls to have completed
one revolution also if the man while per-
forming his annual revolution around the
central candle should not turn upon hishia
axis that is ifit he should not face in dif-
ferent directions but keep in a position
constantly fronting in a particular direc-
tion as for instance towards the east then
each side of himself would be successively
6 months in the light and 6 months in the
shade of his own body this phenomenon
would iebe the samegame if he were stationary
and the candle moving around him

suppose again that during the time of
his annual revolution around the station-
ary

1

candiecandle he should make complete
rotationsrotation of lifshladyhodybody let the directdirectionsibris of
thesethesa rotArotationstimis be such that the side of
himself most distant from the centralcontral
candlecandie shall be constantly turning in thetha
direction of his annual motion tinderunder
these conditions heha would successively
floepaceace thethel central light ss tJtimesmeimes whilesvhilehIlo his
face would turned audnaduring thothe same
period tota methe starstacstarsstary delineated upontipon thethetho
wallswalla of the building M66 times the former
would represent the number61 solarbolar daysdaya
in a yearyean while the latter would representlent
thethem number of sidereal days in the bamegame
period ireneeirenceH enbeence it willwilt be seen that a move
able man around central light or a moyomoye
ablo aroundarl aa central banmanwillwill piplopro-
duce

0
allalia I1 jhb abiaabid I1described phaphenomena

in precisely iho same ordenorderiobservations upontipon thethoo suns rerelativelathreposition 1 among thetho nixedfixed istar demonstrate
thiaalternative either that thehb earth aipr
ann has ah arnnal motion porforbortherther is abnbno

consistent with
the phenomena observed itisitife 19 evident
thatif the earth invfio1 0 1
dothe sensible of trr e

woultz liajiae sep66ibiilibl0
pibf motion in a ansmoothroothfooth uniform current
thathio wasgenwas Uy carryingY ng tigfig donw a
ivri f

J J
g tibee yevbhava would ba to

dedeterminetermine whether it were the earth or

sun that performed Wsthis annafannual circuit
boutwebubbut we have other evidence of a very de-
cisive character

if thethel annual motion of the sun be con-
sidered real it must revolve around the
earth under the influence of a forforeeforcece direct-
ed to the centre odtheof the earth this force
whatever it maybemayhe I1isS the same as that
which retains shemoonthe moon in its orbit around
the earth from observations iimoriupon the
periodicperiperlodio revolutions of the moon it is
easily demonstrated that this central force
varies in its intensity as you recede fronifroin
the earth in the exact proportion of theinthoin
verse square of the distance it is also de-
monstrablemon from-a principleErinprinciplecipleelpie in mechanics
that if a system of bodiesboales revolve around a
central force varvacvaryingying accoraccordingding to the du-
plicate ratio of their distances that the
squares ofor their perperiodiclodle times are propor-
tional to the cubes of their respective dis-
tances

now by the application of this law it is
easy for us to determine the exact distance
at which a body must be placed from the
centre of the earth that it may have a period
exactly equal to that of the suns annual
period thejhb following proportion will de-
termineterm inieifie this question

the square of the moons sidereal period
27 32 daysi the square of the suns

sidereal period
26 bayst thetho cube of the

moons mean distance goo milessmiles3
the cube of the suns mean distance 11 I

milesmilesa3

thus it will be seen that a body revolv-
ing around the earth in 141 4 daysclays must
hayehave a distance not greater nor less than
about miles but the suns hori-
zontal parallax obtained by the most
careful observations shows that he is19 situa-
ted moremure than 70 times further off than he
should be in order to have his periodic
time correspond with the above law there-
fore his annual motion around the earth
must be apparent and not real

but shouldhould any one feel disposed to
doubt that the force which bindsbluds the moon
in her orbit was extended to the sun and
suppose that the sun revolves aroundaround the
earth under an entire different force aroxi
that exerted upon the moon then we
should be under the necessity of searching
for somebomb other phenomena to decide the
question whether the suns annual motion
were apparent or real

fortunately the great discovery of the
aberration of light furnishes us with thetho
most incontestable evidence of the earthseartha
annual motion around the sun boemer
a danish astronomer in the year 1667 from
a comparison of the observed times of the
eclipses of Ju satellites with their
computed times discovered the progress-
ive motion of lightliblit heiro found its velocity
to be about miles pperpecer second A
little over a haithalt century afterwards drirbradley an english astronomer of great
eminence commenced a series of observa-
tions of great accuracy upon the fixed stars
to ascertain if possible whether they werewerd
subjectbae to anyay minute apparent changeschange in
theirtheir relativereI1 tIV positions in consequence of
the annual revolution of the earth in its
orbit he soon found that there were ap-
parent changes constantly taking place but
not such as should result from the different
pospositionseions of the earth in its orbit each
star in the heavens seemed to revolve
once a yearbear in a very small elliptical orbilorbitorbit
whose greatest diameter never exceeded
41 ofa degree those starsstans situated near
the poles ofbf thetho ecliptic otor at kightright angles
to the planepiano in which the sun performs its
appapparenthrentkrent annual motion appeared to re-
volvevolve in small orbits very nearly approach-
ing circles aaAs yoayon proceed from these
polar points towards the ecliptic the eccen-
tricity of thesethebo small elliptical orbits seems
to increase the major axis in each of
these ellipses was observed to remain con-
stant being equal

1
to 40 72 while thetho

minor axisabig seemed to vary in proportion to
the latitude of the stars clecreasingdecreasing as the
latitude Aeadecreasedeased A star situated in the
ecliptic seemed to oscillate in a straight
line the minor axis being reduced to noth-
ing these strange phenoiphenolphenomenarienarlena were such
as could not be accounted for upon the
principle of the annual parallax of the
stars or tiponupon any other principle then
known

dr Ilradleybradley after many trials to reduce
these phenomena to a general law at last
happily succeeded in discovering the true
causes of these curious appearances he
demonstrated that they were the resultsresultsotof
the combination of the motion of light with
the motion of the earth in its annual revo-
lution around the sun

if the motion of light were instantaneous
that is it it required no appreciableappreciable time tato
come aromfrom a distantstantii luraluialuminous body to the
eyecye then all these displacements ofor the
stars in the form of0 little elliptical orbits
would entirely cease and the stars would
be seen in their true places directly in the
centre of those ellipses whether hemtheher earth
werevere at restgrapra motimotionbill but the ivelvelocitybetboty
of light ISi an quantity tendjendnd
when theteed of the
earthearth it aappearpea swosto comecani rond a differental
directiondirepilon tifrom woulawould atheac thea earthearth
werevera attest

this may beher in ohpthe following
suppose thagthai tny minavina should

blowbiowiw directly from the nonorth with
ityty af SO miles per weather-cock or
yanevane on thel topaop cofcot a railroad cacemrcar atzt rest
would point out the true directdirectionloneione ofot the
wind susupposeapoenow that curcArshould
babe due ilifit wolomolovelocitycity
of 30 miles oerperc hourihour the direction of the
wind would no longer appear to abet horth
but itIV would seem to cometome from thathe north

eastt inext tettiee car go directly to lileuuieilie
west with the samedame velocity the vanetana upon
the top will now point to the north west
which will be the apparent direction of the
wind the less the velocity of the car the
less will be the angle of the apparent dis-
placement of the wind from its true direc-
tion suppose then that the velocity of the
car be about ionolomo titimesfanes less than that of
the wind the apparent displacement of the
wind would thenthea hebe about 202011 of a degree
from its true place

wowNow letus apply this principle tb the
combination of the motion of light with the
motion ofodthethe earth leklet us suppose the
light to come from a star in the polepolo of the
ecliptic vishwish the velocity of 19 milestages
per second if the earth werewerd alat ieresti it we
should see the star in its truetruo place sup-
pose next that the earth should be put in
motion in the plane of the ecliptic to the
eastward with the velocity of about romileswmiles
per second we should no longer see the
star in its true place but the raysorraysolraysor light
wouldhaveabate an apparent displacement of
about 201120 of a degree to the eastward of its
true place if the velocity of the earth
were increased to miles per second
the star would apparently be displaced 45
degrees being equal to the apparent dis-
placement of the wind when the velocity of
the car was equal to the velocity of the
wind As the velocity of the earth decreas-
es so will the angle of apparent displace-
ment decrease jf the earth should go to
thetho westward in the ecliptic at the rate of 19
miles per second the apparent position of
thosterthe star would be 2011SQ of a degree to thathe
westward of itsita true place in whatever
direction the earth may be movingg in the
planoplane of the ecliptic the starsstara will appear
tobetobe displaced in a direction parallel to thatthad
motion towards a point in the heavens
which the earth for the moment adems to
be approaching

hence as the motion of the earth isis not
inain a straight line but nearly in a circle it
is evident that a star situated mW a polapolo of
the ecliptic perpendicular tota that anoton
must constantly alter its apparent diree

earth inulit its orbitarbit aitersalters ibiits di-
rection A itlt jaustnecessarily
have an apparent annual revolutionresolution in a
very small orbit around its truetruo place
which will be exactly in the centre

we will suppose next that the wind was
blowing from the northeast whileblie the car
was going with thetho samosamel velocity east the
vane would now point east northeast
hence the displacement ofodthethe apparent di-
rection odthe wind would only be one half
what it would have been had the motion of
the carcac been at right angles to the motion
ofodthethe wind were the truetruo direction of
the wind to the northwest while the direc-
tion of the car wasiras east thetho vane would
point0 int to thetho north northwest if the veloci-
tiesdesees were equal in this case the apparent
direction would be more northerly than
the true diredirectionguonqUon while in the other caseeasy
it wouldatwould be more southerly andinand in both
cases the wind by the motion of the cart
would seem to shirtshift 121 2 degrees towards
the point to which the car was movingmovin

thus it will be seen that the nearer the
true direction of the windindisis to the line of
the motion of the car the less will be its
apparent displacement when in
the direction that thetho car is moving or in
the opposite direction its dmitdisplacement will
be nothing and the vand Mwillwiil point out its
true direction

now if thathe motion orthoortheof the earth be taken
for that of theth car and the motion of light
for that of the wind I1 phenomena precpreciselyliely
of the same sameeanie kardkinakind will happen in re-
gard to the apparent direction of a star
sitsituateddated in the ecliptic for instance if
about thathe time of sunset on the of
december we observe a star situated in
that portion ofodthethe ecliptic which is on our
meridian we will seegee it in its true place
because the earth will be going in its orbit
directly from the star if the star be observ-
ed every day formor three months to come
it will be seen to moveinove apparently to the
westward arriving at itsita maximum dis-
tance about the of march nextnest when
the direction of the motion of the earth
would be at right angles to the motion of
light from the star it would then gradually
begin to recede back again towards its true
position and at the end of three months
more or about the orofjunetune
seen in its true position as the motion of
the eartearthh would then be directly towards
the star during the next three months its
apparent motion would be to the eastward
in the ecliptic obtaining its maximum
distance about the of september when
the motion of the earth would be again at
right angles to the motion of the rays of
light from the star and for the next three
months it would apparently receda back
again to its true place at the end of which
it would be seen in the same position as it
mccuoccupiedledlea one year before thusthui each yearyeat
it wwouldpuid appear to oscillate in a straight
lineinline in the ecliptic deviating from its true
place on each side about 20 seconds

these phenomena will perhaps be more
clearly perceived by supposing a railroad
garcar to be drawn round the circumference
ofaof a circle onca a year while the wind
blows constantly from one direction saybay
fromom theike north letlot thethip carcat start from a9
qingin bonton the eastease side of the cinciecircle tovtowardardyardd
hotha southgouth wabwah a melqvelocitycity ten thousandthousaad
limestimestimes less tthan the wind which is about
the proportion ofor thetha earths to
hat of 1 ghi2 whenhan the car starts idill be

going directly from thetho wind hencetance the
vanovane willwiil point the true dirediroir finifi of the
wind while the car gradual debokdeackdescribesbes
the aisals quarterguarter 0f the circle it
bialy d a to p western


