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direction during which the weather yanevanevan
willwin deviate more and more from the north
towards the west and at the end of three
months the direction of the car will be due
westwestoror at right angles to the true direction
of the wind the deviation of the vane will
now be at its maximum pointing about
20 of a degree west of north AS the car
describes the next quarter of the circle the
weathervaneweather vane will gradually recede back
again and at the end of the second quarter
the direction odtheof the car will be due north
and the vane would point out the true
direction of khethe wind in the third quar-
ter while the car is going from the west to
the north point of lisitsits circumference the
weather vane would again deviate by
degrees to the east of north and at the
end ofbf the third quarter the direction of
the car would be due eastcast or at right angles
to the direction odtheof the wind and the devi-
ation of the weather vane would again be
at its maximum value namely 202011 east of
north darlngdaring thelastthe last quarter the wind
would apparently recedarecede again towards its
truetine position and having performed one
entire revolution the directiondireeuoncuon of the car
would again be due south and the vane
would again point the true direction of the
wind thus a truotrue north wind wouldouid by
the motion oraof a carincarcan in a circle appear to
oscillate each sidegide of its true position prepro
eisely in the same manner that a star in
the ececliptic appears to oscillate as the
earth moves in its circular orbit

As all the stars of heaven are affected by
the combination ortheof the earths motion with
that of light it is evident that their true
blacesplaces cannot be known only as they are
deduced from their apparent places tables
of observation have been calculated by
which these deductions caubocan be conveniently
made

aberration of light
are evidences which can never be contro
vertea in proofof the annual motion of the
earth round the sun for if the sun revolved
around the earthbarth while the earth remained
adrestat restresl there would benobe no appearance of
aberration

As we have demonstrated that the earth
has an annual revolution around the sun
let us next enquire what the form of the
orbit is it was supposed for many cen-
turies during the dark ages that all the
heavenly bodies revolved in exact circles
but modern astronomy has overthrown
this conjecture and has proved that the
planetarylanotary orbits deviate from the circularformform we shall now point out the process
bychichby which this is ascertained

if the sun be observed at different seasons
of the year he will be soenseenshontoto vary in hisbis
apparent angular diameter this can be
easily determined by measuring with some

instrument the apparent breadth of
his disc it willwil be found that about the
first of january the sun will subtend an
angle of 32 84 6 on the first of april his
apparent diameter will be 82 1 6 hayinghaving
decreased 33 in three months on the first
of july his diameter will appear smaller
than at any other time of the year being
only 2 on the of october his
apparent diameter will be the same as on
the first of april thus it will be seen that
from the first of january to the first ofjuly
the sun decreases in its apparent size and
from the first of july to the first of january
he increases in size the difference be-
tween the greatest and least apparent di
ameterame terisis 1 4 4

now it cannot for one moment be sup-
posed that the real magnitude of the sun
undergoes a periodical change therefore
the difference inn his apparent size must re-
sult from a change of distance one half
the sum of the greatest and least diame-
ters is equal to 31 2 4 which is the mean
diameter or the diameter which the sun
gives on the of march and 3rdard of oc-
tober this mean diameter must cor-
respond to the suns mean distance from
the earth while the greatest and least di-
ameterscorrespond to the least and great-
est distances of the sun from the earth if
we call the suns mean distance IL1 then the
greatest and least distances may be found
by the following proportions the suns
mean apparent diameter 32 02 4 is
tb the suns greatest apparent diameter9

32 1 34 6 as the suns mean distance
1 is to the suns greatest distance
1 also the mean diameter is

to the least diameter as the mean distance
is to the least distance 0 thus
it is ascertained that the greatest the mean
and the least distancesdistance of the sun from the
earth kroaro in the respective proportions of
the numbers 1 1 and 0 1

these numbers are very nearly in the
proportion of I111I1 60goi 1 and 6959gogo60

INnowhowow if the earth revolved around tthehe
sun in a circular orbit with the sun in the
centre his apparent diameter and distance
wouldwoula be precisely the same theyear round

I1 but from the above numbers it will be
clearly perceived that the situation of the
sun within the earths orbit IBIs eccentric
the eccentricity amounting to 0 or
nearly I1igo60 of the mean distance these
observations and calculations do not dem-
onstrateonstrate that the orbit otof the earth about
the sun is not a circle but they merely
demonstrate that the bunaun is placed nearly
1 goth of his mean distance from the cen-
tre1 of the orbit

in order to obtain the true form of the
earths orbit let the suns apparent diameter
be taken when he is at the beginning of each
of the twelve signs in the eclipticor in other
words 0observeserve his apparent diameter for
everevenevery SO0 deg of longitude from these ob-
servationsions calculate the proportional dis-
tancesaces corresponding to the apparent
diameters assuming the mean distance
equal to with these data the forniform

I1 bof the orbit can be delineated on paper in
the following manner letlot any point on
the paper be chosen representing the place
of the sun from this point layjay off the pro-
portional didistancestancesiance making an angle with
each other of thirty degrees connect the
extremities of these distances by continuous
curves it is evident that this will be a cor-
rect representation odtheof the orbit odtheof the earth
about the sun the curve thus constructed
will be preceived to deviate from A tircularculap
figure being longer than it is broad that is
of an elliptical form the point represent-
ing the position of the sun will not be in the
centre ortheof the ellipse butbutwillwill be in one of the
foci at a distance from the centre equal to
about 1 goth part of the mean distance of the
sun from the earth

this representation will be still more ac-
curate if the suns longitude and apparent
diameters be observed a greater number of
times during the year as for instance ever
day and his proportional distances be cacal-
culated from the observed diameters ac-
cording to the above rule for then if each
of these proportional distances be drawn
from any point on a sheet of paper making
angles with each other equal to the observed
daily differences of longitude the extreme
ties of these lines will determine a greater
number of points in the continuous curve
cconnecting them and consequently the form
afpathethe curve will be more accurately repres-
ented
the form of the curve may be exactly

determined by referring properties of
the ellipse if an ellipse be described whose
eccentricity is equal to about 1 goth ofoffisits
bemisemi major axis any point in this ellipse
may be expressed in terms of its angular
distanceuce in respect to the major axis and
one of the foci now let different points in
this ellipse be chosen corresponding to the
observedservedbb longitudes of the sun or to the
angleingle which they make with the earths
major axis let the distances of these points
from the focus be calculated and they will
be found to coincide most perfectly with
those derived from the calculations founded
antheon the measurement of the suns apparent
diameters

in this way the elliptical form of the
earths orbit hasas been demonstrated and
thehe amount of its eccentricity determined
to a very great degreedegreg of exactness it will
be very difficult fonfor those who are unac-
quaintedquainted with the geometrical properties of
tiiethe ellipse to fully comprehend these
demonstrations therefore such will be
underiander the necessity of relying uponupun the
testimony of mathematicians until they
shall qualify themselves to understand
the nature of such demonstrations

we will now more fully define some
terms that will be of frequent use in our
future investigations

the mean distance of a planet from the
sun or of a satellite from a planet is equal
to the semi mamadormajoror axis of its orbicorbit or half
of the longest gameterdiameter or in other words
one half the sum of its greatest and leastfeast
distances the distance from either focus
of an ellipse to either extremity of its
shortest diameter is equal to the mean
distance

the major and minor axes of anart ellip-
tic orbit are respectively the longest and
shortest diameters

the foci of auan elliptic orbit are two
points situated in the major axis at equal
distancesstancesii from the centre and at the mean
distances from the extremities of the
minor axis

the eccentricity of an elliptic orbit is
the distance from its centre to either focus

expressed in fractional parts of its
semi major axis

that point of the elliptic orbit of the
planet which is the nearest to the sun is
called the perihelion and the most dis-
tant point of the orbit ffromromnom the sun is call-
ed the aphelion

the nearest and most distant points of
the moons orbit or of the sunssans apparent
orbit about the earth are called respective-
ly the perigee and tlethethe apogee

these same points are also called A sides
the former is called the lowerlowen A Is and
the latter the higher cherhothe line
joining these points or the major axis is
termed the line of

the equator is a great circle of the
heavens equally distant from the two
poles the plane of which is at right angles
to the earths axis

the ecliptic is a great circle of the hea-
vens

bea-
vens thetho plane of which contains the ellip-
tic orbit otof the earth as also the apparent
orbit of the sun i 5

the obliquity of the ecliptic is the lnn

clination of its plane to that of thetho equator
which is equal to 23

the poles of the ecliptic are two points
in the heavens 0 distant from the eclip-
tic the line joining the poles is at right
angles to the plane of the ecliptic and iais
inclined to the earths axis at an angle
equal to the obliquity of the ecliptic
the vernal equinox is that point in the

ecliptic intercepted by the equator through
which the sun apparently passes from the
south to the north side of the equator

I1 the autumnal equinox is that point in
the ecliptic through which the sun alpar

I1 antly passes from the north to the south
side of the equator

the right ascension ofif a heavenly body
is reckoned onan the equator and is its angu-
lar distance east of the vernal aquinequinox

the declination of a heavenly body is itsita
angular distance north or south of the
equator

the longitude of a heavenly body is its
angular distance reckoned eastward from
the vernal eequinox on the eclipticlatitudethe latitude of a heavenly body is its
angular distance north or south of the
ecliptic reckoned in a aidirection at right
angles to the elliptic

the tropicstro dies are two smaller circles situa-
ted on each side of the equator at an
lar distance of 23 27 30 and whose
planes are parallel to the plane odtheof the
equator the northern tropic is called the
tropic ofor cancer the southern the tropic
of capricorn

the pointer are two points in
the ecliptic which touch thothe tropics and afeareare
99 deg distant from the vernal and autum-
nal equinox

the summer solstice lies north of the
equator the winter solstice lies south

the polar circles are two circles parallel
to the tropics their angular distance from
the poles is equal to the obliquity of the
ecliptic the one to the north is called the
arctic circle the one to the sousonsouth the
antarctic circle

thefhe poles of thethie ecliptic are contained in
the polar circles these centresbentres are the
poles of the earth prolonged I1to0 the
heavens

having proved that the earth has an an-
nual motion around the sun in an elliptic
orbit and that the sun is not situated in
the centre of the ellipse but in one of tthe
foci and that the eccentricity of the orborbit
or the distance of the sun from the centrecantre
of the elleliellipseipseapse is equal to nearly 1 goth of
his mean ditdistanceance iromfrom the earth we shall
next proceed to investigate the law of the
angular velocity of the earth around the
sun this will evidently be the same as the
apparent angular velocity of the sun
around the earth supposinga the earth and
sun to change places

now letlot us suppose that the real velocity
ofif the earth in its elliptic was uni-
form it is evident that its angular velocity
around the focus of the ellipse would le
different at different dladiAdistancesances that is the
greater the distance the less the angular
velocity A body moving at right anglesangies
to the line of vision at twice the dladiadistancedistancetance
with a uniform motion would have one
half the angular velocity at three times the
distance one third the angular velocity
and so on now when we observe the ap-
parent angular velocity of the sun 0orr
which is the same eting his dallydaily change of
longitude in different parts of his apparent
orbit we find that about the of decem-
ber when the sun is nearest to the earth
his apparent angular velocity is the great-
est amounting to 7 in 21242 1 mean
solar hourhours and about the of july
when he is the most distant from the earth
his apparent angular velocity is the least
being only 2 inalnain a mean solar day the
average change of longitude in a day is
found by dividing degrees by

which is the number of mean solar
daysday in a tropical year the quotient
amounts to 3333 thus it will be pper-
ceived

or
that from the perigee to the apogee

the suns apparent angular velocity decreas-
es and fromirom the apogee to the perigee it in-
creases does this variation depend whol-
ly upon a chanchangee of distance or is there
actually a change of real velocity in differ-
ent parts of the orbit

this question may babe determined by combar
inarint the rate of variation lain the angular velocity
with the ratratee of variation in the distance if
the mean distance and also the mean angular
velocity be each assumed equal to unity or
then the extremes of distance will bobe

and the extremes of angular velocity
willwllI1 bebelbeiloam olloli0 MIby a comparison of these numbers it will be
seen that the deviation of the angular volovelocitycity
from the mean lais much greater than the devia-
tion of the distance from the mean therefore the
rate of variation of the angular velocity must be
much greater than what would result from a
mere change of distance alone hence the excess
must bobe dependant upon a real change otof velo-
city
if tthehe eextremesatremes of distance be compared with

the extremes of angular velocity the latter will
be found nearly equal to the inverse squares of
the former they would be quitequita equal were
the observations from which they were deduced
perfect andd I1if we comeomcomparere the angular velo-
cities at any other point 0of the earths orbit they
will be found to vary exactly as the inverse
aquasquares of their respective distances from the
sunsua the realI1 motion ofot the earth therefore in
its orbit cannot be uniform its actual velocity
decreases from the periperlperihelionbegon to the aphelion
and it increases from the aphelion to the perihe-
lion at corresponding points on each side of the
major axis its velocitypigrigis equal
the law of the angular velocity hatinghaving been

determined to be as the inverse square of the dis-
tances we will next investigate the law of its ac
tuaI1 velocity

if we supposesu se a line drawn from the earth to
the sunbun ianIMNitisitla evident that it will sweep over the
whole surface or area of the elliptic orbit in onone
yearear thiathistbthis line is called the radius vectorgonowaltvit it has been determined by observations that
the radius vector moves over equal areas of the

ellipse in equal timestimm if theaheh tovelocityjckty of the
earthcarth wemeweregereWere uniform this cocoulduld nottage place I1

nonfornorthethe radiusnadius vector as it increased lain length
would with equal velocities describe an in-
creased area therefore as the harfus vector in-
creases in length the velocity of the earth must
decrease in such a proportion as to have thothe i
areas swept over in equal times exactly equal
consequently the areas described must be pro-
portional11 io al to this is the law of the ac-
tual velocity of the earth in its orbit

all we have stated thus far gives us no infor-
mation in regard to the mode of obtaining the
true distance of the earth from the sun we
have heretofore merely assumed the mean dis
tance to be equal to unity and pointed out the
method of determining the proportional distances
in different parts of its orbit as well as the law
of its proportional velocities but these pro-
portional distances and velocities do not inform us
whether the sun is tenton miles off or ten thousand
millions of miles to persons unacquainted with
the principles of trigonometry it may seem im
possibleblebie to measure the distance to an inacces-
sible object like the sun but it must be admitted
that the results derived from
calculations do with the greatest accuracyi cor-
respond with actual measuremeasurementsmentsmentz where the
objects are accessible and therefore it cannot
be doubted but that the same rulesrulee when ap- i
piledplied to inaccessible objects will give justlust as
accurate results

if any person wishes to know the exact distadistancenicezice
from this tabernacle to some visible object on an
island in the salt lake let him accurately mea-
sure a base line in somo convenient direction not
directlyv towards or from the object leblet this line
bobe some two or three miles in length from each
extremity of this line take the angle which it
makes with the object and if the measurements
of these angles and base line be correct he can
in a few minutes calculate the exact distance to
the object it Is exactly upon this principle that
we calculate thetho distance iromfrom the eaith to thetha
sun

the semi diameter of the earth Is chosen as the
baselinebase line observations upon the sunssuna apparent
place in the heavens as seen from the extremi-
ties of this base line are accurately taken the
amount of angular displacement arising from
the difference of the positions from which the
observations were taken Is called the suns hori-
zontal parallax thisibis displacement or parallax
may be more clearly understood by supposing
three observers to be stationed upon the same
meridian about the time when the sun crosses the
equinoctial let one of these observers be sta-
tioned at this city another be stationed on the
equator due south and the third as far south of
thetha equator as we are north at noon the observ-
er at the equator will seetheseegee the sun directly over
head or in methe zenith it will appear to hinihim in the
sammeearno position as it would to an observer placed
at the centre of the earth this may be termed its
truetrae position but the observer at this city would
behold the sun displaced a short distance to the
south of its true place while the observer in the
southern hemisphere would see the buneun a little
north of its true place the distance that it devi-
ates either north or south of its true place Is
called its parallax

the greater the distance of the stations eithencither
north or south the greater will be the parallax
this parallax may bede measured by astronomical
instruments at any two stations of equal lati-
tudes on the same meridian in the northern and
southern hemispheres and the distance between
the stations being equal to the sunisum of the sinesbines
of the latitude is known and therefore it Is
easy from these data to compute the suns rea
distance

the sunsbuns great distance compared with the
semi diameter of the earth renders the horizon-
tal parallax very email and consequently a very
small error in the observed parallax will make
many millions of miles error in the computed dis-
tance of the sunbun toward the last ortheof the seven-
teenth century dr hahalleyhallcyllcyilcy pointed out a method
of obtaining the bunssuns horizontal parallax with
far greater accuracy than what was ever before
known his method depended upon the observa-
tions of the transit of ven us across thetho s unsuna disc
this happens only once or twice in a century dr
halley in 1691 predicted a transit of venus that
happened in 1761 he showed how astronomers
by being stationed in different parts of thetho earth
and by observing the exact timeuumo of the bebeginningmingM inzing
and end of the transit might calculate with a great
degree of accuracy the suns horizontal parallax
accordingly when the time drew nearmear several
nations fitted out expeditions to various quarters
ol01 the earth to accomplish this desirable object
the results of their comoomcombinedbinea observations and
calculations give a horizontal parallax at the
suns mean distance equal to el8 58 by simple

metrical calculation this parallax gives
thethohe suns mean distance equal to times
the mean radius of thetho earth the mean

of the earth Is equal to miles this
multiplied into the above gives 1

distance can be relied upon as exact within a very
small fractiontraction ol01 the whole amount

by multimultiplyinglying the mean distance by the pro-
portionalpo ona ddistancesstances of the extremes 6 and
L 64 which as we have already shown arearo
deduced from the observed apparent diameters
of the sun when in apogee and perigee we ob-
tain hisbis greatest and least distances from the
earth exexpressedessed in miles which are respectfully
equal to andegaleyalthehe eccentricity of the orbit is obtained by tak-
ing the difference between the mean distance and
elthereither extreme which Is equal to miles
about the of december when the earth is13 in
that point of its orbit called the perihelion the
sun is 34 1 miles nearerneaner the earth than on the

of julyjuli when it is in its aphelion the cir-
cumferencecumference of a circle whose genilbemi diameter Is
equal to the earths mean distance from the sunrun
would be l miles but the earths orbit
being elliptical its circum telb ence is about
miles less than this or about equal to
miles which Is the circumference of a circle
whose diameter Is halfhalt the sum of the major and
minor axis of the orbit

over this vast distance the earth passes every
year the average velocity of thetho earth per day istear miles thetue average per hour Is 668 miles
during the timetune that this audience have been lis-
tening to my lecture they have been waftedwafred
with an average velocity of 11361138 miles every
minute little do wawe realize that duringerduningduring everyenyery
second of time we are transported 19 milesles in
space we are stArtstartledlodiod at the idea of a cannon
bailball11 flying 8 miles per minute and wonwonderer howow
itt Is possible for it to dart with such great rapid-
ity but howhoff inconceivably more astonishing it
Is to contemplatecontemptto this vast globe with all it con-
tains flying roughthrough space with a velocity iiilit
times 8si fterafter thanban that of a cannon ball if we
were to travel both day and night on a railroad
car with a velocity of 30 miles an hour it would
require over 2271 years to pass over a space equal
to the earths orbit

wette have already stated that the velocity of
the earth in its orbit Is not uuniformnbiform at its inmeanmearean
distance its velocity in 24 mean solar hours laIs

miles at the perihelion its daily velocity
Is imail milesalies at the aphelionaphelin it Is
miles ane difference between the extremes of
the dailydally velocities laIs miles AbouAbouttithetha
bist of december we are carried about mlM l
per minute swifter than on the of julyjull aumivi

for the benefit of the mathematical students of


