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treTHE first subject which we propose to in-
vestigatevestigate in thislecture is the seasons dur-
ing the time that the earth performs one
annual revolution the inhabitants experi-
ence a variety of seasons

those who live in the southern hemis-
phere have their seasons in the reverse order
of those in the northern december janu-
ary and february are their summer
months while here they are our winter
months their spring corresponds to our
autumn their winter to our summer their
autumn to our spring when the days in
the northern hemisphere are the longest
in the southern they are the shortest anaand
viceties versa when they are the shortest here
they are the longest there from the of
march to the of september the sun
shines without any intermission onan our
north pole while the south pole during that
time is enveloped in darkness from the

of september to the of march the
south pole is constantly enlightened by the
sun while our north pole is left in dark-
ness the whole order of the seasons in
the northern hemisphere is repeated inthein the
southern but during the opposite time of
year

if the earth revolved around the sun
directly from west to east that is if the
plane of the earths orbit coincided with the
plane of the equator there would be no
variety of seasons and also the days and
nights over the whole earth would be of
equal length if the earth revolved around
chesunthe sun from south to north and back
again to the south then our seasons would
have the greatest possible change that could
be given to them the difference between
the length of days and nights would increase
with much greater rapidity and the ex-
tremes of temperature beskeenbetween summer
andaud winter would also be far greater on
the ofmarch the days and nights would
be equal in all latitudes from that time
until about the loth of may the days would
iiiiri our latitude increase from 12 hours to 24
whilelethethe nights would decrease from to
nothing from the loth of may to the 2ndand
of August the sun would not set to uamt he
would be seen among our circumpolarstars
exhibiting the same apparent phenomena
manifested by those stars about the 2ndand
of august ninightlit would again set in the
length of which would now increase until
the of september when the days and
nights would again be equal from the aist
of september the length of the ulnights would
increase until about the lith of november
when the sun would set andalid remain below
the southern horizon about eighty days or
until about the of january when the
day would set in being only a few minutes
long at first but increasing rapidly in
lenienlengthth until the of march when dayanyanTand night would again be equal

thusthui if the earth revolved in an orbit
whose plane was perpendicular to the plane
of the equator the vicissitudes of the sea-
sons and the variations of day and night
would be such as to render our globe unfit
for the habitation of man at one season of
the year he wobouldefildbe scorched not only with
a vertical sunaun but edth an accumulation of
heatarising from the great lengienglength ofthe day
whilewhilo at another seasonbeason he would be expos-
edetoto all the severity of coiacola experienced inthe polar regions I1if the earth should revolve around the sun
biffi einytiny other direction except the two that
we have alreadymentionedmentionedthethe of

and ofday anaandana night would be
proportional to the inclination of the ecliptic

planepiane of the equator as the angle of
increases so would the durendurerdiffer-

encesen e3 in the sevesoveseverityity of the seasons increase
anis inclination of the two planes is called
thetho obliquity ofthe ecliptic which islsis14 aboutadiz 2 cosecrosec ofan arcare
lvekweive hallshall next point out some interesting
phanPhInphenomenaomena connected with the earths an

lotionmotion or explain i what is meant by

the signs of the zodiac the precessionon of
axes the tropical sidereal and

anomalisticto years the mean and true places
of the earthear thingsin 16 orbit and ineameanllandilandliandand ap
parent time after which vewe hailhalihall aaagain
recur to the phenomena of khethe season and
their essecteffect uponpon the earths temperature or
climatic changes

from the of december to the alst ofjune the earth pursues a direction not due
eastbast but nearly east oumoath east from thothe
gist of june to the alst of december its
direction Is nearly east northhorthnortheasteast in de-
cember the earth as seen from the sun is
in cancer while the stinsun aappearsTP earseans in cap-
ricorn

it is evievlevidentdont that while the earth goes
east southbouthsoutheasteasttast from cancer to capricorn it
must pass fremfrom the north through the equi-
noctial plane to16 the south the earth crosses
the equinoctial about the slat ofot march
it is then in the first point of libra while
the sun appears in the first point of aries
when the earth goes eastcast northeastnorth east from
capricorn to cancer it the equi

from south to north about the bist
of september when it is as seen from the
sun in the first point of aries and the
sun as seen from the earth appears in the
firstr t point of libra

As the earth goes round its annual cir-
cuit it maintains its axis parallel to itself
ththatt islsIs19 the angle of its inclination to thepineplanepiane of its orbit remans the same through
out an entire revolution consequently the
axis will be directed towards one partparticu-
lar

lenleu
point in the infinite sphere eff the hea-

vens in other words if the parallel lines
represented by the parallel position of the
axis in every point oritsof its orbit were pro-
duced to the immense distance of the
starry sphere they would seem to coalesce
in one point therefore the stars because
of their great distance would not exhibit
any apappreciablepr parallax or displacement
bbyazthe eearthsrth gaannualannu 1 motion that is the
wholew oleoie orbit of the earth if seen from the
distance of the fixed stars would appear
like a meremero point subtendingsub tending no apparent
angle now if aline be drawn from the
sun to the earth it will be perpendicular
to the axis of rotation when the earth is
in the vernal and autumnal equinoxesequinoxes
hence the days and nights will be equal

at all other seasons of the year the
angleaugle which the radius vector makes with
theaxis of rotation deviates from thetho per-
pendicularcular this deviation on either side of
the perpendicular is equal to the sunsbuns
north or south declination when the sun
is in either of the tropics the deviation iiss
at its maximum and is aenthen equal to thetha
obliquity of the ecliptic

all the variety of seasons together with
the differences of the length of day and
night are the results of the continual vari-
ation of this angle and the variation of the
angle which the radius vector makes with
the earths axis estheis the resultedresult ef the ob-
liquity of the ecliptic combined with the
parallelism ofatthethe axis in different points of
the orbit

the ecliptic is divided into twelve parts
called signs each sign therefore contains
SO30 degrees these signs are reckoned from
themhd vernal equinox and are called aries
taurus gemini cancer LeoVIrleovinleoneo virgogoLIblibra
scorpio sagittarius acxaqua-
rius pisces these signs are merely names
given to the subdivisions of the ecliptic
commencing from the actual equinox which
Is constantly shit ting itsita position in respect
to the fixed stars retreating upon the ec-
liptic westward at the rate of about aoi
secsee of an arcare per annum the signs of the
ecliptic therefore must not be confounded
with the constellations or certain clusters
of stars which are called by the same
names A little over two thousand years
ago the signs of the ecliptic were coinci-
dent with the constellations that bear the
same namescambs batbut during that period the
actual equinox hashaa receded upon the eclip-
tic about one fullfall sign consequently the
constellations ofdf the zodiac are about one
sign inlit advance of the signs of the barneearne
name marked on the eclideclipticto

it was formerly the practicepractice to reckon the
longitude of the heavenly bodies by signs
degrees minutes and seconds but the
practice of usingwing signs in the reckoningof
longitudes is now being abandoned in
consequence of the misunderstanding
liabletable to arise from confounding these signs
with the constellations longitudes are now
reckoned by degrees ac from 0 or the
vernal equinox tbth degrees

As the equinoxequinoxeses recede upon the eblineclip-
tic iit is evident that the earth will not per-
form one complete revolution as indicated
by the stars when it arrives at the same
equinox againibn the amount which it clacks
of one complete revolution is as before
stated about secsee of a degree over this
distance therefore the earth must move in
order to complete one sidereal year thetime of describing this arearc is
hence the sidereal year is so much longer
than the tropical yearear the former Is equal
to d ah am ggs while the latter is equal
to d ah it is during thtbe arpp
icalleal and nothot the sidereal year that our sea-
sons come round in thothe same order

the longer axisI1 of thetho elliptic orbit of the
earthhasbas a slow motion per annum
in advance that is the peripeniperihelionbelion advances
eastward upon the ecliptic that much in a
sidereal year this small arcare which i so
much over a complete revolution must be
ddescribedbed before the earth can again reach
the perihelion point of its orbit thevia time
occupied in so doing is aoa this added
to the sidereal year gives the interval be-
tween towo consecutive returns to the peri-
helion this interval is equal to ch0ma i t v

i

and laIs called the anomalisticyearyean the receding of the equinoxesequinoxes and
advance of the perihelion upon the ecliptic
are results flowing from the action orof the
forces existing in the solar system and
which we probably shall more fully ex-
plainlainiain should we hereafter lecture upon thelawfawlaw of those forces

we shall next explain what is meant by
the geocentric and Helloreiloheliocentriccentric places of a
heavenly body

the geocentric place Is its position as it
would be seen from the centre of the earth
the centrecontre of the earth is chosen as a con-
venient point of reference because it is not
affected by the diurnal rotation

the Helloheliocentriccentric place of a body laIs its
position as seen from the sun or rather
fromirom the centrecentro of gravity of the solar sys-
tem which is situated near the centre of
the Ssunun this point is chosen as a con-
venient point of reference because it is not

I1

affected by the nor the orbi
motions ofor the system

the geocentric position refers the situa-
tion of bodies to the great sphere of the
heavens concentric with the centre of the
earth

the Helloheliocentriccentric position refers them to
the sphere of the heavens concentric to an
eye situated in the centre of gravity ol01 the
system

the heliocentric longitude of the earth is
its angular distance subtended at the sun
from the first point of aries reckoned east-
ward on the great circle otof the heavens
formed by the infinite prolongation of the
plane of the ecliptic

the helloheliocentriccentric latitude of a heavenly
body is its angular distance subtended at
the sun reckoned either north or south of
the ecliptic on circles perpendicular to that
plane As the earth is situated in the plane
of the ecliptic its hellohelioheliocentriccentric latitude is
generally nothing

we shallbhail now explain what is meant hyby
the meanmead and true places of the earth in its
orbit

the mean place is the position it would
occupy if it revolved with a uniform mo-
tion in a circular orbit with the sun in its
centrecontre then its true longitude could be
calculated by the following simple propor-
tion

one year the time elapsed deg
the arcare of longitude passed over from the
vernal equinox

but as the orbit is not circular andtua is
pot described wita a uniform motion this
rule will not glyegive the true longitude the
longitude thus obtained is called the mean
longitude As theth earths orbit does not
deviate to any great extent from a circle
the true longitude does not differ to any
great degree fromirom the mean

the formerformen may be calculated from the
latter by applyingplyingapplying to it a correction which
will beadhe additivealtivetivo or subtractivesubtract ve according as
the earth id iiiiu advance or behind its mean
place the amount ofor this correction is
computed upon the principle of the equable
He of areas about thothe sunsuii in eequalual
times the area swept over bby the radius
vectorectorV
0 in any given time may be ascertain-
ed by the following proportion L

one year the time elapsed the whole
area of the ellipse the area of the sector
swept over in that time

and having thus obtainedobtained the area of the
sectorbector there are various methods of obtain-
ing the angle about the sun which this
fractional area would subtend in any givenen
position of the ellipse by the prinprinciplesplespies
of geometry the true longitude 0of the
barthearth could tobe calculated for any given
moment

to save the labor of calculating tables
have been formed expressing tivethe differ-
ence between thetho true and mean longitude
for any given time throughout the year
this difference Is called the equation of the
centre at thetha perihelion and aphelion
points of the ororbitit thetho mean and true
places will coincide from the perihelion
lo10 the apaphelionapheliodhellod the true place will be in ad-
vance of the mean and from the aphelion
to thetho perihelion the true place will be be-
hind the mean the greatest difference
between the true and mean places amounts
to I1 deg 55 in secsee from this the
difference diminisheddiminishes to nothing and is
additive to the mean place while the earth
passes from the perihelion totd the aphelion
and subtractive from the mean while the
earth passes from the aphelion to the peri-
helion

it is a well known fact that the sun
comes to the meridian at differentdifferent seasons
of the year not exactly as indicated by a
well regulated clock but some times be-
fore and at other times after janean noon

if the earth revolved with a uniform mo-
tion in a circular orbit with the sun in its
centre and also in a place coincident with
the equator the sun would always comocome to
the meridian precisely at 12 but
as the earths orbit is elliptical with the
sun in one focus and is described with ve-
locitieslo not uniform the sun will not on
account of thesa causes coincide with a truotrue
clock

but independentendent of these there is another
cause whichwh itiidic produces an inequality in the
time of the suns coming to the meridian
and that Iss the obliquity of abo ecliptic

I1 even if the earth did describe in the eclip-
tic equal angles in equal times these equal
angles in the ecliptic if projected on the
equator at right angles to it would give un-
equal angles and therefore this would be
another cause which would make the sun
como to the meridian sooner or later than
dock time timecrime reckoned from the
position of thetho sun is called apparent time
and when reckoned from a truotrue clock it Is

called meanmeantimetimetimo the differdifferenceeneoenco between
mean and apparent time iaIs called the equa-
tion of time

the causes just referred to operate con-
jointly to increase this difreditredifferencerence thegreatest fluctuation of apparent time
amounts to upwards of halfanart hoarhoor beinbelubeing
sometimes minutes faster than mean
time anaand at other times minutes slow-
er eablestables of the equation of time are cal-
culated and inserted in somosomeso me almanacalmanacssandandana
by the application of the equation
ent time we can regulate our clocks and
watches to mean time

eromprom december the sunsuu begins to
fall behind a true clock the difference in-
creasing daily until it attains a maximum
on the lith of february it thenthea gradually
decreases until the lath ofapril therefore
from the of december until the of
april the equation isI1 to be added to appar-
ent time in order tto obtain the mean time
from april the sun begins to be in
advance of clock time the difference in-
creasing very slowly until it attains its
maximum on may when it gradually
diminishes until june from april

to june the equation must be
subtracted from apparent time to obtain
clock time in like manner from june

to august the equation must be
added and from august until de-
cember it must be subtracted

hence there are four days in a year when
the sun and a true clockdock or apparent and
mean time agree ilamllamnamelyeadly apellapril june

august and december be-
tween each of these periods there is a day
on which the equation attains to its greatest
additive or subtractive value on the lith
of february the maximum amounts to

additive may it amounts to sm
subtractive on july am ad-

ditive and on november 2ndand iss sub-
tractive

we have purpurposelypurposed deviated for a while
fromfroin the subject ofzethe seasons to explain
the nature of the tropical year on which the
seasons depend and at the same time to
briefly notice some slight variations in the
position of the earths orbit we shall now
return to the inequality of daydav and night in
different latitudes and to the unequalunequal dis-
tributiontribution of temperature over the earths
surface

if the earth revolved in an orbit coinci-
dent with the equator as we have already
explained day and night in all latitudes
would be equal the year round each being
of twelve hours duration under these con-
ditionsditions there would be no variety of sea-
sons summer and winter spring and

would not as now alternately fol-
low each other the sun would be con-
stantly Tervenvertical only in the plane of the
equator this meridian altitude in any
given parallel of latitude wouldnever varytary
there would be nonw tropical nor polar
circles dividing the earth into torrid tem-
perate and briged zones the temperature
afpfaf the earths surface from the equator to
the poles would gradually decrease while
all fluctuations of temperature such as now
result from the seasons would entirely
cease

if thethe earth revolved as we have also ex-
plainedplained in an orbit whose plane was at
right angles to the plane ofthe equator the
arctic and antarctic circles would be coin-
cident with the equator while the northern
andana southern tropics would reach to the
poles the two temperate zones would
ceasepease to exist while the torrid and briged
zones would become alternately identical
under these circumstances thegreatest ex-
tremes of temperature and the greatest
variations of day and night would exist
that could possibly take place by any
change of the angleanglo of inclination between
thebhe ecliptic and equatorial planes the
present vegetable and animal economy
could not endure the terrible extremes of
temperature inflicted by such anart order of
things

were the obliquity of the ecliptic a little
more than double its present value say
49 15 in our parallelparalrelfel of latitude we
should have in december some two weeks
of night during which only the upper
limb of the sunrun skimming our southern
horizon a few minutes before and after 12

at noon would be visible if not
obstructed by the inequalities of the land-
scape from december to the of junejuno
the nights would decrease and the days
increase at the latter period the sun at
noon would be 8 30 north of our zenith
and 12 hours after his lower limb would
for a few minutes disappear behind our
northern horizon while his upper limb
would continue visible that is providing
the horizon is not obstructed by mountains
under such extremesor heat and coldtold the
gratergreater part ofour globe would be rendered
uninhabitable

but the present value of the obliquity of
the two planes is such as to produce an
agreeable variety of climate whose fluctua-
tions are moderately adjusted to innumera-
ble organizations of both plants and ani-
mals thevaried seasons bring with them
their peculiar enjoymentsenjoymentenjoy mentsmeno and seem to
stimulate the higher orders ofanimated
beings with energy activity and life to
providelovide for the periodical changes so happi-
lyif imposed upon them while the monotony
of0 an equable temperaturetemperaturo and unchanging
climate would enervate or render dormant
many of the instincts energies and powers
which now so usefully andanaand beautifully
adornadom the vegetable and anieni malmai kingdom

if we suppose the heat ol01 the sun to be
constantly the same the quantityof heat
received by the wholeame earth each danwillday will
be constant but the this heat

im


