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LECTURE IV.

The Seasons.— Subdivisions of the Eclhiptic

into Signs.—Precession of the Equinoxes,
—S8idereal and Tropical year.—Revolu-
tion of the elliptic orbit.—Anomalistic

- year.—Geocentric and Heliocentric places
of a Heavenly Body.—Farth’s Mean and
True Longitude.—~Mean and Appareng
time.— Distributions of Temperature,—
Hottest and Coldest days of the year.—
Permanency of the mean annual tempera-
ture, —Invariability of the earth’s diurnal
and annual Periods.— Stability of the Laws
of Motion.—Interior Temperature of the
carth as affected by the Sun.—Ocean
Temperature.— Cause of the great Cur-
rents in the QOcean.— Atmospheric Phen-
omena,—Reflections on the Origin of
Planetary Motion.

TaE first subject which we propose to in-
vesti in thislecture is the ns. 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; and
vice versa; when they are the shortest here,
they are the longest there, From the 21st of
March fo the of September, the sun
shines without any intermission on our
north pole, while the south pole during that
time is envelo in darkness. From the
Z21st of September to the 21st 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 in 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 earta’s 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 len If the earth revolved around
the sun from south to north, and back

ilagain til? the uut;tth, tha;ll u:l; aamtlﬁutwuuld
ave the grea possible change that counld
begiven to them. The difference between
thelength of days and niﬁt! wounld increase
with much greater rap , 8nd the ex-
tremes of temperature between summer
and winter would also be far greater. On
the 21st of March the days and nights would
be equal in all latitudes; from that time
until about the 10th of May, the days would
in our latitude increase from 12 hours to 24,
while the nights would decrease from 12h, to
nothing. From the 10th of May to the 2nd
of Au the sun would not set to us;but he

would be seen among our circumpolar stars,
exhibiting the same apparent phenomena
manifested those stars. About the 2nd
of August t would again set im, the
1 of w would now increase until
the 21st of September, when the days and
nights would be equal,  From the 21st
of September the length of the nights would
increase until about the 11th of November,

when the sun would set and remain below
the southern horizon about eighty days, or
until about the 31st of January, when the
day would set in being only a few minutes
long at first, but. increasing rapidly in
len until the 2Ist of March, when day
and night would be equal.

Thus if the .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. Atone season of
the year he wou.idbe scorched not only with
a vertical sun, but with an accumulation of
heatarising from the great length of the day;
while at another season he would be expos-
ed to all the severity of cold experienced in
the polar regions. - .

If the should revolve atound the sun

n any other direction, exceptthe two that
we have already mentioned,the difference of
the and of day and night would be
pmp;rtiﬂln _-tt;r ttl;la-in ;tlun ufth the ecliptic
to the plane ol the equator, as the 6 of
inclination increases so would themalﬂ’er-
ences in the severity of the seasons increase,
This inclination of the twe planes is calleq
the Obliquity of the Ecliptie, which is about
23deg. 27Tmin. 30sec. ofan arc,

We shall next point out some interesting

Phenomena connected with the earth’s an-
nual motion, or explain what is meant by
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the signs of the zodiac—the
the equinoxes—the tropical, sidereal and

anomalistic years—the mean and true places

of the earth in its orbit—and mean and
ent time; after which we shall |
ur to the phenomena of the seasons and
their effect upon the earth’s temperature, or
elimatic changes,

- From the 21st of December to the 21st of

June the earth pursues a direction, not due
east, but nearly east south-east; from the

21st of June to the 2lst of December its |

direction is nearly east north-east, In De-
cember the earth, as seen from the sun, is
in Cancer; while the sun appears in dnp-
ricorn,

It is evident, that while the earth goes
east south-east from Cancer to Capricorn it
must pass frem the north through the equi-
noctial plane to the south; the earth crosses
the equinoctial about the 21st of Mareh;
it is then in the first point of Libra, while
the sun appears in the first point of Aries,
When the earth goes east north-east from
Capricorn to Cancer, it recrosses the equi-
noctial from south to north about the 2lst
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
first point of Libra.

As the earth goes round its annual cir-
cuit it maintains its axis parallel to itself,
that is, the angle of its inclination to the
plane of its orbit remans the same through
out an entire revolution; consequently the
axis will be directed towards one particu-
lar point 1n the infinite sphere ef the hea-
vens; in other words, if the parallel lines,
represented by the el position of the

in every pointof 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 exhihit
any appreciable para]inx or displacement
by the earth’s annual motion; that is, the
whole orbit of the earth, if seen from the
distance of the fixed stars, would appear
like a mere point, subtending no apparent
angle. Now ifa line 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 equinoxes,
hence the days and nights will be equal.

At all other seasons of the year, the
angle which the radius vector es with
theaxis of rotation, deviates from the per-
pendicular; this deviatlon on either side of
the perpendicular is equal to the sun’s
north or south declination: when the sun
is in either of the tropics, the deviation is
at its maximum, and is then equal to the
obliquity ef the ecliptic.

the variety of seasons, together with
the differences of the length of day and
;ilght, are the results of the continual vari-
on of this angle, and the variation of the
angle which the radius vector makes with
the eartb’s axis, is the resultef the ob-
liquity of the ecliptic, combined with the
parallelism of the axis in different points of
the orbit.
~ The ecliptic is divided into twelve parts,
called Signs; each , therefore, contains
30 degrees.—These signs are reckened from
the vérnal equninox, and are called Aries,
Taurus, Gemini, Cancer, Leo, Virgo, Libra,
Scorpio, Sagittarius, Capricornus, Aqua-
rius, Pisces. These signs are merely names
given to the subdivisions of the ecliptie,
commencing from the actual eguinnx which
is constantly shifting its position in respect
to the fixed stars, retreating upon the ec-
liptic westward at the rate of about 350.1
sec, of an are per annum, The signs of the
eolggtic, theretore, must not be contoutided
with the constellations, or certain clusters
of stars which are called by the same
names. A little over two thousand
(n!go, the signs of the ecliptic were coinci-
ent wlatg the bmtm&aennﬁnnu that bear tlﬂe
same names; but during that period the
m a(tiuino:ﬁhﬁa xieoedgod upon tht.i ecli
about one sign; consequently,
constellations of the zodiac are :buu{ one
sign in advance of the signs of the same
name, marked on the ecliptic,

It was formerly the practice to reckon the
longitude of the heavenly bodies by signs,
degrees, minutes, and seconds, t the

ractice of using signs in the reckoning of

ongitudes, is now being abandoned, in
uence of the misunderstanding
liable to arise from confounding these signs
with the consiellations; longitudes are now
reckoned by degrées, &ec., from 0, or the
vernal equinox, th 360 de A
“As the equinoxes r e upon the eelip-
tic, it is evident that the earth will not per-
form one complete revolution, as indicated
by the stars, when it arrives at the same
uinox n; the amount which itslacks
of one complete revolution is, as before
stated, about 50.1 sec, of a degreé; over this
distance, therefore, the earth must move in
order to complete one sidereal year. The
time of dmrihi;ﬁ this arc is 20m. 19,9s,
Hence the sidereal yearis so much longer
than the tropical year: the former is equal
to 365d 6h 9m 9.6s; while the latter is eqnal
to 365d Sh 48m 49.7s. It isduring thetrop-
ical, and not the sidereal year, that our sea-
sons come round in the same order,

The longer axis of the eliiptic orbit of the
earth has a slow motion of 11.8s per annum
in advance; that is, the perihelion advances
eastward upon the ecliptie, that muech in a
sidereal year: this small arc, which isso
much over a complete revolution, must be
described before the earth can again reach
the perihelion Buint of its orbit, The time
oceupied in sodoing, is 4m 39.7¢; this added
to the sidereal year, gives the interval be-
tween two consecutive returns to the peri-
helion, This interval is equal to 365d 6h

precession of | 13m 49,

| affected

and is called the Anomalistic
Year, e receding of the
advance of the perihelion upon the ecliptic,
multa flowing from the action of the
oxis in the solar system, and
which we probably shall more fully ex-
lain should we hereafter lecture upon the
law of those forces.

We shall next n;i![aln what is meant by
the Geocentric and Heliocentric places of a
heavenly body.

The tric place is its position as it
would be seen from the centre of the earth.
The centre of the earth is chosen, as a con-
venient point of reference, because it is not
y the diurnal retation,

- The Heliocentric place of a body is its
| tion as seen from the sun,or rath

er
rom the centre of gravity of the solar sys-

equinoxes and | mean and

|
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called meantime. The difference between

t time is called the equa-
tion of time.

The causes just referred to, operate con-
jointly to increase this difference, The
greatest fluctuation of ap t time,
amounts to upwards of half an hoar, being
sometimes 16} minutes faster than mean
time, and at other times 14} minutes slow-
er, Tables of the uation of time are cal-
culated and in some almanacs; and
by the application of the equation toappar-
ent time, we can regulate our clocks and
watches to mean time, |

From December 24th, the sun begins to
fall behind a true eclock, the difference in-
creasing daily, until it attains a maximum

on the 11th of February; it then uall
decreases until the lgfg of April; gﬁe!ore{

tem, which is situated near thé centre of | from the 24th of December until the 15th of

‘the sun. This point is chosen as a con-
venient point of reference, because it is not
affected by the rotatory nor the orbitual
motions ef the system.

The Geocentric position refers the situa-
tionof bedies to the great sphereof the
lal:?t‘;enﬂ concentric with the centre of the

The Heliocentric position refers them to
the sphere of the heavens concentric to an
eye situated in the centre of gravity of the

'lic

system,
The heliocentric longi
its angular distance,

tude of the earth is
subtended at the sun,
from the first point of Aries, reckoned east-
ward on the great circle ot the heavens,
formed by the infinite prolongation of the
Plane of the ecliptic.

The heliocentric latitude of a heavenly
body is its angular distance, subtended at
the sun, reckoned either north or south of
the ecliptic on cireles perpendicular to that
plane. As the earth is situated inthe plane
of the ecliptic, its heliocentric latitude is
generally nothing.

We shall now explain what is meant by
thgi:t?m and true places of the earth in its
or

The mean place is the position it would
occupy if it revolved with a uniform mo-
tion in acircular orbit with the sun in its
centre. Then its true longitude could be
g;leulnwd by the following simple propor-

on:—

One year: the time elapsed :: 360 deg. :
the are of longitude passed over from the
vernal equinox.

But as the orbit is not c¢ircular, and is
not described with a uniform motion, this
rule will not give the true longitude; the
longitude thus obtained is ca the mean
longitude. As the earth’s orbit does mot
deviate to any great extent from a circle,
the true longitude does mot differ to any
great degree from the mean, 't

‘The former may be calculated from the
latter by applying to it a correction which
will be additive or subtractive, according as
the earth is in advance or behind its mean
place. The amount of this correction. is
computed upon the prineciple of the equable
description of areas about the sun in equal
times., The area swept over by the us
vector in any given time, may be ascertain-
ed by the following proportion:—
- One year : the time elapsed : : the whole
area of theellipse : the area of the sector
swept over in that time,
~And having thus obtained the area of the
sector, there are various methods of obtain-
ing the angle about the sun which this
fractional area would subtend in any gwn
position of the ellipse. By the principles

of geometry, the true longitude of the
could be ecalculated for any given
moment,

To save the labor of calculating, tables
have been formed, expressing tle differ-
ence between the true and mean longitude

for any given time throughout the year,
This difference is called the equation of the
centre. At the on and aphelion

points of the orbit the mean and true
places will eoincide. From the perihelion
to the aphelion the true place will be in ad-
vance of the mean; and from the aphelion
to the perihelion, the true placs be be-
hind the mean., The greatest difference
between the true and mean places, amounts
to 1 deg. 56 m, 33,3 see, ; from this the
difference diminishes to nothing, and is
additive to the mean place, while the earth
passes from the perihelion to the aphelion,
and subtractive from the mean, while the
Eul:h passes from the aphelion to the peri-
H Dﬂn

Itis a well known fact, that the sun
comes to the meridian at different seasons
of the year not exactly, as indicated a
well regulated clock, but some times be-
fore, and at other times after mean 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 come to
the meridian precisely at 12 o’clock. But
as the earth’s orbit elliptical with the
sun in one focus, and is deseribed with ve-
locities not uniform, the sun will not, on
glucgﬁmt of these causes, coincide witha true

oek,

But indagendant. of these, there is another
cause which produces an inequality in the
time of the sun's coming {0 the meridian;
and that 1s the obliguity of tbe ecliptic:
even if the earth did describe in the eclip-
equal angles in equal times, these equal

angles in the ecliptie, if projected on the
| equator at right angles toit, would give un-
equal angles, and therefore this wounld be
another cause which would make the sun

come to the meridian sooner or later than

¢lock time., Time reckoned from the
position of the sun is called apparent time;
and when reckoned from a trueclock it is

| adorn the vegetable and

l

April the equation is to be added to appar-
ent time in order to obtain the mean time,
From April 15th, the sun begins to be in
advance of elock time, - the ditference in-
creasing very alnwli' until it attains its
maximum on May 14th, when it gradually
diminishes until June 14th, From April
15th to June 14th, the equation must be
subtracted from ﬂpueﬂt time to obtain
clock time. In like manner, from June
14th to August 31st, the equation must be
added. And from August 3lst until De-
cember 24th, it must be subtracted.

Hence there are four days ina year when
the sun and atrue clock, or a ent and
mean time ;s namely, April 15th, June
14th, August 31st, and December 24th. Be-
tween each of these periods, thereis a day
on which the equation attains to its greatest
additive or subtractive value. On the 11th
of February the maximum amounts to 14m
328 additive. May 14th, it amounts to 3m
ds subtractive., On July 26th, 6m 12s ad-
ditive; and on November Znd, 16m 18s sub-

tractive,

We have purposely deviated, for a while,
from the subject of the 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 earth’s orbit. We shall now
return to the inequality of day and nightin
different latitudes, and to the uneq dis-
tribution of temperature over the earth’'s
sarface,

If the earth revolved in an orbit coinci-
dent with the equator, as we have already
explained, 33 and night in all latitudes
would be equal the year round, each being
of twelve hours duration. Under these con-
ditions, there would be no variety of sea-
sons. Summer and winter, spring and
autumn, would not, as now alternately fol-
low each other, e sun wonld be con-
stantly vertical only in the plane of the
equator. This meridian altitade in any
ﬁen parallel of latitude would never vary.

ere would be no tropieal mor polar
cireles, dividing the earth into torrid, tem-
perate, and friged zones. The temperature
of the earth’s surface from the equator to
the poles would gradually decrease; while
all fluctnations of temperature, such as now
result from the seasons, would entirely
cease,

If the earth revolved, as we have also ex-
plained, in an orbit whose plane was at
right angles to the plane of the equator, the
arctic and antarctic circles would be coin-
cident with the equator; while the northern
and southern tropics would reach to the
poles. The two temperate zones would
cease to exist; while the torrid and friged
sones would become alternately identical.,
Under these circumstances, the greatest ex-
tremes of temperature, and the greatest
variations of ﬂ and night, would exist,
that could possibly take pinoo by any
change of the angle of inclination between
the ecliptic and equatorial planes, The
present vegetable and animal economy
could not endure the terrible extremes of
temperature inflicted by such an order of

things.

Wga the ﬂhli(}ﬂitj" of the ecliptic a little
more than double its Frmnt value, say
49° 15, In our parallel of latitude we
should have, in December, sometwo weeks
of night, during which only the upper
limb of the sun, skimming our southern
horizon a few minutes before and after 12
o'eclock at noon, would be visible, if not
obstructed by the inequalities of the land-
scape. From December to the 21st of June
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 12hours 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,
Ungder such extremes of heat and cold, the
greater part of our globe would be rendered
uninhabitable.

But the present value of the obliguity 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 enjoyments, and seem to
stimulate the higher orders ofanimated
beings with energy, activity, and life,to

rovide for the periodical changes so happi-
E‘r imposed upon them. Whilethe monotony
of an equable temperature and unchanging
climate would enervate or render dormant
many of the instinets energies, and powers,
which now so wusefaullgp and beautifully
nimal kingdom.

If we suppose the heat of the sum fo be
constantly the same, the quantity of heat
received {'y the whole earth each day will
be constant;but the distributionsofthis heat



