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LECTURE 1.

Astronomical Science defined.— Viewed

in all ages with the most profound in~
terest.—Copernicus, Kepler, and New-

ton.—The Earth as an Asironomical | 8ystem, and as the planet with which we
connected, and as | happe
all the ethers are | the first of Jan
seen. If we lorm erroneous opinions in | happen at some future
relation to the earth, the same errors will | same timeof year, but at

body.—1Its Figure.—How determined.
— [ts dimensions.— How demonstrated.
— It position in space.— Up and Down
only relative terms.—Our Antipodes.
—Earth's Diurnal . Rotation.—Appar-
ent Diurnal Rotation of the Starry
Sphere.—Rotation. of the Earth de-
monstrated 'on mechanical principles.
—Also demonstrated by falling bodies.

ASTRONOMY is that science which treats
of the figures, magnitudes, distances, mo-
tions, relative positions, appearances, and
physical constitutions of the great bodies
which compose the visible universe; or, in

other words, it is that department of sci-
ence which 13

as for its object to investigate
the pbhenomena of worlds, which exist

in countless numbersin the immensity of | mountains were to
e [ instruction in regar

space., It is that science which lifts th
veil of obscurity, and exhibits the grand
scenery of the universe as it existed in ages
past, as it now exists, and, if not interfered
with by causes unknown,
in ages to come. It i3 that science

above all others, is calculated to give
most profound, sublime and exalted views,
of the power, wisdom and goodness of that
Being who formed those magnificent sys-
tems from the eternal elements, and devis-
ed laws, calculated to maintain their sta-
bility through all their complicated and
infinite variety of movements, for indefinite
ages to come.

This is a science which has engaged the
attention of individuals, nations, and gen-
erations from the earliest period of man;
for what rational ’bai:r:il can look upward
into the blue vault of heaven, and behold
the sun in its eflulgent
shining with a silvery brightness, exhibit-
ing its ever-varying changes; the stars
bespangling the vast concave of a noc-
turnal sky, twinkling, as it were, with joy,
and ]ight{ng up the dark unfathom-
able abyss of an unknown immen-
sity; what rational being, we again enquire,
can behold this angusl and sublime scene-
ry without feeling thesmost intense desird
to unlock the heavenly archives, and read,
from the great book of creation, the grand
science of the origin of worlds, the laws
by which they are governed, and their
eternal destinies? Kings.upon theirthrones,
and the humble shepherd in the field,
have alke
tion. The poet enraptured withthe mag-
nificant glmgaa of the heavens, has
forth his sublimest effasions in the most
melting harmonious strains of glowing elo-
quence. While the man of God, with lof-
tier views and higher aspirations, has soar-
ed aloft from nature up to nature’s Author,
and, overpowered with the infinite great-
ness and resplendent glories which sur-
round him on every side, he bows in hum-
ble adoration before the Great Eternal, and

exclaims, ‘“What is man that thou art |

mindful of him, or the son of man that
thou visitest him,”

This subiime sciepce is said to have been
cultivated in the earliest ages, by the ante-
diluvian patriarchs, also by the Chaldeans
and Egyptians a few centuries after the
flood, and by many from the days of Moses
until Christ.

Passing over many distinguished and | ing first, then the lower sails and finglly the
celebrated astronomers of ancient times, | top-sails seem to sink oug
we merely observe that during the dark | recede in the distance.
ages, ignorance usurped its dominion over | thus disappeared, the most powerful tsle- |

the mind of man, and the light of ancien
astronomy @ nearly extinguishe
fm]?:n the _wntti‘ld. The e fw;a assumed
to be onary centre of the universe
arnuh&%oh the sun, moon, and stars
were said to perform their revelutions,

cen es and epicycles were invented
to a for the i ar motions among
the planets, and the whole system of as-
tro me encumbered with absurd-
ities dnwented to upheld the false theories
of Ptolemy and Aristotle, which held for
many generations an almost universal
sway over the mind of man.

Copernicus, at the beginning of the six-
teenth century, broke through, in a meas-
ure, the
predecessors, by transfering the centre of
the planetary zatam from the earth to the
sun, and thus forming the heliocentric the-
nrﬁto account for the phenomena observed,

epler, nearly a cent afterwards, dis-
covered the elliptical theory of the planets,
and overturned cthe favorite hypothesis of
circular orbits, which had, up to that time,
been univ received. He also discov-
ered the law of motion in elliptical orbits,
and unfolded the relation existing between
their periodic times and distances,

These grand improvements in the sci-

as it will exist | earth is a kin

which | by mountains on every side; but after an
us the | exploration of fifty

| lineated upon a comparatively flat plane,

iory; the moon, |

{ only just conclusion they could form in re-

participated in this sublime emo- |
P‘O“red 1

sible

superstition and ignorance of his | gl

THE DE

enca of astronomy laid the foundation for
the great discoveries of the immortal New-
ton, who reveaied to the astonished na-
tions that great law of universal gravita-
tion, or the law of force, by which the
great bodies of the universe are bound to-
gether in their
the last century half, the Newtonian

respective orbits. Daring |
and &

system bhas been studied with unwearied
diligenge, and astronomy has been rescued
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the night, this would be consilered unsat-
isfactory evidence of the globular figure;
for there are many bodies, besides a globe,
which will, in eertain positions, cast a cir-
cular shadow. A grindstone, a sugar-loaf,
or even & log ‘of wood, when held with its
circular end facing a light, will form a cir-
cular shadow in the opposite direction,
Now in orderto determine the true figure
of either of these bodies from its shadow,

from the errors and absurdities of the dark | let different sides alternately face the light,
ages, and established upon the firm foun- | and we shall soon be able to declare its
dation ofmathematical certainty, which can | true figure with mathematical ﬁertaintga.

never be overthrown,

It is the Newtonian system which we
shall endeavor to illustrate in the present
series of lectures, and to which we earnestl
solicit your undivided attention, We shall
commence with an examination of the
éarth as one of the constituents of the solar

are more immediatel
the station from whi

be interwoven, in a greater or less degree,

with all our notions concerning the other | to the sun during
bodies of the system. If we suppose the | ecli
earth to be a flat, extended plane, the phe- | side

Let different sides of the earth
presented towards the sun, and if the
shadow still continues to be circular, we
know the earth must be a globe, for no
other figure is capable of produecing a cir-
cular shadow when its different sides are
exposed to the sun in a variety of positions,
For instance, if a lunar eclipse were to
n at six o’clock in the evening about
, and another should
period, about the
twelve o'clock at
night; then the side of the earth presented
the former of these
would ba atright angles to the
presented during the latter; yet in

nomena exhibited in the heavens, as seen | both instances its shadow upon the moon

from different
be inexplicable.

points of its surface, would | would be cireular. This, then, is a conclu-
If we suppose it to be | sive demonstration of the

lobular figuare

stationery, the motions observed among | of the earth independent of its diarnal and

the heavenly bodies can no longer be con- | annual revolution.

sidered as apparent, arising from the mo-
tion of the ear

‘But if the diurnal
rotation of the earth be admitted, then we

th, but as the real motions | shall have almost every side ot the earth

of the bodies themselves, many of which | successively turned towards the sun:and

would appear inconceivably strange, if not
absolu

eclipses happening within a comparatively

y absurd, being subject to no reg- | short period of time, under all these con-

ular law of order, which characterizes | ditions.

other phenomena with which we are ac-
quainted. |
If the rising generation among these

row up without any

By such observations as these, the earth
is proved to be of a globular form by the
most incontrovertible evidence.

097

The diameter of the earth is nearly eight
times that distance; while the circumier-
ence is nearly twenty-five times that mea~
sure, If we could around the earth

{ with our ox teams at the rate of 10 miles

l

per day, it would require about seven
years to perform the journey. If we were
to travel on a railroad car at the average
rate of 20 miles psr hour, day and night,
it would require about 52 days to accom-
plish the great undertaking. But however
reat this distanee may appear, it dwindles
nto comparative insignificance, when con-
trasted with the sun, and many ofthe other
stupendous bodies of our system,
aving determined that the earth is a
globe of definite magnitude, the n:xt-ques-
tion which would naturally oceur to the
uninformed is, upon what does itrest? Has
it any solid joundations? These questions
naturally arise, from the constant habit
which we haye of associating foundations
with all the objects perceived upon the sur-
face of the earth. Without some kind of
support, all terrestrial objects have a con-
stant tandenc%vtu fall perpendicularly to
this surface. @ have never seen any ex-
ceptions to this geaeral law, and therefore,
when we think of the earth as a whole, we
naturally suppose that it must fall, unless
supported by something; but a few mo-
ments of reflection will convince us that
the force, whatever it may be, which caus-
es all objects to fall or press towards the
centre of the earth, will have no tendency
to cause the earth as a whole to move in
any direction. Forces which press equall
and in opposite directions will be in equili-
brium, and eannot produce motion,
If the forces of any two opposite hemis-
geherea of the earth, taken in any position,
equal, as they are in opposite directiouns,

they cannot produace motion; therefere the

When we come to speak of the diurnal | earth, under such forces, existing within

to the form, magni- | rotation of the earth upon its axis, we shall

tade, and motions of the earth, only what | again refer to its figure, and show that there

they should gain by their own observations,
their first impression wonld be
of concave valley, bounded

or & hundred miles,
their views would be somewhat enlarged;
they would now gonsider the surface of the
earth a succession of hills and valleys, de-

is a slight deviation from the globular

that the | form, arising from ecauses connected with

that motion. Baut for all practical purpos-
es, wherein great nicety or precision is not
required, the errors which arise by assum-
ing the earth to be a perfect sphere, will be
ina;la)prﬂciahlﬂ.

Objecsions have been raised to the globu-
lar form of the earth on the ground that the

All ideas concerning the extent or thick- | great inequalities existing on its surface

this
e an

ness of lane would be exceed-

ingly v

under the name of mountains and valleys

uncertain, Some might | are inconsistent with sucha form; but the

suppose it to be limited by an awful preci- | highest mountains of our globe when com-
ice extending down through the Infinite | pared with the earth itself, would be only
epths of space. Others might suppose | aboutoneé-sixteen hundredth part of its .di-
the earth itself an infinitely extended piane | ameter. The reughness on the surface of
without boundaries in any direction, ex- | an orange is far greater, when compaced

.EE{’# gmwﬂfper surface,

now suppose that an exploring
company should be selected and fitted out
to explore the earth in an eastern direction.
When they had travelled due ®east between |
seventeen and eighteen thousand miles al-
ternately over land and sea, what would be
their astonishment at finding themselves
just entering the wvalley of the Great Salt
Lake on the west? They would scarcely
bei.ieve the evidences of their senses. . The

lation to sostrange a phenomenon would be
that the earth was round,atleast from'east to
west. But a question would immediately
arise among them, whether the earth was
round or convex in all directionslike a ball,
or whether it might not be of a cylindrical
form, like a saw-log, or like a steam engine

boiler, used on our railroads, They might
suppose it to be convex from east to west,
but straight or flat from north to south,
This question could be decided in the fol-
lowing manner: If we stand on the deck
of a ship at sea, when out of sight of 1 'nd,
we should bhe able to see hundreds of miles
in all directions if the surface of the ocgan
were a level plain;indeed, were our view
not obstructed by mists, fogs, or cloads, we
should be able to see hundreds of miles;
Jarge continents and islands thousands of
miles in the distance would be rendered
visible. Observation shows this ot to be
the case; but we find in every direction
from our station, a clear and well defined
boundary, only a few miles in the distance.
As ships pass over this boundary, we grad- |
ually losesight of them, the hull'disappear-

ol sight as they
After they bhave

scopes wiil not render them visible; but by
agcending to the mast head, they seem |
gradually to rise again above the "horizon
and are diftinctly visible to the naked eye,

which clearly demenstrates that it is not
owing to any incapacity of the organs of
vision to see further, but that the convexity
ofthe water intervenes between the eye and
the object and thus hides.it from our view.
Since the same effects are obderved from
every pari of the ocean, and in every -
irection, north and south as well as
east and west, it follows, that the same ¢on-
vexily must prevail on every side; and
therefore, that the earth cannot be of a eyl- |
ind;ical form, but must be round like a
obe. ! a9
Another demonstrative proof that thal
earth is a globe, is giyen by considering the
form of the earth’s shauow when it falls |
upon the surface of the moon during a
lanar eclipse, When the moon passes
directly behind the earth so as to form
a straight line with the earth and sun, the
shadow of the earth, extending in a direc-
tion opposite to the sun, will fall upon the
moon, and will at all ﬂmmp&pm circular
upon the moon’s dise. If ihe earth were
considered stationary, and if a lunar ecli
should always happen at the same hour of

——

with the magnitude of the orange than is
the roughness of the surface of the
globe when compared with its mag-
nitude. Indeed, if our globe were
reduced to the size of an orange, the moun-
tains delineated upon itssurface, if reduced
in the same gnrportiun, would require a
microscope of considerable power to clear-
ly discover them, ;

Having determined that the earth is a
globe, we shall next inquire, how its mag-
nitude may be determined, If any means
can be devised by which we can measure
the circumference of the earth, its diame-
ter, together with the uumber ofsquare

contents, ean be easily caleculated. Now to
measure the whole circumference of the
earth with a chain, or line, or any other
accurate measure, would be altogether im-
practicable en aecount of mountains,
oceans, swamps, and other opposing obsta-
cles. Bufif we can accurately measure a
portion of this circumference, for instance,
one degree of latitude, and find how many
miles it contains, all that wouid be neeces-
sary would be to multiply the number of

| miles in one degree by 860, which is the

number of degrees in the whole circum fer-
ence of th e earth, and the product would be
the number of miles around the earth.
Now a degree may be measured as follows:
let the latitude of this tabernacle be accur-
ately taken by some astronomical instru-
ment of great perlection, then measure due
south, until you reach the seuthern ex-
tremity of the wvalley, being careful to
select a measuring rod whose length has
been determined with the greatest possi-
ble accuracy. When this measuring rod
is used, it must, each time, be carefully ad-
justed to a perfect level, and its'tempera-
ture noted; for the length of any metaljic
bar varies with its temperature. When
the measurement is finished, at the south«
ern extremity, erect your astronomiecal
instrument, and by a series ofobservations
of the heavenly bodies, determine the
latitude of this second station, which we
will say is one-half of a degree south of
the first station, and the distance measured
we will also say is 34§ miles, this doubled
would be 694 miles, or the length of one de-
gree;this multiplied by 860 would give 25,020

| miles for the circumference of the earth;

T

|

miles upon its surface, and also its solid |

t of this aundience were

itself, w.ll haveno tendency to go in one
direction more than in another., Hence,
unless it were influenced by bodies extern-
al to itself, it would remain at perfect rest
in any part of space where it might be
placed.

The earth, under these conditions would
have no up nor down, relative to the differ-
ent points of space with which it is sur-
rounded. Up and down arerelative terms,
and when applied to the earth, signify
Jrom and to its centre. It will easily se
perceived that the earth could not fall down
towards its own centre, so as to alter the
position of that centre in space; neither
could it as & whole move from that centre
in any possible direction, Because we see
a wooden globe have an upper and an
under side relatively to the earth in an
given position in which it may be placed,
we are apt to transter the same property to
the earth, and suppose it to have an upper
and under side in relation to the space en-
closing it; but this is an illusion, formed
by babit, which we must entirely divest
ourselves of, in order to form correct ideas
of the earth existing in space without
foundations on which to rest. If any one
placed alone in
space where there was no attr-ctive matter,
and no other bodies existed, he could not
conceive of either up or down. As he
would have no tendency to move in any
direction, the:terms over, under, above,
below, ete., would have no meaning what-
ever to him, If he were to take a bushel of
apples and throw them in every pos-
sible direction, he never could lose one
of them; for by the power of gravity, each
one would return to him, having the same
velocity as when projected from him. If
he were to fire a bullet directly from him,
though it would be absent for many hund-
reds of vears, and pass over many thou-
sands of miles in space, yet, by the foree of
gravity, it would return again and pepetrate
his body, having the same velocity as when
projected from the mouth of the gun. The
airection of the apples, or of the bullet
would be up or down as they proceeded
from or tpwards the body that gave them
the projection,

Our antipcedes, or the inhabitants of Des-
olation and Amsterdam islands, situated
in the Indian Ocean, are on the opposite
side of us; their feet point towards ours:
their zenith, or that portion of the sky
which i8 over their heads, is directly un-
der our feet; and yet they have no more
tendency to fall towards their sky than we
have towards ours: all bodies around them
have thesame tendency to press towards
the surface ofthe globe there, that they

| have here: the Indian Oecean is no more

likely to be poured outinto their sky, than
the Salt Lake is into ours. Magnets, placed
on opposite sides of an iron globe will ad-
here to its surface, and will revolve with it
without falling. A powerful magnef, held
two or three inches from the under surface
of an iron globe, will fall upward to that
surface, the same as a stone will fall down-
wards upon the surface of the globe of the
earth., All directions towards the centre of

this divided by 3.14159 would give 7964 [an iron globe, are down to the magnet; all

miles for its diameter,

these numbers are rather too large,

To those unaccustomed to traveling, it is | right conception of

difficult to convey a ‘correct idea of the
magnitude of the earth in numbers. Bat
as we are now addressing a people who
have traveled over no inconsiderable por-

tion of the earth’s circumference, they will | as often as we change the

be better prepared to form more correct
notions on this subject, by comparing the

distances over which they have traveled | is ofa globular form
pressing the distances | magnitude; thﬁ'it e:].am withou
around and through the earth. The dis- | nal supports or foundations,

PS€ | tance from Ogden to Omaha by the railway, | on all sides by

with the numbers ex

As the aversge | directions from its centre are up. All who
length of a degree is not quite 694 miles, | wish to make any

progress in astronomy,
must familiarise their minds with the
u l?o‘vma down, ascend-

ing and descending, above, below, and such
like terms, always reme mbering that they
are terms which relate only o the centre of
forces, and that they changs their direction
position of objects
in relation to that centre.
We have now demonstrated that the earth
and of a determinate
any exter-
surrounded
space; and that bodies can

is, in round numbers, about 1,000 miles. | exist on all sides of its surface without any
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