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Astronomy. y

on one side of the beavens in that great range
called the Milky Wn{' Mow the guestion is,
what is the casse of this? Why do we find this
grest milky belt, 5o to speak, passing over our
aky in one direction and notin another? ltseems
to me that if we look at this question calwly
this conclusion must necessarily ocecur to 08, nama-
ly: that in that part of the sky alone, where we
soe the Milky Way is there a bed of stars diffused
throughout the uufathomable depths of space. 1fit
were otherwise, if this bed of*stars was found to
be diffused throughout all regions of the heavens,
then, certainly, that peculiar appearance that stikes
us a8 we look atthe Milky Way would be found
as the background of all the heavens. In ev

range we would see the stars of the first, second,
third and fourth magnitudes ; then, when we arrived
at that part of the heavens where we could not dis-

tinctly trace the individual stars, we wouald find &,

background filled with this dim, milky light.

It seems then that our first notion, namely, that
these stars stretch away throoghout space ia not a
true one—that this Milky Way manifeats to us &
peculiar structore. Now the question is, what is
that structure 7 how can we ascertain what that
structure is 7 Belonging to the great bed of stars
_in the midst of which we are. we find, on lookin
at the heavens, that stars of the first, second mg
third magnitude are tolerably equally scattered
thronghout all apace. It isonly when we come to
stars of the very smallest maguitude that we find

-a derangementof this distribution. What does this
indicate to us T 1t seems to indicate the following,
namely: that as far as thenaked eye can reach, theas
stars, on tothe very emallest magnitade, are pretty

_equally scattered throughout our skies ; but that if

~we get beyond their region, peculiarities of coosti-

‘tution come into view, and we begin distinctly to
gee that we do not belong to a uoiversal, but o a

_certain, definite and distinct class or mass of orbs
with which we are connected—a mass of orbs with
boundaries almost inconceivable, but still a definite
.and distinct mass.

The idea that | have thrown out may yet be
pushed a little farther. It may be shown that if
these stars were diffased through all space, our
_heavens would on every side blaze with a eplandor
@0 bright that the San would not be visible to us
_at noooday. It is clear, then, that such canuot be
the characteristic of our skies. It cannot be that
these orbs we are discerning are spread iofinitely
throughouat space, but, on the contrary, in all likeh-
hood they are formiog a great cluster or bed of stars
of & pecaliar and distinct shape. These thoughts
whingalc have just lnid before you were firat Beized
by the illustrions Sir William Herschel, and al-
agh his conclusions cannot be placed before yoa
_as infallible, yet his first ideas lead us in our first
s toward a view of the heavens. Herschel's

Em conception with reference to the natore of the
heavens was the followiog. He said, ** It is clear
that this great multitode of fixed stars is not what
it was furmerly supposed—the infinife heavens.—
This great mass of stars is simply a vast cluster or
«congeries, and nothing more.” When this great
iden had dawned upon him, he asked, * Is it possi-
ble to ascertain what is the description, the general

.eharacter, of that vast bed of orbs in the midst of
which we are?” The notion was certainly a very
great and marvelous one, but still he was enahled
to come to a conclusion not very far, I believe, from

+what we now think to be the true one. The idea
upon which he worked was the following: He
anid, * Sappose that this room is filled with persons,
and that they are pretty equally dispersed over it.
.Now sappose that [ tura my eyesin acertain di-
rection and coant the number of persons that I see

V-

before me, and then direct my eyea toanother of
the room and again count the number of individuals
that meet my gaze : then, being certain that these
persons were pretty uLudI;r scattered throughoutthe
room, I would be enabled to infer from the nomber
of persons located in the sections of the room to
which I bad directed my investigations, how far 1
must be from the edge of the room in this or that
direction.” This was Herschel's ides, and bhe turned
his great telescope in every direction round the
heavens, judging how many stars he saw in every
place, and he found in this manner how far be sup-
posed he was from every portion of the edge of tha
cluster. The mode in which he attempted to make
outa schemeofthe characterof the heavens wes this.

[The lecturer here drew a di upon the
black-board resembling & luminous body from which
rays of light emanated in every direction—therays
varying in extent in such 8 manner as to form &
sort of elongated spheroid indented at the odgal.L

Suppose this (poioting to the lamincus
the Sun, and thaiﬂ lines Tpnih ing to the rljb:mﬂi-
cate the directions in which his telescopa was
turned, and their leogths indicate the pumber of
gtars he observed. Well, he turned his telescope
gll round through our heavens and drawing & sketch
of this kind, he then joined the edges of these dil-
ferent lines. making & figure like this. And he said
“ this, in all likelibood, is something of the shape
of the great cluster of stars in which we are.”—
His idea, perhaps, is better represented thus. Let
the audience in imagination fullow me. Buppose
we had it in our power to move up through the
Milky Way and pass along through that congeries
of stara till we lose our copnection with the Biderial
system. The followiog phenomena would be ob-
served : 'We should pass on from our present con-
geries, still mavinpf. as it were, amid an iofinite
number of orbe, till, by-and-by, wa should have no
atars in advance of us and the only systems woald
be bebind us. Suppose we should go atill farther
oot amid these rwiul recesses till this vast scheme
of ours would take on gradaslly and gradually the
shape of & mere spack lying against the dim of the
far heavens. Buch would be the general aspect of
that mass of stars with which we are in immediate
connection. [Applanse.]

The investigation which led Herschel to the con-
ception that this was the scheme of our heavens,
was the followiog—and yon will perceive at once
that it was subject to two great errors: Qo tryiog
to find out & view of the skies, he bad the concep-
tion constantly in his mind, that the stars wers
pretty equally scattered through sll space. Now,
to return to my illustration : suppose that I were
to count the persons in_different directions
rround the room, and inferring from that bow far
I was from all sides of the room, I would neces-
sarily rest upon the conviction that the people
were equally scattered throughout the room. So
Herschel said that the great mass of stars through-
nut the heavens were protty eqaally distributed.
Now, sioce his time it has been ascertained that
this is not true. It has been found that all around
us, so far from the stars being pretty equally scet-
tered, they are, quite on the contrary, thio, as if in
adesert. Herschel was, therefore, wrong in his
opinion of the scattered condition of tha orbs
around us. There was another thing in which ha
was erroneous. You will observe that when look-
ing all around io the sky, he could never bave sup-
posed that he was entitled to draw the conclusion
with respect to the depths of the orba in any direc-
tion, noless he knew, or had reeson to believe, that
his telescope enabled him to go tothe end, or at
least nearly to the end, of cur system in that diree-
tion. Suppose, again, that [ was here counting the
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Prof. Nichol's Lec ures.

LECTURE IIL

The Solar System....1ts Plan and Mechanism....Laws governing Metion. ... Gravitation..

.« Centrifugal and Contri-

petal forces. ... Copernicus. ... Newton....Qalileo....Kepler. ... Eular, Clairant and IV Alembert. ... Les Bernouillis

veseMaclnnn....Lagrange and Lapisce....Adnms and Leverrier....Discovery of Urnous.....

lta slramga move-

men's. ... Discovery of the Planst NEFTUNE. ...Sublims position of Leverrier before the Royal Academy of

Paris....Concludiog remarks,

Prof, NicHoL remarked, previoas to commencing
his lectura, that he had, after mature consideration,
concladed that it would be advisable to divide the
lecturs announced for the evening into two lectores,
as it wounld be impossibla for him to do the subjects
which he wished to present to the andience any.
thing like jostice in one lectore. Afterthe applause
with which this announcement was received had
subsided the eloquent Professor spoke as follows:

Lanigs AND GENTLEMEK : ] proceed to exposs,
ns arising oot of the mechaniem of onr Planetary
Syatem, through effect of Man's profound and tri-
umphal exploration of its secrets, a digcovery than
which the entire annals of Physical Bcience proba
bly present none more brilliant or apparently
strange—to endeavor to remove the difficulties and
doubtfulness with which that remarkable achieve.
ment has seemed to some to be sarrounded—and,

if I ean, to clearaway all obscurities connected with
its history. |
I feel persuaded that it were needless, even at |

the outset, to dwell with any special attention on
the outline or general constitation of our Planetary
Scheme, for they have for the most part passed, as
the agea have coursed along, among the details of
eommon Enowladge ; bat since the entire discover-
ies, whose steps we shall seek to follow, is but &
deduction from that constitution, I do trnst I will be
pardoned if, even here, 1 seek for the sake of fatore
distinctneas to exhibit to you as succinctly as pos-
¢ible the most important of the elementary facts re-
lating to our System to which we shall reqoire fre-
quently to appeal.

I need not more than refer to the Planetary Bys-
tem, which, as we first descry it is alike simple and
majestic. Hesting in one portion of Bpace, from
which his lastre is diffused :Emu,gh the profondities
which environ him, is the Sun—our magnificent
Lumipary. ranking in glory and correspending in
destiny with the myrinds of the fixed stars.—
Around this orb, which illumines. cherishes and ap-
holds them, those emaller worlds—of which our
Earth is one—roll, with admirable and unwavering
regalarity, atdivers distances and in stated periode.
Nearest of all, as shown in the diagram,

is placed the planet Mercury ; next in remoteness
we descry the brilliant Venus ; then onr Earth with
its Moon; then Mars; then that complex group ol
small planets, [Asteroides,] remarkable throwgh
their extreme diminutiveness, and also because the
orbits in which they move so nearly approach each
other, that one mean distence might almost be tak.
en as indicatiog the positivn of them all; behind
these lies Jupiter, with his satellites—the noblest
and most benatiful smong the secondary coostita.
ents of our Bystem; then Saturn, with his Mooos
and remarkable Ring ; and finally, the planet Ura.
nus, which, until the advent of these latter revels.
tions, we deemed to be at the ooter limit of Planet.
ary existence—the remotest of the regular globes
attendant oo our Sun.

This plan, so simple in itsclf, was not easily dis-
covered by mankiod, and was not arrived at till af-
ter long years of perplexity and toil. The discor-
ery of it gave immortality to the name of CoPER-
sicus. This discovery. grand and sablime thongh
it was. 'i"!. uot satis’y the ever active human mind.
The question speedily became, not merely in what
order are these various orbs lncated, and in what
masnuer do they move 7—but, Can that mechanism
us & whole, be reconciled with any known mechan-
ical principles—are these arrangementa of the Heav-
ens lodicative of the presence of Laws whose effi-
cacy we discern among the changes more immedi-
ately aronnd us 7 It was the answer to this ques-
tion that bestowed immortality upon the great Eng-
lishman, BiR Isaac Newrton. Prior to bis time—
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greatly facilitate fartherinquiry. LEVERRIERs first
eonclosion was as follows :

“There i& Inthe whole Ecliptic only one region ln which
the perturbing planet can be supposed to be placed, so that
1t aceount for the movements of Uranus. On the
firat of Janoary, 1800, Its mean losgitude must have been
between 2439 and 2524."

My hearers will readily appreciate the extent of
new knowledge mqu.irody by this step. By ourfirst
and fondamental assumption, the new pﬁ.nu‘: had
to be sought only in the Ecliptic—in that one great
circle around the Heavens, and not indifferently, in
any igl:-:a of the dazzling vault. The meaning of
the foregoing numbers is as follows : To fix or refer
easily tothe place of a star in the ecliptic, we sup-
pose that whole circle divided into three hondred
and sixty equal parts, named degrees; and we be-
gi.n t;oriiﬂ:}n these from ndetmﬁnmed itﬂt,viz, tha

rat t iag—passing all roon it at
circle. Ubuaﬂl now ﬂiﬁs limitation pmﬂﬂfiy
made ; the place of the unknown planet was con-
fined by it within the brief space of NINE DEGREES,
in a circle consisting of 360°.

This important limitation conducted immadints];
to & much more distant enonciation of the planet’s
place. LEVERRIER soon discerned that the necessity
of llﬁlfj‘iﬂﬁ gll the relations of the unknown quan-
tities would not permit an uncertainty as to the
rlnnat'- place of even these nine degrees, and hav-
ng determined the limits of its mass, he reached
the following proposition :

% That all the observed motlons of Uranus could be ac-
counted for by the perturbing action of & planet, the ele-
ments of whose orblt were primarily assumed, whose lon-
gitade on 1at January, 1800,is 252, and whose eccentricliy
and the longitude of ita perlhelion were determined by
processes he had just explained,”

The mass of the planet he had between the mass
of Uranus, and one three and a half times as large.

From the previous theoram it followed that on
the 1st of Jaouary, 1847, the heliocentric longitade
of the required orb must be 325° ;—an estonishing
approximation, with which most men would have
been satisfied; but it only informed LEVERRIER
that a farther aecoracy might yet be obtained!

On the 318t of Augnst, 1846, LEVERRIER prodoced
his last great peper to the Institate. Dariog his
former researches, or previous to his having se-
lected any part of the ecliptic as more likely than
the others to contain the new Planet, he had con-
fined himself to consideration of & certain number
of the facts ascertained inregard of Uranus—ge-
lected because of their fitness to yield a first ap-
proximation; but to give his work the utmost pre-
cision of which it was susceptible, he now em-
ployed the whole of the nineteen old observations
made between 1690 and 1771, and a very large num-
ber of the two hundred and sixty-two places found
in the records of the observations of Greenwich
and Paris between 1781 and 1845 ;—aach of thege
separate facts giving a distinet equalion of condi-
tion, as it is termed, or a numerical value of certain
combinations of the unknown quantities, viz, the
correction of the elements of the orbit of Uranus;
and the mass, and the elements of the orbit, of the
FPlanet sought for. No fewer than nine unknown
quantities were involved in this work ; and he re-
duced his equations ultimately to the number of
thirty-three. The treatment of these, mgain in.
volved immense toil ; and it was while undergoing
this last labor that LEVERRIER had the mortification
to observe that before his calculations could possi-
bly close, the planet, in its apparent course through
the sky, would have passed for the year from a

ition the most favorable for its beingscen. His
abors at length were terminated; and he an-
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nounced finally to the French Academy the follow-
ing elements :

Radlus of the orbit, 36154 {imes that of the Earth,

Period of revolution, 217 357 years,

Mean Iu-u:i;uﬂn.“ :E 3]8{“

o 3 1844, L

Hn;.n?f......-. 8300
From which, an easy computation showed, that
the true heliocentric longitade on 1st January, 1847,

must be
a326° 32
instead of 325

es roughly given by his first approximation. How
:‘mgulEr i&n ICEI-;?; in the Academy! A young
man, not yet at life’s prime, speaking unfalteringly
of the necessities of the most august Forms of
Creation—passing onwards where eye never was,
and placing his finger on that precise pointof Bpace

in which & grand Orb lay concealed ; hawng 2en

led to its lurking-place by his appreciation of those

vast harmonies, which stamp the Universe with &

copsummate perfection ! Never was there accom-

plished a nobler work, and never work more nobly

dome! It is the eminent characteristic of thesa

laborg of LEVERRIER, that at no moment did his

faith ever waver: the majesty of the enterprise

was equalled by the resclution and confidence of
the Man. He trod those dark epaces as COLUMBUS

bore himself amid the waste Ocean; even when

there was no speck or shadow of aught substantial

mround the wide horizon—holding by hkis convie-

tion in those grand verities, which are not the less

real because above sense, and pushiog onward

toward his New World! (Great applanse.)

We touch on the close of this long and nobla en-
deavor, viz : the actual discovery of the Planet—
There are several poiats conoected with this act,
which it is of extreme importance that my readers
rightly understand. The discovery of a planet by
the telescope can be made only in one of two ways
—by the observation of one of those two festures
which alone distinguish sach a body from a fixed
star, viz: its possession of a palpable disc, or its hav-
mﬁ nelary molion. 1

the orb is of sufficient magnitude to exhibit a
measurable disc to the telescope employed in the
research, ita discovery is comparatively easy; for
the feature in question wholly separates it from the
class of the Fixed Stars. These mighty orbs, al-
though of the magnitude of Buns, are seated so pro-
foundly in space. that to the largest instrument
with which we have yet examined them, they ap-
pear with a brilliance augmented indeed in propor-
tion to the size of the telescope, but still only as
points, severed essentially from those small'orbs
whose dimensions we can descry and compare, and
which &re oor companions and neighbors. It was
this attribute which revealed Uranus to HERSCHEL ;
and LEVERRIER threw out the idea that the actusl
mass of Neptune, and the sugmented power of the
Instruments that can now be pressed into service
of such a research, favored the expectation that, by
its poasession of a visible disc, and therefore with-
out any overpoweriog labor, this new Planet would
be found. Inseveral partsof this remarkable work,
Discovery seems to have been attended by & pro-
piticus chance ; and elthough, as we shall J:ara
ward see, the grounds of LEVERRIER's expectations
were here fallacions, his prediction of the ac-
tual apparent size of Neptune approached surpris-
m%ljr.m the trath. This disc, however, :
defivite and measurable, is so small as to be almost
illusory ; and it was not by it that the Planet was
discerned.

Unaided by any visible dise, the Explorer has
only one other resource : among the multitade of
small stars in the quarter of the Heavens where
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garily inherent in our hypothesis, but does the hy-
pothesis coutatn whit scems fas more dificalt to
conceive—the origin of these planets. Bo far we
have spoken of nothing but this huge mass—no
planets. Letus see if in accordance with a clear
and distinct law, planets can arise from this mass.
What gives the outer portion of this Nebula any
connection with the center of the mass? Every
particle on the outside of this Nebulous mass is act-
ed on by two tendencies precisely similar to those
which regulate the motions of the planets round the
Bun; first, its tendency to fly away in consequence
of its motion, and secondly, the aitraction exerted
over it by the whole mass which counteracts this
center-flying tendency. Suppose howeverthatone
of these tendencies increases while the other does
not. Suppose, for instance, that the tendency of
the outer portion to fly away increases while the
attractive power remains the saame : what will take
lace? A separation of the mass, undoubtedly.—
e know thet the matter all eronnd us upon the
Earth is not homogeneous. There are varieties in
it. We would naturally suppose therefore that the
Nebulous mass out of which these orbs are passing
wonld exhibit the same varieties of matter. Ifthis
were the case at intervals, the least condensive por-
tions would gradoally accomulate at the outer part
of the Nebula. Buppose this to have been done
then, eo that at the outer portion of this Nebula
there is a quantity of matter not so easily condensed
as that occupying the inner portion. Now this in-
ner portion wounld go on condensing more and more
rapidly, and in consequence of this condensation
the outer portion of the Nebula would be moving
more swiftly, the equilibrium would be broken, the
power drawing the ooter part toward the center
would not be so great as its tendency to fly away.
There would then occur a sepuration between the
outer portion of this mass—ic would spread into a
kind of ring standing by itselt. This also may be
illustrated by acommon occurrence. For instance,
sometimes when s grindstone is torned with too
eat velocity the outer part of it flies off. Now if
this outer portion had not been solid stone it woald
not have broken. Had it been a band of caoutchone
for example, it would bave stood out, a ripg.—
Now this would be precisely similar to the action
of the mass to which I have referred. There would
then occur, during the condensation of this Nebula,
if it were not composed of homogeneons matters,
ever and anon & throwing off of aring which would
lie out by itsell in sprce. We here, therefore,
have an idea how dependent matter would mrise in
m!am&ﬂ?ln. Indeed t!ielllul_::l':_Tnta Btate into

h this condensation might brin
'%1 b 'Tf“ll""“ :l B g this Nebala

. We would have a large orb in the center, and at
different distances in space apart from it, there
would have been thrown off from it these depend-
ent rings, turning round the central maes of course
with the velocity with which the whole mass turned
when they were thrown off We thus have, aa
our first step, & great central orb and dependent
rings lying out from it entirely in space. Now,
before proceeding farther—before inquiring what
forms of matter might probably spring from these
rings, 1 would solicit my audience to observe what
l.lrfvaﬂy wa are able to dedoee.

e can draw two inferences. Whatevar
forms of these rings, they muost be lying in :E:
same plane. Then again observe ancther faet.
The rings, s I have etated already, are found
necessarlly turning ronud the Son with the velocity
Ehﬂj" had Wh'&lh I.h].'ﬂ!'n off, and they must all tarn
1nthe same direction. Then again, whatever is to
come of these rings—whatever shape thev nsenme.
the greatchance is that ‘this kind of matter will

Prgf. Nickol's Lectures,

turn round the central mass almost in circles. Now,
then, observe as far as we have yet gone, the most
important of these constituent points have been

explained :
First—That all the planets are lying in the
game plane. B
Secondly—They are all torning in the same

Thirdly—Their orbits are nearly circles.

As we proceed, the problem is manifestly becom.
ing simplified—we are :I'I.pidl?' absorbing within
one hypothesis &ll that s previously '
ligible. Letusadvance with equal caution ]
step, and ask what is likely to become of those
rings? In what manocer will their particles ulti-
mately arrange themselves? Now, first: if the
ring, when it was thrown off, had been homogene-
ous and of the same thickness, or if during its sub-
sequent changes, had been subjected to no foreign
influence, the ring would solidify and remain
ring ; butif it were not homogeneous, and o
same thickoesas, or if it had been
eign influence, in consequence of its not
form the power of attraction prevailing
would break it up. Now, it is pos
extremely improbable—that the ring would
and remain permanently as & ring 1n )

niunt‘f

=

%

H
fee

in

'

might, therefore, considering the t
ies in our Bystem, expect to mmm
them accompanied by such a formation, and sor
enoagh we have one instance of the whole mateer
solidifying itself and remaining fixed in the beav-
ens, a ring. Saturn furnishes vs with this
which is the only one in oor Bystem. It has been
#aid that Neptune has a ring. but I think adelasion
has existed in this regard. It was formerly sup-
posed that Urenus had rings, but it is now knov
that such is pot the fact. In all probability, then,
the ring upon Saturn is the only onein our
I beg the audience to ramember what I said con-
cerning this matter. I said such a formation was
possible but highly wncerfain; and the
this ring into oar gjrstem is & confirmation of our
theory. When we are able to summon forth such
formations to explain what is called an anomaly or
& mouster, we may be ty sure that we are ar-
riving at the truth. They stand out as finger
to direct the attention to the investigation of the
causes that produced them. (Applause.)
Becondly : Sappose the ring not to be unil
a8 is by far the most likely to be the case. Sup-
pose, for instance, that it bad in different parts of
1t denser portions than in other parts, then the re-
sult would be this: Around these denser portions
the whole matter would, ultimately, congregate—
It would cease to be & ring, and by the greater at-
traction of these denser parts the matter of the
ring would be drawn around them. Now suppos
these denser portions were scattered
ring in such  way that their attractions would
exactly balance each other. If the points acted
80 as to produce equilibriam, the would be
broken up into & number of bodies, and they would
Rppear as o number of small nrbs revolving around
the Sun at nearly the same distance. .
just as with the ring of Saturn, we have
one instance in our System of just such & result as
this, viz : that group of small planets lying
Mars and Jupiter, all revolving in nearly the same
orbit. We formerly supposed there were bat foar
of these Asteroides; now, however, we
there are eight, and there may be more. Thus
you perceive we have drawn into our System order
ont of disorder. ' =
_ The third mode in which the ring might resolve
itself is by far the most probable; it wonld con:
bich it would,

dense and split up but the partsinto w

g
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LECTURE VL

Conatitation of the PLANETS rapidiy reviowed....Constitution of the MOON....Prevalence there of the camse
which has upheaved our Earth's surface....Universality of this cause, ... 118 nature, ad indicaled by the sspect of

the Moon, not com

bended within euriaot geclogical theories. . .. Its tremendous craters or caverns. ... Whet gave

axistance to these’....Speculations s to this force. ... Two opposits views of it. ... Digression concerning matearic
#tonad. ... Progreas of this grand cande of nhphn".l....Pn-ib:ulit; of & relation between it und the apparition of the

organle familics on the surtace of tha Ear

LaDIES AND GGESTLEMEN: [ now proceed with
you to the last portion of those contemplations
which I desired to bring under your notice. We
have spoken of the general structure and apparent
destinies alike of the remote heavens and of our
own Planetary Bcheme; and I wish now to offer you
a few thooghts on such details in regard of the
constitution of our Companion Orbs, as more es
cially manifest their connection, as derived, p
bly, from a common origin.

Notwitbstanding the memorable power of the
Telescope, the information we have obtained in re-
gard to the internal constitutions of the planets, is
indeed singularly scant. Iam not sure, indeed,
that we can venture to state farther in regard of
them than two very general propositions. The
first is, that in sofar as we know aught concerning
the Primary Planets, matter exists there in the
same three normal conditions as we find it existing
on the Earth, viz: in the solid, the liquid aod the

aériform or gaseous states. These orbs have, ns
ﬁﬂ; as we know, atmospheres; and we discern
i

aboutin these atmospheres clonds, clearly
indicating that thera is dﬂe?up-ad in them matter
in a liquid state, sothat the inference i= that their
physical constitation is in every respect similar to
that of curown Earth. There is one important ex-
ception to this, however, which we are cerfain is
manifested by one orb and which may characterize
all the Becondary Planets. This exceptionoccursin
the Moon. Inthe Moon we find matter in the form of
air. The Moon bas an atmosphere, though a small
one, There are many doubts concerning an atmo-
sphere in the Moon, bat I think, however, that the
henomena which have been observed doring So-
ar eclipses go to show thatit has an atmosphere.
Matter in the liguid form, however, does not exist
on the Moon. There is no water in this Luminary
and never has been any, & truth which we shall be
abla to establish in the course of the lecture. The
mode in which we ascertain the absence of water
in the Moon is very simple end accurate. It is as
follows : As we can trace the Moon through all its
phases, we may also trace the line of increasing or
roaming light, which is the line of the beginning of
morning or the cloge of evening, acroas every por-
tion of 1ts surface. Now if that light passed across
an ocean or great lake orany collection of liquid, we
would find, as is the case when our own ocean is the
horizon, that it would be an even line unmarked by
any roggednesses, buton the con thislineisrug:
everywhere, arising from the shadows cast by
rreguiarities in the ground across which it stretch.
es. The Moon, indeed, has comparative flat places,
such as those dark spots marked on the map,
ensily seen on the Moon's sarface with a good tele-
scope, but even there the ground is undulating and
quite unlike any collection of water.

The second trath, however, is much more im.
portant and contains that to which, more especially
this evening, [ wonld solicit your attention.

The following fact appears to be universal. We

digcern it in ell the planets which we have been
abla to examine. 1t is this: the scrfaces of these
orba are broken irregular, like the sarface of
the Earth. In other words we find there moun-
tains, continents, oceans, great valleys and irregu-
larities of every description which we find on the
Earth. The is an especial example of this.
In most other planets mduntains are discerned, and
in some of them, such as Mars, wa sea even the
division into contivent and ocean. While acknow-
ledging the importance of this fact, however, I do
not deem that the simple discovery of what modes
and digposition of land and water, of pcean and con-
tinent are manifested by the surfuce of any of these
globes, is that which ought most to atiract ue
during the examination; we propose, nay, we can-
not regard these modifications aright, us we find
them in Mars, Venns, and the Moon., unless the
and singulsr fact be retained in the memory,
that the phenomenon is & Cosmical and Universal
one; and that whatever the cause which has up-
heaved the surface of these orbs. it has acted
throughout all the domain of the theu.r{:gj:mm
and left its mark onthe face of every body yet
explored by the Telescope.
gardiog the subject, then, in thisits real gen-
erality, we cannot avoid the conclusion that if the
Beience of Geo sball ever succeed in discerning
the source of the influence that bas thos diffused its
results so widely, we ooght through this its grand
generalization to explain satisfactorily not merely
the form and phenomens of upheavals as they ara
developed on the Earth, bot likewise sll similar
aspects recognizable among our Companion Planets;
or if expectation so high 18 too ambitions for the
present condition of Geological Science to account
it hopefal, there is still in the truths revealed by
these foreign bodies, much wherewithal we may
correct prematare or special conclosions, and by
whose rid we may avoid the bazard of accepting
an universal law what is & simple result of cir-
cumnstances that have no universelity but belong
rather to the constitution and specialty of the par.
tienlar orb we examine,

The great value of onr looking at the Moon and
these other bodies in this poiut of view is that it
will enable us to relieve our theories concerning
the structure of the Earth from all mere specialty.
Itis with this view then, and not merely to gratify
curiosity by an inspection ofisolated wonders, that
to night I solicit you to review the appearance of
the Moon—a planet which of all others is most
wilthin oor resch and connected with which wa
find almost every conceivable facility for clear and
little-interrupted inspection.

The Moon, of all other bodies, is situated so that
we can obtein the most favorable view of it with
the Telescope. In the first place the ewstire ab-
sence of warer causes the absence of clouds, hence |
the surface is never tinged with obscurity, or if
tinged at all, only obscured in consequence of the
mist floating in our own atmosphere. All the
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efit which Astronomical obgarvations might bestow
upon Geology that the Moon negatives this expla-
nation at once, for on this orb, ns we have said, no
liquid exists and has never been.

Bat the prevalent form of elevation belongs to
neither class. At least twofifths of the surface of
otir Luminary are stodded with profound caverns
penatrating its body, and gene engirt at the
top by a Erel.t wall of rock which E surmounted or
crowned by lofty peaks. These caverns, or, as they
have been termed, craters, vary in diameter from

fifty to sizty miles to the smallest space visible,
probally one hundred and filty feet; and the num-

bers increase as the distance diminishes, so that the
multitute of the small ones pasges enomeration.
Inorder to impress upon you what thesa objects
are let s pay a visit to one of them, say the crater
of Tycho. As we approach the crater we will find
a very rough country. Our first glance would be
arrested by a wall of solid rock appearing in the
horizon stretching fifty miles away. As we ap.
proach we will find this wall sloping up to the hight
of about 3,000 feet. Bappose we escend. What do
wea axpect to see on the other side—a slope? On
the contrary, when we arrive at the top, we find
ourselves on the brink of a precipice that in one leap
es down 13,000 feet! Then we discover below
at enormouns depth gome similar ranges of moun
taing, lying like terraces and stretching ronnd the
bage of the wall, and a littla onward beyond these
lies the bottom of the chasm which is 17,000 feet
from where we stand. The diameter of the cavern
is about fifty-five miles. Il a person were standing
down in its center he would sea on every side, nt
a distance of twenty-five miles. an appalling preci-
ice rising up 17,000 feet—2,000 feet higher than
Lml: Blane. If thera are any inhabitants there
they must have some means of lecomotion with
which we are unscquaioted. (Laughter and ap

nEd.

phﬁu:h]thun is Tycho, and precisely of this kind
gre all the craters in the Moon. Many of them are
not 80 deep, some of them are deeper. Somein
the southern part of the Moon are said to be so
deep that wa can never see the bottom. Whether
this be so or not there are several 3,000 feet in
dinmeter and as desp as Tycho.

Now it is evident on the very first glance that
even our largest volcanic craters are not to be com-
pared with thess caverns of the Moon. The largest
we have any knowledge of is in the South Sea lsl-
ands, bot that is comparatively small and is sitaa-
ted at the top of & mountain. In order to discern
aught similar upon the Karth, then, we must look
to lnrger displays of the disrapting energy.

[The Lectarer here drew a diagram of a group
of mountains among the Alps, exhibiting the cir-
calar formation bot differing from Luovoar Craters
in two points. In the first place the range is bro-
ken by gaps; and secondly, the interior 18 nota
pit. but, on the contrary, rather higher than the ex.
ternal surface of the Earth. He showed then how
these might be explained by the presence of the
meteorological agents—rain, froat, wind. etc.—on
the Earth, which are not prnlerit in the llound l;'nd
uuumh’ them by tkis principle it seemed that
the o(sunr ﬂrr;itil.l mountain formations ren-
dered ic likely that the crater form did, in the ear
lier of the Earth's geological bistory, prevail
like here.] Aesly b

May it not then be that the Moon is simply in &
comparatively early epoch of its developement?
That, as the Nebular hypothesis would seem to
establigh, the Lunar globe is younger than the
Earth; and that with regard to it, also, a time ma
come when the apheaviog cause will manifest itsell

pally,~as now in tne Earth—by upheaving
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ranges and groaps of mountains instead of craters ?
This is probably all that we can derive from a view
of this portion of the sabject.

To proceed with our subject, can we fnrm oy
idea regarding the nature of the power which could
produce craters like Tycho? There is a feature
enonected with this crater which, in this respect,
is of bhigh importance. I mean those broad bands
which issae from it and go across the surface of the
Moon even tothe distance, in one case at least, of
1,700 miles. [The Lecturer here went through &
minute investigation of the cheracteristics of these
bands, chiefly g; means of diagrams on the black-
board, and elaborate paintings, which we regret we
cannot give. He seemed to remder it probable
that, like our own trap-dykes, these bands consisg
of matter which must have come up from the inte-
rior of the Moon’s mass through cracks in its solid
erust. Now as these cracks must have been
formed by the convulsion which produced Tycho,
this convulsion, then, must have been sudden as
well as most violent, at once prodacing the cavern
itself and cracking the Moon in the maoner in
which we see it. The phenonema here indeed
cannot be reconciled to any gradosl operation or
the action of any force long contioued. It must
have been ns sharp as violent; instantaneous after
tha manner of an explogion. The imagination,
habituated to the comparative quiet of our time,
cannot easily reach the conception of a convulsion
like this. Letmy audience not discredit or doubt
the speculation because of the fancied oddness or
the gigantic character of the force whose action it
presumes. Sofar from being impossible, the like
of it, in part at least, has passed during the pro-
gress of time in almost every region of our globe.
Itis clear and perfectly indisputable, that when
nur own granitic ranges were pusbed from the
Earth's interior they bore up along with them
many miles of rock of vast thickness that once 1a
quaiet at the bottom of the ocean, and over whic
shell-fish crept, that are now entombed within their
layers.. Buch convulsions were indeed oiten slow,
and may heve have occupied ages ino their progress
of eompletion, for the rocks that were distorbed
wre frequently little confused, lying around the
central granitic mass as & graceful robe; but
with me to the Alps, or even to oar own English
Cumberland, or North Wales, and [ could show

on masses above masses which, when they wera

ormed, lay as flat and even as the sorface of that
floor, not only torned from their repose and tilted
upward in the air, but, by the violence of the action
thar disturbed them, rolled over each other in con-
fused heaps, presenting for miles together to the
puzzled upﬁxar the aspect of a crompled and
crushed sheet of paper. Yes! fiere, indeed, has
been power, immeasurable, scarce even conceiva-
ble; but the giant Earthquake has an arm capabie
of all this work. (Great applause.)

I would now, ladies and geotlemen, for ona mo-
ment digress from our course and inquire, if the
force that formed Tycho was so great. what be-
came of the rocks that it blew ont of Tycho? A
cavern of that kind, fifty-five miles in diameter, is
not an infinitessimal thing which may be easily
formed. What became of these rocks !/ The most
rendy answer is that they returned again to the
sorface of the Moon, jost as matter thrown from the
Cratera of our Volcanoes returns again to the
Earth. There are circumstances, however, 1 think,
that will induce us to pause befure we assert that
this took place.

In the tirst place, the Moon being a small body
does not exert much attractive power over a mass,
therefore it would not take much force to drive
awey & body from the Moon situgether, and send ic
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flying about throogh space. I this matter did go
back, where is itT—we certainly should see it if it
was therg, Thercfora we may say it ia probable
that this matter did not go back to the Moon at all,
but that the violence of the shock was sufficient to
send it off to seek its own fortune throngh space.
{Laughter and applause.] Then what became of
it? ltmuost ba moving throogh space in stranga
orbits, in bodiea of diffurent magnitudes. Theorbits
of the planets areso regolar that withthem there is
no chance forcollision, but with these musses flying
round throagh space there isno chance to escaps
collision, consequently it is to be expected that
these masses wounld be continually coming in cun-
tact with the Earth. Thus may we account for
the falling of Meteoric stones. Thisis notastrange
phenomenon. At leasttwo masses must fall o
the Earth per day—tahing into account all that
have been observed to fall—a phenomenon soffi-
ciently large to require some important canse—
Now, if this force had sent off this matter from the
Moon, the Meteoric stones would not be ditlicalt
to explain.

There was & theory concerning thie phenome-
non called the ¥ Chemiocal Theory,” which. asfar
as I ever understood it, wes this. * Suppose
certain particles oating abont in the stmoaphere,
then sn a particolar forces should cause these
particles to come in cootact aud unite, then parti-
cular stones would be the result.” Now there are
three difficulties attending this solotion. First, it
cannot be established * tﬁl’l such particles wera
floating about in the atmosphere.” Becondly—It
eannot be proved that “ particulsr forces would
canse them to unite;" and thirdly, it cannot ba
shown that * particoler stones would result from
their unition." (Laughter and applavse. | |

But let me retarn to our direct subject. We
have now collected sufficient indications to entitle
us to adventure sgome generalization regerding the
seat of the force whose resalts we have been ex-
amining ; but it may be well in the first instance
to cast & rapid glanca at other craters than Tyeho.
And [ would as another instance of this description
of formation claim your attention for one moment to
the crater Copernicos. This isone of the most beau-
tiful craters on the Moon’s surface. It is best seen
attbe full of the Meon. Itseems as il etudded with
pearls—a most beautiful object lying in the midst
of a beautifal pearly light. When this light is
analyzed we find that it. too, consists of & walti-
tude of bands ehining like those around Tycho;
bat, unlike those first bands, they wind slong
throagh the valleys of the undulating countries,
and seem more like our superficial streams of
lava. This, however. is the most remarkable

circamstance about Copernicus. Notwithstand.
ing the violent effort necessary to produce it
the plainin its immediata neigh ood has been

scarcely at all disturbed. This very memorable
featore we ramarked as connected with the iso.
lated peak, and it is eminently characteristic of
the whole clazs of minoreraters.  From this. troth
of vast importance may boa immediately inferred,
wiz : that the seat of the convulsion cansing these
craters cannot have been located deeply within the
Moon's mass. A profound force, capable of pro.
ducing such a crater, mast; st the same time, have
shatterad a considerable portion of the Moon's sur-
face, No thaury then, at all relatad to the prurni]f.
ing conceptions of a central force can be applicable
here. The aspects of the Moon ere in this respect
wholly contradictory of the iden of & central force ;
nay, & Geology formed npon the ground of the ap-
pearances in the Moon would mot contain any
notion of m central force. It seems to ma, then, not
wulikely that that department o/ existing Geolo-
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ical theory which is founded on the supposed
E:;ﬁmufn:{mnl forces, or on supposed relation-
ships between the crast of the planets and their
so-called molten interiors, will uitimately undergo
great modification.

Another fact of great moment seems to be ren-
dered probable by the Moon, namely, that in the
course of time the upheaving energy has been be-
coming less convalsive, or that an epoch of compar-
ative stability has been approachiog that body.

The Lecturer showed, here, by aid of diagrams,

ow the relative ages of the different craters
might be approximately ascertained. It seems that
Tycho isthe oldest formation, and that ss the ages
proceed, the eraters appear to have originated in
less and less violent actions. This great fact also
seems established in the Earth.] He then con-
tinmed:

Connected with this corious subject there i
a more general contemplation, on which notice
should in conclusion be bestowed. Whetis termerd
the argument or consideration of Final Causes;
that i= an attempt to view any portion of the known
Crention as au indication of the criginal purpose of
the Divinity has ever seemed to me one which the
human faculties eaunot now undertake; for I can-
not persaade myself that all the fitnesses that wa
sea, multiplex as they are, go to constitute the en-
tire of that echeme which the Almighty. from the
innate necessities of his own perfections, deter-
mined from the beginning. It is thus, as I think,
that every scheme observed by man bas within it
much of mystery, or, what is the same thing. pointe
not accounted lor, just because these touch on re-
moter forme of being and mightier plans. Bat
thoughitisdenied us tospeak dogmatically inregard
of anything that we can see of the ultimate or pri-
mary purposes of God; in no part of creation, great
or amall, when understood aright is want of har-
mony descried, or that adaptation which tells of
the exquisiteness of the work of an Omniscient and
Omnipotent Creator. In reference to the scenes
over which to-night we have traveled, we have
found the long existence of eras of unsettiement
acd commotion, and & promise of a period of re-
pose. Bympathizing with inorganic Nature, and
toiling alopg with her, the vital energies have ae-
eordingly all i.lnng accommndated their prodacts to
these vast transitions. Passing by the primal
ages, it seems clear that only when Natuore's se-
tions became so ordered that in the main they could
foresee by ordinary prodence, was the Earth &
firting habitation for a being gifted with pore rea-
son and will, and thereby cut loose from the safe-
guard of pare instinet.

I think the sudience will understand this idea.—
We can imagine creatares of instinct fitted to live
inany state in the world. We know that the in-
stincts of animals forewarnthem of dangers which
man with all his bossted reason cannot foresee.
These beings of instinet can in many cases foreses
some ofthe greatealamitiesof Nature, such as earth-
quakes, volcanic eruptions, ete. The beines of res-
aofn conld ml‘.nndmumd the lp‘pm.ch of ul"ﬂ‘ ,ﬂ“.
Feri. A world may be adapted to the sbode of be-
ngs under the control of instinet which woald not be
at all wdapted to the abode of those compelled to
trust for safety to their reason alone. We know
thatthere are some portions of the Earth unfitted at
the present time for the habitation of Man—regions
where ﬂ:m erections of civilization for ¥ ears are over-
thrown in an hour ; consequently, in those portions
of the Earth the inhabitaots are, for the most part,
semi-barbarous. This may nccount for the com-
paratively recent appearance of Man in the world.
Long before his appearance, we find the @lobe
teeming with races of beings, but all of them of an














































