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the condition of the world at any given moment is the
direct result of its condition in the preceding moment,
and the direct cause of its condition in the subsequent
moment. Law and chance are only different names for
mechanical necessity.

About fifty years after the death of Copernicus,
John Kepler, a native of Wiirtemberg, who had adopted
the heliocentric theory, and who was deeply impressed
with the belief that relationships exist in the revolutions
of the planetary bodies round the sun, and that these if
correctly examined would reveal the laws under which
those movements take place, devoted himself to the
study of the distances, times, and velocities of the plan-
ets, and the form of their orbits. ITis method was, to
submit the observations to which he had access, such
as those of Tycho Brahe, to computations based first on
one and then on another hypothesis, rejecting the hy-
pothesis if he found that the caleulations did not accord
with the observations. The incredible labor he had
undergone (he says, “I considered, and I computed,
until I almost went mad ”) was at length rewarded, and
in 1609 he published his book, “On the Motions of the
Planet Mars.” In this he had attempted to reconcile
the movements of that planet to the hypothesis of eccen-
trics and epicycles, but eventually discovered that the
orbit of a planet is not a circle but an ellipse, the sun

being in one of the foci, and that the areas swept over
by a line drawn from the planet to the sun are propor-
tional -to the times. These constitute what are now
known as the first and second laws of Kepler. Eight
years subsequently, he was rewarded by the discovery
of a third law, defining the relation between the mean
distances of the planets from the sun and the times of
their revolutions ; *the squares of the periodic times are
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.oportional to the cubes of the distances.” ;Fn i A
g ) ican System,” published in 1618,
Epitome of the (J.upernlc:ln Sys ,1 }1 libelinifin
he announced this law, :1_1‘1(1 showed tha 11 bl Hfm.,
for the satellites of Jupiter as 1'egards. t 1e11. plll 0 ;
Tence it was inferred that the laws .\’\'hlc’h pr %:&15 (;3 :1:0
the grand movements of thle solar .system P.lt(iSl e als
over the less movements of its .cons:utuent 'Iw)ﬂ:llvh.'b o

The conception of law \.Yl_ueh is unmlbt% ka ')tc]?e
veyed by Kepler’s (liseox'e}'les, m}d the evi q:nf}fe .Ue g_
gai'e in support of the hell-occnt.rle ag 3gm’m £ )nzion
centric theory, could not fail to incur the repre e,f o

i an authorities. The congregation o the
o FOTnfM;eL when they denounced the Copernican

giz;; t;:ll?tt(;rl; contrar.y'to the Holy Scriptﬂres,'(1 51;}(;
hibited Kepler’s « Epitome” of t.]_\at_sys.tem.)1 bm}; o
this occasion that’ Kepler submitted hls_ ce e.‘ ; e

ystrance :. ¢ Eighty years have ?]apsed dur ing 1] |

Ezldf}ctrines of (?Opemic;ls regfvartc]l;llgut]l:e;l :111'? ﬁ::};n}tn(;f

the earth and the immobility of the byt 0 3

oated without hinderance, because it was de

:ﬁz}giﬁ)le to dispute concerning natural t.hm%es;t?:;(il;c?
elucidate the works of Gr.Od, anc?‘t Iéi“; Elﬁfoz :\g Lo
e Proafn(;it gz:;l to the spiritual judges
ohibit the promulgation of the true sys-

testimony which was
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f the structure of the universe. -
teml\?ona of Kepler's contemporaries behevedf]_ze l.aw
was it accepted until the pu;ahca{mon
( in those
£ the « Principia” of Newton. In fact,no 0:1;: 1121 t 11;}5
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thm.; there is a relation between the magnitudes of the
01'1{1t.s of the five principal planets and ?he ﬁvchrcm-l 1-'l e
solids of geometry. At first he inclined to belie\'ébt; :ﬂ
tpe orbit of Mars is oval, nor was it until after a “-_ldf
risome study that he detected the grand truth, its el 1‘_33'
t%oal fo.rm. An idea of the incorruptibility of, ﬂ.xe cellp'-
tial O:I'JJBCJES had led to the adoption of thza Al'ist.otelfes-
doctrine of the perfection of circular motimﬁ and“:n
the belief that there were none but circular 1'113ti011“ i
the heavens. He bitterly complains of this as haw: 12
bee}l a.fata-l “thief of his time.” His philoso h']-}-ol
daring is illustrated in his breaking through ¢l ; ‘P i
honored tradition. 3 e
_ In some most important particulars Kepler antici-
L\atcd. Newton. He was the first to give clear ideas .
specting gravity. He says every partbide of mﬂtte(rb\\'I'H
rest until it is disturbed by some other ]';a.l't.i‘cle I;hl
the earth attracts a stone more than the stone attre :t
t]._'xe earth, and that bodies move to each other in :m i:;b
tion to their masses ; that the earth would asccndrtolthl-
moon one-fifty-fourth of the distance, and the m &
would move toward the earth the othmf fifty-three (i(]).'n
affirms that the moon’s attraction causes t]:{re tide“. ;
that the planets must impress irresularities e
moon’s motions. v -

The progress of ronomy i i
o threé 1;);-1135;3 :of astronomy is obviously divisible

' 1. The period of observation of the
tions of the heavenly bodies.

2'}. The period of discovery of their real motions, and
pa..rt-mulaﬂy of the laws of the planetary revol t3 & ;
thlsowzts signally illustrated by Copcrnicug and ?(2 11011‘33

8. The period of the ascertainment of the car - .f
those laws. It was the epoch of Newton T

apparent mo
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The passage of the second info the third period de-
pended on the development of the Dynamical branch
of mechanics, which had been- in a stagnant condition
from the time of Archimedes or the Alexandrian
School.

In Christian Europe there had not been a cultiva-
tor,of mechanical philosophy until Leonardo da Vinei,
who was born A. . 1452. To him, and not to Lord
Bacon, must be attributed the renaissance of science.
Bacon was not only ignorant of mathematics, but de-
preciated its application to physical inquiries. He
contemptuously rejected the Copernican system, alleg-
ing absurd objections to it. While Galileo was on the
brink of his great telescopic discoveries, Bacon was pub-
lishing doulyjs as to the utility of instruments in scien-
tific investigations. To aseribe the inductive method to
him is to ignore history. His fanciful philosophical
suggestions have never been of the slightest practical
mse. No one has ever thought of employing them.
Except among English readers, his name is almost un-
known.

To Da Vinei I shall have occasion to allude more
particularly on a subsequent page. Of his works still
remaining in manuseript, two volumes are at Milan, and
one in Paris, carried there by Napoleon. After an in-
terval of about seventy years, Da Vinci was followed by
the Dutch engineer, Stevinus, whose work on the prin-
ciples of equilibrium was published in 1586. Six years
afterward appeared Gralileo’s treatise on mechanies.

To this great Italian is due the establishment of the
three fundamental laws of dynamics, known as the Laws

of Motion.
The consequences of the establishment of these laws

were very important.
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It had been supposed that continuous movement
such, for instance, as those of the celestial bodies, nls,
only be maintained by a perpetual consumption a;tlou fl
petual application of force, but the first of Galileo’s lPGl:
declared that every body will persevere in its L‘-t%’ltaws3
rest, or of uniform motion in a right line un;il( 'i (?f
compelled to change that state by dibstm-binr: forée“ : E
c?ear perception of this fundamental princaﬁlc is g;c
tial to a comprehension of the elementary f-actwcn-
physical astronomy. Since all the motions that “ ; ('Jf
ness taking place on the surface of the earth ;obzle e
to Rllllelld, we are led to infer that rest is ﬂ;e mct?%m
condition of things. We have made, then, a verv‘tr “3
advance when we have become satisfied t}-lmt ab b;??f
equally indifferent to rest as to motion. a.nél tic: i
equally perseveres in either state until diséurbinw f d- 5
are applied. Such disturbing forces in the case ?)f ?31(};03
Inon movements are friction and the resistance of thl(;
air. When no such resistances exist, movement must .b
perpetual, as is the case with the heavenly bodies. whi le
are moving in a void. y e

Forces, no matter what their difference of magni-
tude may be, will exert their full influence (:ou'oi[n%1
eac-h'as though the other did not exist. Thus ijhellLy;
kalllljlts suffered to dl"OP from the mouth of a c;rmon, it
tzebhﬁ}i{:l (imufn[i macutam i.nterval of tfl‘l'-lc through
i of gravity upon it. If, then, it be fired
rom the cannon, though now it may be pr i ted s
thousands of feet in a second, the effec £ et
ool . nd, the etfect of gravity upon
it will be precisely the same as before. Iy i
S 3 as before. In the inter
mingling of forces there is no deterioration : eacl
duces its own specific effect. : g

. Ilj. the latter ha]:E.of the seventeenth century, throngh
he works of Borelli, Hooke, and Huyghens, it had E@-
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zome plain that cirenlar motions could be accounted for
by the laws of Galileo. Borelli, treating of the mo-
tions of Jupiter’s satellites, shows how a circular move-
ment may arise under the influence of a central force.
Hooke exhibited the inflection of a direct motion into a
cireular by a supervening central attraction.

The year 1687 presents, not only an epoch in Euro-
pean science, but also in the intellectual development of
man. It is marked by the publication of the ¢ Prin-
cipia” of Newton, an incomparable, an immortal
work.

On the principle that all bodies attract each other
with forees directly as their masses, and inversely as the
squares of their distances, Newton showed that all the
movements of the celestial bodies may be accounted for,
and that Kepler’s laws might all have been predicted—
the elliptic motions—the described areas—the relation
of the times and distances. As we have seen, Newton’s
contemporaries had perceived how circular motions
could be explained ; that was a special case, bub Newton
furnished the solution of the general problem, contain-
ing all special cases of motion in circles, ellipses, para-
bolas, hyperbolas—that is, in all the conic sections.

The Alexandrian mathematicians had shown that the
direction of movement of falling bodies is toward the
centre of the earth. Newton proved that this must
necessarily be the case, the general effect of the attrac-
tion of all the particles of a sphere being the same as
if they were all concentrated in its centre.

To this central force, thus determining the fall of
bodies, the designation of gravity was given. Up to
this time, no one, except Kepler, had considered how far
its influence reached. It seemed to Newton possible
that it might extend as far as the moon, and be the
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force that deflects her from a rectilinear patl
makes her revolve in her orbit round t];e e]-:";: v:'
was easy to compute, on the principle of’tl;oLll-‘ |
nverse squares, whether the earth’s attraction wa o
cient to produce the observed effect. Em )lovr’s 6
measures of the size of the earth accessible it tl 5 i
Newton found that the moon’s deflection wra(q ol 119 tm?e’
FGCI} feet in a minute; whereas, if his 11\'1)ot};éu:i*nfy ﬂ‘lll‘-
> itation were true, it should be ﬁftez‘n iegt bOBgla'v.
1669 Picard, as we have seen, executed the‘ me'xut 1 ;
ment of a degree more carefully than had )1'e-'(sme~
been done; this changed the estimate of the 1111a: o
of t.]levea‘rt.h, and, therefore, of the distance of tl |
and, I\(.zwton’s attention having been directe&letm'()on;
i?]ilge ghsculfsions ﬂ:[}:_ilf: took p]?.c:a at the Royal Soc?e::i }]lel
079, he obtained Picard’s results, w . .
215 ol;l pﬂp?:‘s, and resumed hist gaififtigge’ ffi):]\ﬂ?:;
rew to a close, he becam J itatedil
was obliged to desire a frieids 20111;3;:;1 Pﬁ:gimd 'It‘lliat .
pected coincidence was established. Tt ﬁ?fls ; de o
;ﬂ;ﬁ ]i:éwt?n is rgiali)nedhin her orbit and nl.?:depggvfe\f;%l\?;
he eart the force rrestrial gravi
gentn of Kepler hyz;-d given plsiet:i)l?;?:irgtlis;; tgf. ghe
cartes, a se i i | ! of
. “?t; Izlmd these in their turn to the central force of
iy s e sty i R
: e elliptic orbit round the
g;stiitiifzvi _force, f'md perturbations arise by i:];slgi
o 8 ];n in g ac‘illon of the planetary masses on one
distm‘b;;ﬂcen n?wugjg 1¢ masses and the distances, these
even Eucceez‘icciaz;ritli3 ?:i?f;l\fzd e
ing the perturbations or di_séiiﬁiﬁéiertn; ii:i]?(; E, knlo“h
and the mags of the disturbing bod}v,J ‘Thua f;gn}; ?}(1::
By
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deviations of Uranus from his theoretical position, the
discovery of Neptune was accomplished.

Newton’s merit consisted in this, that he applied the
laws of dynamies to the movements of the celestial
bodies, and insisted that scientific theories must be sub-
stantiated by the agreement of observations with caleu-

lations.
When Kepler announced his three laws, they were

received with condemnation by the spiritual authorities,
1ot because of any error they were supposed to present
or to contain, but partly because they gave support to
the Copernican system, and partly because it was judged
inexpedient to admit the prevalence of law of any kind
as opposed to providential intervention. The world
was regarded as the theatre in which the divine will was
daily displayed ; it was considered derogatory to the ma-
jesty of God that that will should be fettered in any way.
£ the clergy was chiefly manifested in the

The power o
nging his

influence they were alleged to possess in cha
arbitrary determinations. It was thus that they could

abate the baleful action of comets, secure fine weather or

rain, prevent eclipses, and, arresting the course of Na-
ture, work all manner of miracles; it was thus that the
shadow had been made to go back on the dial, and the
sun and the moon stopped in mid-career.

In the century preceding the epoch of Newton, a
political revolution had taken place
~_the Reformation. Though its effect had not been the
securing of complete liberty for thought, it had weal-
ened many of the old ecclesiastical bonds. In the re-
there was no power to express a con-
demnation of Newton’s works, and among the clergy
there was no disposition to give themselves any concern
about the matter. At first the attention of the Protes-

great religious and

formed countries
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tant was engrossed by the movements of hig great enem

the Catholic, and when that source of disquietude eease(;]y
and the inevitable partitions of the Reformation arose’
that attention was fastened upon the rival and antao:
onistic Churches. The Lutheran, the Calvinist t}'fe
Episcopalian, the Presbyterian, had something :mm-e
urgent on hand than Newton’s mathematical Udem(m-
strations.

So, uncondemned, and indeed unocbserved, in this
clamor of fighting sects, Newton’s grand theory solidly
fzst'a'lflis]_led itself. Its philosophicﬁl significance was
infinitely more momentous than the dogmas that these
persons were quarreling about. It not only accepted
the heliocentric theory and the laws discovered by Kep-
ler, but it proved that, no matter what might be the
weight of opposing ecclesiastical authority, the sun st
be the centre of our system, and that Képlcr's laws are
the result of a mathematical necessity. It is impossible
that they should be other than they are.

But what is the meaning of all this? * Plainly that
the solar system is not interrupted by providential inter-
ventions, but is under the government of irreversible
lr-:m' law that is itself the issue of mathematical neces-
sity. ; i

The telescopic observations of Herschel I satisfied
hiitn that1 thﬁrc are very many double stars—double
not merely because they are accidentally in
line of view, but becnusgr they are connected p]ii;:kjl?;fe
revolving round each other. These observations WEI‘G’
continued and greatly extended by Herschel II. The
(eieun;n}t)s of the elliptic orbit of the double star £ of the

reat bear were determined by Savary. i i I
fifty-eight and one-c;ni?;fd 1 : fiu Jljilts i
; years; those of another, o
Coronze, were determined by Hind, its period being more
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ihan seven hundred and thirty-six years. The orbital
movement of these double suns in ellipses compels us
to admit that the law of gravitation holds good far be-
yond the boundaries of the solar system ; indeed, as fa1:
as the telescope can reach, it demonstrates the reign of

law. D’Alembert, in the Introduction to the Encyclo-

peedia, says: ¢ The universe is but a single fact ; it is only

one great truth.”
Shall we, then, conclude that the solar and the starry

systems have been called into existence b)‘F God? and
that he has then imposed upon them by his arbitrary
will laws under the control of which it was his pleasure
that their movements should be made ?

Or are there reasons for believing that these several
systems came into existence not by such an arbitrary fiat,
but through the operation of law ? :

The following are some peculiarities displayed by
the solar system as enumerated by Laplace. All the
planets and their satellites move in ellipses of such small
eccentricity that they are nearly ci rcles. All the planets
move in the same direction and nearly in the same
plane. The movements of the satellites are in the sami
divection as those of the planets. The movements ox
rotation of the sun, of the planets, and the satellites, are

in the same direction as their orbital motions, and in
planes little different. =

Tt is impossible that so many coincidences could be
the result of chance! Is it not plain that there must
have been a common tie among all these bodies, t}'mt
they are only parts of what must once have been a sin-

ass ?
. I]?ui; if we admit that the substance of which the
solar system consists once existed in a nebulm%s con
dition, and was in rotation, all the above peculiarities
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follow as necessary mechanical consequences. Na
more, the formation of planets, the formation of :qt(i,
lites and of asteroids, is accounted for. We seek;vhn
the. outer planets and satellites are larger than the i)z
terior ones; why the larger planets rotate rapidly, and
the small ones slowly; why of the satellites the :)uter
planets have more, the inner fewer. We are furnished
.with indications of the time of revolution of the planet
111.thcir orbits, and of the satellites in theirs: we ers
ceive the mode of formation of Saturn’s 1'i1;gs. I‘)N(;
find an explanation of the physical condition of the sun
and the transitions of condition through which the c.ﬂrt-i;
and moon have passed, as indicated b.) their geology.

But two exceptions to the above peculiaritiesah;;-ve
been noted; they are in the cases of Uranus and Ne
tune. .

The existence of such a nebulous mass once admit-
ted, all the rest follows as a matter of necessity. Is
;here not, however, a most serious objection in i‘he x-vay?
hse 1;11(11; i:get:) exclude Almighty God from the worlds

. First, we must be satisfied whether there is any solid
evidence for admitting the existence of such a nebulous
mass.

"_F‘he nebular hypothesis rests primarily on the tele-
scopic discovery made by Herschel I., that there are
scattered here and there in the heavens pale, gleamin
pflt_chcs of light, a few of which are large cnémrrh to bi
\-'1:s1ble to the naked eye. Of these n;any ma?r be re-
s(fnved by a sufficient telescopic powe;' into a c:)ngeries
v recnied bt s e

g herto made.

It was asserted by those who were indisposed to ac-

cept the nebular hypothesis, that the non-resolution was
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due to imperfection in the telescopes used. In these
instruments two distinet functions may be observed:
their light-gathering power depends on the diameter of
their object mirror or lens, their defining power depends
on the exquisite correctness of their optical surfaces.
Grand instruments may possess the former quality in
perfection by reason of their size, but the latter very
imperfectly, either through want of original configura-
tion, or distortion arising from flexure through their
own weight. = But, unless an instrument be perfect in
this respect, as well as adequate in the other, it may fail
to decompose a nebula into discrete points.

Fortunately, however, other means for the settle-
ment of this question are available. In 1846, it was
discovered by the author of this book that the spectrum
of an ignited solid is continuous—that is, has neither
dark nor bright lines. Fraunhofer had previously made
known that the spectrum of ignited gases is discontin-
wous. Here, then, is the means of determining whether

the light emitted by a given nebula comes from an in-

candescent gas, or from a congeries of ignited solids,
stars, or suns. If ite spectrum be discontinuous, it is a
true nebula or gas ; if continuous, a congeries of stars.

Tn 1864, Mr. Huggins made this examination in the
case of a nebula in the constellation Draco. It proved
to be gaseous.

Subsequent observations have shown that, of sixty
nebulse examined, nineteen give discontinuous or gas-
eous spectra—the remainder continuous ones.

It may, therefore, be admitted that physical evidence
has at length been obtained, demonstrating the exist-
ence of vast masses of matter in a gascous condition,
and at a temperature of incandescence. The hypothesis
of Laplace has thus a firm basis. In guch a nebular

11
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mass, cooling by radiation is a necessary incident, and
condensation and rotation the inevitable results. There
must be a separation of rings all lying in one plane, a
generation of planets and satellites all rotating alike,
a central sun and engirdling globes. From a chaotic
mass, through the operation of natural laws, an organ-
ized system has been produced. An integration of
matter into worlds has taken place through a decline
of heat.

If such be the cosmogony of the solar system, such
the genesis of the planetary worlds, we are constrained
to extend our views of the dominion of law, and to
recognize its agency in the creation as well as in the
conservation of the innumerable orbs that throng the
universe.

But, again, it may be asked: “Is there not some-
thing profoundly impious in this? Are we not exclud-
ing Almighty God from the world he has made 2”

We have often witnessed the formation of a cloud
in a serene sky. A hazy point, barely perceptible—a "
little wreath of mist—increases in volume, and becomes
darker and denser, until it obscures a large portion of
the heavens. It throws itself into fantastic shapes, it
gathers a glory from the sun, is borne onward by the
wind, and, perhaps, as it gradually came, so it gradually
disappears, melting away in the untroubled air.

Now, we say that the little vesicles of which this
clond was composed arose from the condensation of
water-vapor preéxisting in the atmosphere, through re-

duction of temperature; we show how they assumed

the form they present. We assign optical reasons for
the brightness or blackness of the cloud ; we explain,
on mechanical principles, its drifting before the wind ;
for its disappearance we account on the principles of
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chemistry. It never occurs to us to invoke the inter-
position of the Almighty in the production and fashion-
ing of this fugitive form. We explain all the facts con-
nected with it by physical laws, and perhaps should
reverentially hesitate to call into operation the finger
of God.

But the universe is nothing more than such a clond—
a cloud of suns and worlds. Supremely grand though
it may seem to us, to the Infinite and Eternal Intellect
it is no more than a fleeting mist. Tf there be a multi-
plicity of worlds in infinite space, there is also a suc-
cession of worlds in infinite time. As one after another
cloud replaces cloud in the skies, so this starry system,
the universe, is the successor of countless others that
have preceded it—the predecessor of countless others
that will follow. There is an unceasing metamorpho-
sis, a sequence of events, without beginning or end.

If, on physical principles, we account for minor me-
teorological incidents, mists and clouds, is it not permis-
sible for us to appeal to the same principle in the origin
of world-systems and universes, which are only clouds
on a space-scale somewhat larger, mists on a time-scale
somewhat less transient? Can any man place the line
which bounds the physical on one side, the supernatural
on the other? Do not our estimates of the extent and
the duration of things depend altogether on our point
of view? Were we set in the midst of the great nebula
of Orion, how transcendently magnificent the scene ! T!.le
vast transformations, the condensations of a fiery mist
into worlds, might seem worthy of the immed.iate pres-
ence, the supervision of God; here, at our distant sta-
tion, where millions of miles are inappreciable to our
e},-'cé, and suns seem no bigger than motes in the air,
that nebula is more insignificant than the faintest cloud.
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Galileo, in his description of the constellation of Orion,
did not think it worth while so much as to mention if.
The most rigorous theologian of those days would have
seen nothing to blame in imputing its origin to second-
ary causes, nothing irreligious in failing to invoke the
arbilrary interference of God in its metamorphoses. If
such be the conclusion to which we come respecting it,
what would be the conclusion to which an Intelligence
seated in it might come respecting us? It occupies an
extent of space millions of times greater than that of our
solar system; we are invisible from it, and therefore
absolutely insignificant. Would such an Intelligence
think it necessary to require for our origin and main-
tenance the immediate intervention of God?

From the solar. system let us descend to what is still
more insignificant—a little portion of it; let us descend
to our own earth. In the lapse of time it has expe-
rienced great changes. Have these been due to inces-
sant divine interventions, or to the continuous operation
of unfailing law? The aspect of Nature perpetually
varies under our eyes, still more grandly and strikingly
has it altered in geological times. But the laws guiding
those changes never exhibit the slightest variation. In
the midst of immense vicissitudes they are immutable.
The present order of things is only a link in a vast con-
nected chain reaching back to an incaleunlable past, and
forward to an infinite future.

There is evidence, geological and astronomical, that
the temperature of the earth and her satellite was in
the remote past very much higher than it is now. A
decline so slow as tc be imperceptible at short intervals,
but manifest enough in the course of many ages, has oc-
curred. The heat has been lost by radiation into space.

COOLING TAKES PLACE UNDER LAW. 945

The cooling of amass of any kind, no matter whether
arge or small, isnot discontinuous; it does not go on by
fits and starts; it talkes place under the operation of a
mathematical law, though for such mighty changes as
are here contemplated neither the formula of Newton,
nor that of Dulong and Petit, may apply. It signifies
nothing that periods of partial decline, glacial periods,
or others of temporary elevation, have been intercalated ;.
it signifies nothing whether these variations may have
arisen from topographical variations, as those of level,
or from periodicities in the radiation of the sun. A
periodical sun would act as a mere perturbation in the
gradual decline of heat. The perturbations of the
planetary motions are a confirmation, not a disproof, of
gravity.

Now, such a decline of temperature must have been
attended by innumerable changes of a physical character
in our globe. Her dimensions must have diminished
through contraction, the length of her day must have
lessened, her surface must have collapsed, and fractures
taken place along the lines of least resistance ; the density
of the sea must have increased, its volume must have
become less; the constitution of the atmosphere must
have varied, especially in the amount of water-vapor
and carbonic acid that it contained ; the barometric press-
ure must have declined.

These changes, and very many more that might be
mentioned, must have taken place notin a discontinuous
but in an orderly manner, since the master-fact, the
decline of heat, that was causing them, was itself follow-
ing a mathematical law.

But not alone did lifeless Nature submit to these
inevitable mutations; living Nature was also simultane-
ously affected.




