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INTEODUCTORY. 19

The speculations of Bessel, resulting from the observa-
tions of that illustrious astronomer upon the appearance of
Halley’s comet in 1835, and especially upon the develop-
ment and phenomena of its tail, are of a higher order than
the preceding, and demand definite attention, because they
are founded upon the recognition of the fact of a cosmico-
repulsive force as a simple but positive phenomenon—a phe-
nomenon connected with experimental physics by certain
specific indications—and an effect produced in some unex-
plained way, by a solar action the opposite of solar gravitation.
His Memoir upon this subject may be found in the Astronom.
Nachrichten, vol. xiii. No. 300—302, pp. 185—232. The gist
of Bessel’s opinions and speculations upon this subject may
be fairly presented in the following extract from that Memoir :
“ Meine Vorstellung von der Mdglichkeit einer Verbindung
“ aller, an den Kometen beobachteten Erscheinungen ist in-
“ dessen die folgende:. Jede Wirkung eines Korpers auf
“ ginen anderen kann in zwei Theile zerlegt werden, deren
“ einer fiir alle Theile des letzteren gleich ist wihrend, der
“ andere aus den Unterschieden der Wirkungen auf verschie-
“ dene Theile entsteht. Wenn die Wirkung in sehr grossen
“ Entfernungen der Korper voneinander, sehr klein ist, so ist
“der erste Theil derselben derjenige, welcher, bei einem
“ Uebergange von diesen Entfernungen zu kleineren, zuerst
“ merklich wird; der andere kann erst spiter eine merkliche
“ Grosse erlangen. Im Falle eines Kometen, welcher in sehr
“ grosser Entfernung zu der Sonne herabkémmt, zeigt sich
“ also zuerst die allen seinen Theilen gemeinschaftliche Wir-
“ kung : ich nehme an, dass sie in einer Verfliichtigung von
“ Theilchen bestehe, welche der Sonne feindlich polarisirt
“werden. Der andere, spater merklich werdende Theil der
“ Wirkung allein, kann eine Polarisirung des Kometen selbst,
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INTRODUCTORY. 23

Halley’s comet” has assisted my reséarches and discussions,
and what influence they have exercised upon the develop-
ments of the following chapters, the reader will be able to
determine for himself, after the perusal of this work. It
would not be out of place, nevertheless, to say here, in
justice to myself, that I was ignorant of the existence of
Bessel's memoir until T had for many years been occupied
with other series of phenomena which are discussed at large
in the sequel ;—not, indeed, until 1858, after the publication
of Mr. Bond's celebrated observations of appearances in
Donati’'s comet similar to those observed by Bessel in
Halley's, and after Professor Norton’s mathematical discus-
sions of certain physical elements involved in the formation
and orbit of its tail, were put forth to silence the pretensions
of another party to originality of discovery. It was at this
time that Bessel's memoir, which seemed to have been long
forgotten by astronomers, was first brought to my knowledge.

In 1858-60 M. Faye, Member of the French Academy of
Sciences, revived the idea, also, as a consequence of the tele-
scopic observations of Mr. Bond and others, ineluding his own,
that a definite repulsive influence was exerted by the sun upon
Donati’s comet and upon its tail, and upon comets in general,
but not upon the denser cosmic bodies. M. Faye elaborates his
theory in a communication (No. 1240) to the Astronomische
Nachrichten dated “Paris, 1860, February 4;” and inasmuch
as this is a subject which must very soon engage the earnest
attention equally of physicist, astronomer, and mathematician,
I shall set forth M. Faye's hypothesis in his own language,
and there leave it upon its exact grounds, to be adjudged
according to its merits, and in the light of present and of
increasing knowledge :—

““La brillante apparition de la cométe de Donati que
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SPACE. 37

considered by astronomers the sole force in the universe
acting upon moving masses, and because, if gravifation was
counteracted by any other prineciple, it must be by some
attenuated matter, diffused throughout space, aeting me-
chanically upon the advancing comet, and thus retarding
its motion. No repulsive force acting between the sun and
its revolving system of planets, the antagonist of attraction,
was then admitted by astronomers, or imagined to exist—
notwithstanding Bessel, ten years previously, had observed
phenomena in Halley's comet, which impressed him with
the belief that it was influenced by some repulsive principle
praceeding from the sun., That such a force does exist, is
now admitted by some astronomers, as an electrical or
thermic element, and future observation may establish REPUL-
SION to be an independent prineiple, as universal in its influ-
ence as gravitation itself; and when its functions in celestial
dynamics shall be thoroughly understood, the prevailing
opinion that space consists of a resisting medium would be
discarded as a fallacy and absurdity. We have given reasons
for supposing that the basis of the speculation is of a very
questionable nature. Nothing is absolutely known upon this
subject. It is so profound that science is destitute of even a
ray of light upon it, except what may be derived from analogy
and inductive reasoning. All opinions upon the conditions
of infinite space are the merest hypotheses ; and in the midst
of conjectures, that would be the most probably correct
which presumed space to be a perfect vacuwm. This would
accord in analogy with all that is known of the character of
ultimate principles, and permit the freest motion to cosmie
masses ; for every principle or general condition of nature
presents dual qualities, or opposite methods of expressing its
functions or character—as attraction and repulsion, para-
magnetism and diamagnetism, positive and negative elec-
tricity, heat and cold, &c. So, also, in the most fundamental
of all the conditions of nature, the material should appear in
opposition to the immaterial ; matter and vacuum should be
simulteneously and necessarily associated. The latter is
necessary for the existence of the formen, |
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MOLECULAR FORCE, 55

lying within its own bosom, and proceeding out of its own
natural capacity and endowment.

But while the force of attraction exists, and every atom
mutually attracts every other atom, it is proven with equal
certainty that molecules never touch each other, and that
they are kept asunder by another force, the opposite of attrac-
tion. This is called repulsion. A thousand experiments
also prove this well-known fact to all who study the first
principles of natural philosophy. There is not a substance
in nature, so far as we know, that is not reducible in bulk to
a greater or less extent by compression or cold, and that will
not enlarge its bulk and occupy more space when heated,
and return again to a less bulk when its attractive and
repulsive forces are permitted to assume a normal equi-
librium. Countless researches and experiments of chemists
and physicists have established beyond question the universal
fact that repulsion is an absolute force, dwelling in all mole-
cules, which exerts as constant and mutual an influence from
one upon the other as does that of attraction. It dwells
and lives within the molecule, and proceeds out of it, in
like manner as attraction, to act upon its neighbour, ex-
cept that it acts and plays in an opposite direction to the
latter force.

So much is positively known and acknowledged by every
student of nature, from the chemist to the astronomer,

2.

We will pause here, then, for a moment to note our solid
steps, starting-points of knowledge and induction, beacon
lights and monuments of truth to which we must constantly
recur, for bearings and gnidance when navigating the infinite
ocean of matter and force upon which we are soon to be
launched. These points of positive truth seem at first almost
metaphysical, when studied in their profoundest conditions ;
but in their developments they become so stupendous and
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UNION AND INSEPARABILITY OF MATTER AND FORCE. 59

followers would define force in every sense as a simple
attribute of matter, I should define matter to be an equally
active and universal attribute of force—in the same light,
for instance, that God is as much an attribute of omni-
presence, ommipotence, and omniscience, as these three
inseparable principles are attributes of God.

A molecule lies in a certain sense as a neutral yet sensitive
element between the other two elements, which are of them-
selves positively antagonistic to each other; both, however,
having equal affinifies for matter (and matter, as atomicities,
unequal but positive affinities for them), and manifesting
their peculiar characteristics and activities through matter,
as a third and necessary condition, whereby to effect the
creation of the secondary forces of light, heat, magnetism, &e.
and of all mineral, vegetable, and animal forms which consti-
tute nature. Thus is laid the foundation of that state of
things whereby matter and force, combining, decomposing,
and recombining, have slowly, gradually, and persistently
unfolded the stupendous mysteries and endless complexities
of physical and organic being.

31‘

Notwithstanding all this, it is generally supposed that
light and gravitation also exist in the state of positive and
conservative currents of force in the interplanetary spaces,
constantly playing from each to every other cosmical body ;
thus exchanging the mysterious effluences and influences of
all, and contributing in part to sustain the mechanical move-
ments so demonstrable in the universe. Whether this be so,
and the manner in which force acts between bodies widely
distant from each other, may be more clearly determined, as
the subject develops itself under subsequent treatment.

For the present, however, I would confine attention ex-
clusively to the point, that atfraction and repulsion exist in
permanent and aetive wunion with molecules, and are inse-
parable from them.






————

NATURE AND ACTION OF FORCE. 61

standing, that, as the subject develops, we shall find it less
important and instructive to contemplate molecules ﬂF.d
masses as mere matter, than the active and motive prin-
eiples with which they are endowed. Matter, when vie.we-:} as
a neutral agent—that is, molecules viewed as neutral points
—will almost vanish for a moment in an active or positive
aspeet, so that we shall scarcely wonder that Newton and
other mechanical philosophers have at any time treated
matter as an inert object, per se, and that eertain thinkers
have sometimes altogether rejected the idea that matter is a
substantial entity.

2.

Since the importance of the subject demands a separate
and exclusive treatment for both attraction and repulsion,
from their incipient molecular conditions to their grandest
cosmical developments, it will promote a clearer understanding
of their action and mutual relations if the analysis be opened
with the consideration of the former. This is the force the
influences and action of which have been the most assiduously
studied, and the astronomical expansions of which were
reduced by Newton, toward the close of the seventeenth
cenfury, to definite numerical laws. There is every advantage
to be gained, besides, in attempting to explore the realms of
uncertainty and of the unknown, from scientific points which
bave already been definitely established.

In the chapter on “Inertia” it was stated that atoms and
masses are never dead or inert, but constantly charged with
active central forces; and it will be important to look back
for a moment, for the purpose of showing how conelusively
this point is proved by the wonderful discovery of gravitation,
I use the word *“gravitation” here to express simply the
numerital law which presides over the Joree of attraction,
The discovery of Newton has determined this foree to act in
its cosmical expansions in direct proportion to the guantity of
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NATURE AND ACTION OF FORCE. 63

perfect affinity for them, and -play through them and between
them in obedience to laws so definitely exact that masses
and distances, whatever their magnitude, may be weighed
and measured with as much accuracy as the mass and angles
of natural crystals.

Such is the field of exploration—so vast that no single
mind can embrace its endless developments, and yet at foun-
dation so limited that the principles implanted in the germs
of things appear to be extremely few and simple,

The points already established are, that all masses are
made up of molecules; that each and every molecule is
possessed of an individual force of attraction through which
it attaches itself to another, and that all these individual
molecular forces combine in such a manner as to assume
ponderous units, or a central attractive force, in proportion to
the number or quantity of molecules in any particular body.

3.

The point to be next demonstrated is the secret principle
through which molecular attraction so acts as to cause
cohesion of atoms, adhesion of masses, the falling of bodies
to the earth, the gravitation of planets to the sun, and the
rolling of the sun and of all its attendant spheres through the
Immensity of space—in a word, through which the augmen-
tation of molecular force is effected so as to produce units
of attraction, whose single central power becomes propor-
tional to the number of molecules in such masses. This is
one of the most interesting subjects of vesearch, and is
prégnant with the grandest consequences in every practical
department of knowledge, as will be hereafter apparent when
it shall be more fully unfolded and completely understood.

It is manifest that the Juxtaposition of molecules effeots
such mutual changes in their individual characters, that each
loses identity and individuality in the magnitude of all, and
that each becomes of greater Importance in Proportion to
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NATURE AND ACTION OF FORCE, 65

forget it entirely for a moment, and discuss force alone.
Thus, force—the attractive force—one ‘of the two mighty
and universal powers of nature—a veritable dynamic and
motive principle, embodied in planets and suns—is seen
to be capable of flowing like a fluid, of coalescing and
unifying, of being separated and recombining, like water or
quicksilver, in particles, drops, or oceans; and it will be
further perceived that this very property of molecular force,
as thus demonstrated, saturates worlds to repletion and
thereby becomes the secret principle of gravitation itself
Indeed it is the active living force in each particle of water,
mercury, or other matter, which coalesces; and nof the par-
ticles themselves. Molecules simply cohere through this
tendency for wunity inherent in attraction. Multitudes of
molecular forces change into a single unit of force in a
cohering mass of atoms, and each atom becomes bound to the
rest by the accumulated energy acquired through the union of
all. Particles of matter, under this treatment, become mere
particles of force, or, at most, merely neutral and plastic
elements suspended in the closest Juxtaposition in a volume
or sphere of force. By way of illustration, they may be
represented as saline molecules, at first diffused and lmper-
ceptible by solution in a transparent medium, which subse-
quently becomes solid and visible through erystallization,
As force condenses into definite volumes, atoms follow, or
rather move with its movements, and are constrained into
narrower limits in obedience to inherent law. Thus is cohe-
sion effected. Force possesses—that is to say, molecular
attractive forces possess—the inherent property of running
together, mixing, centralizing, and magnifying their energies
in certain numerical ratios. Atoms, always alive in their
affinities for attractive force, or for combinations with it,
follow its currents into the nearest Juxtaposition. It appears
to be this property of attraction, as a specific and fundamental
principle, to combine exclusively with its cognate, and to
flow from the extremest boundaries of space to seek its like,
in order if possible to coalesce and be united into one single
F
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NATURE AND ACTION OF FORCE, 67

coalesces, and the plates adhere; in process of time, they
become almost welded info one, and cannot be separated
without fracture. Capillary attraction is but another act of
this same property of molecular force to coalesce with that of
its neighbouring molecules, and to earry its molecule with it,
where free to do so ; and it lies also at the basis of every act
of endosmosis and dialysis, and of a multitude of other
phenomena which have puzzled philosophers and naturalists,
Floating substances, placed within given distances, in a basin
of water, will attract, and adhere to, each other; and be
attracted by, and adhere to, the sides of the basin. Ships
on a calm sea, within limited distances of one another, will
also reciprocally approach and collide, in consequence of the
molecular forces in each exerting their effort to coalesce and
form one volume. These various acts are not results of
electric or magnetic affinities, strietly speaking; but are de-
pendent, rather, upon a principle still more profound, which
enters info the secret of the polarity of force ; polarity being
considered as the subtle law or expression of the function or
powers of segregation and segmentation, and of assimilation,
which exists in the two abstract forces of attraction and
repulsion, and which makes itself sensible through mole-
cules and atomicities, simultaneously with the development
of thermic, electric, and magnetic forces—secondary pheno-
mena, Which spring up (as we shall learn in a future chapter)
when the radical forces play antithetically through mole-
cules, and when all nature has become animated with com-
pound and heterogeneous influences, the oscillating action

and reaction of which end in developing phenomena of both
the subtlest and grandest characters,

B,

This explanation of the nature and action of attractive
force embraces also the secret of the cementing and consoli-
dation of rocky strata and conglomerates, and of the preserva-

F 2






NATURE AND ACTION OF FORCE. 69

combine in all proportions and quantities. In whatever light
it may be delineated or discussed, such is the certain action
of attractive force. Every point of its invisible and im-
material entity holds affinity for every other point, and
wherever existing it is striving to combine and create larger
volumes, as physics plainly teaches when bodies fall to the
earth, and as astronomy confirms with remarkable emphasis
where the planetary forces exert such mighty movements to
effect union with a kindred force embodied in the sun. This
union of all planetary volumes of attraction in our solar
system with that of the sun would be as certainly effected as
the union of falling bodies with the earth, were there not an
antagonistic force in nature (to be discussed hereafter) fo
constrain cosmical masses into definite paths of motion, and
maintain them at various distances from the central body.

6.

It is manifest that the combination of the diminutives of
attractive force constitutes massive attraction; and it will
goon become equally clear that the disposition to combine
existing in all masses constitutes gravitation, and that these
words are synonymous, whether applied to attraction in
molecules or suns. If the act of gravitation or of mutual
attraction were not counteracted by sufficient cause, any body
near its surface would fall to the earth and coalesce with it.
Even if counteracted in space, as the earth, for instance, is
checked in its fall to the sun by some opposing cause, it will
nevertheless perpetually strive to effect union, and thus the
planet loaded with foree will for ever move in a definite path
around the attracting centre. Gravitation is the same every-
where. Its character and action, defined by a simple word,
is the weight of a body in comparison with that of another
body. In exact terms, “weight” or “gravity ” is the aggre-
gate, represented numerically, of the molecular forces in any
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NATURE AND ACTION OF FORCE. 71

stance and form: and, thus creating a complex system of
nature by their dynamical collisions, combinations, and dis-
integrations, they impress sense and consciousness by their
multifarious capabilities and developments, and connect finite
mind, the erowning elaboration of molecules and force, with
the eternal principle which originated, exists in, and controls
all things, and which is, indeed, absolute mind itself, filling
space and eternity, and in comparison with the vastness of
which all else is as nothing,

e

Such is the nature of matter; such the action of force.
This subtle, immaterial, mysterious, active entity moves
and flies, so to speak, with inconceivable and accumulative
rapidity ; and atoms, aggregated into masses of all forms and
magnitudes, are swept along, charged with it and enfolded in
its grasp. Atoms and force are inseparable. Neither moves
separately. One does not follow the other, except in our own
conceptions of their correlative action. This differential con-
ception is only apparent, and springs from the succession of
our ideas. DBoth, in fact, move simultaneously, although force
is the inherent motive agent in a molecule, in like manner as
volition is the real man—neither being of itself inert, but
volition the power, and man its obedient representative and
dynamical agent.

Under the light of the preceding study, the reasons become
apparent why matter moves in such directions as “ gravi-
tation” transports it. It is, in a word, because volumes of
attractive force, as living entities, sensitive to and possessing
affinities for other volumes of similar force moré or less
distant elsewhere, strive mutually to combine in order to
become a unit, that many phenomena exhibited by matter
in motion have awakened the attention of the human mind
and led to great discoveries in astronomy and dynamics, ,






CHAPTER VIII.

NATURE AND ACTION OF FORCE.

Repulsion.
1.

IN the preceding chapter T have endeavoured to trace the
unfolding of attractive force from its molecular functions to
its cosmical magnitudes ; to establish the identity of character,
action, and origin of hoth these conditions of force ; and to
elucidate by discussion the basis in nature of the nume-
rical law discovered by Newton, which has for ever deter-
mined the two facts, that all bodies attract each other with
a force directly proportionate to their respective masses—
that is to say, to the number of molecules embraced in each
mass—and inversely proportionate to the squares of the dis-
tances between these bodies.

I have endeavoured to explain why everything falls per-
pendicularly toward the earth’s centre throughout its surface,
and why everything in our solar system, planet and atom
equally, is constantly striving to fall into the sun, upon the
ground that it is the nature of the attractive force of mole-
cules, independently of the molecules themselves, to become
absorbed in and transformed into the attractive forces of all
other molecules which they approach, and with which they
come in contact, in order thereby to form one volume of force
and one body of matter. If atoms enough were free to move
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differences in density, and other general properties of bodies
observable in nature, and so act upon different things, that
while certain chemical and complex compounds of unyielding
density, like rocks for instance, lie at angles in relation to the
centre, others, like water, a mobile element, present no impe-
diment to the action of that law which prevails throughout
nature to arrange molecules into spherical masses, whether
they be spherical particles of vapour or globes of atoms as
large as the sun or Sirius, All objects are grasped alike by
this adhesive force, for while the water clings to the globe in
a broad sheet diffused equally over the terrestrial ball, the rock
1s bound just as strongly throughout its angular bulk in pro-
portion to the number of atoms it may contain. It is this
disposition of attractive force in all bodies, whatever their
form or composition, to run together, coalesce, centralize, and
become accumulative into a single volume to any extent or
degree ; to hold irregular masses together ; and to sweep atoms
along with it so as to create drops floating in the air, or globes
rolling through the heavens, which I have endeavoured to
trace and illustrate, in the preceding chapter. These facts lie
at the basis of Newton’s universal law.

Immediately opposed to this force appears another of equal
magnitude and importance, which has heretofore been ignored
by physicists, but which as certainly exists, and plays as
important a 7dle in nature as gravitation itself,

This is repulsion.

2.

Heretofore, gravitation has been considered, and it is still
taught to be, the only rorce which controls the movements of
the heavens and determines the stability of universal nature.
Newton, in order to arrive at his great numerical law, assumed
that a planet was of itself an inert body, subject to attraction,
and set in motion by some infinite unknown impulse ; and
that, if undisturbed by any other body, or by any outside
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Brahé (1546), Galileo (1564), and Kepler (1571) opened
still more widely and conspicuously the wonders of this
vast arcanum. Another centennial ushered in Newton (1642)
and Leibnitz (1646), who may be said to have vanquished
the powers of the sun and stars, insomuch that by the appli-
cation of numbers to the magnitudes, distances, and orbits of
bodies already discovered, a method of knowledge and inves-
tigation not possessed by former astronomers, they adjusted
the balances of the universe, established the numerical
functions of planetary attraction, and weighed the sun, moon,
and planets, as a merchant weighs feathers or iron with
his steelyards. And now, a century later, appeared Laplace,
another profound explorer of the universe, who, struck
with the uniformity of many astronomical phenomena,
conceived and propounded the idea that the solar system
in preplanetary periods had existed in nebulous condi-
tions as a vast volume of molecular dust and vapour, and
that from this form of matter, set into revolving motion
from west to east by some unknown cause, had at last
been evolved, by successive coolings and condensations,
comets, planets, moons, asteroids, aérolites, and, ultimately,
the sun. The almost uniform westerly-eastern motion pursued
by all these bodies upon their respective axes and around
each other, was asserted to be coneclusive proof of this doctrine.
The conception of so vast and simple a scheme of creation
was Indeed grand, and worthy to be ranked with that most
ingenious postulate of Newton from which had been elabo-
rated the universal law of gravitation. So, astronomical
knowledge has been developed by successive intellectual
movements of a centennial character, each step dependent
upon the preceding, and each leading to clearer insight into
the profoundest secrets of nature,

The projectile impulse assumed by Newton, and so necessary
to play one of the important parts in his theory of celestial
mechanics, was thus supplanted by a new theory of centri-
fugal motion—a theory purely mechanical also, like the
Newtonian conception, hut differing in so far that a mecha-
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the distances, for instance, of the earth, sun, and moon being
also given, it may seem simple enough to ma.thematic.ians in
these days to determine the numerical force of gravitation.
But it was not so easy before Leibnitz, Newton, Horrox (a
gifted youth, who died at the age of twenty-three), and a
constellation of other remarkable men appeared, as if by a
miracle, at about the same time, to unlock those new and
profound secrets of the Infinite mind. Nothing compara-
tively was known in those days, of experimental physies, of
chemistry, or of the character of atoms which constitutes
the basis of the latter science. Alchemy had not advanced
much beyond the general speculative opinions of Thales,
Plato, Aristotle, and other ancient Greek philosophers ; and
even the nominal forces of atoms, that is, attraction and
repulsion, were not taken into account in any of the rude
scientific processes of those days. Everything done, generally
speaking, was wild experiment based upon wilder theories of
the properties, abilities, and capabilities of gross matter. How,
then, can it be expected that notions upon so speculative a
subject as ultimate atoms shonld have entered into mathe-
matical caleulations involving the movements of appreciable
masses and immense globes of composite chemical elements
whirling through space in consequence apparently of some
mechanical impulse, and flying around each other in virtue of
an mnate vis inertice with a thousand times the rapidity of the
strongest wind ? Nevertheless, fundamental ideas were not
wholly disregarded by Newton ; but he failed to sabisfy him-
self that any other principle than attraction of mass for mass,
each of which was set in motion by some conjectured ex-
terior impulse equal to the attractive force, was necessary to
establish planetary motion, and maintain the stability of the
solar system. This was the goal he sought, and nothing more,
in this direction. Tt was sufficient for him and his day. He
imagined gravitation to be the only positive, active, universal
fa:-“cfz existing and directly operating upon the heavenly
bodies ; an_d t?mt this gravitative attraction acting (in virtue
of some principle of pressure in the ether—a principle alto-
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method by which the motion is initiated. In this theory of
celestial mechanics, its founder and his followers have no
oceasion to regard the one or to discuss the other. It was
only the gravitation of various bodies toward each other
according to their magnitudes and distances, which Newton
discussed mathematically. His treatment of the subject was
not graphical and general. All this he left for subsequent
developments of fact and philosophy. Most fortunately
for science, he not only established the present laws of aravi-
tation, with their numerical quantities and with unalterable
accuracy, but he also laid foundations in their very com-
struction for developments of discussion and discovery which
I hold his followers have been slow to comprehend. Indeed,
without himself comprehending the immense value of his
discovery, or the force of his own terms, he has settled
principles from which must spring a perfect theory of celestial
motion, and, in the progress of seience, a complete and
harmonious connexion of universal nature. His law settles
the essential point that attraction as a cosmic force exists in
direct proportion to the amount of matter, that is, to the sum
of atoms, constituting a mass. Mathematicians confirm, and
astronomers and physicists will all agree upon, this point,
There is no escape from its trath. It is a point fixed in
nature and knowledge ; and is a nueleus from which, and to
which, all physical research must radiate and converge. The
fundamental truth in Newton’s law, viz. that attraction is
in direct ratio to the amount of matter—that is to say, the
number of atoms in combination—settles at least five radical
facts in physical science. In the first place, it determines
astronomically and synthetically the absolute existence of
individual afoms, a fact which chemistry sustains by all
analyses and logical deductions: it, secondly, establishes
the existence of aftractive Jorce in atoms as individual mole-
cultr entities, which, combining, create gravitation in every
planetary and stellar mass : it, thirdly, puts the fact beyond
contradiction that force is nof a principle exterior to matter,
and acting ab extra upon planetary and stellar bodies: it,
G
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that the existence of this force as a cosmieal fact of co-ordi-
nate value with that of gravitation can be comprehended by
every mind, and be rendered incontrovertible by physicists
or mathematicians. So far, indeed, as the application of the
calculus to this subject is concerned as an experimentum
crucis of the existence of repulsion as a cosmical force, that
has already been accomplished by Newton, incidentally, and
without special cognition of the effect of his own act. By
establishing the numerical value of gravitation upon an
assumed vis nertie and momentum, he proved a co-ordinate
of force to be embraced in the initiative impulse (whatever
its origin or character) impressed upon the bodies under
mathematical treatment : for the problem of the ellipticity of
planetary orbits with attracting bodies in one of their foci
reduced to circles with the same attractive bodies in their
respective centres, will show an exact equilibrium of the
opposing forces. If there be questions upon this point, other
Newtons will no doubt arise to settle them. My object is
simply to point out here the existence of repulsion as a
general and cosmical power hitherto overlooked and ignored,
and to prove its infinite importance, as the source of most
wonderful phenomena, the origin of which has not, up to
this time, been clearly comprehended,

6.

There is no question of the existence of molecular re-
pulsion. It is known to exist as conclusively as molecular
attraction. There is no need of proof nor argument upon
this point. All philosophers, of every name and grade, agree
upon it. But as soon as we pass beyond molecules, the con-
sideration of this force is dropped by scientific men, while
attraction is carried through all acts and conditions of mole-
eules to their grandest cosmical combinations and phenomena,
until it is determined by the caleulus to possess definite and
progressive quantities and functions,

G 2
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Now it is apparent that no atfractive force is lost, or
escapes from a single molecule in nature so as to be lost in
space, or can escape and be lost there ; but on the contrary,
that all—the entire quantity of attractive force of molecules—
must unite with the molecules and be inseparable from them,
and become an eternal working power in the universe,

It is equally apparent that no atom of matter can drop out
of the universe, or be lost, or annihilated. Neither can a
particle of attractive force vanish or be annihilated, any more
than an atom of matter,

Since, then, we know that molecular attraction and mole-
cular repulsion exist as individual, positive, and codrdinate
quantities of force at the same time and equally in all mole-
cules; and since we know that molecules and molecular
attraction and molecular repulsion are inseparable, eternal,
and indestructible ; can we admit that repulsion is annihilated
simply because molecules combine into masses and assume
the shape of erystals and worlds, or of trees and animals, or
becanse the respective molecular attractions of all these
molecules coalesce into palpable gravitation, and become
transformed into magnified powers and vast local spheres of
attraction so potent as to influence each other when far
asunder ? Are we on this account to conclude that repulsion
has vanished from nature? or should we not rather suspect
that molecular repulsion, like molecular attraction, always
accompanying molecules, changes its infinitesimal functions
mnto infinite ones, and that these enter into and become a part
of the mechanism and diversified phenomena of all depart-
ments of creation ? That this question, with all its pregnant
sequences, demands candid and exhaustive study, there can be
no doubt. The laws of gravitation remained profound secrets
until recent times, notwithstanding that ages of observation
and study, from Thales and Hipparchus to Copernicus and
Newton, had been devoted to the phenomena resulting from
the occult operation of this wonderful principle ; and even
to this day its complete character has not been disclosed,
That Repulsion, as a dynamical, cosmical, and morphological
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nature of repulsion as a pure force in opposition to that of
gravitation. I would present repulsion, if possible, for a
moment divested of its material habiliments, as I presented
attraction in the preceding chapter, so that the mind may
comprehend this force in its essence, independent of matter, and
contra-distinguished from attraction when this has passed
from molecular force into gravitation.

7.

I may here be permitted to say that one of the chief im-
pediments to the progress of modern science, is the error of
cultivating mnatural philosophy from exclusively material
points of view ; whereas, if all acts of nature were studied
more profoundly, it would be discovered that Joree alone is
the motive power of all things, and that the study even of
the shapes of atoms, upon which so much genius has been
spent and is still employed, must be comparatively fruitless,
since force is the basic constituent of atoms, and not shape
or motion until after force has inoculated them with its
special and compound principles. Taking this view of the
subject, a profound, definite, and natural system is at once
opened for the exercise of ideas encompassing all facts, We
shall then treat of the combination of special forces, and of
their coalescence and transformation into other forces possess-
ing properties wholly different from their simpler originals,
and no longer speak of atoms combining in this or that
proportion, or number, or volume, or he compelled to divide
atoms into smaller atoms or “atomettes” to meet the em.
barrassments of every existing theory. This view will permit
scientific men to discard further speculations upon the
shapes and sizes of ultimate atoms of matter—a point which
no experiment or study has thus far approached—and will
render it unimportant to determine whether ultimate particles
possess special, variable, or similar shapes or dimensions ;
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Molecules are simply sensitive points, and the working mate-
rial of force. Planets are only larger sensitive points made
up of these same sensitive atoms, and arve the neutral erude
material upon which the mechanical powers of attraction
and repulsion in their cosmical aggregations are expended.
Gravitation and repulsion are the supreme forces of the uni-
verse ; and by their mechanical leverage the motions of the
heavens are eternally maintained on one hand, while on the
other, the oscillations of their functions bring all those
secondary forces into being which work out through chemical
and vital channels the numberless diversities of created
things.

The subject of force thus developed in this connexion, will
lead the mind to comprehend more clearly what T mean by
pure force, when that term is applied to repulsion. Dyna-
mical force, discussed in its cosmical expansions, appears gross
and almost material and tangible in comparison with those
subtle conditions of force which the analytical chemist and
mineralogist are wont to consider in the cultivation of their
branches of science. Nevertheless, all are equally subtle,
differing only in quantity and function. Blending into
harmony with the chemical and vital forees, which according
to most delicate numerical laws select and reject or appro-
priate molecules at will, repulsion and gravitation grasp all
alike, both singly and collectively, in order to accomplish
special ends of a purely mechanical character through oseil-
lating intensities of their respective functions. Each of these
cosmico-dynamical elements’ can be demonstrated to possess
absolute massive conditions of its own kind from which the
opposite force appears to be almost entirely eliminated,
although, when studied in connexion with planets themselves
or the entire system of nature, they appear to act insepﬂ,mblyj
simultaneously, co-ordinately, and harmoniously, and to be sc;
accumulative as to maintain conditions of perpetual tension
which tension, in consequence of the location of the sun i::
the foei of elliptical orhits, is constantly fluctuating like the
movements of a pendulum, and exchanging quantities in
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as well as attracted ; but this idea, like many other true con-
ceptions, even that of gravitation, was lost in the midst of his
perplexities and doubts, and the sublime novelties which
almost bewildered him.

10.

The illustrations by which repulsion may be most clearly
set before the understanding may be presented in two forms :
indirectly, so as to develop it by way of comparison; and
directly, so as to make it appreciable by positive demonstra-
tion,

Gold and platinum are among the simplest substances,
Their physical characteristics are great density, specific
gravity, malleability, and ductility, with small elasticity,
and these characteristics distinguish them from everything
else in nature. I select these substances therefore from all
others, for the purpose of illustrating the abstract existence
of attraction, so that repulsion may be the better compre-
hended by comparison when afterwards referred to. Their
malleability and ductility clearly indicate such tenacity of
cohesion between molecules, as to exhibit the prineiple of
attraction almost, if not altogether, separated from repulsion
in this condition of matter. This is a display of pure mole-
cular attraction, while their density shows the same form of
force, abounding and concentrated in masses, drawing their
particles into closer juxtaposition. Their exceeding gravity
18 an expression of the same force, responding to similar force
i the earth itself ; in other words, pure gravitation—mutual
attraction acting according to the Newtonian law of direct
proportion to sums of atoms, as hevetofore described. Their
want of elasticity proves absence of molecular repulsion ;
their minimum fusibility (at least that of platinum), the great
difficulty even to impress upon their particles the repul-

sive principle known to exist in heat, either as chemical or
mechanical foree,
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of gases from great volumes into liquids and solids, without
the slightest change in their absolute gravities and atomic
properties, is proof of positive distances between their respec-
tive molecules, and of an active inherent force extending its
influence from one to the other, and from each to all, which
maintains them at given distances asunder. Compressed and
existing as palpable liquids and solids under restraint, their
sudden and energetic expansion into original, invisible,
impalpable conditions when restraint ceases is conclusive
evidence that molecular repulsion acting from a central
molecule to outer ones in all direetions is, like attraction,
capable of coalescing and uniting its individual powers into
massive sums, and becoming transformed into magnified
units of repulsion whose aggregates, as mechaniecal force, may
be numerically computed as easily as that of gravitation.
The existence of repulsion isolated so completely from gravi-
tation that it may be recognised as an independent abstract
principle, may be studied in aérostatic experiments; and
some of the physical facts even, observable in these experi-
ments, will be seen in the sequel to have their counterparts
among cosmical phenomena.

Hydrogen, the most attenuate and expansible of known
ponderable elements, will, when isolated in a balloon, not
only rise in consequence of absolute repulsion between itself
and the earth, but this repulsion is also observed to increase
simultaneously between its particles, in numerical ratios to
its removal from the influence of gravitation as a centralized
principle, so that the balloon will not only expand with
increasing tension, but even burst at last into many frag-
ments. I am aware that it will be objected to this illustra-
tion that the balloon rises in consequence of being lLighter
than the atmospheric gases. But herein lies the occult prin-
ciple of energy whose positive nature I am endeavouring to
elucidate.

This is an illustration of the nature and action of pure
repulsion, a principle possessing powers and properties in
direct opposition to those of gravitation. As a secret funda-
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observation and experiment ; while other important and sug-
gestive facts are also established by them: for, since cold
below 392 Fahr. (4° C.) produces expansion of water, it
becomes evident that heat is of itself not pure repulsive force
any more than cold; that cold embodies some foreign prin-
ciple of positive force, as well as heat ; and that repulsion is a
principle whose existence per seis alike independent of both
heat and cold, and is capable of combining with one as well
as the other, in such a manner as to lead to the production
of the most powerful mechanical results. Ice and steam
as mechanical agents are too well known to require further
remark. The point to be established by drawing them
into this connexion by way of elucidation, is, that the
mechanical lever inherent in both—in the base of both, and
in the originals of both—is neither heat nor cold, but pure
molecular and massive repulsion, an entirvely different and
the fundamental principle of expansive and projectile force.
Like attraction, it accompanies molecules into all their
various combinations, becomes apparent in some forms of
matter more than in others, and so endows certain elementary
bodies that it may be almost isolated, and studied as inde-
pendently of matter, and as definitely, as gravitation and
molecular attraction in gold and platinum.

11.

Now, since we can demonstrate in many ways that there
1s such a thing as pure repulsive force of a voluminous
character, made up of increments of molecular repulsion,
as gravitation in metals and planets is made up of increments
of molecular attraction,—and since we know that all gases
are held in their expansive and invisible states by repulsion
accumulated into greater or less volumes of activity, and
carrying those molecules with them whose chemical forces
or properties permit such exclusive associations with and
absorptions of this force as fo hold them at special distances
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They appear thus, also, to resolve themselves into the
secondary forces of electricity, magnetism, &c., and to infuse
these new elements into every mechanical, crystallographic
and organic act of creation; and they fashion matter by
measure and weight as the more subtle and latent chemical
affinities measure out combining quantities, and in the same
manner as the sledge and anvil fashion metals under the
intelligent hand of the artisan. Therefore the form of every
crystal—that is, the motion of atoms in order to be appro-
priated and arranged into form—must result from the com-
pound action of these two forces; and since it is known that
attraction is the force which moulds the faces and produces
the shortest axes of erystals, it follows that repulsion must
shape their salient diameters and angles, Such, indeed, is
the case, the chemical forces (not here subjects of discussion)
imparting various properties to molecules, and rendering them
more or less susceptible of association with, and subserviency
to, the two great underlying mechanical forces of nature.
Researches upon crystallization clearly reveal the dynamical
action of both these forces. When evaporation, for instance,
of any saline solution slowly and quietly takes place, active
universal motion is observed among the particles as soon as
they become visible, as if each was endowed with life and in-
telligence. They act like so many animalcula or infinitesimal
magnets. They repel and fly from each other in one divec-
tion, and attract and attach themselves in another, and finally
assume regular, solid, geometrical forms, While attraction
appears to be the basis of solidity, repulsion appears to
assume a higher function, and to Inspire in matter a spirit
of selection, adjustment, arrangement, order, and beauty, and
to be an ascending step from plastic, neutral atoms, and
solidifying force, to intelligent life-like endowment. As we
observe the action of this force in the arrangement of mole-
cules into crystals under a microscope, so we know it to
act from a basic particle throughout the largest crystals and
throughout every crystal in the world ; and -thus acting - it
presents the incontrovertible fact that repulsion extends from
H
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a sort of water-glass, as is believed by Professor Schafhiutl
of Munich,—repulsive force must have discharged, and
must still perform, the same function so observable and
demonstrable throughout the known parts of its erystalline
structure.

Turning discussion, however, toward the planet’s centre
in view of the theory of Leibnitz that the globe was
originally a ball of igneous fluid, that its crust has resulted
from cooling, and that its interior is yet a molten mineral
mass, the evidences of voluminous and active repulsion are
still more obvious and conclusive. Without favouring any
special hypothesis, or introducing any into this connexion
to prolong the discussion, it is impossible to overlook great
physical events and facts which display themselves in all
hemispheres and in all latitudes and longitudes of the
earth, and thereby become recognisable cosmical phenomena.
Earthquakes are indisputable effects of repulsive force acting
from greater or lesser depths, and their not unfrequent
simultaneous occurrence at nearly opposite points of the
earth’s surface presents strong evidence that this repul-
sion often radiates from ecentral regions of the planet. To
enumerate and describe these terrific events which overthrow
cities, lift and fissure vast areas of plain and mountain,
swell and move entire oceans with measurable, frequently
with destructive, impulses, and shake a hemisphere from the
Caspian Sea to Lake Superior and from Iceland to Sahara and
Martinique, is quite unnecessary, since the monthly records
of this class of subterranean phenomena are known to every
physicist. Few will attempt to deny that all these great
expansive and undulatory movements of the erust result from
tension produced by the molecular repulsive forces, by the
voluminous action, indeed, of repulsion viewed as a pure force
capable of an accumulative function, and whose nature and
action, being the same whether expressed in infinite or in-
finitesimal quantities, are demonstrated by its functional
capacity, so to speak, to segregate, to break loose from its
connexion with the planetary mass, and to fly and carry
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of material of all sorts in profound caverns of the Andes, I
have many times observed glowing discharges projected from
one to three thousand feet above the sublime and symmetrical
summit of the latter mountain. So prodigious is the display
of eruptive force as the igneous rocks emerge from the throat
of Cotopaxi, that they appear like a perpendicular column of
compact fire ; and it is only when, at immense heights, they
separate and fall in pyrotechnic showers of indescribable
grandeur that these huge fragments of an inner world are
distinguishable from one another. T have seen the same sub-
terranean repulsive force vent itself many times in a similar
manner from the summit of Isalco, and in a feebler manner
from Masaya in Central America; while in Hawaii I once
witnessed a molten bubble scatter its igneous spray toward
space, as 1t burst from that ever-restless fountain of Kilauea,
whose agitated surfuce is probably never lower than three
thousand feet above the surface of the Pacific Ocean,

Definite, numerous, and satisfactory as have been my
own observations of this class of phenomena, those of other
persons are still more notable. The Rev. Titus Coan,
resident as a missionary of the American Board upen the
island of Hawaii, has for many years made careful notes on
the various eruptions that have burst at different heights
from the remarkable volcano of Mauna Loa. On the 2Tth
December, 1855, he addressed me a letter from Hilo in reply
to interrogatories upon plutonic phenomena observed by him
at Hawail, and some of his facfs bearing strikingly upon our
subject, I select them from numberless records to strengthen
this class of evidence :—* From Kilauea, in June 1840, there
“ was a great eruption, the lava of which rolled furionsly
“ down to the sea, in a stream from eone to three miles wide.”
Kilauea is not far from 4,000 feet above the sea-level, “In
“ January 1843 there was an eruption from the summit of
“ Mauna Loa, the streams of lava being thirty miles long and
“from two to three miles wide.” The summit of Mauna Loa
is nearly three miles high, *In February 1852 there was an
“ eruption of unrivalled splendour on the north-east slope of
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“ columns could be seen to diverge and fall in all manner
“ of shapes like a beautiful fountain.” “Large boulders of
“ red-hot lava stone, weighing hundreds if not thousands of
“ tons, thrown up with inconceivable power high above the
“ liguid mass, could be seen occasionally falling outside, or
“on the rim of the crater, tumbling down the cones and
“rolling over the precipice, remaining brilliant for a few
“ moments, then becoming black, were lost among the mass
“ of surrounding lava.” The Rev. L. Lyons, in a published
description dated at Waimea, Hawaii, February 4, 1859, says
also of this eruption:—* On January 23d voleanic smoke
“ was seen gathering on Mauna Loa. In the evening the
“ mountain presented a grand yet fearful spectacle. Two
“ streams of fire were issuing from two different sources,
“ flowing apparently in two different directions. . . . In the
“ morning of the second day we could discern where the
“ eruptions were. One appeared to be very near the top of
“ the mountain, but its stream and smoke soon after disap-
“ peared. The other was.on the north side further below the
* top. . . . The burning crater seemed to be constantly enlarg-
“ ing, and throwing up its volumes of liquid fire above the
“ mouth of the crater—I will not venture to say how high
“—and the fiery stream rolled onward and onward, still
“ adding grandeur and terror as it proceeded, till on the
“ morning of the 31st, about sunrise, it reached the sea. . . .
“ The volcanic stream was one mile wide or more in some
“ places, and much less in others. The whole distance of
“ the flow, from the crater to the sea, is some forty miles.
“ Last night the voleano was in full blast” The following
April “a long point had been formed running out into
“the sea at Kiholo with a depth of water at the outer
“edge of sixty-three fathoms, and the liquid rock was still
“ dropping out seaward.” 1 will not attempt to compute
the cubic quantity or weight of matter thus ejected into
space from the interior of the planet in these well-noted
repulsive outbreaks. But similar phenomena have so fre-
quently occurred at Hawaii and in. other volcanic regions
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“inch to six and ten feet opened. The streets and yards and
““ fields of Hilo cracked, and seams opened all around us. . ..
“ It seemed as if the rocky ribs of the mountains and the
“ marble walls and pillars of the world were breaking.

“ At this moment the ground was rent in Kau, between the
“ ranches of Reed and Richardson and Mr. F. S. Lyman’s, and
“ an eruption of mud, rocks, and earth (not heated) took place
“ abeut three miles long, and one to three wide, burying
“ instantaneously a village with thirty-one natives, and also
“ 500 or 600 head of cattle. The discharge was so sudden that
“ there was no escape for those in its range. Jft was like the
“ bursting of « bomb. At the same time the sea rose and fell
“ rapidly all round the island. In Hilo it came up to Front
“ Strait, six to eight feet above high water mark. In Puna
“ it rose fen to fifteen feet. . . . In Kau the tidal wave was
“ twenty to twenty-five feet high, sweeping away all the
“ villages and churches along the low shores, and destroying
*“ scores of people,” &e.

Dr. Hildebrand, who is known to me personally to be both
a reliable observer and a scientific scholar, writes to the
Pacific Commercial Advertiser, published at Honolulu, a
lengthy account of his observations made on the 10th and 11th
April last, from which T extract the following data: “On
“ Tuesday afternoon, April 7, at 5 o'clock, a new crater,
“ several miles lower down than that referred to, and about
“ two miles back of Captain Brown's residence, burst out,
“ Four enormous fountains, apparently distinet from each
“ other, and yet forming a line a mile long, north and south,
* were continually spouting up from the opening. These jets
* were blood-red, and yet as fluid as water, ever varying in
“ size, bulk, and height. Sometimes two would join together,
“and again the whole four would be united, making one
“ continuous fountain a mile in length. . . .

“This was the magnificent scene, to see which we had
“ hurriedly left Honolulu, and had fortunately arrived at the
“right moment to witness as it opened before us in all its
“ majestic grandeur and unrivalled beauty. At the left were
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“ oceasion the scorize formed the Monte Rossi, near Nicolosi,
“a cone two miles in circumference and four thousand feet
“ high, The stream thrown out by Etna in 1810 was in
“ motion at the rate of a yard per day for nine months after
“ the eruption ; and it is on record that the lava of the same
“ mountain, after a terrible eruption, was not thoroughly
“ cooled and consolidated ten years after the event. In the
“ eruption of Vesuvius, A.n. 79, the scorize and ashes vomited
“ forth far exceeded the entire bulk of the mountain ; while
“in 1660 Etna discharged more than twenty times its own
“mass. Vesuvius has thrown its ashes as far as Constanti-
“ nople, Syria, and Egypt; it hurled stones eight pounds in
“ weight to Pompeii, a distance of six miles, while similar
“ masses were tossed two thousand feet above its summit.
““ Cotopaxi has projected a block of 109 cubic yards in
“ yolume, a distance of nine miles; and Sambaua, in 1815,
“ during the most terrible eruption on record, sent its ashes
“ as far as Java, a distance of three hundred miles’ surface.”
Faets of this character abound in the records and traditions
of all voleanic localities. Every eatinet voleano even is
indicative of the same eruptive action from the planet’s
interior toward space in times past more or less ancient.
It is the same all over the sphere from Jan Mayan 19°
of latitude from the North Pole and Kliutchewskaja in
Kamschatka, 15,763 feet high, to Erebus in Wilkes' con-
tinent, 12400 feet high, and only 12° from the South Pole;
and from the middle of broad oceans at Hawaii 14,000 feet
high, to Gualatieri in Peru 21,997 feet, and to the interior of
Asia, 1,500 miles from any sea. From the low outlets of
Santorini, rising in successive heights of mechanical energy
through Vesuvius, 3,948 feet; Jorullo in Mexico, 4,205 ;
Etna, 10,874; Idrapura, Sumatra, 12,300 ; St. Helen's,
Oregon, 13,300 ; Ariquipa in South America, 20,320 ; and
a hundred other intermediate outlets mnot enumerated, we
discover the same irresistible principle at work radiating
JSrom the centre of the globe, which, exerted in its molecular
and multiform capacities, can with equal facility push an
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13.

While we see repulsion exert itself in the form of meecha-
nical action fromn the central depths of the planet outwardly,
thus apparently embodying itself into substantial and
visible relations with cosmic masses, we observe that in
erystallization it acts also by silent methods of persistent
leverage in pushing atoms into geometrical forms. In this
secret universal system of mineral architecture its funection is
still mechanical. But it takes, moreover, a wider range even
in the crust of our earth. That it exists in a state of cosmic
tension, an absolute superabundance of mechanical energy,
as well as in the special condition of a molecular and mor-
phological agent, is sufficiently proved by that category of
phenomena long observed by quarry-men and miners, where
stones spring laterally and upwardly out of place when
suddenly detached from eontinuous strata.

That the earth is charged with an active principle of
repulsion, from 1ts central point to its outmost atmospheric
atom, in the same manner that it is charged with attraction
—that it is thus loaded to absolute tension—and that this
principle performs diversified functions, like attraction, in
union with the chemical and vital forces, modifying their
action and the weight and density of matter—will become, T
trust, more apparent as the subject is studied from the point
of view whence I have endeavoured to unfold it. That
attraction and repulsion united, playing with incessant oscil-
lations of intensity upon and through atoms, are the sources of
the secondary forces, light, heat, electricity, magnetism, which
in their turn assume new functions, developing the great
work of creation, and presiding over the fountains of eternal
change and continuance, of conversion and conservation of
mechanical and organic force, which prevent nature from
drifting into rest or decay, and which create all things anew,
and extend life and being from everlasting to everlasting—
that attraction and repulsion are the alpha and omega of all
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in the solid sphere, is equally conspicuous, but modified by
circumstances, in its aqueous and atmospheric envelopes.
Passing over the general subject of tidal movements the
theory of which is by no means perfect, and the remarkable
undulations of the ocean, which are at times associated with
earthquakes, and at others appear to have no connexion
with them, I ask particular attention to a phenomenon of
constant occurrence on every ocean, never heretofore, to my
knowledge, noticed by physicists, and which is strikingly
dynamical as well as meteorological in all its bearings.
Every mariner will immediately recognise it by his own
characteristic name, as soon as the description meets his eye.
I was many years ago so forcibly impressed by this appear-
ance, that I have made it a subject of observation and study,
through many extended voyages, upon all the oceans of the
globe. Tt is a phenomenon the most perfectly exhibited at
the calmest hours, and when there have been no storms to
disturb the sea. T believe now that it depends upon a
positive radiation of the repulsive force, as a definite cosmie
principle, which acts upon the body of the waters to rarefy,
in like manner (although in an opposite sense) as attraction
acts to condense them, and that in this method of aection
it becomes also an evaporating agent. In the night this
condition of the ocean is often accompanied with a fiery
luminosity. The general term “ radiation” expresses the
true mechanism, or physics, of this telluric function. The
appearance of the phenomenon referred to, in its most active
conditions and under the most favourable aspects for obser-
vation, is as follows :—A vessel will be lazily fanning along,
rising and falling upon the gentle undulation of a smooth
sea, and scarcely moved by the slightest breath of air, when,
in some direction, ahead or around, the water will appear
agitated ; and soon the observer is in the midst of a disturbed
surface. There is still hardly a breath of wind. Indeed, it
often becomes much calmer than at first. All aérial move-
ments die away, the sails flap against the masts, and the
vessel will toss as if jarred by adverse and tumultuous
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brings it in bulk down again. Even the very secret agency
of this method of distillation, by which fresh-water may be
eliminated from the great nmatural saline basins, strengthens
the probability that repulsion is the elementary principle
which causes this phenomenon, since all observations and
experiments show that repulsive force has positive affinities
for the gases composing water above all other matter, and it
Is reasonable to conelude that this force selects and seizes
on these particles fo the exclusion of the erystallizable ones
upon which the antagonistic force of gravitation exerts for
the time being a stronger power.

When it is understood that these currents of repulsive force
possess the same subtlety and power as those of attraction,
and that they carry all atoms with them in all directions
away from the earth’s centre as gravitation brings all atoms
over which it exerts the greatest power downwards, we shall
the more satisfactorily arrive at an explanation of this
phenomenon. But in the production of waterspouts the
action of this force cannot be mistaken, since it plays as
conspicuous a function in their development out of the
ocean into the upper regions of the atmosphere as it does in
developing a volcano; and when the facts attending this
wonderful phenomenon are delineated, the action of repulsion
will become so obvious that further illustration and discus-
sion upon the subject might be rendered unnecessary.,

 The primal conditions of the ocean attending the formation
of waterspouts are such as have been previously described,
except that they are more tumultnous. T have watched the
development of several perfect and imperfect ones, and have
studied them in action for a long time, and, therefore, describe
them from personal observation. The ascending current of
force is so cireumseribed, and, at the same time, grows so
strong, that the vapours from the little bursting wavelets
already described, collect in such volumes as to become visible
in the atmosphere as a sort of cloud near the surface of the
ocean. But it would appear that this ascending circumseribed
volume of force has been some time at work invisibly mount-

1
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15.

Since it is not my design in connexion with this particular
phenomenon to discuss the method by which a submarine
principle seizes upon atoms of purest water (generally, but
not always, rejecting the salts), the reader’s attention is
exclusively confined to the active movement of simple repul-
sive force as a cosmico-dynamic element. It has been
already shown that force cannot be separated from matter, or
matter from force, although it is proved by abundant expe-
rience that attraction and repulsion may, and do, mutually
exchange quantitative intensities, oscillating in their influ-
ences upon matter by processes of apparent induction and
exclusion ; and that this function or law of fluctuation, of
alternate vanishing and outbreaking, ascends from molecules
to masses, and cannot exist in masses except through capaci-
ties inherent in molecules : indeed this operation of exchange,
of induction and exclusion, of substitution and ascendency
of one force over the other, is so instantaneous, subtle, and
extensive—as, for instance, in the rising and falling functions
of the pendulum—that the mind can only embrace the phe-
nomenon by repeated successions of the fact accomplished.
This idea may be further illustrated by calling to mind a
similar phenomenon, which is exhibited by spongy platinum
I its absorption of oxygen to more than eight hundred times
ifs volume ; and this absorption is so rapid, so instantaneous,
as proved by experiments upon it with hydrogen, that time
cannot be measured during which eight hundred volumes of
a known material substance can be absorbed and appropriated
by a single volume of other atoms,

Now if such a phenomenon as this, the absolute transla-
tion af matter, can be Instantaneously and repeatedly effected
among wholly material conditions, how can we question or
doubt the instantaneous absorption and erclusion by matter
of its fundamental jforces of attraction and repulsion (the
radical principles of motion), the action of which are far
more attenuated, subtle, and searching than those of light
heat, electricity or magnetism ? d o

12
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for transmission, and undergoing successive conversions into
each other and back again to motion, repulsion and gravita-
tion are universal, are the originators of motion, absolutely
require no time for transmission, and never change their
identity of nature. 1In fact, all the secondary forces lie
enwombed between these two. They are to everything else
in nature what the upper and nether millstones are to grain.
As they grind, creation unfolds its manifold phenomena
throughout its ample domain ; and from crudest matter
spring forth warmth and being,

The immortal Michael Faraday, endowed with all the per-
severance of the ancient alchemists during their vain search
after the philosopher’s stone, has failed to find that magnetism
i3 molecular attraction or attraction of gravitation ; but while
he has convinced himself that it is not, he is still con-
strained to believe that it must in some way be allied to, or
hold some definite relations with gravitation, or that gravi-
tation must possess some property or principle not yet
ascertained or understood. All observations of magnetic
phenomena tend to this same obscure conclusion. In 1o
field of inquiry is progress more retarded by the prevailing
theory of the existence of only one fundamental universal
force, than in that of magnetism. Neither this, nor any
other secondary force, can he generated in any experiment by
molecular attraction alone, They never appear, and are
never active or functional, unless molecular repulsion is in
absolute play with attraction in varying degrees of intensity ;
and the secondary force generated is in direct ratio to the
amount of molecular repulsion spent upon the experiment.
The existence, therefore, of magnetism as a ferrestrial force
implies the absolute cerfainty of the capacity of molecular
repulsion to unite its individual forces into volumes, and thus
to expand itself into a function or force with planetary mag-
nitudes ; establishes the fact that molecular motion must be
generated throughout the globe as the result of attraction and
repulsion at work on a planetary scale and as cosmical
principles ; and brings us to the final conclusion that REpyL.-
SION is one of the bases and originators of the entire range of
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ment of this law that we shall discover the secrets of
planetary rotation and of all physical motion.

The announcement of a law of this character and in this
form will at first appear doubtful or difficult of comprehen-
sion to those who view repulsion as a force acting in a
strictly opposing sense to attraction in all its material rela-
tions. But it must be remembered that matter and masses
can move in no direction except through the action of force
—and force alone—upon their molecules, both singly and
collectively.

Now the terms in which T express this law are simply
explanatory of the axiom laid down by Sir Isaac Newton :
—“To every action there always s opposed an equal reaction ;
“or, the mutual actions of two bodies upon cach other are
“ always equal, and directed to contrary parts.”

The differences in the manifestations of repulsive force,
developed as a dynamical element, depend altogether upon
the chemical constitutions of the bodies through which it aets,
as an abstract entity ; and this is a point which cannot be
fully discussed in this connexion. But it scarcely requires
elaboration, since it must be immediately evident. An illus-
tration or two will set forth this law in its practical or
material bearings; and hereafter, when it is unfolded in
connexion with the correlation of forces, and the conversion
of one form of energy into another, I trust it will be clearly
apprehended and accepted.

Two elastic balls, as of india-rubber or ivory, when forced
together, rebound. The molecules in each react upon one
another, and experiments now prove that all reactionary foree,
when exerted in the masses of bodies, proceeds Jrom the centre
of those bodies, into whatsoever point the force may appear
as an effective and measurable quantity. The first action in
each of the elastic balls when they strike, is to flatten from
pole to pole in the lines of their motion, and expand in their
equators through the effect of the reactionary principle,
This reactionary principle, thus manifested, is the repulsion
of each molecule united into a voluminous expression of
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If dynamic energy be a unit and expressed in the single
word FORCE, we see, nevertheless, that this ForcE is imme-
diately separable, by every form of experiment and every
method of reasoning and induction, into two elements or
functions ; and that these two functions are the direct
and absolute opposites of each other, when considered as
abstract principles, and when lying dormant, so to speak, in
nature. But when excited into sensible action, and when
matter is subjected to their conflicting agencies, all observa-
vation and experiment show that, while action and reaction
are equal and opposite, the phenomenal results, whereso-
ever molecules can move in the most natural manner and
freest sense, are equatorial and at right angles. No demon-
stration is required to prove that the force which produces
eracks, fissures, disruptions, and chasms in dense and hard
bodies, whatsoever their magnitude, whether a pane of glass,
a pebble, a mountain, or a world, is not that which produces
condensation and cohesion. The statement that the two
forces which produce these contrary effects are the opposites
and equals of each other is a truism which it is unnecessary
to repeat; and yet all the physical results of the action of
these two forces upon matter, when molecules and masses are
free to move in space, are displayed at right angles to each
other.

In our chapter upon “Mechanical Force,” this branch of
the subject will be further discussed ; and the discoveries of
Oersted in dynamie electricity, as developed mathematically
by Ampere, will carry us into considerations of the nature
and action of these forces, and of the methods through which
all forms of force become correlated and conservable. T will
not, however, anticipate the treatment of that branch of our
discussion ; yet T may be permitted to say in closing this
chapter, that we shall find the principle here enunciated to
pervade even the morphological development of every class
of organisms, thus showing a fundamental connexion between

the planet and its inhabitants, and between natter, force,
instinct, and mind.
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winds (phenomena depending upon the grawvitation of these
gases to fill spaces primarily rarefied or made vacant by REPUL-
SION) are universal, constant, and often fearfully violent ;—if
repulsion assumes fervestrial magnitudes and functions, as the
foregoing facts clearly demonstrate, then it becomes, indeed,
a truly planetary force, as much so as gravitation, and must
be so considered. No movement of a molecule takes place in,
or upon, or around the globe, into which this forece does not
enter and perform its part, as well as attraction. If the
latter be a universal terrestrial force, so is the former. Not a
breath, not a ripple moves in air or sea, not a drop of water
tlows along a channel, quivers in a watexfall, or pours upon
a wheel, the resistance and reaction to which is not at its
foundation repulsive force springing into mechanical energy
and productive power. The planet is full of it to saturation ;
and in proportion as gravitation manifests its special agency,
and apparently predominates, repulsion is instantly developed
to supplant it, and wice versd ; so that both spring alternately
into tension, or suddenly vanish, so far as our faculties ean
detect their action, As to activity of funection, they appear
to act upon a principle similar to a fundamental one laid
down in physies, which declares it impossible for two atoms
of matter to occupy the same point of space at the same
time. Thus it will be seen that while repulsion charges the
earth to repletion, it is at the same time a vestless force, and
becomes almost palpable as the great, living, working power
of nature; and that while gravitation tends to stability and
unity, repulsion tends to motion and production.

2.

Now, since repulsion, pervading the globe as it does from
its centre to its outmost atmospheric boundaries, is as much
a planetary force as gravitation, ¢ necessarily becomes 4 COSMI-
CAL power, and must be as capable as gravitation of extending
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3.

Now, the simple facts that the planets exhibit different
densities and weights, the numerical values of which hold
notable relations to the respective heliocentric positions of
these bodies, are so striking as to incite not only attention to
this field of cosmical physics, but also a careful inquiry into
the action of planetary laws and final causes.

When observation is directed to another class of celestial
bodies, to comets, whose paths are more varied and eccentrie,
and whose translucency favours more accurate internal study,
the same conditions_are noted ; but instead of tracing this
fact by steps of number, weight, and density, so to speak,
through successive chasms in space from the Sun to Mercury,
Venus, and so on to Neptune, the phenomenon can be dis-
tinguished with the naked eye, or with telescopic aid, as a
positive, continuous, and connected result of the action of
an invariable law, while these spheres advance from the
outer regions of our system to their perihelia, or recede again
into the immensity of space. We are thus awakened to com-
prehend this mighty physical truth, that an entire series of
heavenly bodies can condense and expand to such measurable
degrees, like masses of gold and iron, or volumes of gas, in
virtue of solar influences ; and are compelled to believe that
a unwersal force of repulsion, as well as of attraction, reigns
throughout the cosmos, the influences of which can operate
among planets and stars as instantly and incessantly, as
potentially and positively, as they do among atoms and
through the pendulum upon our own whirling sphere,

The ordinary phenomena distinguishable in all comets as
they approach the sun, pass perihelia, and recede into space,
only require simple description to convince every clear-
minded physicist that gravitation is not an unique force in
celestial mechanics. When comets are first descried, at re-
motest distances, journeying toward the sun, they are diffuse,
nebulous, misty objects, with or without observable central
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A succinet presentation of three important facts among
the most striking in their successive transfigurations will
elucidate the point to be established,

When first observed to approach the sun from the remotest
distances, comets possess their largest dimensions, and are
seen to contract steadily in size and inerease in apparent
density up to their perihelia and somewhat beyond it. In
this fact the predominance of attraction is observed to
reign throughout their molecular structure, and to pro-
duce, as in the physical constitution of planets, a direct
increase of density in proportion to the attraction exerted
upon their entire mass by the sun. In a word, the attraction
of their individual molecules toward their respective centres,
as a quantitative and internal cosmical force constituting the
body as a sphere, is in direct numerical proportion to the
attraction exerted upon their entire masses by the sun. This
is a remarkable condition of things, and cannot too much
enlist the attention of physicists ; because it shows that powers
inherent in the sun exert absolute and constant control over
every atom of matter in bodies revolving around dt, however
near or distant; and that there is a universal law regulating
incessant interchanges of influence in some way (not, I hold,
direct translations of each other’s individual forces ACTOSS
space) between the sun and the centre of every planet and
comet; and that no body in our system possesses an inde-
pendent constitution of its own. This is certainly the case
with attraction : for we have lLeretofore traced it ascending
from molecular into terrestrial functions ; and now it is seen
expanding into universal planetary conditions, induced and
governed by demonstrable influences of some sort springing
from the great centre of gravitative force. Whatever reasons
(whether from mathematical or imperfect magnetical data)
scientific men may have heretofore had for suspecting direct
interplanetary communications, they are proved beyond all
question by rigorous analysis of this class of physico-cosmieal
phenomena. By this remark I do not mean it to be under-
stood that there necessarily ensues quantitative and positive
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force, we can scarcely doubt that molecular repulsion, tran-
quilly performing its legitimate funetion in maintaining the
sphere at its maximum of expansibility while remotest from
the sun, subsequently yields its predominant influence as
solar gravitation grasps and draws the comet onward as
if to absorb it info the solar mass; and that at last, enduring
this sort of grasp no longer, its concentrated energy is aroused
into a positive reflex function. The conflict of force begins
in earnest when both attraction and repulsion, in extremest
tension at perihelion, are excited into stronger efforts to
separate from each other ; the former to unite with, the latter
to alienate its special form of energy and elongate it by
polarity, so to speak, from the solar reservoir of cognate
forms of force. The peculiar physical constitution of comets
renders the action of these fluctuating forces visible and
unmistakeable to the human eye. Striking phenomena and
new forces are developed by them. Molecules throb, and
currents and oceans of lights and shadows swell, and vibrate,
and roll backwards and forwards with alternate intensities of
repulsion and gravitation ; and it is in this condition that a
great comet, always a wonder to mankind in all ages, seems
to be presented to advancing science as an angel of light for
the purpose of illuminating the hidden depths of nature, and
exhibiting a clue whereby to follow up the laws and discover
the marvellous secrets of the Most High.

The third fact would appear to remove all doubt from the
subject : as soon as a comet has entered upon its journey
away from the sun, the internal force which immediately
takes the place of attraction and assumes a positive pre-
dominance, becomes demonstrable repulsion. This it proved
by a phenomenon so visible and constant, that physicists
and mathematicians the most wedded to the prevailing hypo-
thesis of an unique force acting upon inert bodies by exterior
impulses, must be not only led to quesfion its correctness, but
also compelled to extend their views and inquiries, The same
agitation before described continues for a while from centre
to circumference of the receding body; but, instead of be-
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cularly from every radius of the sphere, is no other than
a positive living force of repulsion,—a principle of energy the
opposite of attraction ; and that it not only performs the same
function in every planet and comet, but also is the identical
principle which, in every star and controlling central body
of a system, determines and guides all radial phenomena in
their outward courses; and in our own system, proceeding
from the sun, projects the comet’s tail in all its radial aspects
In the same manner as repulsion, ever insensibly radiating
from the earth’s centre, projects the ascending atoms or
luminous currents from a burning taper. It is one and the
same principle, as universal in its reach as gravitation, and
ever antagonistic to i, whether in a molecule or a world,
It is the occult principle of energy, the final element of
antithetic power, per se, in polarity, as will be more clearly
seen hereafter.

Upon these demonstrations we might rest with this part of
our subject. But as if comets were very messengers of light
to physical science and modern discovery, they present other
phenomena too pertinent to our discussion to be overlooked.

4.

It will be admitted by all candid physicists, that no planet
or other great volume of atoms can divide itself into several
parts which shall separate many thousand miles asunder, and
S0 continue, approaching and receding from one another more
or less during successive revolutions around the sun, if
attraction of gravitation be the only reigning force in matter
or cosmical systems.

Biela’s comet, an object known to be embraced within the
constitution of our own system, whose periodic revolution of
6% years has heen long determined, and whose return to
perilielion has been repeatedly observed, was perceived in
December 1845, after having passed perihelion, and during

K 2
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“ 11th of March it appeared to have three, but this changed
“again on the 12th, when only the usual one remained
“ visible, but much larger. On the 13th the small comet was
“mno longer visible, and the large one was nearly circular,
*“ with greater intensity in the centre, gradually diminishing
“ towards the borders. After the 13th, M. Liais did not
“see the comet again, owing to the state of the weather.
“Its elements are stated as follow :—Perihelion distance,
“ I'197,342 5 inclination, 79° 35’ 54:5”; longitude of the
* ascending node, 324° 3’ 254”; longitude of perihelion,
“173° 45 2117 passing through perihelion, Feb. 16th, at
* 13h. 30m. 65s. Motion direct.”

Notwithstanding Liais’s comet was not seen to separate
like Biela’s, the facts above recorded will leave no doubt that
both these bodies were originally a single one, which divided
in the same manner as Biela’s, in consequence of the pre-
dominance of an internal force, the opposite of attraction, and
of gravitation. What can this be but repulsion, molecular
and cosmical, in its visible and active phenomenal results ?

Besides these two remarkable facts, so important to a true
understanding and solid development of celestial physigs,
there stands upon record another phenomenon still more
extraordinary (and unique so far as my researches extend),.
confirming the existence of repulsion as a force, whose
functional activity may not only partially or locally predomi-
nate over that of gravitation, so far as to divide a cosmic
mass into two distinet spheres, but even so entirvely to tran-
scend it as to split a comet into infinite fragments, and
scatter them instantly out of sight, as if by evaporation ; or-
as a balloon full of hydrogen would burst and vanish i
the sky.

The first telescopic comet of the year 1818, when in perihe-
lion, and at the time it was expected to exhibit its greatest
internal agitation and its most intense luminous phenomena,
suddenly broke up, dissolved, and wholly disappeared, to the
astonishment of observers, (dstronomie de P Amateur. Pap
(. HIRzEL.  Geneva and Paris, 1820, p. 269.)
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plutonic matter is not impelled against, or into, or through
the crust;—all these phenomena, whatever their class,
appearance, condition, or degree of manifestation, are only
S0 many impulsive movements of the interior matter and
force of the globe upon its exterior. This is almost the
identical langnage used by Humboldt to express his idea of
the cause of earthquakes—an old idea, indeed, but enunciated
by this great German scholar in modern scientific terms—
“the reaction of the interior upon the exterior of owr planet”
Although his extensive travels and erudition have added
nothing to our positive knowledge of final causes in this field
of inquiry, this expression precisely defines the mechanism of
internal cosmie repulsive force in developing eruptive pheno-
mena which, in opaque globes, are simple reproductions or
analogues of the eruptive phenomena so evident, definable,
and under favourable circumstances almost measurable in
diaphanous ones.

Mr. Robert Mallet, whose special studies of seismic
literature, and whose experiments in impulsive physies (if
I may give them such a name) justly entitle him to the
highest honours which British physicists can confer, defines
an earthquake to be “#he transit of @ wave of elastic com-
* pression in any divection from vertieally wpwards to horizon-
“lally, in any azimuth, through the surface ond erust of the
“ earth, from any centre of impulse, or from more than one,
“and which may be attended with tidal and sound waves
“ dependent wpon the tmpulse and wpon circumstances of posi-
“twon as to sen and land” . While the definition is similar
to that of Humboldt and the more ancient authorities, if
is enunciated in such exact terms as to delineate all mole-
cular impulses, and be applicable to every action of repulsive
force, whatever their origin or amplitnde, iz all cosmical
hodies, Accepting it as the veritable dynamic condition
under which all agitations oceur in every class of bodies,
and as the most exact expression of the scientific thought of
our day, we are struck with its equal application, as g pheno-
menal law, to both comets and planets ; and we may further-
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varieties of superficial motion witnessed in plutonic pheno-
mena, embracing earthquakes in their entirety, can only be
effected by the most tumultuous and complex expressions of
interior violence, springing in some instances fromn the centre
of the planet. The origin and nature of these motions, from
those of a gyratory character, evincing a whirling impress of
the dynamical agent, to those whose vertical or oblique
mpact cannot be misunderstood, are evident reproductions,
duplications, or analogues of phenomena so visibly developing
themselves in cometary hodies with intensities dependent,
as before described, upon inverse perihelic distances. While
the former can be appreciated by our several senses, deter-
mined by instantaneous convictions, and confirmed by experi-
ments and mathematical computations, the latter are clearly
detected and immediately determined by sight alone. But
We recognise their identity as positively as if the comet had
a solid crust whereupon we might stand, observe, deduce and
measure degrees of repulsive force by eruptive results, We
see elements, constituting the planet’s interior, not only
thrown out upon its surface from equator to pole, but also
projected with enormous force for miles beyond its central
molten nucleus. We know these dynamical phenomena to
have been of perpetual recurrence, and to have exhibited a
sort of eternal function in the physical existence of the
planet, so to speak, because geological formations of every
age have been disrupted by igneous dykes. Seams, fissures,
cleavages, dislocations, tiltings of strata—ten thousand similar
indications of subterranean motion—are observable every-
where, wherever human research may extend, all proving
ceaseless action in the central elements of our globe. All
these data determine limited or local disruptions of the
planet’s surface, and denote incessant reaction of its repulsive
inferior upon its mineral crust. But the more striking irre-
gularities of hill and valley, mountain ridge and marine gulf,
continental outline and oceanie depression, constituting the
grand and universal features of the earth, not only confirm
the foregoing conclusions, but also afford irrefraga.ble testi-
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masses of solid mineral or metallic matter. After our in-
quiries, then, no name can more appropriately be given to
such a central force than that of COSMICAL REPULSION,

9.

This extensive series of facts, whose analogy and identity of
origin, character, and result are so manifest—all springing
from the activity of molecular forces expanded into planetary
magnitudes, exhibited in the eruptive and explosive pheno-
mena which take place in bodies of different physical consti-
tutions, and thus grouped in this new and fruitful field of
discussion—must awaken philosophers to the grandest con-
templations of cosmic nature, and to more profound and
severe investigations of general laws,

The increasing density of a comet’s nucleus as it ap-
proaches perihelion, its greatest density and the strongest
excitement of its molecular and central forces at perihelion,
and its diminishing density as it recedes from perihelion,
must sooner or later command the attention which thei
importance and bearing deserve, Upon these facts hang
“the law and the prophets ” of cosmical physics. Their
exact values involve no less than these pregnant mductions,
viz. that the Increasing contiguity of any revolving body to
the sun is accompanied by an increasing contiguity and
centralization of its constituent molecules ; that its minimuim
distance from the sun s accompanied by the minimum djs.
tance of its individyal molecules from each other, and from
its own centre, mvolving of course the greatest density and
tension of the body: that its elongation is accompanied by
separation of its individual molecules, so that at aphelion
its conditions of density and tension are the reverse, and
always less than at perihelion. This is a simple statement of
what all classes of observations exhibit and suggest. The
general densities of Planets, so far as determined by the

L
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of these changes are so numerous, whatever may be their
theoretical explanations, that we need only mention tidal,
magnetic, and meteorological observations to show that the
intensities of phenomena vary with every point of the planet’s
orbit. Whether these changes are all directly or indirectly
connected with and dependent upon molecular motion in the
planet’s constituent elements, superinduced by solar excita-
tions, is a question which further observations will determine,
and which will be more fully developed hereafter.

There is, however, an important class of phenomena next
to be considered, the numerical elements of which, in con-
nexion with final causes, are now for the first time presented
in their broadest and most definable aspects, Seismic, that
is to say, earthquake and voleanic, action—the dynamical
expressions of which, whatever their degree, form, or extent,
all directly depend upon aggregated molecular movements—is
so universal and profound as to be truly cosmical, and must
no longer be regarded as “strictly local” or aceidental in
its phenomenal aspects. Tts analogy to the general internal
and eruptive agitation, so manifest in comets at perihelion,
clothes it with peculiar interest; and it thus becomes ele-
vated into a subject of unexpected importance, It is beyond
question that the density, internal tension, and eruptive
action of comets increase with their contiguity to the sum.
The sun appears in some way to superinduce increasing
attractions and increasing repulsions within their individual
molecules, ending in positive augmentations of density in
these bodies and of intensities in central reactions propor-
tionate to the operation of the general law of gravitation
exerted upon their masses and modifying their mechanical
motion in space. These individual molecular excitements, or
fluctuating central and decentral expressions of energy (a
stmatlation of inductions, absorptions, and expulsions of vary-
g amounts of force), these molecular Increments of excita-
tion, or local translations of force, appear to resolve themselyes
into each other, and to coalesce and become a unit, upon

the principles which have been enunciated and illustrated in
L2
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tension; and I have already shown this to be the result of
molecular repulsion aggregated into a cosmical force, and
have equally demonstrated its analogy and identity with that
so manifestly excited in comets during the perihelic relations
into which solar attraction draws them. The earth moves
towards the sun in obedience to the same attraction. Not
only, however, is this force exerted in such a manner in
conjunction with an opposing one, as to define the earth’s
path and periodic motions within measurable and known
limits, but it so fluctuates in degree with this opposing force
as to develop an elliptical orbit with the sun in one of its foei,
and to permit or create, among other phenomena, a difference
of 3,000,000 miles in the length of the radii vectores at the
aphelic and perihelic points of this orbit. Now, if facts and
numbers show that eruptive phenomena are wniformly more
frequent during the planet’s greater proximity to the sun—
that is to say, in the perilelic arc of ifs orbit, than in the
aphelic are—and that they maintain general inverse numerical
ratios to the length of the radius vector, it will follow that
the sun exerts the same control over the fluctuating mole-
cular forces within our planet that it does over the tension
and eruptive phenomena of comets.

It is only of late years that special attention has been
devoted to seismic phenomena in order to bring them within
the range of severe scientific discussion.

M. Alexis Perrey, Professor of Natural Philosophy at
Dijon, conceiving that a molten nueleus must ebb and flow
within the earth’s crust, in like manner and upon the same
theory that ocean tides rise and fall, devoted much time.
labour, and expense to collecting data ; and has published
extensive catalogues of earthquakes and plutonic eruptions,
including dates in detail, where he could find them recorded.
Encouraged by remarkable numerical results, and sustained
by the illustrious Arago, his labours have been persistent,
of great value, and in the right direction. He assumed that
earthquakes and volcanie eruptions must, like marine tides,
be results of lunar attraction; and by discussing all his



- I T
- ] (1 el L
1 =
. [! ] -




COSMICAL REPULSION, 151

not subject to atmospheric perturbations like the ocean, would
swell gently and gradually against and around the interior of
the crust, and would be drawn with gradually diminishing
attractive forces in a similar manner from the remotest sides.
It must be remembered that, in the prevailing theory, there
is no other force at work than attraction ; and that molecules
as units, not the centres of planetary bodies, are acted upon
with constantly diminishing strength according to the squares
of their respective distances. The double elliptical #idal
waves of the wueleus, produced by the dissident positions of
the sun and moon, would, upon the Newtonian theory, ever
be regular and tranquil in their movements, and would unite,
during conjunctions, under the influence of less degrees of
force than are at the same time drawing the crust away from
the internal molten matter,

Thus it will be perceived that while Professor Perrey’s
seismical stafistics augment and reach their maximum with
the meridian positions of the sun and moon, and diminish
and reach their minimum at apogees and quadratures, they
disprove the very theory to prove which they have been
collected, or at least they eliminate themselves from it, since
earthquakes are frequent in longitudes which should, upon the
theory of the tides, be wholly free from plutonic pressure or
any dynamical action at the moment these phenomena oceur.
But when Professor Perrey’s numerical discussions are re-
garded in the light of this new philosophy which I am
endeavouring to unfold, they fall with wonderful precision
into natural order, under laws which appear to be universal
and which embrace all physical anomalies throughout the
planet.

The energies of gravitation, viewed as a dynamic entity, act
directly and effectively From the centre of every sphere UPON
the centre of every other sphere, inversely as the squares of
the distances of these centres, and not upon the nearest
circumnferential particle first and strongest, and so on less
and less strongly upon each successive particle, straight
through a sphere, as is assumed in the theory of the tides. But
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volume and density result from simple differences of atmo-
spheric pressure is only an indefinite and incomplete expla-
nation of phenomena whose ciusative conditions lie in more
profound directions. That these changes spring from absolute
spontaneous developments of attraction or repulsion existent
and latent in all molecules, or from their inherent capacity to
draw and imbibe instantly fresh and enormous inerements of
analogous force from cosmic sources, may be proved by many
striking illustrations. Phenomena explicable in this way are
not unfrequent where repulsion is so instantly developed in
the atmosphere near the level of the sea, that the windows
or sides of houses will instantly burst outwards, and entire
fabrics be made wrecks. Active repulsion in such storms
has suddenly supervened in surrounding space, in conse-
quence of some profound telluric condition not hitherto
recognised or understood; and the response of the repul-
sive force, existing as a lively, energetic principle in the
atmospheric molecules within the edifice, being as instan-
taneously sensitive, inductive, accumulative, and motive as
the attractive principle, is so quickly manifested, and aceu-
mulates its energies so instantly from the great telluric
reservoir, that intervening obstacles fly in wvarious direc-
tions, and even beams are burst open as with gunpowder, in
order that the equilibrium of the repulsive and gravitative
forces, as cosmic powers and quantities, may be re-established.
Every change of the barometer is but an influx and efflux of
these same ultimate forces, which, in grander developments,
produce eruptions, dilatations, and disruptions of comets, and
in our own planet earthquakes and voleanoes, That all this
category of facts and observations are resolvable into cosmical,
and not local phenomena, and that all, furthermore, depend
upon solar causations whose secret influences act with energy
inversely proportioned to the length of the radius vector, may
be demonstrated, since the maximum oscillations of the
pendulum and the maximum ranges and oscillations of the
barometer—all disturbing elements being eliminated—oceur
at perihelion, and the contrary at aphelion. Observations also
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selves as indirect rather than direct results of solar or lunar
attraction, and being consequently reactionary in character,
they conclusively demonstrate the internal activity and uni-
versal display of cosmical repulsion in all revolving bodies
whose orbits are elliptical, and whose controlling forces are
in one of the foei of these orbits.

The physical facts here presented cannot be set aside as of
no importance to philosophy. On the contrary, their impor-
tance is such that they bear upon every branch of physics,
and I cannot doubt they must hereafter profoundly modify
the directions of theoretical and solid research.

When the development of seismic phenomena in their
greatest activity and intensity is found to result from the
action of forces identical with those at work in comets to
produce their greatest eruptive displays, and when this
maximum obtains at perihelion in like manner, as observed
in comets, we certainly have reason for inferring that gravi-
tation, as a solar force, acts upon all cosmical masses in a
similar manner, and excites their constituent molecules into
similar states of attraction and repulsion, centralization and
reaction, condensation and eruption.

Such being the causation and the modus operandi of the
agencies within the earth’s crust which produce earthquakes
and volecanoes, or, as the illustrious Alexander von Humboldt
calls them, “the reaction of the interior upon the exterior of
the planet,” it will be observed that these phenomena cannot
be explained, as the indefatigable philosopher M. Alexis
Perrey has endeavoured to explain them, upon the “Newtonian
theory” of tidal waves in a molten nucleus. And it may be
authoritatively questioned in view of the preceding critical
glance at, and comparison of| theory and facts, whether the
so-called “theory of the tides” does not require profound
modifications in its application to oceanic movements, since
the severest analysis of the immortal Laplace failed to bring
tidal phenomena within mathematical requirements, and my
own personal observations upon tidal waves at Tuhiti, and
upon the coast of Peru from 3° to 14° south latitude, include
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“ (which he afterwards changed by dividing it into sixteen
¢ egqual portions grouped, side by side, to form eighths) con-
“ taining the 24 hours 50 minutes and a half, of which a
“ Junar day generally consists. :

“By these two methods (notwithstanding some marked
“ anomalies which could not but exist in so limited a number
“ of facts as 824), the results obtained in both arrangements
“ manifest the existence, in the length of a lunar day, of two
« periods of maximum for the oceurrence of shocks, and two
“ of minimuwm. The two periods of maximum occur at the
*“ hours of the passing of the moon over the superior and
“ inferior meridians ; and the periods of minimum fall about
“ the middle of the intervals.

“M. Alexis Perrey has thus succeeded, by the simple
“ analysis of catalogues which he had previously drawn up,
“ in proving by three different and independent methods the
“ influence which the moon possesses in the production of
“ earthquakes.

“1st. That earthquakes ocecur more frequently at the
“ gyzygies.

“2d. That their frequency increases at the perigee, and
“ diminishes at the apogee of the moon,

“3d. That the shocks of earthquakes are more frequent
“ when the moon is near the meridian, than when she is
“ 90° away from it.

“ But the numerical tables from which these three proposi-
“ tions are derived, present some anomalies; and the author
¢ has omitted nothing in endeavouring to account for them,
¢ s‘m(l to prove the law which is revealed at their first
“ 1nspection. . . . _

“By means of the formula thus obtained” (which the
Commission have here interpolated and which I omit),
“ the author was enabled to draw up numerical tables, corre-
“ sponding to, those deduced from observation alone, and
“in which the law of tlte phenomena appears disconnected
“ from the principal anomalies which tended to obscure it in
“ the first tables. The numbers contained in these new tables
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and conclusions, as well as his own numerical summaries, 1
have availed myself of the statistical data presented by both,
in order more strongly to support the conclusions drawn from
the physical aspects of comets, and the deductions to which
molecular physics developed into the widest ranges has inevit-
ably brought us in our study of such periodic phenomena.

In order to present these numbers in the most exact and
definite manner, I shall here introduce M. Perrey’s tables
embracing his monthly summaries of earthquakes, transfer-
ring them from Mr. Mallet’s Report to the DBritish Association
for the Advancement of Science, made in September 1858,
and I shall append to these tables Mr. Mallet's own mensual
classification of 6,102 of these phenomena, reported in the
same communication, Thus exhibited, the invaluable labours
of these investigators will draw the attention of astronomers
and physicists to the main point of our discussion. And
here I may be permitted to say that an important law of
periodicity was deduced by me some years since from an
analysis of earthquake phenomena, as they had been observed
and collated by myself, independently of their labours and
without the knowledge of their pursuits or catalogues. I
then announced what accumulating facts steadily confirm,
viz, that the intensity of internal telluric agitations—similar
to those which exist in comets in the perihelic arc of their
path, and ending in disruptions of surface—is, as a general
law, dependent more or less upon the planet’s proximity to
the sun; and that these phenomena hold certain numerical
relations to the length of the radius vector.

The tables of M. Perrey are so numerous and lengthy, that
I have condensed some and omitted others of no special
bearing upon our subjeect, his immense toil having been based
upon a special hypothesis, which, like all simple speculations,
however suggestive or temporarily useful, must ultimately
vanish like vapour before the sunshine of truth. Tn reference
to the accuracy of these tables, it is proper for me to remark
that I have noted no errors which affect the general conclu-
sions which may be drawn from their totals, '
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“ or the conversion of these into each other-reciprocally, and
“not to the direct action of the variable attractive forces of
“our primary and our satellite. To some such conversion of
“force into heat, developed at local foci, it would appear
“ much more probable that all voleanic phenomena are due,
“ than to a universal ocean of incandescent and molten lava,
“ beneath our feet, with'a thin erust of solid matter covering
“ if, the present or historical existence of which is not only
“not proven, but for which no argument of weighty proba-
“ bility has been, as I conceive, advanced.,

“In the present state of our knowledge of the obscure
“relations between the internal mass and actions of our
“ planet with the cosmical forces that act upon it both within
* our own atmosphere and from the abysses of space beyond,
“ and our comparative ignorance even of the terrestrial phe-
“nomena themselves, no speculation, however hazardous or
“ hardy, that is based upon a natural hypothesis, need be
“ regretted ; such views in the beginning of every separate
“road of inductive science are eminently suggestive, and,
“although in themselves false, may point towards truth, Tt
“is only in this aspect that a memoir by Dr. C. F. Winslow,
“M.D., ‘On the Causes of Tides, Earthquakes, Rising of
“ Continents, and Variations of Magnetic Force, requires
“mnotice. The communication appears to have been made
“to the Academy of Sciences of San Francisco, California,
“ by the author, in 1854 or 1855, I have met with it only
“ through a printed copy, for which I believe I am indebted
“ to the author.”

Thus says Mr. Mallet in the course of his able and ex-
haustive Reports upon the entire literature and physies of
seismic phenomena, wholly rejecting M. Perrey’s opinions,
admitting my Memoir of 1854 to be « eminently suggestive,”
and presenting no definite view of his own to explain facts
which appear from closest annual observations to depend as
certainly upon solar causation as do the annual variations of
intensity of magnetic force,

But as my object is to present here ‘facts derivable from

N 2 .
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“ Total of catalogne for both hemispheres capable of mensual
classification . . L e e
* Total of unclassed, except as tu annunl data : S o B T

“ Total number catalogued. . . . . . . . . 6772

“ of which there are recorded by season only—

“ Spring 6
“ Summer . T
£ Auntumn . ol
& Winter =l

Total 525

« January, February, and March have been taken for the
« gpring of the Northern Hemisphere, and for the Southern,
“ July, August, and September.”

Thus it will be perceived that Mr. Mallet, in the classifica-
tion of seismic phenomena presented in his Reports to the
British Association, strietly confined his observations, and the
direction of his opinions, to “seasons™ of local or periodic
heat and cold ; overlooking profound cosmical causes, hesi-
tating to interrogate the mobile conditions of a plastic
globe, constituted of manifold chemical elements, revolving
eccentrically around another mass of chemical elements,
1,200,000 as large and 300,000 times as heavy ; and never for
a moment recognising the grand fundamental fact that mole-
cular attraction and molecular repulsion must inevitably
develop themselves into cosmical amplitudes, and exert posi-
tive mechanical and reactionary effects upon the planet’s
crust, with intensities always varying inversely, as a general
law, as the length of the radius vector subtending their
respective centres undergoes variation.

The final result of all Mr. Mallet's discussions which bear
upon the point in question, is included in the following
paragraphs :—

“In Fig. 5, Plate X. a curve has been obtained for the
“ whole period of the catalogue, and for hoth hemispheres,

repreaentmg graphmally all recorded earthquakes occurring

" mear or at the equinoxes and solstices (the critical epocks of






COSMICAL REPULSION. 183

“The forces of explosion and impulse are the same in both ;
“ they differ only in degree of energy, or in the varying sorts
“and degrees of resistance opposed to them, There is more
“than a mere vaguely admitted connexion between them,
“ as herefofore commonly acknowledged—one so vague that
“ the earthquake has been often stated to be the eawuse of
“ the voleano (Johmston, ¢ Phys. Atlas,’ Geology, p. 21), and
“ more commonly the voleano the cause of the earthquake ;
“ neither view being the expression of the truth of nature.
“They are not in the relation to each other of cause and
“effect ; but are both unequal manifestations of a common
“ force under different conditions.”

: 13.

Such are the theoretical views and the numerical bases
upon which seismic phenomena have been discussed in recent
times. The numerical results have been attained with scien-
tific precision, and exhaustively treated upon data collected
from earliest records down to 1851 by rigorous physicists of
France and Great Britain, stimulated and encouraged by the
most learned bodies of these enlightened realms. Embracing
these with the entire labours of the German physicists also,
in their speculative efforts to reach final causes, it may be
safely stated that the opinions of Aristotle, based upon
earliest observations, the details of which have been lost
for ages, were more extended and probably more accurately
directed than any which appear in the writings of modern
scholars, And this is the more remarkable, because the
numerical studies to which I have alluded have persistently
pointed to solar causation. More than two thousand years
ago the immortal Aristotle recorded the fact—mnow repeated
by M. Perrey, and considered probable by Mr. Mallet—that
carthquakes often happen at lunar eclipses. He further stated
that the greatest number of tliese phenomena oceur in the
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““ three years, in different parts of the globe, and which have
“ been collected from different sources of anterior dates
“ taken at random, the numbers for each month show remark-
“ ably strong evidence in favour of this theory; and they are
“ so extraordinary as to stimulate the most active inquiry
“into this department of the physics of the solar system.
“ The statistics copied from my memorandum are as appended :
“ as the notes of the phenomena were made without any
“ reference to favouring or discouraging the hypothesis of
“ molecular repulsion as an earthquake force, the facts afford
“ almost conclusive proof of the theory.”

|
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This Memoir concisely developed the theory of cosmical
repulsion which is here amplified ; and it was intended to
confirm the data and inferences which I had previously
published.

As early as 1843 and 1844 my attention was specially
drawn toward earthquake and voleanic phenomena and to
their cosmographical bearing, in consequence of explorations
of voleanic islands in the Atlantie, Pacific, and Indian Oceans,
and of inductions derived from my own observations upon the
general outlines of the planet’s surface. The names of the
French and British savans whose labours so largely enrich the
preceding pages, did not become known to me until years
afterwards. And it is not wholly devoid of interest that so
searching an analysis of the same class of phenomena should
have been initiated, at nearly the same time, by three persons






CIASMICAL REPULSION. 187

after aphelion there stand 1,740 against 2,565 for the same
time before and after perihelion, exhibiting a difference of
825, the ratios of difference constantly increasing as these
points are approached and passed by our planet in its annual
revolutions.

Now, if the tables of Professor Perrey and Mr. Mallet be
re-examined, the same general monthly and periodical results
will be found to exist. That such remarkable coincidences
of numerical data as these different series of facts expose are
a mere accident, is beyond the range of probability. On
the contrary, they all significantly point to the prevalence
of some occult law, and evince the existence of a general
cosmical agency, whose action wpon the molecular forces of the
heavenly bodies, from their centres to their cireumference, is
dependent upon, or at least coincident with, the ellipticity of
the orbits in which they revolve around each other.

Professor Perrey, connecting his facts and numbers with
time, discussed them as results of lunar causation, limiting
solar action to a secondary rank, and this of a simple
attractive character only, in conjunction with the “ Theory of
the Tides.” In his latest disquisition upon this subject, how-
ever, solar influence receives more attention than appears in
his earliest memoirs.

Mr. Mallet, discovering the same relative numerical differ-
ence of facts in connexion with time, yet discarded every
condition of cosmical causation ; and, ascribing all classes of
seismic phenomena to changes of temperature, and the pos-
sible conversion of electrical, magnetic, and thermal currents
into each other in local foei, elassed them by simple thermal
seasons, as 1s clearly shown by speclal references to the
seasons of the northern and southern hemispheres.

In my discussions of plutoniec and seismic phenomena, T
reject all considerations of a theoretical character, and all
arbitrary divisions of astronomical time, except as an element
in numerical determinations. The names of the months, in
my treatment of the subject, are only used, and must be con-
sidered, as simple terms in the problem, representing definite
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It is not my design, however, to dilate in these connexions
upon this important, interesting, and diversified branch of
terrestrial physics. Extensive explorations, nevertheless, of
our globe, close observation of various voleanic regions, per-
sonal experience of many earthquakes in Mexico, Peru, and
Eecuador, together with observations of the voleanoes of Fogo,
Kilauea, Isalco, Massaya, and Cotopaxi in greater or less
degrees of eruptive action, and of scores of extinct volcanic
mountains and smaller craters, have fully convinced me of
the truth of what I say.

There is, however, more evidence to be adduced upon the
relative differences of seismic and plutonic intensity in the
aphelic and perihelic arcs of the earth’s orbit; and notwith-
standing these discussions tend to enlarge the fields of
geology, I can but indulge the hope that the cultivators of
that science will turn their attention to this subject and so
extend their inquiries and speculations as to lift all similar
facts above novelty and doubt,

Von Tschudi ascertained while in Peru, as a general result
of experience and observation, that an excess of earth-
quakes occurred in that country in November, December, and
January of each year.

It was stated many years since, as a well-observed fact, that
in Chili earthquakes are more frequent from October to March
than at the other period of the year, The table presented by
Professor Perrey seeming to contradict popular observation
and opinion upon this point, I have reduced the facts in my
own catalogues to a tabulated form, and give them with this
single comment, that if the entire number of earthquake
shocks which have been hourly and momentarily noted in
Chili, at certain epochs of violent and prolonged “ reaction of
1;%13 interior” upon that region of the South American con-
tinent, were taken into account, the proportion from November
to April would be much greater than appears. Thus it ma
be declared as established beyond further question that popu]a};-
opinion in Chili upon this subject is correct ; and it will be
seen that the facts arrange themselves into the same numerieal
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And it may be here observed, that the great variety of
monthly numbers with different, ratios appearing in seismic
tables, are only the more natural, since all the phenomena
under discussion spring from pulsating and irregular pertur-
bations of its molecular forces, as our planet rotates and
revolves along an orbit the ares and axes of which are never
for two successive instants the same, governed and influenced
as they are by the exhaustless action and reaction of corre-
lated and more voluminous forces, located in one of the foci
of this path.

At Petropaulaski, Kamtschatka (a region subject to earth-
quakes), similar observations have been made. An intelligent
observer, Mr. John W, Widdifield, of New York City, who
resided there for a considerable period, has informed me that
it is a fact well known to the inhabitants, and confirmed
by his own observations, that these phenomena oceur in
greater numbers in the winfer than in the summer ; and he
further stated that a voleano in sight of his residence was
more active during the winter than summer months,

A French gentleman, M. Victor Provost, who resided two
years in, and travelled much upon, the Isle of Bourhon, nearly
the antipode of the last-named locality, became familiar with
the phenomena of its famous volcano, He stated it to be the
common observation of the inhabitants, and of hig 0Wn
knowledge, that eruptions were annual and periodical,

that the lava generally flowed with more than
in December and J anuary.,

and
ordinary force
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able; and their perihelion and aphelion distances are equally
different and striking. Now, while comparatively little or
nothing is known of the physical constitution of these bodies,
1t i3 a singular and suggestive fact, that (as in comets) the
intensity and hues of their light are different, constantly
vacillating, and even undergoing hourly or momentary
changes ; that the magnitudes of some of them have been
observed to undergo unmistakeable transitions; that the
atmospheres of some are dense and definable, of others diffuse,
extensive, and nebulous; that some have no appreciable
atmosphere, nor a sign of nebulosity; that some undergo
such intense and sudden changes in the appearances of their
discs as to lead to the belief that they are not always
round: and observations upon these planetoids have been
so carefully and accurately made as to convince telesco-
pists that their modifications of physical aspect can neither
be attributed to changes of distance from the earth or sun,
nor to atmospherical perturbations, No astronomers who
have made special observations upon these hodies, agree even
approximately on the measurements of those the longest
known among them, Herschel declares the diameter of
Pallas, for instance, to be 135 miles ; Schroeter, 2,295 miles .
and Lamont, 738 miles, Allowing for instrumental defects,
micrometric errors, and for inaccuracies, accidents, and im-
perfections of every sort; yet, considering the fact that with
the best instruments the same observer never finds the.
asteroids to present precisely the same aspects under the.
most favourable atmospherie conditions, the strongest reasons.
exist to conclude that their molecular constitutions are of the
most elastic, sensitive, and heterogeneous character. Measure-
ments of the oldest and largest of these bodies have been
often attempted, both in respect to their solid dises and the
extent of their envelopes. With such serutiny, indeed, have
these observations been made that Schroeter determined
the atmosphere of Ceres to be 668 miles high, and that of
Pallas not less than 465 miles at certain epochs. The differ-
ences of opinion upon the appearances and magnitudes of
02
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internal agitation of both these classes of bodies at perihelion,
to intensify the light of,’and even to split, comets, and con-
stantly to strain the earth into reactionary and eruptive
activity with periodic intensities, varying inversely with the
aphelic and perihelic length and sweeps of the radius vector,
we might expect to find kindred phenomena developed in the
asteroids under similar circumstances; that is, we might
expect them to contract and expand like comets, and inten-
sify their light by their own internal molecular commotions,
So far, no special observations have been made upon this
point ; and perhaps the small size, great distances, and
transient appearances of these hodies may long preclude
positive knowledge in these particulars. But it is a remark-
able fact, and one which demands the closest serutiny of
telescopic astronomers, that the greater the eccentricity of
the orbits of the asteroids, and the greater the differences in
the lengths of their respective radii vectores, the greater is
the transient variability of their light, and the more their
dises, their atmospheres, and nebulosities, when visible—in a
word, their general molecular conditions and physical aspects
undergo notable modifications,

When the diversified observations which have been re-
corded in relation to these members of our system (now
numbering one hundred) are compared with one another, and
closely studied in detail, the points presented in this gene-
ralization will appear as striking as those in relation to the
periodical phenomena exhibited by comets and our own
globe to which T have already called attention.

To deny, then, even with our present limited knowledge,
that molecular repulsion, developed into planetary ampli-
tudes, plays its part as a cosmic function in the asteroids, is
to deny what the telescope has revealed to a hundred eyes,
from Piazzi and Olbers down to present ohservers,
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suddenly change or vanish, producing sensible variations of
brightness and sharp and dazzling scintillations.

During the transit of this planet aeross the sun, in 1799,
several astronomers saw a luminous point upon its dark dise
which they supposed to be a volcano. As this phenomenon
was seen from different observatories, and with different
telescopes, and especially by Harding, at Lilienthall, whose
acute eye afterwards discovered Juno, it must be considered a
decisive fact in its bearing upon this discussion. Observa-
tions upon its cusps, moreover, prove its mountainous and
broken features as rigorously as these features can be shown
in our own satellite,

18.

The hypothesis that all these various appearances and
changes in the atmosphere and body of Mercury are produced
by different degrees of heat and light received from the sur-
face of the sun, will not satisfactorily explain them when
they are compared with similar phenomena which are con-
stantly occurring in, upon, and around our own planet, and
which we now know do not depend upon simple exposure of
the terrestrial surface to the solar surface. But when the
mind rises to grand generalizations,and comprehends that the
entire series of phenomenal events transpiring in the physical
universe rests upon the simplest plan; that all spring from
the action of one overruling law ; that all flow from one in-
comprehensible central Being, whose ways are eternal and
mmmutable—whose grasping, quivering arms, for ever stretching
out and drawing back by turns, are nerved by the same in-
visible and immortal elements as our own, but which, shooting
from the very central atom of the cosmos, strengthen as they
glide and tremble from star to star, spreading asunder and
binding together atoms and worlds alike ; that the wonderful
agents of this universal power are the simple molecular
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activities of repulsion and attraction, developing from zero
into infinite quantities, and assuming isolated cosmic con-
ditions with mutual affinities and antagonisms;—when the
mind embraces this simplicity unfolded into its infinite and
amazing grandeur, philosophy will have discovered the
natural path for a fertile, harmonious, and happy solution of
past and present celestial problems.

The universal ellipticity of the paths in which the heavenly
bodies move, and the other equally wondrous fact that con-
trolling globes never occupy the centre but always one of
the foci of these ellipses—these facts, when studied in the
licht of gravitation alone, are involved in utter obscurity ;
and such phenomena can never be satisfactorily explained as
long as gravitation is maintained by scientific men to be the
only active force which controls the motions and sustains the
system of the heavens. When, however, repulsion also is
considered to be an active principle in celestial dynamics,
possessing powers and functions co-ordinate with, but anta-
gonistic to those of attraction, an explanation is at once
afforded for every puzzling and obscure mechanical problem
in the universe.

As these fundamental forces act and react among mole-
cules, attracting and repelling, drawing them into foci, and
disrupting foci again into ultimate elements or prior con-
ditions, so they act externally and at distances as costnical
entities, assuming cosmical integrals. Thus mutually acting
and reacting upon each other as masses and spheres of forces;
suns and planets, satellites, asteroids, and comets (the densi-
ties of which, never equal in any two, are fluctuating from
instant to instant in all) are compelled by the influences of
their various chemical conditions to impress special degrees
of eccentricity upon their individual orbits, and institute their
respective elongations and approximations. This develop-
ment of our discussion I suppose to contain the essence of
Dana’s idea of “ pulsating molecular force,” an expression
obscure in itself when applied to interstellar space as abso-
Jute vacuum containing bodies wholly disunited and widely
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separated from each other; but pregnant with meaning when
cosmic phenomena are demonstrated to result from ever-
changing densities in the cosmic spheres, and when these
changes of density are shown to depend upon molecular
forces excited info varying degrees of activity through the
mutual dependence of masses upon each other, as all revolve
in elliptical orbits, and act and react upon each other from
centre to centre, according to the law of inverse distances.

Applying these principles in their widest ranges and hear-
ing upon cosmical physics, it will be discovered that the
molecular conditions of, and the phenomena developed in,
revolving bodies—that is to say, their power and facility of
expansion and contraction, of condensation and eruption—
hold definite relations to the ellipticity of their respective
orbits and to the varying length of their radii vectores.

19

Objections to these propositions, based upon geological
and mechanical theories—for instance, that the earth is com-
posed throughout of augite, granite, or iron—in other words,
that it is solid rock or metal, unyielding, undilating, and
uncontracting ; that its condensed and erystalline constitu-
tion precludes the possibility of continuous active molecular
movements from centre to surface, and therefore that it is an
individual forceless mass, and can of itself have nothing
whatever to do with its own motions, any more than a boulder
or cannon ball; that it moves in virtue of its wis inertice,
possessing no energies within itself capable of accelerating,
retarding, or modifying its own course and motion ; and in
consequence of these assumptions, the conclusion that the
elliptical form of the earth’s orbit, and the location of the
sun in one of the foci of this orbit, ecan have no possible
connexion with or relation to its molecular and chemical
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20,

Passing from these considerations, the pregnant value of
which, springing from all that precedes, will especially bear
upon all that follows, the physical conditions of our instrue-
tive satellite will next claim brief attention. All its aspects
of surface declare its subjection to the same elements which
have been heretofore demonstrated to act as central and con-
flicting forces in the constitution and physical agitations of
comets and of our own globe. The object of this study will
not permit descriptive details, and T shall therefore only step
from universal facts to universal principles, and wice versd, for
the purpose of binding one with the other, and consolidating
the general structure upon which we are at work, But it is
manifest to all telescopists that the extraordinary volcanic
and wildly-broken conditions of the entire lunar surface only
indicate a stronger conflict of antagonistic forces within the
secondary than apparently has ever agitated its primary.
This fact, when studied by the light of preceding demon-
strations, will not appear so strange or inexplicable ; for the
density of the lunar mass being only about half that of the
earth, and gravity at the lunar surface being estimated at
about one-sixth of our own, its general repulsive force as
a rarefying and reactionary agent must he comparatively
very great. Whatever its exact relative quantity may
be in comparison with the repulsive force of the earth,
there is nothing in the physical conditions of the moon
which does not fully harmonize with the developments of
this discussion, and strengthen its consequences in every
direction,

The fact which telescopic discovery is of late so plainly
demonstrating—viz. that many aspects of the lunar surface
must have been produced by the Jalling in of vast areas of its
shell —far from conflicting with principles thus far deduced,
actually proves that similar material conditions, similar
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transmitted by father to son, with undeviating precision, from
generation to generation. A fact of this character so deeply
rooted in the moral, social, and traditional life of many
peoples thus widely distributed throughout that vast ocean,
so ‘remotely separated from each other, and without inter-
course, indicates even more strongly than colour, caste, or
language, not only the unity of their progenitors, but also
the wide-spread existence of a single race, the vestiges of
which were left here and there above the waters when the
land sank between America and Asia, and received the older
seas into a new basin.

Physiecal changes of this kind and magnitude, sustained
by evidences derived from diversified sources, have not only
a local importance to the planet in which they may ocecur,
but the bearing of such facts upon the physical appearances
of other globes within telescopic scrutiny is of the utmost
value, as a means of instruction and inference in regard to
their respective dynamic conditions,

The latest investigations of the moon’s features with great
telescopes are bringing selenographers into clear and decided
opinions that many of s appearances and irregularities must
have been produced by the “falling in” of numerous and
vast areas of its surface. Facts and determinations of this
character indicate, as in my studies of the earth, that the size
of the moon was formerly greater than at present. Whether
greater elasticity of matter and forces exisled in these bodies
during earlier ages, and consequent greater eccentricities of
their orbits, or whether these forces have been always em-
ployed in embellishing and populating and diversifying their
surfaces, leaving their orbits eternally the same, are interesting
questions ; and although progressive acquirements of scientific
knowledge are fast removing them from the realms of specu-
lation, it would be out of place to discuss or further to allude
to them in this connexion. It is only the identity of phe-
nomena, of physical aspects, as actually observed, and of the
forces which have produced, and continue to produce, these
broken and revolutionary features in both the earth and
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known to exist in the interior and exterior planets, are com-
pared with facts developed by experimental physics, the law
of inverse distances will also be found as applicable to cos-
mical and celestial as to molecular and mundane phenomena.
For instance, when balloons charged with air or gases at
ocean levels are elevated, their contents expand as the balloon
recedes from the centre of gravitation, and so on indefinitely ;
that is to say, their internal property of molecular attraction,
or of condensing energy, diminishes, and that of molecular
repulsion, or of rarefying energy, increases, and new series of
phenomena become apparent. As the entire volumes of the
atmospheric and aqueous envelopes of the earth are only,
after all, cosmic conditions of matter, and would be and act
much like a comet, were they peeled from the globe and
dropped in space as an independent body, it becomes mani-
fest, from all which precedes, that this gaseous and aqueous
body would contract, that is to say, increase its own density
at perihelion, and expand and become more rare at every
successive point of its elongation. It is a prineiple, already
perhaps sufficiently referred to, that I wish to elucidate by
this illustration, in order the more firmly to establish the
theorem, that the further a mass of matter, whatever its
physical constitution or dimensions, recedes or is forced from
the central point with which it is connected, or about which
it revolves, the more its individual molecules will also recede
from each other, the rarer it will become throughont its entire
volume, and consequently the less will become its density and
specific gravity, By comparing exact physieal experiment
with approximative data attained by astronomical observation
and mathematical analysis, we find this principle to prevail
as an inflexible law from the centre to the outermost bounda-
ries of our solar system. There can be no doubt upon this
point, since Jupiter and Saturn, Earth and Mercury, all in
succession proelaim its truth ; and since comets entering and
vanishing in and out of every latitude and longitude of the
heavens—north, south, east, and west—declare it to be one
of the universal results of the union of matter and force
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stant varying dimensions (independent of terrestrial or solar
distances), however delicately micrometric observations upon
its diameters are made or accurately discussed, and a re-
markable local flatness upon its southern border once clearly
defined with different telescopes by Schroeter and his assistants,
but which distinet bend in the outline they could not discern
in the following revolution ;—all these singular facts denote
such plastic conditions of elemental constitution, that, when
considered together with its varying belts, shifting cloud-
spots, and surprising transitions of luminous intensity in
different regions, we can no longer doubt that the orb entire,
from its innermost parts to its outmost atmospheric boun-
daries, is as much under the influence of active reactionary
force—pure cosmic repulsion—as our own planet, and even
more so. The different degrees of eccentricity so remarkable
in the orbits of its satellites establish the elastic character of
the action of their central forces: and thus the evidence of
the reign of cosmical repulsion throughout both the primary
and the secondaries not only becomes probable, but positive.

23.

What we have said of the Jovian system will apply with
equal weight and significancy to the Saturnian one, In
addition to this, the rings of Saturn, so anomalous, so
wonderful, so impossible when studied in view of gravitation
alone, seem to loom from the abysms of space in the light of
our present knowledge, as if to rebuke analysts for indulging
in vagaries, wasting the powers of the caleulus upon erroneous
theories, and persistently endeavouring to establish final
truth upon insufficient causes and doubtful foundations,
The earliest opinions upon the physical constitution of these
rings were announced by Laplace, who considered them rigid,
and proved them fo be so by the severest mathematical analyses,
To aceount for the planet’s eccentrie position within 