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.

CHAPTER X
THE ATOM

THE THRESHOLD OF THE ATOM

THE primitive fictions of the ancient cosmogonies cannot
be compared with the scientific information of to-day un-
less we pause over the chief cosmological phenomenon, the
problem, that is, of the basic substance of the universe,
analytically dissociated by the ancient philosophers until
the final discovery of the atom. For that atom, which was
a figment of the imagination, suddenly presented itself as
scientific fact. We have grasped it, observed it,* measured
it, analyzed it, and dissected it in such a way as to extract
from that actually existing thing every explanation —-
whether or not possible to verify — of which it will admit.
For the future, our ideas of the structure of the Cosmos will
have a scientific basis to which physics and chemistry have
already contributed. We have caught the atom in the act,
we have captured it alive, and we find ourselves in the same
dilemma as did the man who caught the bear by the tail,
for it is harder to imagine what is beyond the atom and its
electrons than it is to take a trip to Sirius.

Is there something beyond the atom? Why not? Why
should there not be something even beyond that some-
thing? A contrary supposition would be more disconcerting,
especially at a time when people are discussing the disinte-
gration of matter. In the range of related values the very
little is at the opposite pole of the very big, so as to achieve

* ‘It seems that we have seen the atoms, since we count them,” observes
Henri Poincaré, though as yet we have seen only their wake.
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infinity in every direction. Under our eyes the atom breaks
up. The electrons revolve around their nucleus as the plan-
ets revolve around their suns. What would happen to us if
the atom, which continuously disintegrates, should give us
the slip and leave us wholly adrift? Meanwhile, we cannot
refuse to recognize this newcomer which, less secretive than
the always hypothetical ether, asks only for recognition.
The indefinite revision of our provisional truths demands
that they be subjected to successive rehandlings, the justifi-
cation of which lies in the relativity of our knowledge, in-
creased by the variable aspects of a cosmology * eternally in
formation.

The innovations of modern physics have brought about
a complete revolution, not only in physics itself, but in the
remotest regions of the whole system of knowledge. The
discovery of the X-ray by Roentgen, and of the radio-
activity of uranium by Becquerel, date only from 1896.
In the eyes of the public, wireless telegraphy and telephony
marked the entrance of the human mind into an era of
wonders. Then there soon appeared successive phenomena
which carried us at a bound to the very heart of the pro-
blem of the structure of the universe and of its movements.
Simultaneously, science and philosophy, with all their an-
cient postulates in confusion, rushed to the outposts of
knowledge, and a generation of eager investigators sud-
denly and impatiently threw themselves on the new vein in
the quarry in order to exploit it to the full measure of their
ability, even though they might go too far.

I have said that I should keep within the limits of what
the man of ordinary culture of to-day knows, and I dis-
tinctly appreciate how easily I may go beyond it. But how
can I avoid the risk, when all earlier science is suddenly
shaken from top to bottom by the discovery of movements
among the elements which require fresh explanations of
newly discovered phenomena? The majority of people

* The word ‘cosmogony' is scientifically meaningless, since it does not cor-
respond to any actual point of time. It survives such as we received it from
primitive ignorance. ‘Cosmology’ is the scientific word.



THE ATOM 5

necessarily live far from laboratories, and metaphysics has
done its best to disgust them with philosophy. However, all
the attempts at intellectual adaptation, attempts in which
empirical misconceptions make us stumble at every step,
end in reaching the common run of humanity, with its
impulsive enthusiasms struggling in the inextricable jungle
of tradition. Passive mediocrity, eager to renew the forms
in which it clothes its ignorance and resisting as long as
possible any change that is not merely verbal, awaits amid
the byways of jumbled knowledge and error the signs of a
new dispensation to come from behind those famous labora-
tory walls which conceal unknown happenings.

Nevertheless, men of science would waste themselves in
academic discussion were it not for the crowd of popularizers
who follow them.' That explains why the British Associa-
tion for the Advancement of Science, whose great merit is
universally recognized, does not disdain to address itself
once a year to the general public in order to make a scientific
communication directly to it and to keep it alert to the
rallying cries of the sentinels at the front. I have just been
reading a most effective lecture that Sir Ernest Rutherford
delivered at a public sitting of that eminent association at
Liverpool on ‘The Electrical Structure of Matter." Since
the public is interested, I no longer hesitate. 1 shall not
attempt a scientific exposition of the subject, but shall
merely outline some of the principal points.

THE ATOM TO-DAY

The atomic theory, based on a hypothetical ultimate
state of matter endowed with unknown properties, goes
back, as we know, to the first period of broad generaliza-
tion. Before meeting the atom in Leucippus, in Democritus,
and in Epicurus, we discover it in Manu — a distinguished
company. Imaginative men philosophized about the atom

* Popularization, which is of every degree of excellence, is not always justly
rated. Science has human value only through being diffused. On the other
hand, if men of science did not sometimes feel a good-natured contempt for the
vulgar crowd, they might too often allow themselves to be halted by the op-
position of the ignorant public — multifarious in its forms.
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when it was still unknown to science. Accidentally the
hypothesis finally entered the domain of established phe-
nomena. See the result. Physico-chemistry has already
seized upon the atom and defined its mass, its weight, and
its structure. From that time on, the atom ceased to be
the recalcitrant X, hidden below the residuum in the her-
metically sealed melting-pot of the universe. It is, if not
the ultimate element of the Cosmos, at least one of its
elements.

Some day perhaps, a fate identical with that of the atom
will befall the hypothesis — no less ancient, but for lack
of scientific obscrvation even to-day imaginative — of a
medium in which the atom is appointed to move. The
‘ether’ was, and for the present remains, something which
we have not yet identified, but without which, so far, no
conception of the action of energy can hold. The electro-
magnetic theory, for example, cannot dispense with the me-
dium of the so-called ether. From the beginning of time, the
particle of the atom named the electron awaited in the
outer darkness the hour which has now struck. To-day we
can venture to speak of ‘showers of clectric projectiles that
reveal atomic energy.’

In that form the hypothesis of the identity of substance,
as Democritus outlined it, seems to be confirmed, in spite
of the fact that we recognize that the atom with its electrons,
its nucleus, and its protons is made up of parts. We must
still wait. The transmutations — or disintegrations — of
uranium into radium, as well as of uranium and of radium
into helium, not to speak of the evolution of the atom dis-
covered by Sir Ernest Rutherford, open a field of experi-
ment which will doubtless require a long period before any
accurate scientific synthesis can be made.

Our observations do not indicate that the atom of any
so-called clement — lead, copper, iron, or sulphur — always
preserves its individuality. Too much still remains un-
known about the phenomena of ‘disintegration’ in radio-
active substances. The investigation of atomic weights sup-
plied chemistry with the elements of a valuable discovery,
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which experiment has confirmed, and by means of which
series of new relations among the elements were finally
classified. The comparison of atomic weights then sug-
gested that the atoms of different elements might be only
aggregates of atoms of hydrogen which represented the unit
of weight. I cannot describe in detail the series of experi-
mental tests in which scientists engaged in order to verify
that hypothesis.*

All that I can say is that the transformations of radio-
active substances seem to produce substances chemically
different in the character of their radio-active radiation.
Thus lead derived from minerals in which uranium occurs
has a lower atomic weight than ordinary lead, the supposed
end-product of the radio-active series. These are called
‘isotopic’ bodies, because they occupy the same place in
chemical classification. The word at least describes a new
state of relations. It appears that we have eight kinds of
tin, three kinds of magnesium, six kinds of mercury, etc.,
etc. The frail hypothesis of ‘clements’ is badly shaken.
Our old torch flickers out. A new star is about to rise.” Let

* The reader will find them described in an article by Charles Nordmann
(Revue des Deux Mondes, for April 15, 1924), the scientific audacity of which
takes the form of the most sweeping generalizations.

2 Qur chemistry, like our physics, is being renewed. The chemist, seeking to
isolate a limited number of elementary substances, succeeded in describing and
identifying almost ninety primary substances, or elements, strongly individual
in their physical and chemical properties, but irreducible to a single constitu-
ent. It is certain that, now that the discovery of radio-activity has confronted
us with new activities, the theory of the structure of elements must be recast.
The present classification of elements is based on the theory of isotopy, on
which at the moment scientific effort is concentrated.

Since the final product of the spontaneous disintegration of the radio-active
families is lead, we must admit that the element lead may be a mixture of two,
or of several, atomic species, identical in respect to their chemical properties,
but distinct in respect to their atomic mass. These twin species occupy the
same pigeonhole of classification; they are ‘isotopes’; that is, they are grouped
at the same point in the table.

Each atom is, as I have already said, constructed like a planetary system.
Almost the whole mass is at the center in a nucleus of prodigious density, and
positively charged with electricity. The remaining mass, which is inconsider-
able, is divided into very minute masses, which are negatively charged with
electricity, and which revolve around the central nucleus in one or more orbits.
Those minute bodies are the electrons. The total number of planetary electrons
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us open our eyes. Let us open them all the more attentively
since we meet the unexpected when we are forced to recog-
nize in the arrangement of the electrons a true planetary
system.

The discovery of radio-activity, with its three different
rays, does not permit us to rely on antiquated conceptions.
To-day we know of no less than thirty forms derived from
uranium alone. What of those atomic explosions, the pro-
portions of which baffle conception? Ray No. 1 — Alpha —
enables us to penetrate the interior of the atom, and to
examine the nucleus. It is the flash of a transmutation into
an atom of helium, with an enormous charge of energy. It
shows us, through a gas, not only the Alpha ray, but every
kind of radiation which produces ions, or any other electrified
particles. We can determine the number and the mass of
atoms and the atomic nature of electricity. We can deter-
mine the unit of charge, as well as the number of molecules,
and many other highly interesting facts.

‘The atoms are quite unsymmetrical structures in respect
to the positive and negative units contained in them.’ * The
mass of the atom is the sum of the electric masses of the
unit charges that compose it. Observation of atomic en-
counters shows that if the laws of mechanics are to apply,
the atom must be composed of a small massive nucleus that
carries a charge of positiveelectricity,and that is surrounded
by the number of negative electrons necessary to form a
neutral atom.

In a heavy atom like that of gold the radius of the nu-
cleus, which is assumed to be spherical, is less than a thou-
sandth part of the complete atom enclosed in its electrons,

is equal to the atomic number of the element. The ‘isotopes’ of any given ele-
ment have the same number of planetary electrons and consequently the same
chemical properties, since these depend on the superficial electrons. The only
difference among different isotopes of the same element lies in the internal
configuration of the central nucleus.

The theory is — and experiment in part confirms it — that we can refer all
t'l:e elements back to hydrogen and helium, the condensation of which produces
them.

1 Sir Ernest Rutherford.
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and since the outer electrons are necessarily equilibrated by
the attraction of the nucleus, their arrangement and their
movement have to be governed by its extent. Since the
physical and chemical properties of the atom are dependent
on the mass and on the motion of the outer electrons, its
properties are represented, not by its atomic weight, but by
the charge of the nucleus. By means of a series of deduc-
tions, investigators succeeded in getting an approximate
idea of the orbit of the planetary electron as it revolves
around the nucleus.

By way of illustration, Rutherford draws the following
picture of the heaviest atom, the atom of uranium:

‘At the center of the atom is a minute nucleus surrounded
by a swirling group of ninety-two electrons, all in motion in
definite orbits, and occupying but by no means filling a
volume very large compared with that of the nucleus. Some
of the electrons describe nearly circular orbits round the
nucleus; others, orbits of a more elliptical shape whose axes
rotate rapidly round the nucleus. The motion of the elec-
trons in the different groups is not necessarily confined to a
definite region of the atom, but the electrons of one¢ group
may penetrate deeply into the region mainly occupied by
another group, thus giving a type of interconnection or
coupling between the various groups.

‘The maximum speed of any electron depends on the
closeness of the approach to the nucleus, but the outermost
electron will have a minimum speed of more than one thou-
sand kilometers per second, while the innermost K electrons
have an average speed of more than one hundred and fifty
thousand kilometers per second, or half the speed of light.
When we visualize the extraordinary complexity of the

! ‘It can be asserted that the diameters of various atoms are certainly less
than a hundred thousandth — perhaps less than a millionth — of a millimetre,
and that the mass even in the case of the heaviest atoms, such, for example, as
the atom of gold, is certainly less than a hundred thousandth — perhaps than a
hundred millionth — of the trillionth part of a gram.” (Jean Perrin, Les
Atomes.)

Farther on, Perrin explains how scientists have been able to discover and to

weigh the atom of an elementary substance in nebule so distant that it takes
centuries for their light to reach us.
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electronic system, we may be surprised that it has been
possible to find any order in the apparent medley of mo-
tions." *

Throwing caution aside, the same observer writes:

‘The atomic processes involved may be so fundamental
that a complete understanding may be denied us. Itisearly
yet to be pessimistic on this question, for we may hope that
our difficulties may any day be resolved by further discover-
ies. . . . The nucleus of a heavy atom is undoubtedly a very
comphcated system, and in a sense a world of its own, little,
if at all, influenced by the ordinary physical and chemical
agencies at our command. When we consider the mass of a
nucleus compared with its volume, it seems certain that its
density is many billions of times that of our heaviest ele-
ment. Yet if we could form a magnified picture of the nu-
cleus, we should expect that it would show a discontinuous
structure, occupied but not filled by the minute building
units, the protons and electrons, in ceaseless rapid motion
controlled by their mutual forces.’

This distinguished scientist had previously said:

‘The electron is the body having the smallest mass so far
known to science. It carries in itself a negative charge
mathematically evaluated in electrostatic units. Its pre-
sence was recognized only through its rapid movement at
velocities that have been mathematically determined, with
an apparent mass in electro-magnetic units. That apparent
mass increases when the speed approximates that of light.?

. The negative ion is made up of an electron to which is
attached a group of molecules. The positive ion is made up

' As Pascal had so sagaciously predicted, we see that the marvel of our starry
vault, everywhere sown with solar systems and with nebul in every stage of
evolution, may well be surpassed by the spectacle of the atom with its per-
petually gyrating fires. The great prodigy, the secret of which we should like to
learn, lies in the correspondence between the systems at the opposite extremes
of the field of our sensation. It is an astonishing result of simplification that
some day, perhaps, our descendants will regard as the most natural of elemental
manifestations.

? Einstein’s principle of relativity maintains that light has both mass and
weight. (Jean Perrin.) And Henri Poincaré adds that mass is equally depend-
ent on direction,
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of a molecule from which an electron and the other mole-
cules attached to it have been expelled.

‘Every projected radio-active particle, on account of its
great kinetic energy, liberates a large number of ions as it
collides with the molecules of gas which lie in its path. The
method of ionization varies with the velocity, but it is cer-
tain that each projectile produces in its course many thou-
sands of ions before its movement loses its energy.’

I partly open the door of the mysterious cavern, but I do
not dare venture farther. I simply put my trust in this final
opinion of that same scientist: ‘The major part of radio-
active radiation consists of a current of electrically charged
particles discharged at high velocity. It seems most improb-
able that the particles can suddenly acquire their enormous
speed through being projected either by an internal or by
an external activity of the atom. ... Therefore, it seems
probable that the particles are not suddenly set in motion,
but escape from an atomic system, in which they are already
engaged, either in rapid oscillations, or in following an
orbital curve.’

‘Emanation,’ transformation, recognized disintegration,
and the reintegration which we suspect to exist, must in-
evitably lead us to infer repetitions about which we can
frame hypotheses to our hearts’ content. But I must set
myself some limit. Studied by Rutherford, the progressive
processes of radio-activity in the successive substances in
which they manifest themselves, show transformations of
energy that point to a unitary synthesis, of which we catcha
dim glimpse. The important point, however, is to recognize
that the material character of certain rays is established,
and that the radio-active disturbances among elements
heretofore regarded as distinct indicate successive phenom-
ena, in which simple bodies seem to contain a varied num-
ber of doubles or counterparts, while atomic disintegration
leads to new products of a provisional simplicity, which sug-
gest a further dissociation, about which it is too early to
speak. At different degrees, according to the stage of evolu-
tion, all bodies are, or probably have been at some particu-
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lar time, radio-active, and since radio-activity is accompa-
nied by heat, the problems in the field of universal vibration
assume forms before which boldness gives way to timidity,
and we grow cautious.

Rutherford, J. J. Thomson, and many others have sought
an explanation of radio-activity, but have been unable to
satisfy themselves. Thomson — a scientist of the first
rank — is obliged to state: ‘We are forced to conclude that
no particle suddenly acquired this motive energy, but that
from the start each particle was in rapid motion within the
atom, and that it was suddenly liberated at the velocity it
had previously possessed.” Rutherford reached the same
conclusion. We are faced with a huge interrogation mark as
to the majestic oscillations between the known and the un-
known amid the tumults of the inexpressible infinite. To
help us keep our patience, we are told that ‘when the series
of transformations is complete, there will probably remain
a product, or products, that will be inactive or active for
a brief period only.” The remark is an attempt to explain
the appearance of the mysterious helium as the provisional
ultimate of radio-active transformation. It is a phrase
offered as a temporary resting place for our inadequate
minds.

Rutherford’s chapters on the origin of radium, which of
course can be no more than a representation of previous
transformations, act as new vistas cut through the under-
brush of our intelligence. He tells us that a mass of radium
left undisturbed for some thousands of years will lose an
important part of its radio-activity. Does the expenditure
of matter and of energy perfectly correspond, or, to confuse
us even more, shall we discover that it is unequal? Let us
not dodge any problem. We know little or nothing of some
of the relations that exist among uranium, radium, thorium,
actinium, radon, helium, and their successive derivatives. 1
like to believe that, if man is granted a long enough life, we
shall some day be able to throw a definite light on them.

We have been told that ‘the maintenance of the heat of
the sun for a long period presents no fundamental difficulty
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if we admit that a process of disintegration, such as we find
in radio-active elements, goes on in the sun." ‘It is probable
on the whole,” Lord Kelvin calculates, ‘that the sun has
not lighted the earth for a hundred million years only. It is
almost certain that it has been lighting it for five hundred
million years.’

If, according to Jean Perrin’s hypothesis, the pre-solar
nebula was composed of hydrogen, there was produced,
‘merely by its condensation into helium, heat enough to
support the radiation of the sun for a billion years....'
‘The fact easily accounts for some millions of years of that
scarcely varying radiation of which biology supplies the
proof.” ‘If," Perrin further observes, ‘radio-active elements
are as abundant at the center of the earth as they are at its
surface, the earth would be more than a hundred times more
radio-active than it necd be to explain the preservation of its
central heat.” There is no contradiction in that; but, were
solar radiation to fail, we should none the less die of cold on
our brazier of burning coals. Mathematical calculations, or
even imagination, can postpone the end of the evolutionary
term; but that end cannot be avoided.

I can do no more than mention the theories that deal with
the evolution of matter and with the possibility of a fourth
state, which might, perhaps, be the ether. Rutherford, who
in respect to that question restricts himself to following Sir
Norman Lockyer in his ‘Inorganic Evolution,” does not
hesitate expressly to point out the possibility of a future
evolution of the atom in the far rcaches of time.

We know that the atomic unit explodes into a dust of
sub-atoms animated with clectrical energy. Scientists are
now discussing other particles that constantly travel in
an orbit. Indefinite reduction in size is harder for us to
grasp than limitless increase. But why should cosmic fact
trouble itself about the evolutionary relativity of its hu-
man product?

The ‘emanation’ of radium, become a new body under
the name of radon, is, like radium itself, progressively
destroyed. Thereupon scientists tell us that all ‘radio-
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activity is the sign of the transmutation of an atom into
one or several other atoms’ (Perrin). And again: ‘These
transmutations are discontinuous. ... They are bound
atom by atom to explode unexpectedly, and it is precisely
during the explosion that the rays pour out.” Planck’s quan-
tum theory, that is, the theory of discontinuous activity,
leads to the idea of grains of energy that in indeterminate
forms are analogous to grains of electricity, namely, elec-
trons, ions, protons, the constituents of atoms, of molecules,
and of all complex aggregates which require discontinuity
of energy if they are to correspond to a discontinuity of
substance, the activities of which are cotrdinated by the
resonance of the guanta.

If the reader who wishes intimately to follow the new
ideas cares to make the effort, he will obtain much satis-
faction from Perrin’s able studies of the atom. I have men-
tioned that the curtain of the unknown was being rent.
Better still, a dazzling system of movements appears among
the elements to awaken our wonder with a fairyland of fact
— something that was beyond the power of presumptuous
theology itself. Every one knows by what magic ruses the
divine Proteus vainly tried to escape. The persevering
Greek hero succeeded in conquering him. To man, anxious
to know, the god must yield his secret.

That secret must be sought in the inextricable complex-
ity of those collisions of vibratory waves in which we see
the phenomena of resonance, like that of the tuning fork,
multiply themselves. ‘The average energy of the oscilla-
tions," Planck tells us, ‘becomes extremely small when the
frequency becomes very great. . . ." Presumably, that oscil-
latory energy is the same as it would be if it were exclusively
maintained by the collisions of the molecules. .. and
mathematics show that the energy of each oscillator varies in
a discontinuous fashion. Planck assumed that it varied by
equal guanta in such a way that each oscillator always con-
tains its entire number of atoms of energy, or, if you prefer,
‘grains of energy.’ * Einstein, going farther, claims that ‘in

t Jean Perrin.
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a solid body each atom is urged towards the position of
equilibrium by elastic forces in such a way that, if it is
thrown a little to one side, its vibrations have a definite
period’ — whence arises the profound phenomenon of ‘uni-
versal resonance’ which constitutes the codrdination of the
Cosmos. According to Einstein, ‘even the elastic properties
of solid bodies afford a means of predicting the frequency of
the vibrations of an atom thrown out of equilibrium.’

In passing, I again call especial attention to Perrin’s chap-
ters on the discontinuity of rotary velocities and on the dis-
tribution of substance in the atom and in the molecule,
which ends in this unsatisfactory formula: ‘The smallest
velocity of stable rotation is equal to more than a thousand
million revolutions in a hundred-thousandth of a second.’ *
After that, nothing remains at present for us to do but close
our eyes and try to gather ourselves together. I can only
turn the pages in an attempt so to excite the curiosity of the
reader that he will turn to them. Perrin has written admir-
able chapters on radio-activity, on molecular structure, and
on the so-called Brownian movement of molecules. Would
that I could follow him indefinitely!

Moreover, we thus come to the threshold of the inevit-
able generalizations, which are so keenly tempting to our
culture, and which are an inextricable tangle of ignorance
and knowledge. Let us try to check audacity by prudence.
‘It follows from the remarkable labors of Sir Joseph Thom-
son,’ writes Perrin, ‘ that the atom of electricity, the existence
of which has been successfully established, is an essential con-
stituent of matter. ... Every ionization divides the atom,
on the one hand, into one or into several negative corpuscles
of insignificant mass, and on the other hand, into a positive
ion of relatively greater weight, formed from what remains
of the atom. Strictly speaking, the atom is not indivisible,
and it perhaps consists of a sort of positive sun in which its
chemical particularity resides, and around which moves a
cloud of negative planets alike in every atom....Each

* Let us not forget that the movement of the atomic projectiles is, like that of
our planets, both forward and rotary.
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radio-active element has a corresponding period, or dura-
tion, during which half its tangible mass undergoes trans-
mutation. For radium that period is approximately two
thousand years." There follows a table of various transmu-
tation periods which range from one five-hundredth of a
second to the five billion years required to transmute uran-
ium into helium.

‘Invariably,” the same writer remarks, ‘light atoms are
obtained through the disintegration of heavy atoms. ... If
the heavy atoms come into being again, the event must
take place at the center of stars, where the temperature and
the pressure, which become enormous, bring about the
reciprocal penetration of the atomic nuclei, as well as “the
absorption of energy,” or, rather, of the charges of energy.
We are obliged to admit that a projectile of helium pierces
the atoms, since the interstices cannot conform to the line of
emission. . . . A bullet traveling at a sufficiently high veloc-
ity would pass through a man without harming him. ...
The Alpha ray, before coming to rest, pierces approximately
a hundred thousand atoms of aluminium . .. the original
energy of such a projectile being more than a hundred mil-
lion times greater than that of a molecule in the usual ther-
mic agitation.’*

Shall T add that the phosphorescent scintillation of the
projectiles on surfaces that intercept them marks the
points they hit and permits us to count them, and that,
thanks to this phenomenon, we have been able to detect
their trajectories even with the naked eye? The marvel-
ous way in which the ascertained facts point in the same
direction allowed Perrin to check the observed measure-
ments one by the other, and he concludes: ‘The atomic
theory has triumphed. But as the result of that very
triumph we see whatever was definitive and absolute in the
original theory disappear. ... Atoms are not eternal and in-
divisible elements, the irreducible simplicity of which gave
a limit to the possible, and we begin to suspect that in their
unimaginable minuteness there is a prodigious swarming of

t Jean Perrin.
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new worlds. In the same way, beyond the familiar skies,
beyond those gulfs of gloom that light takes thousands of
years to traverse, the dazzled astronomer discovers pale
wisps of light, lost in space. There are immeasurably remote
‘milky ways,’ the feeble light of which reveals the throbbing
fires of millions of gigantic stars. Nature discloses the same
limitless splendor in the atom and in the nebula, and every
new means of knowledge shows her more vast, more diver-
sified, more prolific, more unexpected, more beautiful and
richer in her unfathomable immensity.’

What can I add? The temptations to seek access to the
inaccessible are infinite in number. How disconcerting to
our rigorous exactions is the idea that the remote but in-
evitable cooling of the sun is bound to arrest a human evo-
lution which, within the universal and eternal cycle the
radius of which is not to be determined, might swing full
circle to its starting point.

In conclusion, Sir Ernest Rutherford, in words the cir-
cumspection of which should be noticed, resolutely attacks
the well-known problem of the evolution of energy. Having
established the fact that in the course of the disintegration
of a gram of radium the total evolution of energy is many
millions of times greater than it is in the complete combus-
tion of an equal weight of carbon, he warns us against the
idea of any universal concentration of energy, of which
radio-activity would be the outlet. On that theory, as every
one knows, is based the dream of unmeasured forces which,
some day, we might control.

On this point the eminent scientist sets up an hypothesis
worthy of mention, because of the new ideas it suggests:
‘It is possible,’ he says, ‘that the elements uranium and
thorium are now the last survivors of a type of element
common in the remote ages when the atoms that actually
compose the planet were in process of formation. Because
of the slowness of their transformation, a certain proportion
of the atoms of uranium and of thorium formed at that
time may have survived through that long period. We
might consider that those atoms had not as yet achieved the
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cycle of change long ago completed by ordinary atoms.
They might be considered to have been kept in a state of
excitement, which prevented the nuclear units from settling
into a state of final equilibrium, and which has left them
with a surplus energy that can be liberated only in the
characteristic form of radio-activity. According to the
terms of this hypothesis, the presence of a sum of energy
ready to be set free is not necessarily a property of all atoms.
It is simply a question of a special class of atoms, called
radio-active, which have not yet reached a final equilib-
rium.’ ‘

That the atom of to-day may be different from the atom
of the past is a novel view. That the atom with its elec-
tronic system evolves can surprise no one; that it should
evolve is essential to the general order of things. The ‘final
equilibrium’ of which Rutherford speaks is simply a ques-
tion of one form of electricity ncutralized by another — a
phenomenon which, like all other phenomena, is transient.
Fruitful or barren, hypotheses of every kind at least afford us
the pleasure of knocking at the door of possibility. Science
based on observation, if it is to grow, must, like the young
bird seeking to leave its nest, take its first flutter.

That fact the lecturer recognizes not without emotion,
when he congratulates himself on having been born in an
age which permits him to be present at the birth of new
ideas. He expresses a frank wonder at the return of science
to conceptions of ‘comparative simplicity,’ only to give the
credit therefor to ‘the scientific method that underlies our
knowledge of the natural world. Experiment, controlled by
disciplined imagination, is capable of attaining results un-
equaled by the uncontrolled imagination of the greatest
natural philosopher. Experiment without imagination, and
imagination not directed by experiment, cannot achieve
progress. The happy union of those two powers is essential.
To us the unknown looks like a thick fog. If we are to
advance in that obscurity, we must not count on the aid of
supermen. Everything depends on the combined efforts of
ordinary men, animated with enthusiasm and endowed
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with scientific imagination. Each clears a path in his own
field, and the work of one affects the work of all. Then,
from time to time, there springs from the accumulation of
knowledge a blaze of ideas which lights a wide expanse, and
which reveals the reciprocal influence of all the toilers.”"

I could not resist the pleasure of quoting such noble
words in support of what I believe that I understand of the
progress of human knowledge. Inspired by a general vision
of the world, from which it is impossible to banish imagina-
tion, I try, under the guidance of our masters, to gather
disconnected heaps of scientific observations. What greater
satisfaction than to hear authoritative voices announce
the great afflux of thought by which generalizing minds are
inspired!

In every civilized country generations of able workers
march toward the conquest of the problems of the universc.
They are aided by a slowly forming state of intelligence,
capable, perhaps, of preserving man from too burdensome
misconceptions aggravated by the universal conflict of
interests. On the field of the future, 1 see a youthful band
assembling — the flower of French thinkers — who, I am
sure, will not be unworthy of their great predecessors.

THE ATOM IN THE STREAM

When the nature of the atom has been determined — if
the word is not too ambitious — we shall still be faced with
the task of relating its phenomena one to the other, in order
to fit atomic activity to the activities that precede and fol-
low it. The scientific conception of the atom was bound to
inaugurate a general revision of our scientific structure.

The relation between the atom and the molecule has a
complexity, the most elementary facts of which we are
beginning to learn. Hypotheses are never lacking, and the
fewer the observed facts, the more tempted we are to mul-
tiply conjectures. Chemists long ago sketched atomic

* Such is the deep philosophy of popularization which brings about the
assimilation of knowledge through a gift of communication not always given to
mere scientists.
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structures, and their sketches were very helpful. But, from
a sketch to a working drawing of the phenomenon that sup-
plies the conditions necessary to group and build the atoms
into a molecule, is a distance which it will take long to
travel.

If, amid the clouds of their metaphysics, theologians
could have brought themselves to submit their hypotheses
to the test of scientific knowledge, they would have been
real pioneers. As long as the atom was a mere figment of the
mind with no objective characteristic, it remained, even
though only an hypothesis, the forerunner of those hypo-
theses of the future which were waiting to exchange the
intangible prestige of mystery for the human achievement
of a fathoming of the unknown.

That day has come. The atom has withstood the glare
of the spot-light; all indications are that it will continue to
hold the stage. It was especially the magic gift of invisibil-
ity which made it and the ether quasi-divinities. Whenever
we are forced to regard as facts the qualities which we have
attributed to the ether in order to endow it with reality,
it will meet the same fate as did the atom. The hypothesis
will lose its hypothetical glory and descend to the less daz-
zling, but more solid, status of a fact which was suspected
before it was scientifically established.

From the days of Manu to those of Lucretius the atom
received every honor, except prayer, which man offers to the
divine ‘Something.” Its intangible aloofness was due to the
same reasons which prevailed in respect to Jahveh; man
made no images of it. This endowed the atom with a mysti-
cal power superior to that of the many representations of
those secondary divinities which encumber our so-called
monotheistic temples. The atom has appeared before us for
judgment, — as has been the ultimate fate of all the gods
that were, — and in our preliminary analyses we have
found it utterly different from what it was proclaimed to be.
We now count our atoms, we analyze them into active sub-
atoms, and our first studies of this new kinematics oblige us
to recast our latest theorems of the nature of energy.
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Kant arraigned the earlier conception of the atom in
his famous antinomy: ‘If matter is made up of elements,
the elements must be without extension, since otherwise
they would be divisible. If they are without extension, we
cannot admit that elements which have no extension can
collectively produce a composite which has extension. If, on
the other hand, that composite is not made up of simple
elements, it is indefinitely divisible. But there must neces-
sarily be a limit, for otherwise the infinitely small would be
zero, and we cannot conceive a composite made up of no-
thing.” That is a fine thrust, yet one not especially hard to
parry. Infinite division cannot produce zero, since it always
assumes an infinitely remaining quantity to be divided.
Of what consequence is it, then, that at any stage we
may discover a mass that, because of the imperfection of our
instruments, we can or cannot continue to divide? How
can the existence of the atom, in terms of the Cosmos, de-
pend on human inadequacy? ‘Man,’ we are told, ‘measures
all things by himself.” Indeed, to us, greatness or smallness
acquires a meaning only by comparison with ourselves. It
is time to concede to the universe something beyond human
dimensions, even if, by so doing, we feel ourselves less im-
portant.

In a very fine lecture delivered in 1912 before the Société
Frangaise de Physique, Henri Poincar¢ attacked the new
problems of the atom with the smiling sincerity of an atten-
tive observer whose bold flight, not innocent of ironic reser-
vations, sought to coordinate the facts in an all-embracing
whole and even outstripped the facts, as a mathematical
mind always seeking the absolute is prone to do.

He claims that ‘gases consist of molecules circulating in
every direction at great velocities. Their trajectories would
be rectilinear if from time to time they did not collide, or
if they did not strike the walls of the container....'* Now,
those laws are not true merely of gases. The same general
dynamic laws apply to liquids and to solids. Thus the
ordinary aspect of things is suddenly changed. A solid

* Dernidres Pensées: L'hypothése des quanta.
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becomes merely a swarm. Through flowery ways the ap-
proximately verified theory of quanta® leads us to a point
where we are confronted with moving atoms of electricity
and of magnetism, with atoms of energy, and, it has even
been said, with atoms of space and with atoms of time.
Such a formula would revolutionize our present conceptions
of the universe by basing the system on a theory of dis-
continuity. However, ‘he who first witnessed a collision,’
writes Poincaré, ‘thought he was observing a discontinuous
phenomenon; now we know that what he saw was no more
than very swift, but continuous, changes of velocity.” He
does not venture beyond that affirmation, which smacks
of hypothesis. The reader will pardon me for having led
him in such brilliant company, and with the necessary pre-
cautions against possible vertigo of incoérdination, to wit-
ness such attempts to plumb the abyss.

‘The kinetic theory of gases,” * the same writer says, ‘has
received unexpected support. New theories have been
drawn after exactly the same pattern; on the one hand,
there is the theory of solutions, and on the other hand, there
is the electronic theory of metals. The action of the mole-
cules of substances in solution, and also of the free electrons
to which the metals owe their electrical conductivity, is
similar to that of the molecules of gas within the space in
which they are enclosed. The parallel is perfect; we can
follow it even in numerical coincidences. And, by reason of
that similarity, what was doubtful has become probable.
Each of the three theories, if it stood unsupported, would
secem merely an ingenious hypothesis for which we could

* The word atom is employed here as it used to be employed; that is, in the
sense of an ultimate, and not, as it is used to-day, to express our sense of a sub-
stratum of energy. Poincaré, seeking simplified generalizations, does not hesi-
tate to adopt the formula according to which moving atoms are nothing but a
kind of electric tracks in the propagating medium of the waves to which we give
the name of ether. Without hesitation he repeats Lorentz’ dictum: ‘THEY ARE
HOLES IN THE ETHER.” No matter how I rack my brains, I cannot see how a
body can be built of holes — bound together by the tracks of moving holes.

* The kinetic theory of gases is that gases are composed of molecules which
shoot in every direction. The same thing is true of liquids and of solids, which
perpetually vibrate,
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substitute other explanations almost as plausible. But
since in each of the three cases we should have to substitute
a different explanation, the established coincidences could
no longer be attributed to anything except chance, which is
inadmissible. The three kinetic theories, on the contrary,
make the coincidences necessary. Furthermore, the theory
of solutions leads quite naturally to that of the Brownian
movement, the thermic agitation of which cannot be re-
garded as a figment of the mind, since it can actually be seen
under the microscope.” Poincaré avails himself of Perrin’s
brilliant feat in determining the number of atoms in order to
conclude that it was ‘the many cases of coincidence among
results obtained by entirely different procedures,” which
convinced him. The argument has weight.

Increasing with the rising of the temperature, molecular
agitation as recognized by the kinetic theory of gases de-
creases with the lowering of the temperature. That de-
crease is the effect of pressure, and stops (theoretically) at
absolute zero, if we set aside the case of an asymptote, which
would lead us and absolute zero itself we know not whither.
Concerning the formation and the arrangement of mole-
cules and the energy of their rotation through the effect of
collisions, I can only refer to Perrin. A group of hypotheses
and of established laws is involved, which are falling, or
which will fall, into adjustment, as verification may dictate.

I limit myself to noting the oscillation of the atoms
within the molecule. The characteristic of the Brownian
movement is that it never ceases. As to the kinetics of gascs,
which exert a pressure on every confining surface, and
which result from the collisions of molecules, Perrin says:
‘Each molecule of the air that we breathe moves with the
velocity of a rifle bullet, covers in a straight line in the in-
terval between two collisions the ten-thousandth of a milli-
meter, and is turned from its course five thousand million
times a second. There are thirty billion billion of them in a
cubic centimeter of air. It would take three million of them
set in a straight line to make a millimeter.’

These novel points of view, so far from the simplicity that
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the ancient doctrine of the atom sought to establish, make
the modern atom unfathomable in its complexity. Each
new discovery of physics reveals a new complication of the
atom. It requires only a correct statement of the problem
to make us understand that the facts cannot be otherwise.

Is, then, radio-activity merely the splitting up of the
atom into smaller atoms, which are negative electrons
gravitating like plancts around a big positive nucleus
that in the atomic system corresponds to our sun? The
fact seems not to be disputed. The mutual attraction of
positive and negative electricity makes the system cohere,
and governs its periods, etc. In addition, we meet electrons
wandering by themselves as the comets wander from one
stellar system to another and perhaps establishing among
distant systems a free exchange of ‘energy.” They obey, we
are told, the same kinetic laws that are obeyed by the ever-
moving gaseous molecules, which, because they are always
moving, make metals conductors of electricity.

After the so-called atom of electricity came the ‘mag-
neton' of Pierre Weiss, or the atom of magnetism, which
was discovered by observing magnetic bodies and studying
the spectrum of simple substances. We saw the lines of the
spectrum gather into series, each of which obeyed laws that
related them to musical harmonics. . . . Thereupon Poincaré
imperturbably pursued his argument: ‘How is it that the
atoms of hydrogen can show many lines in the spectrum?
The reason is that many atoms of hydrogen differ from one
another in the number of electrons contained in them, and
that each of these varietics of atoms shows a different
line . .. a magneton may be said to be a whirlpool of elec-
trons, and, suddenly, our atom becomes more complicated
than ever.’

The reader will excuse me if I do not go so far as the mas-
ter who, plunging deeper and deeper into the problems of
the internal thermo-dynamics of the atom, avers that ‘the
atom has no tendency to conform to the exterior tempera-
ture.’

Like Christopher Columbus in his stout caravel, this
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scientist sails the waves of successive hypotheses toward the
far-off horizons of the unknown. Like the great native of
Genoa, supported by his unshakable courage, he is not
daunted, but enraptured by the mathematical hypothesis.
The law of large numbers, the calculus of probability, the
‘a priort probability’ of the transformations of the atom,
cause him peculiar pleasure, in which his love of the mathe-
matics of probability delights.*

If there were an element of chance in the world, its laws
would be without harmony. But, since the word signifies
nothing more than a shortcoming of our intelligence, it con-
sequently behooves us to understand what Poincaré tries to
express, when he says that ‘the atom of a radio-active sub-
stance is a universe, and, moreover, a universe subject to
chance.” That can be nothing but an avowal of human ig-
norance before an apparent lack of coérdination as yet in-
adequately explained. There is nothing new in the situa-
tion. How many recent explanations are little more than
fresh paint on old faces! Chance has no place in our relative
knowledge of the universe. Some things we know ; some we
do not.

Furthermore, because the atom in its transmutations
seems to ignore the outside world, some persons have con-
cluded that ‘the universe of the atom is a closed universe,
or, at least, one that is almost closed.” Can any one then for-
get that we know nothing of the universe except that its
activities are interdependent? If we are not always in a
position to determine what the links among those activities
are, how can we say that they are non-existent, or nearly
so? The way in which Poincaré ultimately develops his
thought can change nothing. I leave to his genius the equi-
partition of energy and the still new quantum theory. He
sums up his conclusion in these modest words: ‘ In the actual
state of science, we can merely set forth these difficulties

* An interesting problem is whether we could not construct a scientific edifice
solely with the help of the calculus of probabilities. By that path the unhappy
Pascal found himself led to the argument of the ‘bet’ for his Divinity. I shall

be excused if I prefer the broad avenue of observation and refuse to let myself
be turned from it by the will-o’-the-wisps of a risky probabilism.
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without offering any solution.” Such, as a matter of fact,
has been, still is, and always will be the first provisional re-
sult of every attempt at knowledge. Theology and meta-
physics find in the result something flattering to their van-
ity. And in that respect theologians and metaphysicians are
decidedly childish, for we none the less succeed in reaching
experimental proof, whereas they soar above the earth to
no better purpose than turning useless somersaults like
tumbler-pigeons, and to no other advantage than that of
marking the ordered transitions from one state of ‘disorder’
to another.

AT THE HEART OF MOTION

We have not as yet been able to observe the formation of
the atomic groups which we name molecules, and which
owe their special character to their oscillations. We find
ourselves, however, on the threshold of a molecular theory
which will determine the structure of matter according to
combinations of movement. In its three states — solid,
liquid, and gaseous — discontinuous matter seems to be an
agglomeration of molecules, the movement of which gives
an appearance of continuity.® The molecules of solids are
supposed merely to oscillate about equilibrium positions.
In liquids, there is a wider range of sliding molecular move-
ment. The volume is approximately constant, but the form,
unlike the form in the case of solids, is variable. In the
gases, cohesion becomes very weak, and the molecules,
moving in straight lines, incessantly collide and either strike
against any retaining surface or become diffused. The laws
of their cohesion are unknown to us. All that we know is
that those laws determine the degree of condensation, or of
rarefication. The guantum theory, now in great favor, would
have it that molecular energy can travel only by bounds
repeated according to an established quantum.

* In that case, what are the intervals, and how is action at a distance exer-
cised? We invoke the elastic ether, by means of which discontinuity becomes
discontinuous continuity or, if you prefer, alternate continuity. Many ques-
tions remain unanswered.
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How can we connect the recognized activity of the atom
both with the general activities that spring from it and
with the activities that determined it? We must not expect
a recent discovery to produce any prompt crop of verified
observations. Following the second principle of thermo-
dynamics, the so-called principle of Carnot, scientists have
found it simpler to announce the disintegration of matter.
And when the universe has been brought to ‘thermic
death,’ we may as well pronounce the funeral oration of that
energy which, implacable metaphysics notwithstanding, we
have not been able, to this day, to separate from matter.
One innovator has humorously referred to such theorizing
as ‘altitude sports.” Although I may accept my personal
death in good part, I resign myself less easily to the death of
the universe, because, in contradiction to everything that
we can conceive, to assume the death of the universe is to
assume that cosmic evolution is to stop. This supposition
every accepted assumption of our scientific knowledge dis-
putes. It is denied even by that hypothetical entropy, which
I decline to accept because it implies an unknown form of
cosmic disappearance in which, as I have already said, I can
discover nothing except insufficient observation. Let us,
therefore, forget our recent alarm, and give to such all-
embracing problems the time needed for coordination.

To intrude upon the royal isolation of the old atom, and
to recognize in it an aggregation of unexpected functions,
required important discoveries which upset all our former
‘conceptions of the physics of the universe. Scientifically
observed phenomena have exacted new explanations, and if
many of those explanations require reshaping, — which is
the very condition of our knowledge, — we should not greet
them with a mescio vos. Such a denial is no longer in har-
mony with the times.

I take the latest conquests of knowledge as I find them.
The reader has been able to form a summary opinion thereof
from my quotations from Rutherford, Perrin, and Poincaré.
No one has the right to disregard the now universally ac-
cepted knowledge of the physical universe any more than he
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has a right off-hand to decline to consider the bold explana-
tions of these new scientific phenomena. No scientific
novelty in history has so greatly troubled the inherited
conservatism of obstinately closed minds.

The discovery of radium and of the continuous bombard-
ment of its igneous corpuscles® has so stirred a public
distinguished for its cultivated ignorance that it is not
surprising if some alteration in the scientific conceptions of
our physics has resulted. Thanks to the atavism of the
average man, always in love with a chimerical fixity, in-
herited timidity (conspicuously a trait of religious people)
checks an over-lively enthusiasm for new explanations.

Especially in the field of language, nothing embarrasses
us more than the obligation laid on the innovator to express
new ideas with old words the regular sense of which is forced
to undergo the wrenching of an outworn phraseology. On
the other hand, new expressions are perhaps fully as danger-
ous, for, under the stress of premature and scientifically un-
tested notions they are subject to every kind of distortion.

In view of that unexpected phenomenon of electronic
dissociation, over which a century or two of experiment may
profitably pass, I am careful not to inquire too closely into
the ultimate nature of the atom. Since we must recognize
that the most exact observations lead us to electronic disso-
ciation, let us regard the theory as established. But does
that imply that the conclusions drawn from it need not be
verified? Some persons claim that they have already been
verified. Let them be further verified. The observer who
always warns us against certain phases of the unknown
must appraise at its true value the collaboration of succes-
sive centuries, equipped with all the means of investigation.

We should always guard against the constant errors into
which words lead us, especially when we extend their

' ‘The most powerful of modern laboratory equipment, the highest tempera-
tures, the most intense cold, the greatest pressures, the most powerful chemicals
or explosives or electric currents in no way affect either the radio-activity or the
speed of radium. ..." ‘The energy of a radio-active atom is two hundred and

fifty thousand times greater than that of any other known atom.’ (Radsum,
by Soddy.)
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meaning in ways not always necessary, or even justified.
How, for example, can I help being shocked when I hear Le
Bon talk, as if it were something quite simple, of the
‘dematerialization of matter'? Here, as Falstaff said, discre-
tion is the better part of valor. We can never sufhciently
mistrust absolute statements in respect to relative matters.
Although the atom used to be regarded as the ultimate
form of matter, we now discover around its nucleus a group
of negatively electrified corpuscles in course of dissocia-
tion. Radio-activity, which Le Bon considers to be a pro-
perty common to all substances, is, in the case of radium,
uranium, actinium, thorium, etc., a bombardment of tiny
atoms, having a velocity of the same order as that of light,
and producing definite effects on the bodies with which they
come into contact. The radio-active rays pass through solid
bodies; they give off heat and light, and set into action other
phenomena which we see, but which we cannot always de-
fine. On the strength of this fact matter is said to ‘disap-
pear’ and, we are gravely told, to have been ‘dematerial-
ized." This would make our ancient creation reversible.
Does a metaphysics of science drive us so far back along the
road to chaos? Is there nothing beyond the electron? That
is so far from the truth that impulsive generalizers willingly
transmute dissociated matter into ether, that is, into some-
thing which is as yet unknown, but which, nevertheless,
may be real.*
From the scientific point of view, the experiments made
- on the rays emitted by radio-active substances gave Ruther-
ford his nuclear theory of the atom; namely, the decomposi-
tion of the old unit of volume through the action of a
nucleus positively charged with electricity. It is admitted
that a variable number of negative electrons gravitate
around the nucleus in fixed orbits, and that their gyrational
* For my part I incline toward that view. The ether is an integral part of our
knowledge, in spite of having so far escaped the tests of observation. Now,
having reached the end of our experimental knowledge of relationships, we are
suddenly required to take the blind hurdle of an apparent ‘dematerialization.’

Among known and unknown cosmic transformations, why should there not be a
fourth state of matter, and even many more than four?
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velocity may wholly or partly liberate them from those
laws of weight in which, under conditions unknown to us,
the action of physical cohesion and of chemical affinity
has its source. The number of negative electrons must be
great enough to neutralize the positive charge of the nucleus.
As in chemistry, we start from the atom of hydrogen —
the lightest and the simplest of all — which consists of one
electron only, gravitating around a nucleus of an equal and
contrary charge, but having in comparison a very consider-
able mass. I will merely mention the curious theory of the
formation and reintegration of the atom by the capture of
electrons. In respect to that theory, we are in the halcyon
days when hypotheses run riot. Some of them may, per-
haps, produce results.!

It is not casy for an ordinary man to find his way about
in this confusion. It is true that we hear of a titanic intra-
atomic energy, accumulated to an incalculable amount in
the depths of the atom and ready to hurl forth its flaming
corpuscles at a velocity of a hundred thousand kilometers a
second. For what statements and predictions that remark
is responsible! The incessant giving off of so-called ‘intra-
atomic’ energy has been compared to the energy generated
by the simultaneous explosion of the elements of a grain of
powder. To be sure, those are two examples of the libera-
tion of energy, but what of it? We are only on the threshold
of the new phenomena, which have not exhausted the sur-
prises they have in store for us. The greatest accumulation
of energy in the smallest particle of matter seems, indeed,
to be a fact based on observation, but that observation must
be verified through a great amount of labor and during a
great space of time.?

' I recommend any one who cares to go deeply into the study of these pro-
blems, to read three lectures by Niels Bohr, published in one volume, entitled:
‘The Theory of Spectra and the Atomic Constitution.’ In concluding his first
lecture, Bohr declares that he wished to create in his listeners the impression
that in time it will be possible to discover a certain coherence among the new
ideas. At the point we have now reached, the realization of that hope is no
longer in doubt.

3 Similarly, I have expressed my suspicion of the famous distinction between
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I have been obliged to recognize that the atom of to-day
is not the atom of yesterday. What will the atom of to-
morrow be? At present, the atom is beginning slightly to
draw aside its veils. Some day, perhaps, the future atom
will be revealed in the brightest light. Meanwhile, it may be
wise not to take too much for granted.

As a result of the quantum theory, and in agreement with
the idea of ‘an atom of space,’ some persons speak of ‘an
atom of time,’ and ‘an atom of energy.’” To cap the climax
we are now suddenly told of the ‘dematerialization of mat-
ter,” which would lead us to ‘thermic death’ if we did not
take the opportunity to ‘materialize energy.’ As long as I
live I want to keep a bit of earth under my feet. For that
purpose, I see nothing like clinging to the atom of to-day,
such 'as we know it. As yet we cannot say that we have
seen it, but we understand it to the extent that we can
measure its nucleus and count the individual atoms in
their usual motions. The modern atom is quite a different
thing from the respectable old atom on which man based
everything, and of which for that very reason he knew
nothing.

To-day we know too much about the atom to resist the
desire to say something about it. But it should be under-
stood that the atom is neither the beginning nor the end of
anything. It can be nothing but a transition (as is indi-
cated by the admitted activity of its elements), in which, for
lack of sufficient experimentation scientists have bumped
their heads against a fantastic wall of ‘degradation,’ which
represents nothing more than the result of exhausted imag-
inations.

By a surer method Rutherford explains the long evolu-
tion of the atom. And, if we were allowed to compare the
various atoms of our actual planet with the atoms existing
the ponderable and the imponderable — a distinction that might be taken to
imply an imaginary destruction of matter which no one dares to state in ex-
press terms. The word ‘imponderable’ can but emphasize, by its sterile nega-
tion, the inadequacy of our means of observation. The law of gravitation is not

so easily managed — especially since the relativity of Einstein has opened for
us new horizons on the relations between velocity and mass.



32 IN THE EVENING OF MY THOUGHT

at various evolutionary stages of the nebula, we should un-
doubtedly be less quick to generalize about what we know,
and about what we do not know.

We keep repeating that the atom and its electrons re-
volving in their orbits constitute a veritable solar system.
The comparison was unexpected. But what deep signifi-
cance may it not acquire if the organic bond between the
atom and the solar system should happen to be discovered?
Celestial mechanics, which is definitely recognized, implies a
universal mechanics. Enormous masses, separated from us
by bewildering distances, attract, or seem to attract, one
another inversely as the square of the distance. Our sight,
made more powerful by our own skill, discovers at the other
extreme of the mystery, ‘infinitely small masses named
atoms progressing at distances that in relation to their size
are no less enormous than those of the stars, and describing
orbits in accordance with regular laws.” These are atoms.
Like the real stars, they attract or repel one another, and
that attraction or that repulsion, governed by the law com-
mon to both, depends solely on distance. ‘The law by
which this force varies as a function of the distance is not,
perhaps, the law of Newton, but it is analogous to it.”* On
the forms and degrees of that analogy depends the whole
variety of the phenomena of the universe.

The atom, indifferent to the contempt of metaphysics
and of theology, as well as to the glorification of natural
philosophy, and become the god of the atheist in the col-
lapse of Hellenistic polytheism, was offered to us as the key
and the passport to the universe. That distinction it must
resign. In the atom Pascal saw the pleasing vision of an
identical formula for the activity of the infinitely large and
of the infinitely small. That vision the electrons, rotating
around the atomic nucleus, seem to make real. The atom
has even had the glory of being blasphemed.?

* La Valeur de la science, Henri Poincaré.

* ‘Some persons,” Bergson calmly writes, ‘see the universe as a heap of mat-
ter, which imagination resolves into molecules and atoms. Nothing is more
problematical than the existence of the atom.’ (Données smmédiates de la con-
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The sanctuary of the atom, though not inaccessible, like
that of Jahveh, is still strongly barricaded. The cave of the
Cumaan Sibyl remains untenanted. The atom, which,
unlike the Sibyl, cannot utter the last word about any-
thing, merely shows us new phenomena that (with or with-
out the permission of metaphysicians) are linked up with
the cosmic system. Instead of being found at the root of
things, it simply supplies us with the vision of a phenom-
enon among phenomena, and when we shall have clearly
explained the consequent phenomenon, still another phe-
nomenon will be patiently waiting in the antechambers of
our knowledge until the door of the unknown opens at our
knocking.

The task is not to make of the atom a Holy of Holies,
the archetype of the world, the ultimate term of things, be-
yond which there is nothing. Nor is there, furthermore, any
reason for setting up as sovereign of the Cosmos the meta-
physical entity of an intra-atomic energy supposed to be a
synthesis of all the others. Knowing too much, like the
theologian, or never enough, like the scientist himself, are
after all only two different forms, two different avowals, of
the limit that relativity imposes. The seeker for absolute
truth, condemned to struggle within the limits of his rela-
tivity, vainly pursues the ‘last word’ which a formula of
infinity, lying beyond the scope of his intelligence, would
supply.

Thus the word atom has seemed to too many persons to
imply that science has reached a blind alley through its in-
ability to go farther. That is what Vedism hinted at when
it proclaimed that no one could say more of Universal
Existence than that it is ‘not this, and not that,’ and that
no one would ever be in a position to say what it is. The
infinitely big and the infinitely little are all one. Consult
Pascal. ‘Whirlpool of stars or of atoms — we are as soon

science.) If the molecules, the presence of which the Brownian movement re-

veals to us, and Sir Ernest Rutherford’s atoms talk together in the bosom of the

:l::‘ula, I hope they are better informed of Bergson's existence than he is of
irs!
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lost in one as in the other.’ I have no other explanation of
the world than this expression of human limitation: ‘Such
it is.” Atomic energy conceals no more secrets than does
any other manifestation of energy. I can see no higher
purpose in life than seeking to recognize the interlocking
forms of that which is, as determined by their shifting rela-
tionships. Imagination takes the rest for its share. Even so,
it must adapt itself to our ‘realities.’®

So it happened that the atom of yesterday, unable to
claim any connection with science, was a brilliant philo-
sophical prophecy. All antiquity agreed in recognizing in it
a high speculative value. Natural philosophy imagined it,
because it was needed as a hypothetical ultimate, and, as
chance would have it, the atom was no sooner imagined
than it appeared, no longer as the corner-stone of the
structure of the universe, but as carrying that structure to
new depths. Indeed, we may speculate whether, somewhere
in the cosmic nest of boxes, our atomic solar system may not
in its turn have a remote sub-nucleus around which gravi-
tate sub-electrons, new cosmic elements into which series of
intra-atomic solar sub-systems may fit indefinitely.

That seems hard to understand, but the stellar monsters,
compared with which our sun is of imperceptible impor-
tance, make it clear that there are no directions or dimen-
sions in which to plumb infinity. The two infinities of
Pascal — which are but one — merely represent the win-
dows through which our subjectivity looks toward the un-
known. What do we know of any ultra-gaseous state of the
substratum in the nebula or even in the sun? It would not
be fitting to be too exacting about hypotheses regarding
states of matter, since we admit the hypothetical ether,
halfway between that which is and that which may not be.
Before we had discovered the dynamics of the atom, its
mass and its weight were currently discounted in modern

* I hope no one will class me as an ‘agnostic ’ merely because I recognize that
man cannot know everything. We can know, that is, classify, changes of rela-
tion. ‘We think in terms of relations,’ Herbert Spencer declares. Theology and
metaphysics cannot be, and are not, anything more than the presumptuous
clamor of abject ignorance.
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chemistry, which even suggested an architecture of the
atom, the specifications of which were subsequently to be
adjusted to observed phenomena. Indeed, if the action
of the ether has been theoretically admitted, direct observa-
tion will have its day, as happened in the case of Neptune,
the existence of which was determined before the planet
itself was seen. From that event, if it should occur, new
light will be thrown upon the exact nature of the atom.
Our fathers bequeathed us surprises, and we shall bequeath
others to our sons.

MATTER, ENERGY

Where then do we stand in respect to the problem of
matter and of energy? With a phraseology that under
changing forms always dealt with entities, we stood even
yesterday at the same point as the ancient philosophers.
We kept, and we still keep two words — ‘matter’ and
‘energy’ — which seem to us to correspond to distinct
aspects of phenomenology, and we do not conceive that
it is possible to give them up.

Something exists. For us anything which resists us, or
which strikes against us, is matter; and since we see it now
apparently motionless and now moving, we imagine that it
is moved by another something which we name divinity,
genius, spirit, soul, force or energy. That stroke of analysis,
with the dangerous help of the verbal mechanism of realized
abstraction, has sufficed us to this day, and we have gone no
farther than the verbal distinction between a substratum,
theoretically assumed to be inert, and a force, abstractly
conceived, which puts it into motion. The notion of some-
thing automotive, in which matter and energy cannot be
objectively distinguished, seems to-day to be upsetting the
metaphysical idea based on a merely verbal separation of
two aspects of elementary activity and taking its rightful
place as a conception having a basis in fact. Energy was
supposed to have the duty of vitalizing matter, the business
of which was ‘to give real existence to energy.” That looked
well enough in the professorial chair, but it ended in the
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blind alley of the antinomy of the immobile in movement,
not to speak of the dematerialization of matter, of thermic
death, of entropy, and of I know not how many other mon-
sters before which the imagination recoils in horror.

Science has necessarily tended to make energy impersonal.
However, even to this day, it has left it the value of a
metaphysical entity. But when we try to follow it in its
manceuvres, it vanishes before our eyes. Some people say
that ‘the mass of the electron is nil." Apparently that re-
mark means that the mass reaches a point at which we can
no longer distinguish it, and that, according to the principle
of Carnot, the atom, reduced to being no more than ‘a hole
in the ether,’ is about to be dissipated in the course of the
dematerialization of that hole, or in other words, in the
thermic death reached through entropy. Is it not evident
that the new interpretations do not sufficiently coincide
with the facts at present known to science? It would be
miraculous if it were otherwise.

I do not purpose to go farther into the matter than the
masters of modern science, who, making no secret of their
perplexity, publicly clash hypothesis against hypothesis
in the grim hope of striking therefrom some sparks of know-
ledge. Thus, we have already seen the atomic unit break up
into other forms, electron, proton, and nucleus, only to pro-
gress towards new states of cosmic activity. We can even
establish the great density of the nucleus, from which we can
sometimes extract hydrogen, etc. As for the ether, it rests
even now, as used to be the case with the atom, on logic, and
for that reason we should at least accept it provisionally as
the ¥ by means of which we may some day succeed in co-
ordinating new scientific discoveries.

Doubtless, metaphysicians ridicule us for basing a scien-
tific doctrine on an element that has not been actually
observed. The taunt would not be without importance if
our experimental knowledge were anything but fragments
obtained through observation and then inductively bound
together. Have we not admitted our insufficiency? When I
show that I have observed well on one point, why should
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any one be astonished that I have not yet sufficiently ob-
served on some other point? And why should any one, tak-
ing his text from the fact that I do not know everything,
proclaim that I know nothing? Such is the easy artifice of
the man who pretends to know everything before he has
learned anything, and who cannot succeed in reconciling
what he has himself inevitably experienced with the ‘sci-
ence’ which he owes to his imagination.

Since the mechanism of the stars coincides with the
mechanism of the planets, and since the mechanism of the
planets coincides with the mechanism of the electrons, as
experiment leads us to believe, we come to the conception
of the identity of substance and of energy throughout time
and space. The Cosmos can be no more than an eternal
electronic phenomenon, the radiations of which, reflected
on our sensitive surfaces as on a mirror, give our senses the
opportunity to objectify them.

We were in search of a body that we could regard as the
basic element of the world when suddenly the atom revealed
itself as a system of bodies (?), each carrying an electric
charge that, like the rotary movement of the planets around
our sun, drives it into rotary movement around a nucleus.
The only other thing we lack is a Newton who shall so
extend the laws of gravitation that they will apply directly
to the nucleus of the atom. Even now scientists are trying
to show us the atomic bombardment throwing off electrons
and ions into lines of forming molecules with a velocity *
of which the Brownian movement is the repercussion. Since
all the vibratory waves of the Cosmos are universally in-
terdependent, it clearly follows that the atomic system is in
strict correlation with the cosmic system into which it is
fitted. The laboratories are at work, and it is already some-
thing gained that hypotheses are formulated even at the
risk of having to be abandoned.

At this point, we encounter the problem of action from
a distance, which, we are told, we must give up. Is, or

* The velocity is a thousand times the velocity of the planets, which move at
a rate varying from sixty to a hundred kilometers a second.
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is not, matter continuous; that is the question in its stark
simplicity. The elastic ether, penetrating all bodies, assures
the continuity of matter. However, if there are electrons
in the ether, even though they are holes, they need space in
which to perform their evolutions, and since, on the other
hand, action at a distance seems to raise insoluble pro-
blems, the conflict goes on between atomism and etherism,
between automatic mechanism and absolute continuism.
Poincaré declares that the debate will never end.

Who knows? Like the atom, which was only a word until
the discovery of radium, the ether may be the solution of
our difficulty. Like the atom, it will perhaps have its day.
However, atoms, which are separated from one another by
a thousandth millionth part of a millimeter, are still apart,
since they do not touch, and action from a distance remains
as yet a formula based on no objective fact. Obviously, if
the atom continues to be nothing but a hole, the ether must
find it hard to establish the continuity of matter so as to
assure the communication of energy. Even now we hear of
matter that is still more subtle than ether, and there is no
reason why ether should not exist at different degrees of
condensation. In any case, we must ultimately come face
to face with the action of the space or substance in which
bodies exist.

The kinetic theory of gases, which leads us to the kinetic
theory of liquids and even of solids, deals with swarms of
molecules involved on all sides in successive and unending
collisions. ‘Thus,” Poincaré tells us, ‘the molecules ex-
change velocities with one another, until they reach an
average distribution of velocities which they maintain in-
definitely.’ * That smacks of a reconciliation of thermic
death with motion.

Before the movements of molecules come the movements
of atoms. Perrin can tell us how many atoms there are in a
gram of hydrogen: six hundred and eighty-three thousand
billions of billions. A different method of counting gives us a
figure of six hundred and fifty thousand billions of billions,

3 Les Conceptions nouvelles de la matsdre.
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and still other methods lead to a similar result. I will not
elaborate on the importance of those remarkable coinci-
dences. So far as the movements of atoms are concerned, we
can follow the spark of the atoms of helium as it separates
from radium.

Poincaré draws the picture of a giant approaching us
from the depths of the celestial abyss. Coming into the
light of our Milky Way, he sees, even as he asks himself
whether this luminous cloud is formed of atoms or of con-
tinuous matter, myriads of solar systems and believes he
has found the atoms he seeks. Not at all. They are in-
numerable suns, the centers of planetary systems; that is,
his immense telescope shows him identically the same spec-
tacle that our microscope shows us when we examine the
atomic suns and planets in revolutions similar to all cosmic
revolutions. Around the central nucleus, the electrons de-
scribe their orbits in the same fashion as do the planets.
‘All ionization,’ writes Perrin, ‘divides the atom, on the one
hand, into one or into several negative corpuscles of insig-
nificant size,* and, on the other, into a positive ion of rela-
tively great weight, formed of the remainder of the atom.
The atom, therefore, is not indivisible in the strict sense of
the word and perhaps consists of a kind of positive sun —
a nucleus with a permanent electrical charge — around
which circles a swarm of negative planets which are the
same in all atoms.’

After the fragments of the exploded atom have become
new atoms, we can measure, not only their enormous veloc-
ity, but the ratio of their electric charge to their mass, since
they are charged with negative electricity for the electron
and with positive electricity for the nucleus. We may thus
be said simultaneously to attain the extreme division both
of matter and of energy. The electron may be regarded as
an atom of electricity.? ‘We cannot,’ Perrin goes on, ‘con-

* The mass of an electron is eighteen hundred and fifty times smaller than
the mass of an atom of hydrogen.

* The ionized molecule of gas, that is, a molecule which has become the con-

ductor of an electric current, is supposed to be separated into two parts, re-
spectively positive and negative, which constitute the ions and the electrons.



40 IN THE EVENING OF MY THOUGHT

sider an electron independently of the negative charge it
carries. It is inseparable from that charge; it is constituted
by that charge’ — which is equivalent to saying, if I really
understand it, that matter and energy can be considered
independently of each other without falling into quanti-
tative correspondences. We approach the guantum theory
that, with its grains of electricity, and with its grains of
light, may thus temporarily be regarded as the possibly
ultimate formula of individuation.

No one explains how those charges are placed in the
atom or how they are discharged. 1 am not surprised at
the omission, since it involves nothing less than the almost
insoluble question of the ultimate relation between matter
and energy. The word ‘charge’ is a metaphor intended to
express a phase of phenomenology of which we are ignorant.

On the whole, the atomic structure of electricity can be
regarded as established. In the same way, light is cor-
puscular, even while it remains undulatory. ‘These grains,
these projectiles of light, that we name photons,” Perrin
tells us, ‘can, like the atoms of electricity, transmit their
energy to matter.’* And Langevin comes nearer still
to identifying the two terms when he proves that light has
weight.? In the same way, in Einstein’s theory of special
relativity, we are told that energy has mass and weight.
If ‘matter’ is transformed when it gives off ‘energy,’ it
must simultaneously lose mass, which takes flight along with
the light emitted through the radiation of materialized

energy.

! This is almost an identification of matter with energy.

2 As a matter of fact, experiments in radio-activity prove that the atom of
helium is formed by the agglomeration of four atoms of hydrogen. The atomic
weight of those gases should therefore be, according to Lavoisier, as I to 4.
Experiments now prove that they are as 1 to 3.96, the loss in mass, .04, cor-
responding to the energy that causes the transmutation of hydrogen into
helium. The quantity seems insignificant. Perrin, nevertheless, sees in that
release of energy something to explain the origin of solar heat and the develop-
ment of that heat during one hundred thousand million years. Although the
phenomenon is of a different order, we cannot help noticing the variability of
the mass (in spite of Lavoisier), when we compare the diminution of the mass
through radiation with the increase of that same mass when we give it a
greater and greater velocity (the Lorentz-Einstein formula).
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‘Proton is the name given to the nucleus of hydrogen,
which with the electron suffices to make all nuclei. ...
Electrons and protons, which are very different in mass, are
the ultimate constituents of all matter. Having arrived at
that point, we may perhaps wisely reserve some part of
the unknown for the future.”* There can be no argument
about that.

Finally, I ought to call attention to Perrin's impressive
hypothesis, according to which the death and the birth
of atoms may be supposed to follow in an order sufficiently
definite to permit the regeneration of an atom of original
hydrogen through the collision of an electron with a pro-
ton. ‘You can see,’ says that eminent physicist, ‘how I
think it necessary to interpret the remarkable experiments
in which Rutherford succeeded in extracting hydrogen
from various nuclei. I think that those experiments do
not, as he has assured us, comport with any disintegra-
tion of atoms, but that, on the contrary, they are the
first examples of an integration of atoms, with a total
release of energy in excess of the energy supplied.. ..
Thus, as on a much more modest scale we do in burning
charcoal, we should be hastening, to our own advantage,
the formation of heavy atoms at the expense of the light
atoms still existing on our earth. Compared with that
discovery, the discovery of fire may be considered as a small
matter in the history of humanity.’ And farther on he adds:
‘In any case, we have rcached a new conception of the
evolution of the universe. The universe may be supposed
- to have been formed of hydrogen, rarefied to an amaz-
ing degree. During highly unequal periods of duration . . .
that matter slowly agglomerated into huge pre-galactic
clouds. In each cloud the hydrogen gathered into nebule
and then, as fast as the heavy atoms formed, into the suns
that make up the “milky way.” That condensation into
ultimately extinguished suns made of heavier and heavier
atoms may have extended, or may extend, over some trillions
of years.’

! Jean Perrin, Les Atomes.
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The reader will understand why I refrain from comment
on such a point. After having listened to Perrin, we should
be allowed time in which to catch our breath — a process
all the more needful since all of a sudden disintegration of
matter is finally converted into integration. Any one can
foresee the fate of entropy.

Can we, then, regard it as finally settled that the atom is
not a substance? Complicated calculations show that its
mass is nil. Therefore, it may be said to be nothing but an
electro-magnetic appearance provoked by a shift of posi-
tion of the electric charge in the surrounding ether. La-
voisier had ‘demonstrated’ the invariability of mass. It is
now admitted that the mass increases with the velocity,
at the expense of the continuous medium which the ether
supplies. As ether is not as yet visible under the lens of
the ultra-microscope, we do not even to-day know its
reactions.

Accordingly, as happens in every investigation, all that
we know of matter and energy reduces itself to a group of
verified observations and of hypotheses — sometimes con-
tradictory — which require verification. The fact may
shock the masters of the absolute, but for us simple mortals
it is precisely that group of positive explanations which,
carried to the point at which doubt begins, makes the
value of our knowledge.

To-day, the irrepressible development of our minds, to-
gether with the exhaustion of abstract scholasticism at a
time when scientific observation boldly takes its place in
the front line of the battle for the improvement of know-
ledge, brings us back to a problem that, though new in
form, is the old one of substance and force, always de-
bated, but never solved. Even if that problem were in-
soluble by man, we could not worthily decline a debate
in the depths of which something may be hidden that
\».rill partly supply a never superfluous intellectual allevia-
tion.

No proposition made by man, no matter what it is,
can be dogmatically denied, still less imposed. In the
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field of positive science, who can tell the decisive value
for the future of a well-placed yes or no? Partial victories
may prepare partial defeats, and vice versa. The quarrels
of scholasticism seem futile to us to-day because our
lives assume different intellectual and emotional forms.
The query whether categories or species were nominal
or real no longer raises the passions of the multitude, or
even of the élite. It is no less true that the question what
is fundamental is logically implicit in it, and that in the
crises of life and death the greatest minds bring to it the
most intense passions of humanity. The world has changed,
has ‘evolved.” Owing to laborious research, which will con-
tinue as long as we live, the same fundamental questions, as
modified by new knowledge, present themselves for debate
in forms which indicate that we have made considerable pro-
gress toward the conquest of the unknown.

Metaphysics will never produce anything but tautological
verbiage, for entities are only a repetition of the problem,
which they dismiss, but do not solve. Therefore, we must
always turn to scientific observation, if we are to discipline
thought. Since our knowledge most often proceeds from
corrected misconceptions, the problem of matter and energy
is becoming precise, thanks to experimental data which at
least permit us to state it more clearly. Does the problem
really present itself in the terms under which we are ac-
customed to consider it? Can the conception of an entity of
motionless matter, and of an entity ‘motion’ which throws
it into action, be consonant with the nature of things? We
can no longer affirm it, as we used to find it so simple to do
in other days.

Does the universe consist of motion? Can we, within the
limitations of our intellectual organism, conceive movement
as independent of something that moves? Can we define
that something which we have provisionally named matter
as in its nature motionless until the arrival of a motive
energy which cannot be conceived of as isolated? Dis-
sociated by means of abstract words, matter and energy
afford us nothing but metaphysical entities with which we
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try to build up explanations of the activities of the uni-
verse.'

The grain of light transformed into a projectile of light;
the electron transformed into an atom of electricity, and
the atomic mass unexpectedly disappearing and leaving us
face to face with all the problems raised by the ether, are
indicative of the new path in which the bold physicist must
walk. The reader can find not only a catalogue, but a dis-
cussion of the scientific hypotheses bearing on these pro-
blems, in the remarkable work of Louis Rougier: ‘La Maté-
rialisation de I'Energie.” The principal point made by the
author is this: matter, being ‘endowed with mass, weight in
proportion to its mass, and structure; and energy, having
no inertia, no weight and no structure,’ the question is how
they can act upon each other. Using Einstein’s theory of
relativity and Planck’s theory of quanta, Rougier proceeds
to endow energy with everything that until now it has
lacked — mass, inertia, structure — granting which the
problem of interaction is solved. That is what he calls ‘the
materialization of energy.’ Thus, the principle of ‘no energy
without matter, no matter without energy’ may be re-
garded as saved. We should, therefore, correct the fault of
language which forces on us two names for the same thing.
Rougier does not go to that length.?

In that same spirit, the greatest physicists have tried in
turn, but without appreciable results, to reduce force to
mass and mass to force. A very notable attempt is, never-
theless, to be found in Ostwald’s ‘Energetics,” in which
the author declares: ‘Independently of time and of space,
energy is the single magnitude common to every kind
of phenomenon.” And again: ‘All we know of exterior
reality is the exchange of energy, and every physical
phenomenon can be described in terms of energy. Conse-

! For brevity’s sake, I say nothing of inertia, which is conceived of as re-
sistance to motion, and which, after all, can be nothing more than an ultimate

form of least motion.

* However, since his performance, as the very title of his work proves, con-
sists of giving back to matter and to energy what their separation had taken
from them, it seems that the uncertainty cannot last much longer.
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quently, the concept of matter is included within the wider
concept of energy, and the principle of the conservation of
mass is included in the more universal principle of the
conservation of energy.’

However, if, as Rougier says, bodies reduce themselves to
complexes of energy, energy being nothing but ‘the deter-
minant of motion which assumes a shifting of mass,’ is it
quite certain that we have done anything more than shuffle
words? I understand lodging mass within energy, but if, as
there is reason to believe, energy and matter are one and the
same thing, the materialization of energy and the energizing
of matter are still only two aspects of the same automatic
action, the analysis of which is still in the elementary stage.

I apologize for expressing myself so freely, in the in-
genuousness of my ignorance, in answer to scientifically
trained men. But science should make itself clearer to
men of ordinary intelligence, especially in the field of
hypothesis, where the most expert admittedly stumble.
Rougier’s conclusion, perhaps a shade too literary, suggests
that we regard ourselves as bubbles of ether in nothingness.
Mathematicians sometimes take pleasure in putting us off
the track. Rougier has never seen ether * — even in the
form of a bubble — any more than he has seen nothingness.
For the present, then, I shall be content with a flash of
imaginative knowledge, clearer evidence of which no one
can better give than Rougier.

If the explanation of the relations between matter and
energy is summed up when we say that they are two aspects
‘of a single element dissociated by language, what conclu-
sion can we draw except that verbal analysis vitiated our
first attempts at understanding the problem? With Le
Bon, I suggest that we leave untouched that part of the
unknown which inevitably enters into what we think we
know. The tilt between Newton and Einstein seems to
suggest that procedure. The investigator follows the law of

* Let usnot forget, however, that Fresnel has almost seen ether in the undula-
tions of fogs which ‘may have come' from the meeting of the tops of luminous
waves. Query.
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his enthusiasm. Scientific criticism will set back into the
right path whoever may have wished to prove too much.
Such is the strength and the weakness of a relative organ-
ism which can function only through the rectification of
error.

Can we discover in the atom in action anything other
than a manifestation of energy and matter, developing the
intensified motion of the Cosmos in endless oscillations
between concentration and dispersion? It is a signal victory
to have made atoms appear to us as trails of sparks which,
passing through solid bodies at a speed of from thirty to a
hundred thousand kilometers a second, make the air con-
duct electricity, and which are turned aside by a mag-
netic field. But how are we to cope with the composition of
cosmic activity in the intimate drama of matter and energy
which leaves the indeterminable to those who dream of
grasping infinity?

If ether is matter, the dissociation and reintegration of
the atom are no more than changes of state, that is, the
upsetting and restoring of equilibria, neither more nor less
significant than any other changes of the sort. The nebular
hypothesis, as Laplace states it, implies successive states of
matter, the coordinations of which suggest corresponding
effects of energy — a fact that reduces every cosmic pro-
blem to the same terms, no matter what kind of motion is
in question.

Since Lavoisier it has been thought that matter is in-
destructible, and Newton taught us the conservation of
energy. | am not inclined to give up those principles with-
out extremely good reasons. The basis of this sharp dispute
over terms is an imperative desire — easy to understand,
but impossible to satisfy — to secure (in order to attain com-
plete understanding) a synthetic formula of the universe
and of ourselves which will permit us to take our bearings in
the ocean of the absolute. Such, for the common run of men
to-day, is the principal function of our current God. From
sickly souls still comes a flood of idealism which appeals to
the less intelligent, and which is broken by the cries of
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that terrestrial and ultra-terrestrial suffering in which the
divine love for man delights.

Religious observances — which, perhaps, contained in
petto an element of unformulated doubt — always resulted
in strengthening the fragile structures of misconceptions in
which men of the past excusably lived. Even beyond the
lure of the social consideration which those observances win
from the common weakness, there exists the incomparable
advantage for every one of finding himself in a position to
‘know’ and to tell everything about the world, without
making any experimental effort, or even any personal
intellectual effort. Contrast with them our unfortunate
scientists who have to butt their heads against the bastions
of the unknown. Divinity filled the precious office of teach-
ing the universal password to black ignorance and to be-
fogged misconception. We might properly suppose that
the secret of matter and of energy was hidden behind the
altar, yet no one sought it there. The crude mystery of a
dead language was enough to give the puerile adornment of
emotion to our sense of the incomprchensible, which was
artfully substituted for the unknown. Imaginative answers
were returned to unprofitable ‘wherefores,” while despised
observation exhausted its efforts in the commonplace search
for the ‘how.’

Furthermore, the origin and the end of things, two words
which scientifically have no meaning, became one to the
stupid true believer, who sought a world made for the
human race, and who was condemned to ‘think’ before he
learned. Undoubtedly, one must learn in order to know;
one must submit to painful doubt, and the doors of phe-
nomena must be forced, even though mere doubt is con-
sidered the supreme crime, and punished throughout
eternity. How much simpler than thinking it was mechani-
cally to repeat words devoid of any positive significance,
but full of a magic that was a safeguard against eternal
fire!

As a result of that state of mind, our ‘mental progress’
continued to maintain Moses in the ministry of the unknow-
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able,* that is, in the rudiments of a vitiated culture. For in-
deed, we do not see that any prophet recommended an
attempt at scientific knowledge, the nature and interest of
which no prophet could grasp. Later, the cosmologies of
Copernicus, of Kepler, and of Galileo corrected the errors
of the Mosaic God. Now, after the cosmogony of Laplace
and the evolution of the atom, a conception is offered to us
of a cosmic government that is linked together from the
ultra-dispersed matter-energy of the nebula to the planetary
condensation, the extent of which has the splendor of all un-
limited possibilities. The phases of the planets mark points
of progress, just as the geological strata indicate planetary
transformation. That moment about which so much fuss
has been made is but an instant in the famous ‘cycle of the
universe’ and to that eternal universe has no more impor-
tance than any other instant.

The unbreakable connection of phenomena, such as
science reveals it, requires cycles of ever-increasing number
and amplitude, since nothing less is in question than filling
infinity. Many scientists, philosophers, theologians, and
metaphysicians, infatuated with words, have at times
believed that they had grasped some parts of those orbits
which are beyond our capacity to measure. Ideology was
sure to be at the spot where, by joining hypothesis to
hypothesis, the two ends of the circle are made to meet.?
With increased knowledge the expanse of darkness will dis-
appear before us, and unexpected problems, like those of
the atom, will develop to provide our intelligence with new
forms of pleasure and with new perplexities. Without pre-
judice to the future, let us accept things as they are. No
matter to what unforeseen developments the elements may
invite us, we can help to determine their relationships by
using our knowledge. Nothing begins; nothing ends; every-

* To-day we should be able to choose between Moses and Laplace. But to do
80 overtaxes the courage of the weak. They prefer to side now with one and
now with the other. Let him whom the cap fits wear it.

? The unknown orbit in which the sun is dragging us in the direction of

Hercules is entirely insignificant in comparison with numberless other im-
measurable orbits of the infinite spaces.
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thing continues. Though we have renounced the fictitious
compensations offered by theology, we nevertheless retain
a powerful longing for something that will compensate us
for our insufficiencies. Every event which reaches us from
the universe will be a new incentive more completely to
adapt ourselves to that universe.

The pure scientist, disdainful of a ‘popularization’ that
seems to him derogatory to science, is glad to content himself
with the secret joys of his interminable research. And yet,
whether he knows it or not, it is for the masses that he works.
He would be a squirrel revolving in a cage, were it not for the
consciousness of that human approbation which is a favor-
able augury of the course of the future.

However, the popularizer, too easily diverted from those
matters which preoccupy us by his search for an audience,
less qualified, perhaps, than our academic coteries but
more accessible to emotion, still finds himself rendcring good
service to science in the arduous task of forming intel-
ligences, by preparing them for new ways of thought. In
that sense, the rble of the pupil is as fine as that of the
teacher, for all that crowd of learners is held together by an
identical enthusiasm evoked by an identical desire to pre-
serve the ideal that is its guiding star. Far from wishing to
disparage the untutored public, I maintain that even its
inedequate mental reactions bear honorable witness to an
aspiration superior to its ability. Hence comes the urgent
need of supplying it as soon as possible with the means of

rising to a higher plane.

"~ All men, though differing endlessly in their interpretations
of the universe and of themselves, might thus experience in
common the thrill of greatness, cach in proportion to the
development of his capacity, the law of which is that sub-
jective discords must be objectively harmonized. No effort
is lost; does not that fact encourage us to labor? We attain
harmony even in the adjustment of our inherited impedi-
ments, which must ultimately be overcome. May we not
consider the indifference of the universe as the most beauti-
ful background possible for our sensibility?
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THE POEM

Amid the indifference of the universe, the diffused sensi-
bility of which condenses in diversely related organic pain
or pleasure, there flows the dramatic adventure of ephemeral
lives in which our relativity opposes the irreversible current
of things only to be submerged by it. However our in-
herited weakness may cling to the dream of another world
— a world wherein suffering is either abolished or intensified
— we remain at grips with the universe in which we live.
Should human intelligence surrender to the puerile decree
that tries to substitute an hallucination for elementary
facts? The pontiff demands the sacrifice, and even attempts
to impose his frail commands by threats of suffering in this
world and in the next. Against the pontiff, the follower of
experimental science sets up his pragmatic investigation of
the universe. The crowd, uncertain of its choice, vacillates
while it waits for something — it knows not what — to
happen.

The question is whether we shall create for ourselves joys
founded on ignorance or whether, accepting contact with
the elements, we shall draw therefrom a manly energy
which will awaken the impulse toward a higher life. And at
that point a will capable of imposing itself will make its
decision. Shall we choose the noble elevation of the idea, or
shall we accept the tame servitude of human weakness in
the expectation of an everlasting reward which words can-
not express?

The symbolic Anteus, in his great struggle against the
gods of Olympus, recovered his strength whenever he
touched his mother the Earth. So will it befall us, if we will
truly live in the splendor of our human poem. That poem
has varied. It has had, it has, it will have its evolution.
Its first effort went no farther than the actual realization of
a ‘garden’ — if I dared, I should say a kitchen-garden. At
Paradenya near Kandi, and also at Buitenzorg *in Java I
have seen the Asiatic wonder of an attempt at an earthly

* ‘Sans Souci.” The name clearly reveals a deep desire to be free from earthly
cares.
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reconstruction of the ancient Paradise — ‘the garden of the
Eternal." Every wonder of the floral kingdom (and a ser-
pent always lurks under the flowers?) is present to create an
ever increasing astonishment which ends in a sense of the
impotence of man, when confronted with his dream of mys-
tical greatness — a dream no sooner realized than found
to be a sham. Without artificial arrangement, wild tufts of
verdure and uncultivated trees of the jungle are by nature
better fitted to evoke the elemental powers than are all our
metaphysical twists and turns of mistaken interpretation.
We must give up the Garden of Eden which in the absence
of Biblical man nothing can restore, and seek our ideal, not
in dreams but in knowledge.

At Ceylon, amid the thickets of Anuradhapura, the old
stone Buddha has for ages awaited the man who dared ques-
tion him. Sometimes it happens that an ape, unmoved in
his ingenuous impudence, looks into the eyes of the Master
and demands an interview of reciprocal silence, more sug-
gestive than the finest sermons of the great visionary monk.

On the strength of the Buddhistic inscriptions on the Cin-
galese mainland, I wanted to study the lofty revelations that
the monks to whom, under the auspices of Mahinda, son
of the great Asoka, had been confided the task of providing
for the salvation of this earth, had left to future generations.

When I set foot on the flat surface of the sacred rock on
which the noble writing was displayed, what chagrin was
mine to find that the good monks were interested in nothing
except how to establish title to the neighboring pool, whose

* The superintendent of Paradenya pointed out to me a large snake quietly
leaving the water and leisurely crawling to a nearby clump of bushes.

‘Is it poisonous?’ I asked.

‘It is not one of the most poisonous, but it is not harmless.’

‘And you let it go?’

‘We never interfere with them. They know it and do not trouble us. The
thickets which we have just passed are full of them. They do not resent our
presence. We are friends.’

The truth is that the Indian, who as a matter of doctrine must not inflict
death, has preserved from the ancient legends a religious respect for the ser-
pent, and I rather believe that the venomous reptile is not insensible to the
innumerable proofs that he has had of that sentiment.
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waters could be profitably sold for the cultivation of the
rice fields! It was a disillusion which, thanks to the amiable
silence of the Buddha, the friendly ape was spared.

So much misunderstanding explains only too well the
bold idea of the Florentine, the explorer of hell, when, im-
patient of mystery, he resolved to examine the dark sub-
structure of human destiny. In the fateful bark, the picture
of which a great romantic painter has left us, the adventur-
ous genius, with his stately poet as guide, fearlessly entrusts
himself to the somber and choppy waves in his effort to at-
tain the deceptive headlands of the unknown. In vain do
they who have been wrecked cling like Cynagirus at
Marathon with tooth and nail to the skiff, which floats
toward the baneful shore. Searching with his eyes the
stormy elements, the singer of Mantua urges persever-
ance in braving the terrors of the crossing. What matter
the fogs of a world, from which the transient dwellers have
reached the open sea? Regardless of risk, we must sail on.
As befell the famous Genoan, whose misunderstanding of
his problem cast him on the unexpected shores of the New
World, the insecure planks of the perilous ship carry us to
ever new conceptions of the ever marvelous and ever elu-
sive unknown. What safety is there in the sand in which
the anchor may chance to bite? Already we read the omi-
nous inscription: ‘All hope abandon, ye who enter here.’
There is but one possible answer: ‘Enter!’

What!endless suffering intensified to an impossible degree
under a sky which continues to promise no respite! Not
even the prospect of an end! Implacability that never
ceases! At least at certain times, human barbarity loses its
fierceness, be it through fatigue, or through lack of interest.
That is never true of divine barbarity. There is no ship to
carry us to some charitable shore, where the powers above
are indifferent, and may chance to forget us.

Having asked the impossible boon of flawless happiness,
man sought to record some of his terrors on the locked doors
of the unknown. Called upon to attain the ideal, what
could man do if, in the unending pursuit of an ever antici-
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pated but ever receding infinity, the finer part of that ideal
was never to be realized? Was he to abandon his hopes?
Must we, then, resign the joy of making for ourselves a
greater place on earth by our own initiative? The magnetic
field of self-confidence, the best of which is exhausted in
demanding help of the Divinity, can produce nothing except
the stupor of inertia. The opposition of rebellious circum-
stances and every form of the sadness of things are needed
as a take-off for the great flight.

The bold pilgrim in search of knowledge, on returning
from the night of the infernal regions, again beheld that
enchanting vault across which flame whirlwinds of incalcul-
able energy throw out into time and space every tempta-
tion to know and to mistake, all enthusiasms, all despair,
every chance of joy or of suffering that makes the good and
the evil of our destiny. Either to live in the fullness of life,
or to turn away — that is our sole alternative. To march for-
ward is to will. Hence, it behooves us of the modern world
to answer the challenge of the poet of evil with the encour-
aging watchword of human knowledge: ‘Ye who emerge
from the abyss, hope on.’

To hope is to live, to will, and to act according to the
nature of things rather than to wrap ourselves in a hollow
cocoon of an undescribed and indescribable supernatural.
Relay after relay, all the opportunities of the never-ending
moments present themsclves — moments in which the
interdependent elements prepare to produce new com-
pounds of energy with their resultant new effects. The
phantoms of myths follow one another only to disappear
under the cross-fire of knowledge. In spite of the idle
beauty of chimerical dreams, science lights the fathomless
deeps! Such men as Copernicus, Galileo, Newton and
Lamarck, noble exemplars of the noblest humanity, taste
the sublime emotion evoked by the extremes of suffering
and of joy.

Contours shift; colors flash. All the lines of the spec-
trum separate or blend, yet never exhaust the unexpected.
Oceans of waves cross one another, or meet and harmonize.
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Amid the suavity or the tumult of the indescribable sym-
phony, man, astounded by himself, loses his bearings in
terror before a cosmic greatness beyond the reach of his
weak senses.

But, after oscillating between an objective universe and
a maximum human subjectivity governed by the purely
organic processes of a ‘knowledge’ beginning and ending
in emotion, man finds that the hour has come when he can
stand erect. Between the star and the atom stretches a
via sacra of knowledge. There is a magic in height and a
magic in depth. Impatient not to be left behind, imagina-
tion kindles into flame. Do we at last hold the secret of the
universe? No. The atom no more holds the secret of the
elements than does any other phenomenon. We have
already gone beyond the atom, and we cannot doubt that
elements succeed one another even to infinity.

That there is an ultimate cosmic element is an outworn
conception — whether it be represented by a ‘Creator’ or
by an ‘energy-matter’ on which rests the structure of the
universe. In the progress of our relative knowledge we have
been able to discover nothing but uninterrupted succession.
And when we seek, as the end of man, a hell or a paradise
impossible to install in time or in space, history reverses it-
self, and the ‘Holy Inquisition’ is summoned to appear
before the court of Galileo. The scientist, once struck to
earth, rises to his feet and unexpectedly demands an ac-
counting from him who exacted one. Long before Alighieri,
the man who was anxious to learn had entered into the
heart of the universal drama, and even if he was not per-
mitted to fathom the unfathomable, he could still reply to
the stammering visionary: ‘I wished to see, and I have
seen.’




CHAPTER X1
OUR PLANET
LAND! LAND!

ONCE we have left the stars behind we must land, that is,
we must so take possession of our planetary dwelling-place
as best to accommodate it and ourselves to our capacities,
needs, and desires. Even so, in such a scheme imagination
plays a greater part than one might think, since, from the
remotest nebula from which we derived to the superior
achievements of our earthly lives, our positive knowledge of
life amounts to nothing but a series of universal waves,
fictitiously made real by giving them names. Such is the
status of man in the Cosmos, which in the last analysis is
nothing but a vast gyration of atoms in the world and in the
sky, far beyond the limits of our vision, through which
what we term sensations pass like flashes of lightning.

To the man of average intelligence this scems a paltry
sum total of knowledge. It is nevertheless an important
landmark in the development of human mentality. We
can learn only by studying our organic reactions, and we
must be careful not to attach to mere words any significance
other than a means of identification. Because we did not
take due care to avoid this mistake, we have ensconced our-
selves in a niche of chimerical verbalism from which re-
~ cently developed scientific methods are gradually dislodg-
ing us. By way of simile we might say that the moth singed
its wings because it sought more than light when it flut-
tered around the candle.

If the universe is constantly changing, the same must be
true of the fate of man, who is a part of that universe. The
natural error of man’s first conception lay in the fact that
he tried to localize the equilibrium of the world in an omni-
potent personality and to regard himself as permanent and
stationary because of his ‘soul’ — relative because it was
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born with him, but absolute because it was immortal. We
must beware not to commit ourselves to the obsolete con-
ception of a universal consciousness, supposed to be identical
with the Cosmos, and for that very reason unable to become
objective in view of the relativity of the human race.*

The unity of matter and, consequently, of energy,
which cannot be separated therefrom, seems to be the
hypothesis towards which, at least to-day, modern science
is tending. This throws no light on the theory of cosmic
finality, since subjective classification by no means neces-
sarily implies a corresponding objectivity in relation to
infinity. If it did, the atom, over-charged with energy,
would become, as a substitute for a conscious divinity,
merely the symbol of a reservoir of unconscious energy, not
incompatible with pantheism. Such is not the case. Science
explains the situation as a rapid-fire of atomic particles,
thanks to which the complexities of molecular movements
show reactions of sensibility which permit us to appreciate
that the clements are in perpetual activity.

The fate of the world, of which because of our elementary
nature we are a permanent part, was a matter of complete
indifference to us before we were born. And it will again
become indifferent to us the moment we are dead. Before
birth as after death our pains and our joys are fused in the
universal evolution which produced them. The problem of
a man, conscious of himself, who has embarked in no matter
what capacity on the voyage of life, is to play his part well
as a member of the ship's company, and if the ocean
frightens him, he must not become ridiculous by being
afraid to make port.

In the remarkable confusion, in which good and evil
walk hand in hand, various evolutions, which nothing can
halt, have thrown the whole atomic world of our blazing
nebula into condensations, due to a process of cooling,
which supply a harbor of refuge for our new-born sensations

' What would God amount to without his ‘creation'? Having no reason for
existing, or for any activity, he had, until the moment of ‘creation,’ to be self-
sufficient. Why did he not continue so?
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— a harbor of which the breakwaters will save us from ship-
wreck at least temporarily. The lookout has sighted land;
every one is on deck, glasses in hand. They behold now an
iron-bound coast, now inviting beaches guarded by danger-
ous reefs; beyond, are barren mountains rising to the
clouds and fertile plains through which valleys pay to the
ocean the tribute of their streams. All the vagaries of life's
joys and woes are there. They are, as it were, a harbor of
fears and hopes. Let us go ashore.

TERRA FIRMA — A FROZEN TUMULT

After our buffeting on the seas of the unknown we are
promised a rest on solid ground. Throughout centuries
without number, passing from surprise to surprise, we ex-
plored our new abode in company with our inarticulate
ancestors, and we did not, nor did they, trouble to ask many
questions beyond those necessary to effect an immediately
satisfactory state of existence. As Lamarck so truly said:
‘We contracted habits.’ * Some of them ended in stereo-
typed behavior; others, and therein we were very fortunate,
produced more acute sensibility and keener understanding.
Owing to them we developed into our present state, which
allows us to examine ourselves scientifically.

Present-day man is the result of successive imbricated
states of knowledge which have made him, and which
keep him, as we know him. He is worth his face value.
As far as we can see, he is the product of universal laws,
manifested in him by the organic complexes of his alternate
acceptance and rebellion. This contradiction becomes con-
stantly more pronounced, and man in turn becomes a suc-
cession of absolutely predetermined interdependent activi-
ties.

We have reached a point in our knowledge of the history
of the world where we can grasp a few of the chief epochs in
the development of our planet, and where we can actually
reconstruct the sequences of even earlier phenomena of

t Habits are repeated reflex actions, automatically connected, which produce
organic growth through constant exercise.
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which our globe is the product. From the moment when
the burning sun threw our world like a cannon ball into
space, the gradual cooling process created conditions which
formed the foundations on which our existence is based. In
a summary way we can to-day classify the major geological
formations of our planet, and these in turn subdivide them-
selves into other important forms. For a long time some
sixty were recognized, which it is unnecessary to describe
or to enumerate. To-day we know of over a hundred;
doubtless the number will increase, although, in fact, all
are really one, since all are the result of the same cause.

In the dawn of the geological era, the length of the periods
of condensation and the movements of the earth’s crust
due to the inequality of the cooling and solidifying masses
are for us incalculable. We have no positive information
concerning the history of the fragment of solar star in pro-
cess of becoming a planet. From the time when our globe
takes its place in the cycle of history, it gives various inter-
esting indications, but no definite facts in respect to the
time that its changes took. The different phases of cooling,
and the resulting movements upon and below the surface
of the world, as well as the shocks due to water and to heat,
have been the subject of characteristic inductions founded
on observations of conditions which must have existed prior
to the first manifestations of life.

The earliest effect of cooling through radiation was a
fatal flood which occurred just as soon as the temperature
dropped to a point when the chaotic atmosphere made it
possible for heavy clouds to condense into the water which,
in turn, became a raging ocean. There resulted a formida-
ble envelope of seething seas, rising in mountains of foam,
from which huge heaps of lava rose, only to collapse as soon
as they appeared, to the accompaniment of a Titanic can-
nonade. Such was the transition from the early nebula to
a world wherein indescribable powers contended among
themselves.

The invasion of the water continued without respite;
undeterred by temporary checks, it fell from the sky in
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steaming rain; it eroded the rocks, threw aside all obstacles
which it found in its path, dug chasms only to fill them im-
mediately and rose to the sky in clouds of thundering
steam only to fall and go through the whole process once
and again. This process Biblical ingenuity termed ‘dividing
the upper from the nether waters’ — quite ignorant of the
fact that both waters were the same, and that their function
is forever to exchange places.

Dissolving and absorbing everything it met, the water of
those days, because of its tremendous content of clay, was
not, and could not have been, in any way similar to the
calm waters which we know. Huge and raging torrents and
overflows from irruptions leveled precipices and mountain
ranges and filled up valleys where streams carried away
again the deposits which they had previously made. For
a period which we have no means of measuring, and which
was interrupted by unknown upheavals, the whole globe,
torn by extremely violent disturbances interspersed with
temporary lulls, was under water.

One must not expect to draw a series of pictures depict-
ing what to our paltry methods of measurement is in-
commensurable. In their ignorance, men of ancient times
sought to define their vague hypotheses of cosmic up-
heavals by the word ‘chaos,’ which to them signified the in-
conceivable. The wars waged by the Titans against the
powers of order are an echo of a world barely glimpsed;
and from them grew, in the form of legends, the first terrors
at the last echoes of a universal convulsion.

To-day we know that nowhere can there possibly be any
break in cosmic coherence. The turmoil of the elements is
only a coérdination of phenomena which precede and of
phenomena which follow. We must admit, however, that
the sequence of these successive movements in the ‘relation
of things’ and the procession of formations which broke up

t The friction of the tides, drawn forward and back by the sun and by the
moon, slowly decreases the speed at which the world revolves. What will be the
outcome? Some one has predicted a day and a night each a year long. Such a

development could not take place without greatly altering our present condi-
tions of existence.
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as soon as formed were bound to baffle our first attempts at
coordination. These huge masses of clay, created by the
surges of fire and of water in which all cosmic combina-
tions were manifested, achieved, after thousands of millions
of years or of centuries, the supreme miracle of life and
through life of thought — that is, our consciousness of our
relative position. To determine the sequence before we can
scientifically construct an ordered synthesis thereof re-
quires on our part a tremendous subjective effort in our
bewildered state.

The most ancient science is astronomy. In spite of the
fact that it was a science, people childishly connected
human destinies with it, and men of outstanding intelli-
gence went astray among astrological chimeras which, to-
day, make us smile. It is another case of stubborn resist-
ance to new discoveries bearing on the life-history of our
planet. What a hue and cry was raised when, scientific ex-
amination of certain parts of the earth having told a story
in which there was no room for the fables of Moses, re-
mains of man's handiwork and of man himself — to the
great scandal of the Churches and the Schools — brought
conclusive proofs which people had finally to accept, though
at first they damned them. Nor should we forget that the
event occurred in modern times.

Once under way, nothing can check scientific investiga-
tion. We are to-day in possession of an authentic history
of our tiny, yet magnificent, planet whose action makes
itself felt far beyond the farthest visible star which stands
guard on the border of what we term ‘infinite space.” The
shape, the size, and the substance of the world, with its
changing atmosphere, its moving oceans, rocks, and alluvial
deposits, in which every phase of life takes place, even to
the reactions of human thought in its relation to the Cosmos
and to universal movements, are conceptions of a very dif-
ferent caliber from those with which theology and meta-
physics tried to satisfy our inquiries.

While we must be content to estimate the age of the stars
from the color changes they undergo and to deduce from an
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analysis of light-rays the stages of stellar evolution, our
earth, extinct and cold on the surface, is available for our
investigations and, without overmuch trouble on our part,
provides us with the sequence of events which it is our
function to adjust to the general laws of the ultra-solar
universe.

We are reasonably familiar with the movements of the
solid crust of the world, which, however, in terms of the
whole, is equivalent in thickness to an eggshell. The same
is true of the primitive disposition of various continents and
oceans, of which the final distribution is before our eyes.
Cavendish, with his scales ‘capable of weighing the world,’
was able to determine the density of our globe by a simple
laboratory experiment. The kernel, of more or less ferrugi-
nous composition and with a molten center, is surrounded
by a spherical shell of lesser density and about seventy
kilometers thick, of which the lower strata have a tempera-
ture of, perhaps, several thousand degrees.® The move-
ments of the general magma and of the crust itself, under
the action of solar and lunar tides as well as of seismic phe-
nomena, constitute a vast scientific field which I shall
merely mention in passing.

So much for a mere suggestion of the complexity of the
world movements which have been recognized between
Galileo's thunderbolt and calculations as to the weight of
the world. Included therein are the problems of rotation
and of translation — the latter at a rate of about 30 kilo-
meters a second.? We must not omit mention of the relation
of the world to the moon. The angle of the terrestrial axis
to the ecliptic determines our seasons and the rotating ir-
regularity of the length of our days and nights. The cycle of
the so-called ‘equinoctial precession,” which is affected by
solar-lunar attraction, completes itself in twenty-six thou-

1 It has been estimated that from one thousand to two thousand million
years have elapsed since the formation of the world's solid crust. We are told
;l;]a; z: :ll;igl:m years have passed since our planet became detached from the

2 The most powerful explosives do not impart to a projectile a velocity of
more than one kilometer a second.
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sand years. Since the axis of the globe is affected by certain
oscillations the cause of which has been determined, we
now know that the poles of the earth change position.

We cannot, it seems to me, ignore the general transla-
tional movement which is dragging the whole solar system
through intersidereal space in the direction of Hercules at a
speed of about twenty kilometers a second. Thus ‘the ter-
restrial ellipse is transformed into an enormous elliptical
spiral. It becomes a huge screw which has a maximum
diameter (at the axis of the world) of 207 million kilometers.
The thread of the screw, of which the earth completes one
turn in a year, is over 627 million kilometers. It is also the
measure of the sun’s movement in a year.’*

To sum up, the world in its entirety is influenced by
eleven distinct and generally recognized movements which
interlock and accomplish different results. To make the
matter even more complicated, we must also reckon on the
ocean tides and the tidal movements of the world’s crust.
Such is the basis of that ‘anti-Galilean stability,” on which
the Church openly staked its whole authority. The most
absurd part of the whole matter is that, having lost the
game, the Church still asserts an eternal and infallible power,
as an offset to what it claims is the fallibility of science!

The fact is that our first empirical observations carried us
far beyond the most extreme hypotheses of the greatest
astronomers. Even to-day we have no right to assume that
the great screw-thread of the sun is the final interastral
reaction, and that beyond that any further reaction is a
repetition. How can we even conceive that, wherever it may
be, there is a limit to interastral reactions, which must
mutually adjust themselves? The mere thought of such a
possibility is most disturbing. One characteristic of our
relative knowledge is our recognition of the fact that what
we know does not go beyond a superficial appreciation of
activities.

It is true that the atom, together with the various trans-
formations of energy which bring us to the threshold of a

t A. Berget, La Vie et la mort du globe.
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conception of a cosmic unity which has been distorted by
the metaphysic of entities and by theological deifications,
seems to promise something more. Unquestionably that is
a great step in advance, but how can we determine its
extent? We are trying to find the unity of matter and en-
ergy, but we cannot assume that we have found it in the
activity of the electron. What is matter? What is energy?
It is easy to draw a line between them, as far as mere words
go. To date, all we can do is to recognize motion and its
transmission, without being able to differentiate between
the two.

Moreover, there are times when, without the aid of any
determined theory, the atom discloses fixed analogies be-
tween the planetary cycles and the electronic cycles which
might, if coérdinated, supply the key to the universe. It is
too soon to commit oneself to the intricacies of this new
theory. Nevertheless, it is a strong temptation to try to
find a final codrdination in the world-cycles which now re-
volve in accordance with laws of which we know nothing.
At the moment we can only say that, for the first time in the
history of human knowledge, science can give us a general
view of the universe as a whole which is something more
than merely hypothetical. Later research will determine
its value.

Does not a general conception of the world based on a
study of phenomena move us more deeply than do the

- puerile fairy-tales of theology? The emotion we feel as the
result of developing knowledge continues in spasms of an
increased power of perception and tends toward a closer
relationship between man and the world which produced
him. Necessarily the quality of that emotion depends on
a more or less accurate understanding of relationships.
Dreams, at least momentarily, arouse enthusiasms far
keener than those produced by slowly-developing hope
under the control of cold facts. In spite of everything, in-
creasing knowledge will continue to inspire, at least in
superior minds, strong and fine feelings, which are the best
things in life.
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In our short span of life, should we not be satisfied with
relative theories? Why should we concern ourselves with
intersidereal reactions unless we hope to find in them links
which connect man and the universe? No matter how com-
pletely imagination may have filled up the gap, henceforth
we shall need a foundation of scientific fact on which to
build that edifice of knowledge which must withstand the
onslaught of dreams that, because they preceded science,
pretend to be more or better than science. Increased
knowledge has broadened the scope of the human mind. An
orderly joy in knowing has taken the place of the dazzling
thrills of imagining. That there should result an upheaval
when hallucinations are relegated once again to the clouds
is wholly immaterial. At school we are taught two contra-
dictory theories of the Cosmos. Of these the Biblical one
is fortified by rites and mystery and borrowed trappings,
whereas the scientific one depends on certain firmly estab-
lished facts on which to base positive conclusions. Revela-
tion establishes a childishly simple personal relationship
with the Almighty Master of the world and of ourselves,
whereas the best that we can hope for from the arduous
work of science is to stumble upon a few discoveries. As
between the two alternatives, is it surprising that the
ignorant masses make an immediate choice? However,
that does not prove that humanity may not later change
its mind.

At some time in the dim future when mental exercise shall
have made our powers of knowing more flexible, we shall,
perhaps, wonder what these exponents of the absolute
knew about their subject. And, since we shall stand 'in the
position of trembling cross-examiners of the Almighty, it
may occur to us that it would be wise to ask a few questions
before obeying his behests. The charm of the fairy-princess
who lures the ingenuous knight into her enchanted bower
vanishes at the crucial moment, and there remains only a
bony hag, draped with tinsel finery, to offer her hideous
embraces to a vanished love.

Progressive scientific knowledge promises less in the way
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of tangible realities, but gives more. That is because, to the
legitimate satisfaction which science gives, there will be
added slow, but ever increasing, emotional joys caused by
the appreciation of a marvelous world ever greater and more
beautiful. That God who promised everything has given
nothing, whereas science, at first so timid, has surpassed
its wildest hopes and discovered coérdinations of relation-
ships, crowned with idealistic inductions which disclose
for our delectation the glories of the world and of ourselves.
Very likely these may be only subjective reactions, but
what firmer starting-point could we find than to use our-
selves as a basis within the limits of the recognized condi-
tions in which we live? Moreover, no other starting-point
is available.

At the point which we have now reached in our know-
ledge of evolution, can there be any question whether
our theory of life should, or should not, harmonize with the
unalterable laws of science? Is not an idealistic knowledge
of what is preferable to the misleading will-o’-the-wisp of
hallucination? Can we be satisfied to buzz at the window-
pane, when the whole world stretches before us? Which
shall we choose, progressive knowledge, forestalled here and
again by hypotheses, or a mirage? In one case every engine
of assault will be brought to bear upon the stronghold of
ignorance; in the other, phantom battalions will march to
the conquest of the puerile delights of a life which will pass
before it has been lived.

* Only the man who dares boldly to measure himself in
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