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PREFACE.

——

SoME seven or eight years ago the Author of this little book,
in a pamphlet of about ten pages, called attention to the
probability that ether might be a fluid of a nature resembling
what are known as gases, and that many of the most im-
portant and little understood phenomena of Nature might be
capable of much clearer interpretation, if regarded as arising
from the various movements and vibrations or pulses of which
such a fluid would undoubtedly serve as a vehicle if it really
existed. Since then the existence of ather has become more
and more accepted by scientific observers. In fact, the only
way in which its existence can well be disputed is by
imagining the possibility of the existence of motion as apart
from a moving thing. Such abstract and immaterial inter-
pretations of natural phenomena are repugnant alike to
experience and to common sense, and commend themselves
only to those whose thoughts by long study have acquired
the faculty of dwelling on qualities of matter apart from
matter, and to those who blindly follow a learned leader
without attempting to understand the reasons on which he
bases his theories.

This little book is a somewhat extended exposition of the
theory broached in the pamphlet mentioned above. It can
be understood by anyone with a sound elementary knowledge
of physics and chemistry, and with a smattering of astronomy.
The results following from the effects of difference of momen-
tum in different parts of a fluid, and many other problems,
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have been inferred from analogy rather than established
mathematically. Mathematical proof is, of course, more
certain, so far as it goes; but any little error in the facts
assumed as the basis on which mathematical deductions are
founded vitiates the conclusions. The best ultimate test of
any theory is the accuracy with which it accounts reasonably
for facts actually observed ; and even though this little work
may fail to prove the theory which it outlines, yet the author
is firmly convinced that a searching comparison of the recog-
nised laws and facts of physics, chemistry and astronomy
will be found to harmonise with the deductions which follow
from the present theory, or at all events from its general
principles.
HUGH WOODS.

LoNpoN, June, 1906.
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CHAPTER L

———
INTRODUCTION.

The Manifestatoins and Functions of Ather.—With all the
great advances in our knowledge of the laws which govern
the phenomena of the Universe, there has, nevertheless, been
but little effort made to discover the real moving causes of
these phenomena.

We have got so far as to say that heat, light, &ec., are
“modes of motion,” and capable of bemg changed into other
forms of energy ; but, still, one may, ‘without hope of an
answer, propound the ques't}ous-—What e heat,? What is
light ? - - R

Again, we know pretty wel‘ the laws of gramtatmn but
after all, what is grav‘taﬁan ? Why does an apple fall to the
ground? We say thai the heavenly bodies “’attmc‘ ” one
another. We cover our ignorance, as usual,- By~ A name.
General experience teaches us, however, that k{3 prie body
influences another, not i ir contar‘t with it, thie i€ dohe by first
influencing something which in’ crvénes The heavenly bodies
do not, mdeed pull one anothar w1uh 10@& or by any other
visible means ; but that fact does not '.lc.svloy the great proba-
bility that there is some intervening medium throucrh which
they do transmit their influence one upon the other ; and that
there is some mechanical cause for their rotation on their own
axes, and for all their movements. The strange phenomena
met with in the study of chemistry, when two substances
unite firmly together in such a way as to produce a third sub-
stance differing altogether from either of them, are now passed
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2 ZTHER.

over by the use of such terms as “chemical affinity,” or are
attributed to some kind of electrical attraction, or simply
treated as unexplained and inexplicable.

Electricity and magnetism, similarly, are names for we
known not what.

‘While it is, no doubt, idle to expect that, even in the lapse
of ages, man will ever be able to do more than interpret, more
and more correctly, the impressions made upon his various
senses, and appreciate, more and more exactly, the origin and
relations of such impressions; yet it does seem that the time
has come when, with our present greatly increased scientific
knowledge, we might profitably review afresh the founda-
tions on which the various sciences are built, in order to see
whether we cannot sink those foundations deeper than they
were before scientific knowledge had attained its present
height.

Therefore, conscious as I am of the fact that any attempt
to fathom the principles underlying the ordinary phenomena
of the univerge (is;. prima Sazge, regarded as indicative of a
day-dreamer], Who: fiils to- ap]}reoia&e the lines by which all
useful sclentaxti,c ~researches musp Ive gulded nevertheless, I
venture .to make a feeble, and it m_a,y be a futile, effort to
grope after a .theory which may carty. us a little deeper in
our under-stamdmg of the ordinary phenomena of the Universe,
exhibit &-clearer connection between. phenomena, which
apparently'-ha,xe‘ llttle in commen, ‘ond.place the elementary
facts of sever-al sciences on a mmpler ahd more rational basis.

The whole of spax:e 2B ‘?ar*as ‘t comes within our ken, is,
we may believe, fillet] Wl‘tfl A-fiuid which we have reason to
suppose permeates all bodies whether solid, liquid, or gaseous,
though with varying facility and under varying conditions.
This fluid is commonly known as “ Ather”; but has nothing
in common with ethyl oxide except the name. In the sther
float the sun, the earth, and the rest of the heavenly bodies,
which are known to us. They are completely immersed in
it, and soaked through with it.
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The solar system, as astronomers tell us, appears to be
moving through space, borne along, we may reasonably sup-
pose, in an enormous volume of swiftly-flowing wther.

Now, the resistance offered to the free flow of the wther
by the partially impervious bodies floating in it is evidently
greatest in the line of the greatest thickness of each body,
and less as the thickness becomes diminished.  Accordingly,
a difference of momentum is thereby caused in the mass of
@ther, dashing against the body, and there results a current
in the ether from places of higher momentum to places
where the momentum is lower, with the effect that a whirl,
such as occurs in the air under similar circumstances, is
produced. These whirls, then, by their continual action,
make the bodies more or less spherical, and set them rotating,
each on its largest axis, while the whirls, spreading out in
ever widening circles, influence the movements of other
bodies floating in the same medium. Smaller bodies, which
come into the close proximity of .sach. a whirl, are drawn
centripetally towards the centte of the sohd spherical body,
that is, towards the centre of ¢ whirl.. nger bodies, at a
sufficlent distance, caugnt m £he whirl, are not- qucked into
the centre, but are borng around the larger body, at the same
time rotating on their, ewn ‘axes, and generating then‘ own
whirls which are superposed upon the larger ones;’ .. In this
way, the movements and mutual influence of ah@ Ieavenly
bodies may be explamed ip a perfectly ratlonal mazmer and
without imagining any oLcul ,quer of att,ractlon “Moreover,
the theory, outhned above, aﬁcrds #a- éxplanation of the
nature of the “force of gravu:y' as’ m<p1a_yod in the falhng
of an apple to the ground, which will be dealt with in the
next chapter. 'When the whirl is greater, owing to the
larger size of a heavenly body, the consequent centripetal
force also becomes greater. The powerful whirl, which goes
out from the sun, thus predominates greatly over the other
weaker whirls and serves to carry around the sun all the
various planets, with a force depending on their distance from

B2
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the sun and on their bulk, the latter being the main factor
which determines the strength of the whirls which they
themselves originate.

The wther, in addition to these larger whirls and streams,
of which we have been speaking, is capable, as one would
expect, of various forms of vibration, as well as actual move-
ment in space. The vibrations of the sther, it is, that give
rise to the phenomena of heat, and of lichg, and to sZ)me
of those of electricity.

Now, to support the theory outlined above, which supposes
that ether flows through space in a mighty, immeasurable
torrent, with whirls and vibrations within if, we must con-
gider how, and to what extent, matter oifers a resistance to
the flow of w®ther, and the degree to which matter is per-
meated by wther.

Fiher, I take it, is a fluid whose ultimate particles, or
atoms, are so small that they pass into the minute crevices or
spaces in the most -solid ‘bodies. Since a thing becomes
indivisible when shese is nothing existent so small, or so fine,
as to be cupablqot‘ en.ter'mg in%o it,so as to cause separation
of two or more- portions of it, thera seems to be good reason
for supposing that matter has a Umit of sub-division ending
at the point where the particle of ®tlier, which is, perhaps,
the smaliest in existence, becomes unable any longer to enter
into its sibstance, and divide it into two. Thus, without
imagining anyshir g so inconceivable as absolute indivisibility,
we obtain 2 “plausible explination. of the nature of the
« chemical atot,” witich’ean; 1 “atcordance with this hypo-
thesis, be defined ds 2 portion of matter so small that it is not
entered, oT permeated by, ®ther, or any other existent agent.”
If this be an atom, what then is a molecule? The following
analogy serves best to explain my view on the subject: It i
well known that when two or more smooth plates are brought
into close contact in the air, they adhere powerfully although
there is in fact still just a little air between them, and the
same thing occurs even in a vacuum. In like manner, as it
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seems to me, two or more atoms floating in ®ther,and coming
into close.contact, tend to adhere in a similar manner, forming
a molecule, with a little @ther still intervening between the
constituent atoms. The instances in which so-called molecules
are believed to consist of single atoms only, can obviously be
explained by supposing their shape to be such as to preclude
cohesion of this kind. On the amount of wther intervening
between the constituent atoms of a molecule, the stability of
the molecule no doubt depends, the shape of atoms, of course,
largely determining this. Such molecules, when they float
about in the ather, and move freely amongst one another,
with a considerable amount of @ther intervening, and without
any lasting adhesion to one another, constitute what is known
as “gas” When the wther intervening between the mole-
cules becomes relatively less,and the molecules, although still
moving without difficulty together, are in constant coutact,

. the molecules form conglomerations of a variable character,
and gradually a “liquid ” results. Continued crowding to-
gether of molecules, and consequent exclusion of ther, with
greater and greater clogging of the motion of the molecules
ultimately results in the formation of a “solid.” In a perfect
solid the particles, while not subjected to displacing force,
have become motionless, and occupy fixed positions in relation
to one another. The shape, and other characters of the mole-
cules, of course influence the point at which retardation or
stoppage of movements occurs.

It is generally admitted that heat consists in certain vibra-
tions of the wther,and vibrations in the ather evidently tend
to keep the particles of matter moving, and to separate them
one from another. It is, therefore, easy to understand the
effect of heat in bringing about liquefaction, or, when the
vibrations are sufficiently increased, the change into gas;
and finally, a complete dissociation of the constituent atoms.
Cold, on the other hand, or the want of heat vibrations in the
®ther, has the reverse effect of bringing the particles of
matter to rest. Heat by separating the particles tends to



6 ZTHER.

diminish the density of a substance, and cold to increase its
density by allowing a closer approximation of the material
particles. Electricity produces another form of movement,
as well as vibrations of the wther, in its active manifestations,
and it also tends to dissociate the adherent atoms of a chemical
compound.

It follows directly from the view that certain ultimate
particles, or atoms, are impervious to wther, that most
important modifications must be produced as regards the
vibrations possible in portions of ether enclosed within
aggregations of particles impervious to it. We should, for
instance, naturally expect, from considerations of analogy,
that wther, according to the nature and dimensions of the
spaces in which it is enclosed, would take up only certain
vibrations, stopping, or modifying, others, as the case might
be. The phenomena of heat, light and electricity are quite in
accord with this, for we find some substances readily trans-
mitting the vibrations of light while refusing to transmit
those of heat, and so on; and, similarly, substances that are
opaque to light transmit the vibrations of heat readily. The
effect on the vibrations of the cether which arises from the
character and dimensions of the minute tubes, and interstices,
containing ®ther, which traverse the substance of conducting
or transparent media, may indeed be roughly compared to the
effect produced on sound vibrations by air confined within
pipes,and spaces surrounded by substances impervious to air,
A full discussion of this subject, however, requires a more
exact consideration of the character of the vibrations or
movements associated with light, heat, and electricity, and
therefore it will be deferred till later on.

Before concluding this introductory chapter, however, it
will be well briefly to examine how this theory—that ether is
a fluid filling the Universe, and permeating all but the minute
ultimate particles commonly known as “chemical atoms,”
and that its vibrations and movements give rise to the pheno-
mena of heat, light, electricity and chemical action, and hence
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practically give life to the Universe—will agree with a few
of the ordinary phenomena of nature taken at random. What,
according to this theory, would “latent heat” be ? It would
be the heat expended and destroyed (as far as its usual mani.
festations go) by bringing about such a position of atoms or
particles in the @ther as will, when they are restored to their
old position, cause vibrations in the sther equal to those that
disappear when the atoms or particles are so disposed. To
take an example: if ice is turned into steam a large amount
of heat becomes latent. That may be simply explained by
the fact, according to the above theory, that the particles of
ice, from being either motionless, or more probably in a lower
or more restricted condition as regards movement, are sepa-
rated from one another, and set moving rapidly among them-
selves and in space. Now, when one moving body imparts
energy to another body, it necessarily imparts to the other
body just the amount of energy that it loses. Here it is the
~ @ther or surrounding matter that gives the motion, or addi-
tional motion, to the particles of water,and in producing that
motion heat vibrations are diminished, or, in other words,
heat becomes latent. 'When, on the other hand, particles of
steam are brought to a state of comparative rest in ice, they
lose motion, and the @ther or surrounding matter acquires
energy, the heat vibrations arising in the surrounding sether,
&c., constituting the form of energy produced. Heat and
cold, produced by chemical changes, can evidently be ex-
plained in a similar way ; but in this case, according to our
theory, certain portions of wther are enclosed, at a lowered
pressure or momentum, between combined atoms, and of
course the loss of motion undergone by enclosed portions of
ether must be taken into account, when atoms combine, or
their increase of motion, when combined atoms are disso-
ciated from one another. It is not necessary here, however,
to go more into detail as to the various processes involving
the change of latent heat into sensible heat, or wice versa.
Enough has been said to show that the present theory gives
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a highly probable and rational explanation of the phenomena
connected with what is called “latent heat.” The subject
will be more fully dealt with later on.

The great difference which different substances display as
regards their capacity for allowing the vibrations of the @ther
to pass through them, either modified or unmodified, requires,
for full explanation, that the character of the various vibra-
tions or movements (those, for instance, associated with heat,
light, electricity, &c.) should first be determined. The dis-
cussion of this subject is, however, too difficult and com-
plicated to be dealt with in an introductory chapter.

There are, nevertheless, cases in which the determination
of the character of the vibrations is not so essential, and it is
well to consider how far the results of observation agree with
the theory now propounded, merely assuming that there are
vibrations of wther giving rise to the well-known manifesta-
tions of heat, light, &c.

We have argued that atoms or ultimate particles of matter
are impermeable to wther. If this be so, it would seem that,
when atoms, or combinations, or conglomerations of atoms, are
muddled up together without any methodical arrangement,
great interruption and breaking up of @thereal vibrations of
all kinds would result. Amorphous finely-divided powders
present some such condition. Therefore, the above theory
requires that they should be bad conductors of @thereal vibra-
tions, whether due to heat, light, or electricity. Is that so?
Roughly speaking, it certainly is so, and that in a well-marked
degree.

On the other hand, solids with a very definite structure
and methodical : arrangement of the constituent particles
should evidently, as a rule, readily transmit sthereal vibra-
tions ; and, since the structure determines the size, nature,
&c., of the wxthereal channels and spaces enclosed within a
substance, one would expect to find that a definite substance
would transmit some vibrations and stop, or alter, others.
The analogy of sound vibrations in air would lead us to
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anticipate some such result. Actual facts quite accord with
this, for observation shows that solids which are good con-
ductors, or very transparent, have a very definite structure
often apparent even to the naked eye, as in the case of certain
metals, glass, &c. That a substance such as glass should be
very transparent to light and at the same time very resistant
to heat vibrations is quite natural, and tends to strengthen
the argument in favour of the above theory, since, evidently,
an arrangement of particles which would favour vibrations in
one plane would effectively impede vibrations in another
plane, and so on. The mode of fracture of ductile metals and
of glass give prima facie evidence of an important difference
in the arrangement of the particles, and consequently in the
nature of the intervening channels of @ther. Without going
into details, which would require for their full determination
that we should first ascertain the nature of the vibrations or
movements of light, heat, electrical discharges, &c., it may be
stated, in the meantime, that a definite and, for the most part,
a simple structure characterises the best conductors of all
eethereal vibrations. It is, however, not the structure of the
body itself so much as the size, form, &c., of the inter-
cepted channels, or spaces, filled with wther that, according
to this theory, determine the properties of substances in this
respect.

Taking another phenomenon, that observed when an electric
discharge is passed through a vacuum tube. A vacuum tube
must evidently by this theory be a tube filled with sether
more or less pure. Electrical movements passing out of the
channels, full of cwther, in the wire conveying the current,
would evidently spread out freely in the tube. This is exactly
what is seen to be the case by the luminosity arising from
the particles of matter present as impurities in the ether.
These impurities, by the resistance they interpose, convert the
electrical movements into light vibrations just as happens in
an ordinary electric lamp. The more complete the vacuum,
that is to say, the fewer the particles of ordinary matter
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present, the less should be the luminosity. Experiment proves
that as the impurity is removed the luminosity disappears.

Examples might be multiplied almost indefinitely, showing
that the theory here propounded gives a simple explanation
of fundamental phenomena, so familiar to us, and so little
understood ; but it will be better to proceed in a more
methodical manner now that the general outline of the theory
has been indicated.

Before concluding this introductory chapter, however, a
few words may be said about the existence of a@ther, as the
assumption of its existence is the fundamental basis of the
present theory. It may be said that we have no solid evi-
dence of its existence. Do we not see its movements in the
light and in the motions of the heavenly bodies? Do we not
feel them in heat and electrical discharges? Or are light,
heat, &c., mere nothing, mental delusions, physical sensations
without a material cause ? It is, indeed, because the @ther is
within us, as well as without us, because it fills the whole
Universe, and leaves no place empty, that we have hitherto
failed to recognise it fully as a material entity,and to connect
it directly with its many and all-important manifestations,
most of them so well known to us.




CHAPTER 1II.

—_—

ATtoMS, MOLECULES, AND GRAVITATION, IN RELATION
TO /ETHER.

In considering the subject of the relations of matter (or,
rather, of the rest of matter) to the ather, it is convenient,
for the sake of simplicity, to begin with the smallest sub-
divisions of matter with which we can be said to have any
acquaintance at present, that is, with chemical atoms, and
the compounds formed from them.

A chemical atom, according to the present theory, may be
described as a particle of matter which occupies the whole of
the space in which it is situated, and which excludes there-
from not only air, and other ordinary material substances, but
also wther itself.

In order to explain, in regard to atoms, that fundamental
property which is called weight, or gravity, it is assumed,
according to this theory, that individual atoms, whether
isolated from one another, or closely adherent to other atoms,
are situated within a large volume of @ther, extending to the
furthest limits of the Universe, which by its motion imparts
to them a resultant impulse towards the centre of the earth.
This constitutes what is known as weight. It has long ago
been proved that in a vacuum (Z.e., in sther) all bodies fall
with equal rapidity towards the centre of the earth—a piece
of lead falling no faster than a feather—and it may, therefore,
be reasonably assumed that all atoms which displace equal
amounts of eether have equal weight. There are, however, many
and convincing reasons for believing that the atoms of different
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chemical elements have widely different weights. Thus the
atom of oxygen is believed to be 16 times heavier than the
atom of hydrogen, and the atom of gold about 196 times
heavier. The explanation, then, which suggests itself as
accounting for this difference, according to the present theory,
is the very simple one that the heavier atom is of larger bulk,
and displaces more @ther than the smaller atom. From this
it follows that the size of chemical atoms are in the same
ratio as their weights, or, in other words, that an atom twice
the size of another weighs twice as much, and so on. The
size of an atom of oxygen is accordingly 16 times as large as
an atom of hydrogen, and an atom of gold 196 times as large.

There is, unfortunately, at present no direct method of
measuring the size of chemical atoms, or of rendering them
vigible to the human eye, and we can, therefore, only proceed
by adopting the above as a hypothesis, and by examining how
far such a hypothesis is capable of being reconciled with facts
commonly regarded as proved, and with natural phenomena
which can be more directly observed.

When chemical elements (7., substances composed of
atoms all of the same character) are in the gaseous condition,
and at such temperature and pressure that the atoms are
quite dissociated from one another, it may be assumed that
the weight of equal volumes of the different gases will be
exactly in the same ratio as the weight of the atoms individu-
ally, if volumes are measured under equal circumstances
of temperature and pressure, just as the weight of a cubic
centimetre of hydrogen is in the same ratio to a cubic centi-
metre of oxygen as a cubic metre of hydrogen is to a cubic
metre of oxygen. The reason why this is so need not be
entered into here. This is quite in accordance with Gay
Lussac’s Law, which may be stated as follows: “ The weights
of the combining volumes of gaseous elements bear a simple
ratio to their atomic weights.” For combination takes place,
according to this theory, by a cohesion of atoms in a way
already explained, that is in & simple ratio to their atomic
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weights, and consequently in a simple ratio to the weights of
the volumes entering into combination, for that is in the same
ratio as the weight of the atoms individually, according to the
above statement.

Avogadro’s Law is often stated as follows : “ Equal volumes
of all the different gases, both elementary and compound, con-
tain the same number of particles or integrant molecules” ; or
it may also be expressed as follows : “The number of atoms
contained in a given volume of any gaseous body must stand
in a simple relation to the number contained in the same
volume of any other gas (measured under equal circumstances
of temperature and pressure).” Now, with regard to gaseous
elements this follows from the above statement that equal
volumes of different gases are in the same ratio as regards
weight as the individual atoms. Asregards compound gases,
it must be remembered that, according to this theory, a
molecule of a compound gas is a combination of two or more
atoms, which are held together by sther, just as larger bodies
with closely adapted smooth surfaces are held together in
actual experiment. This being so, the weight of the com-
ponent atoms would not be appreciably altered by their
entering into such close juxtaposition, as their bulk would no
doubt remain the same. This quite agrees with the accepted
law that “the molecular weight of a compound is the sum of
the atomic weights of the component parts.” The molecules
may, however, in the combined state be regarded practically
as though they were elemental atoms, since the very small
amount of sether fixed between component atoms may be
neglected. We may therefore regard a compound molecule as
having a molecular weight comparable with the molecular
weight of hydrogen, just as the atomic weights of elementary
gases are comparable with the atomic weight of hydrogen.
Since the molecule is the smallest portion of matter which
exists more than momentarily in the free state, a comparison
of the weights, or densities, of gases is a comparison of
their molecular weights, and not of their atomic weights.
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Consequently, when the molecule consists of more than two
atoms, in the case of an elemental gas, the atomic weight is
not half the molecular weight as ascertained by finding the
density, and similarly, mutatis mutandis, not when the mole- -
cule consists of only one atom instead of two, as usually is
the case.

Before proceeding to consider more complicated matters,
such as the effect of heat or electricity on the relations of
atoms and molecules to one another, it will be convenient to
examine how the effects produced by simple pressure agree
with the theory proposed. Elementary gases are, as we have
already indicated, composed of detached molecules floating in
ether. Now, the first effect of pressure under such circum-
stances will obviously be to bring the molecules closer to-
gether, since they cannot pass through the compressing body
to any extent, while the mther does pass through freely.
While the molecules still remain with free space for their
movements, it seems natural that doubling the pressure
should halve the volume, or that the volume should vary
inversely as the pressure, the temperature being constant.
But obviously this would cease to be the case when the
molecules were brought into close opposition, so that their
movements are no longer free. This condition of affairs,
however, is associated with a change of character in the gases.
They cease to be gases: they become liquid and ultimately
solid. The liquid state continues while the molecules can
still move freely in reference to one another within very
restricted limits. When the molecules become fixed in their
position, as regards one another, they assume what is known as
the solid state. In these cases the adhesion between the
molecules is similar in character to the adhesion between
atoms in chemical combination, but with this material dif-
ference, that between the adhering surfaces may intervene,
not @ther alone, but air, gases and other substances grosser
than @ther. The limit of compressibility—or, at all events, of
appreciable compressibility—comes when nothing but ether
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can intervene between the molecules, and this constitutes
chemical combination, or a condition indistinguishable from
it. Diminution of pressure naturally produces no striking
change after the gaseous condition is produced, as it can only
mean widening the distances between the already detached
molecules ; unless, and until, it reaches the point when
the pressure retaining the atoms in combination becomes
overcome, and we should then have complete dissociation of
chemical compounds into their elementary atoms. The varia-
tions from Boyle’s Law, alluded to above, are such as to sup-
port the theory now propounded; for it is found that the law
becomes modified when gases approach liquefaction, as would
almost necessarily follow from the present theory. When
molecules become adherent to one another, 8o as to produce
the liquid and solid conditions, another factor of the greatest
importance comes into play, and that is ghe shape of the
molecules. Molecules of a spherical shape pressed together
will obviously produce results differing from that produced by
molecules shaped as cubes, pyramids, discs, cylinders, &c.
An attempt will be made later on to show that the shape of
chemical atoms and molecules are prime factors in determining
the properties of different substances, but at present it need
only be alluded to. The well-known fact that gases are freely
absorbed by liquids and by solids argues in favour of the
idea that they are composed of particles with intervening
interstices, through which the gaseous particles can enter, but
a full discussion of the exact nature of such absorption is not
required here.

From what has been said already, it appears probable
that no atoms exist smaller than the atoms of @ther, if the
latter is itself composed of minute atoms, as seems almost
necessarily the case. For such atoms, if smaller than the
atoms of xther, would be less heavy than the etheric atoms,
and consequently would pass up against the current of the
@ther,; and further from the centre of the earth into space.
Again, the largest atoms and molecules, which are also the
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heaviest, will evidently have a much greater tendency to
become fixed together into solids. The tiny little light atoms
will more readily flow about in a detached condition. Let us
see if this is so in regard first of all to the so-called chemical
elements! Are those with the lightest atoms, that is with
the lowest atomic weights, more apt to be gaseous; those with
intermediate atomic weights liquid ; and those with the highest
atomic weights solids ? In general that is so, but there are
several important exceptions, and it is incumbent on us to
show why there are such exceptions. It is an old saying that
the “ exceptions prove the rule.” That is to say—the causes
giving rise to the exception, being proved to be such as would
produce a deviation from the rule, a strong argument is added
to show that the rule is still exerting its tendency although
for the time overridden by other rules. Let us then set forth
in the form of a Table the chemical elements at present
recognised, with their atomic weights in ascending series and
their condition as gases, liquids or solids in parallel column.
When we reach those with an atomic weight above 40 we
find that all, without exception, are solids, except mercury,
which, with an atomic weight of 1985, is a liquid, and is, in
fact, the only element liquid at ordinary temperatures. The
elements with atomic weights up to 40, as appears from the
following Table, give a nearly equal number of gases and
solids ; but no solid appears before an atomic weight of nearly
7 is reached, and no gas above 40, unless Krypton and Xenon.

It must hence be admitted that elements with a low atomic
weight are much more disposed to be gaseous than those of
higher atomic weight, at ordinary temperature and pressure.
This quite accords with the theory that their ultimate
particles, or atoms, are smaller than those of elements with
higher atomic weights. But how are we to surmount the
difficulty that arises owing to the presence of so many solid
elements of low atomic weight? Obviously, the size of the
particles is not the only factor tending to prevent their free
movement in respect of one another. The shape of the
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TABLE I.

Name of Element. Atomic weight (H=1). Charaeter.
Hydrogen...... csseassacreens 1-0 Gas.
Helium........ccccviinnnenn. 40 Gas.
Lithium ........... 6-98 Solid.
Glucinum ..... . 9:03 Solid.
Boron ..... . 109 Solid.
Carbon ... . 11-91 Solid.
Nitrogen . 18-93 Gas.
Oxygen..... 1588 Gas.
Fluorine ......ceceeuvenennns 189 Gas.
Neon....ceeeeeuereenccraeanees 19-9 Gas.
Sodium......c...ccevnerennnnnns 2288 Solid.
Magnesinm .........cceenenes 24-18 Solid.
Aluminium ......cccoreeneene 26°9 Solid.
Silicon ...ecevvereniencenieneen 282 Solid.
Phosphorus ........ teeranasas 8077 Solid.
Sulphur .....cccooenivnnennes 8183 Solid,
Chlorine ......cceeeeeeeeenes 8518 Gas.
Potasgium .........cccceeee 8886 Solid.
Argon ...... teereterecacsanas 896 Gas.
Caleium ......... creecsecsnes 89'8 Solid.
Bromine ........... vereensess 79:86 Liquid.
Mercury .....cocececeerenenes 1985 Liquid.
All other elements ......... 48'8—236'7 Solids.*

* Except Krypton and Xenon.

particles must evidently have a great influence as regards their
free movement together.  Flat plates would sooner clog one
another’s motion than spherical bodies of the same weight
and material. Possibly, indeed, the condition known as the
“liquid ” state requires particles of a more or less rounded
character. And, if this be so, the exceptional liquidity of
mercury (at ordinary temperature and pressure) among the
elements, may well be explained by supposing that the
atom of mercury is a spherical one. This is not a mere
gratuitous assumption, for mercury is generally held to have
the remarkable peculiarity of not joining its atoms, two and
two, to form molecules, like most other elements; but is said
to have molecules consisting of only one atom each. If the
atoms are spherical it is easy to see that the cohesion of sur-
faces, to which in this theory we attribute the formation of
C
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molecules, would not readily occur in any stable fashion. But
we must defer the discussion of liquidity, &c., for the present.
To return to the reasons why we find elements of low atomic
weight existing as solids, at ordinary temperature and pres-
sure, one cannot help being struck by the fact that several of
the most remarkable instances of this are elements which
have the property of developing allotropic forms. Boron,
carbon, phosphorus and sulphur are well-known instances of
this peculiarity. Now, such diversity of character as exists
between the diamond and charcoal, and which in many
respects exceeds the diversity between different elements, can
best be explained by supposing the packing together of atoms
or molecules in quite different manner. In some cases it may
reach the degree of actual chemical combination between two
or more molecules of the same element; but, in most cases,
it is probably a massing together of the molecules so as to pro-
duce considerable cohesion, although not so intimate a cohesion
as that existing when all but minute quantities of imprisoned
ther are excluded; in other words, when true chemical com-
bination has occurred. It needs but little explanation to show .
that a number of minute atoms, which alone would be very far
from filling, in a solid fashion, the space occupied by a definite
number of them, might easily be built into a structure which,
with considerable intervening spaces, would nevertheless be
solid and fixed in character. Let us take carbon as an
example, and let us suppose that it is composed of atoms of a
cubic or at all events rectangular shape. The shape may be
taken at this stage merely as a hypothesis. Later on the
-subject of the shapes of the different atoms and molecules
may be dealt with. It is evident that cube-shaped atoms
would very readily adhere by their surfaces so as to form
masses of several atoms sticking together so that a result, as
regards solidity, similar to that arising from the larger size of
the ultimate atoms of elements with higher atomic weights, is
produced. Such a supposition as we have made above is
supported by the fact that carbon atoms when piled together
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in regular fashion make an intensely hard mass (viz., the
diamond). When irregularly jumbled together, as in charcoal,
we have formed a porous, but still solid body—namely,
charcoal. A comparison of the different weights of a
definite bulk of these two admittedly identical chemical
materials shows how solidity can exist in cases where the
space occupied by the solid mass is but very incom-
pletely filled with the actual impenetrable atoms of the
substance. A child’s set of cubes thrown in a heap
into the box occupy much more space than if neatly
fitted in order. It appears, therefore, that the fact of elements
of low atomic weight being solid, at ordinary temperature and
pressure, is easily explained by a distinctly probable hypothesis,
without at all disproving the supposition which must follow
from our theory that elements of low atomic weight, that is,
with atoms of small size, are more apt to assume the gaseous
form than those of higher atomic weight, that is, composed of
atoms of larger size. On the other hand, if we found elements
of very high atomic weight, that is, with atoms of large size,
readily becoming gaseous, it would be distinctly harder to
explain beyond moderate limits. As a matter of fact no ele-
ment, with a higher atomic weight than 40 is a gas at ordinary
temperature and pressure.

Of course, the same rule should apply, with due reserva-
tion, to the molecular weight of compound bodies, and if we
take a series of compounds, such as are afforded us in organic
chemistry, the compounds with lower molecular weight should
be gaseous, and those with higher molecular weight solid, with
liquids intervening if the nature of the compounds is consis-
tent with liquidity. (Liquidity, as we have already remarked,
introduces special considerations, which will be discussed later
on.) The paraffing, the olefines (not to multiply examples),
have this characteristic in a most convincing manner. The
lower members of each series are gases at ordinary tempera-
ture and pressure, and the higher ones are solids, with liquids
intervening.

20



20 AZTHER.

Enough has been said to show that a high atomic weight,
and a high molecular weight tend to cause solidity in a
substance, other things being equal ; but it is quite evident, at
the same time, that the atomic or molecular weight is not the
only factor concerned in determining whether or not a given
element or compound is a gas, a liquid, or a solid. According
to the present theory, it would seem that the shape of the
atoms or molecules must be of great importance in regard to
the determination of solidity, &c., as well as their size (z.e.,
the atomic, or molecular, weight).

This appears from what has already been said, and the way in
which the shape of the compounent particles may affect the
condition of a substance as regards solidity, &c., has been
briefly indicated.

We may, therefore, now lay down the following law as
governing the question of solidity, &c., in any substance :—

I.—The condition of chemical elements or of chemical com-
pounds, at similar temperature and pressure and under
stmilar conditions generally, depends on their atomic or
molecular weights (that is, on the size of their atoms or
molecules) and on the shape of their atoms or molecules.

‘We may also deduce probable inferences, as regards chemical
activity, from the size and shape of chemical atoms and
molecules. For, if chemical combination is in its essential
nature a cohesion of atoms, and groups of atoms, after the
fashion described above, it must follow that the smaller
chemical atoms will, in general, be more active chemically
than the larger atoms; for they will more readily come
into the intimate contact necessary for chemical reactions,
and will, in their simpler compounds, be more readily knocked
out of their position by heavier atoms when they are not so
arranged as to withstand such assaults. Here, again, the shape
of the atoms will be an all-important factor. Compare, for
instance, the cohesion which would occur between two atoms
of a disc shape, like two smooth pennies, and that between
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two spherical balls. The shape obviously would be enough, in
such a case, to completely overshadow the influence of the
size. If, however, we take series of elements, or compounds
of very similar properties, and therefore, presumably, in most
cases, of similarly shaped atomic or molecular structure, we
find distinct evidence of the steady influence of the size of the
atoms or molecules on the chemical activity. Take chlorine,
bromine, and iodine, which are very similar in their properties.
In accordance with the previous rule as to solidity, they are
gaseous, liquid, and solid in order of atomic weights, and in
their chemical activity a corresponding difference appears.
Among metals we may take lithium, sodium, and potassium
as examples. Metallic lithium is more active than sodium,
and sodium than potassium, and the activity of these, as
compared with metals with much higher atomic weight, is
very marked.

In the series of organic compounds, which are almost iden-
tical in character, differing chiefly by steadily growing mole-
cular weights, the chemical activity of the lower terms of each
series is much more vigorous than that of the higher ones.
When, however, we compare substances with different
modes of structure, the element of shape at once comes
in and disturbs the result which would arise from altered
size alone. 'We need not enumerate examples in proof of the
above, since numbers of such will occur to every student of
chemistry. We will, therefore, assume as est;abhshed by
strong probability the following law :—

I —The relative chemical activity and chemical properties
of chemical elements or chemical compounds, at similar tem-
perature and pressure, and under stmilar conditions generally,
depends on their atomic or molecular weights (that s, on
the size of their atoms or molecules) and on the shape of their
atoms or molecules.

It is not meant by the two laws laid down that there are
no other factors influencing the properties of elements and
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compounds except those that have been mentioned ; but it is
meant that the size and shape of the component atoms or
molecules are of the highest importance in determining such
properties, and that the character as to size or shape exerts its
influence throughout, no matter what the conditions present
may be, provided the shape and size of the component atoms
or molecules are not altered thereby.




CHAPTER IIL

———

CHEMICAL CHANGES AND REACTIONS IN RELATION TO ZETHER.

We have already very briefly sketched the way in which
molecules and chemical compounds are formed, and we now
proceed to consider what it is that determines the occurrence
of chemical changes and reactions. In other words, we have
to consider why an atom, or a molecule, leaves its state of
cohesion to one atom, or molecule, and takes up & similar
position in relation to a different atom, or molecule. It is
evident, in the first place, that force of some kind is necessary
to displace an atom, or molecule, which is chemically com-
bined with another atom, or molecule. Vibrations of the
®ther, which act as a connecting medium between the com-
bined particles, may obviously break them asunder, and the
effect of the @thereal vibrations or movements known as heat,
light, electricity, &c., are well recognised as agents for pro-
ducing dissociation and separation of chemical atoms and
molecules. There is, however, something in the nature of
certain elements and compounds which makes them act quite
differently from one another in regard to combining with other
elements or compounds. This difference is independent, of tem-
perature and luminous or electrical conditions. An attempt
has been made to explain it by saying that different elements
and compounds have different degrees of “chemical affinity” for
certain other elements or compounds, and this mode of expres-
sion is in many ways a very convenient one; but it is merely
a name for the class of phenomena indicated, and not a true
explanation of their nature. When the completely dissociated
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atoms of two chemical elements are brought into intimate
contact they will combine if their surfaces are such as to
allow of the form of cohesion which has been described as
the essential feature of chemical combination. If the disso-
ciated atoms of more than two elements are brought into
ntimate contact (with the amount of motion imparted to
them by the usually existent vibrations of the @ther arising
from heat, &c.), the ultimate result will be their combining
in the firmest manner possible, because when the firmly-
combined particles come into collision, as they constantly do
in solution or in the gaseous state, with the loosely-combined
particles, the latter will tend to break up, while the former
will remain unmoved. In this way, more or less rapidly, a
permanent condition is arrived at, and further changes no
longer take place between the intermingled atoms or mole-
cules. Now let us suppose three elementary substances—a, b
and ¢—brought into close atomic or molecular contact, as, for
instance, in solution or in the liquid or gaseous state. Let
two of the three be capable of combining with the third,
thus—ac+4-be. 'What would determine the result if there
were enough of ¢ to combine with either @ or b but not with
both @ and 5? In the old way of speaking, it may be said
truly enough, that ¢ would combine with @, or with b, accord-
ing as ¢ had greater affinity for @ or for b What, then, consti-
tutes such affinity ?  If our theory is correct, the size and
shape of the atom would seem to be the only qualities likely
to influence the relative affinity under given external con-
ditions, and we may then lay down, as a third law, the
following :—

II1.—The affinity of atoms or molecules one for another,
and the firmness with which they combine at similar tempera-
ture and pressure, and under similar conditions generally,
depend on their atomic or molecular weights (that is, on the
size of the atoms or molecules) and on the shape of the atoms
and molecules.
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Law II, as given in the previous chapter, perhaps includes
this law ; but it is better to deal with it separately as involving
very important special issues. Bearing in mind our definition
of the nature of chemical combination, it seems evident that
two thin smooth plates of considerable size would combine
together with great firmness, and, with exactly similar plates,
the combination between two large plates would be firmer
than between two smaller ones. On the other hand, small
spheres can hardly be conceived capable of combining at all
with one another in any permanent fashion. Unfortunately
we have no clear data showing the shapes of the various
chemical atoms or molecules, and since the shapes are of the
most extreme importance in determining the affinities, it
makes the task of assigning due influence to the weights of
atoms or molecules (that is, to their size) very difficult indeed.
Were it not for this we might arrive at good results by com-
paring the affinities of a number of elements for one and the
same element. We might, for instance, compare the affinities
of various atoms and molecules for hydrogen, and note the
relation between these and the atomic or molecular weight.
To make the matter as simple as possible, we might take other
monovalent elements, which according to this theory are made
up of atoms with only one surface each, such as would form a
basis for attachment to other atoms and observe their affinity
for the monovalent hydrogen. If the adhesive or combining
surfaces of all monovalent elements were of the same size, or
even of sizes proportional to the atomic weights, we might in
this way arrive at conclusive results; but in all probability
this is not so, and therefore our data are insufficient. Under
the circumstances, the only way in which we can well hope to
arrive at any clear indication of the influence of atomic or
molecular weight (%.., size) on affinity seems to be by compar-
ing substances very similar in general characteristics but differ-
ing in atomic or molecular weight. No results thus obtained
can carry much weight, however, in the face of all the
surrounding uncertainty. We may, at all events, infer from
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our theory that the size as well as the number, and general
characters of the surfaces of attachment of atoms or molecules
will modify largely the influence of the size of the atoms or
molecules on the stability of their combinations with given
atoms or molecules ; but until we know the form of an atom
or molecule we cannot make more than a mere guess at the
area of combining surface or surfaces which it possesses. The
smooth surfaces of attachment may also conceivably be
smoother in one element than in another, and, of course, the
smoothness of adhering surfaces makes a great difference, as
is well known, in the firmness of the resulting adhesion. In
consequence of these difficulties it will be unprofitable to
discuss at much length the influence of the size (i.e., the
atomic or molecular weights) of atoms or molecules on their
mode of entering into combination until we arrive at some
probable conception of the actual shapes and characters of
some of the more important chemical atoms and molecules.
In the meantime, however, we may discuss the bearing
which the present theory has upon some of the recognised
laws and conditions which characterise chemical combinations
and reactions. There can be no doubt that chemical reactions
and combinations take place much more readily when the
chemical substances concerned are broken up into the smallest
available particles, and are not merely brought into contact in
solid lumps, This can, of course, be verbally explained by
saying that chemical action takes place between atoms, &c.,
only at infinitely small distances, but it is a more intelli-
gible explanation to say that, since chemical combination
consists in the close cohesion of smooth surfaces, it is neces-
sary to render the surfaces accessible to one another, in order
that the conditions essential to cohesion may arise. The
effect of heat in promoting chemical changes of course neces-
sarily follows from the present theory, as the movements of the
mther break up existing cohesions, and the detached particles
gradually settle down into more permanent conditions of
cohesion, unless, indeed, the movement of the ther is
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sufficient to cause complete dissociation, and so to overcome any
tendency of the particles to settle down into new conglomera-
tions. Cold—¢.c., motionless—zether leaves existing cohesions
undisturbed, and so checks chemical changes. In asserting
that the chemical properties of atoms and molecules depend
on their shape, as well as on their size, we fortunately are
able to point to instances in which the size (or atomic weight)
of atoms remains the same, but in which the atoms, taken
together, undergo great changes in their properties. The so-
called allotropic forms of elementary bodies are examples of
this, and so, in organic chemistry, are the various compounds
which, while consisting of identically the same set of atoms,
are, nevertheless, quite different from one another in their
properties, owing to the fact that the mode of arrangement of
the constituent atoms is different, with the result that the
shapes of the resulting molecules differ widely. The present
theory obviously gives a perfectly plausible explanation of this
class of phenomena, which is otherwise very unaccountable.
One of the first examples of allotropic forms that occurs to
one’s mind is ozone. This is said to consist of a sort of con-
densation of ordinary oxygen. Three atoms are supposed to
form a molecule in this condition, and it is accordingly
regarded as Oj, in chemical nomenclature. Now, according
to the present theory the atom of oxygen, as being a diad, has
two surfaces capable of acting as surfaces to which other
atoms can adhere. For reasons which need not be gone into
here, it may be supposed to be a disc, somewhat like a penny,
or a thin plate. We then have the ordinary molecule of
oxygen somewhat like the following figure—lII, while ozone
would be as represented thus—IIl. One would naturally
infer that the latter would be more readily broken up into
its constituent atoms, and hence be more active chemically,
and this is the case when we compare ozone with oxygen.
Carbon, phosphorus, &c., afford examples of allotropic forms
of the same element, and it is worthy of note that no mono-
valent element shows any allotropic form, no divalent
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element shows more than two such forms, and so on. This
is quite in harmony with the view that the valency of an
element depends on the number of surfaces, suited for
cohesion, which are possessed by the element.

An important difference which exists between chemical
elements, and which at once strikes any observer, is the
difference in their power of piling up chemical compounds
with other elements. Some elements, for instance, appear
capable of forming only a very small number of compounds,
while others, and notably carbon, seem capable of an almost
indefinite super-addition of atoms and groups of atoms. This
marvellous power of constituting the basis for innumerable
variety of different compounds is one of the most important
properties which an element can possess. It is this power
which enables carbon to become a sort of groundwork of the
whole of living things, both animal and vegetable. Why has
carbon this wonderful power? Are we to be content with
saying that “ organic” chemistry is practically identical with
the “ chemistry of the carbon compounds” ? We have already
laid it down as alaw that the chemical properties of elements
depend on their size (or atomic weights) and on their shape.
There is nothing in the atomic weight of carbon which seems
likely to give the clue to its mighty constructive capacity.
Is it the shape of the carbon atom, then, that endows it with
such important properties? The Author contends that it is.
It follows directly from the present theory that a set of
" cubic or rectangular-sided atoms will, in all probability, be
capable of forming an almost infinite number of com-
binations, while atoms with only one flat surface, or
two flat surfaces, and so on, must be quite limited in the
number of stable combinations which they can constitute.
One cannot help feeling, then, that here we have a crucial
test of this theory. If carbon cannot be regarded consistently
a8 ultimately composed of rectangular atoms with six flat
smooth surfaces, one might almost despair of the theory. But,
at the outset, we have the benzene ring, the CH, radical,
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as almost in itself enough to make the theory probable on
prima facie grounds. The fundamental conception of this
theory was in no way arrived at by any consideration of the
benzene ring, but it gives such a simple, such a plausible,
explanation of this most important fact in the chemistry of
the carbon compounds that it cannot be lightly cast aside
by anyone who realises the great significance of such a coin-
cidence. The simplicity of this theory of course insures its
earning the hearty contempt of philosophers whose concep-
tions are fast bound with links and side-chains; but it is
nothing new to find that the mysteries of nature, which have
seemed too intricate to be traced by the greatest minds, are
after all capable of being understood by babes and sucklings
when seen with eyes free from the mists of prejudice and
preconception. The child, when he makes marvellous struc-
tures with his cubes or wooden bricks which he cannot make
with his marbles, has before him an object-lesson showing one
of the great secrets of nature. Nature piles up its carbon
atoms just as he piles up his bricks, but with infinitely greater
gkill. In order to show that the combinations of carbon with
other elements are consistent with the above idea of the shape
of carbon atoms, it is almost essential to know also the shapes
of the atoms of the other elements concerned, but the charac-
teristic of carbon, mentioned above, is independent of the
shape of the other atoms. We have already mentioned the
allotropic forms of carbon. The amorphous carbon can readily
be explained as consisting of carbon molecules jumbled up
together without any regular arrangement. Graphite, again,
can be regarded as formed of carbon molecules arranged in a
regular form, but in such a way as to leave intervals between
the constituent rows of molecules. Diamond, finally, must
be regarded as formed of carbon molecules fitted together in
a most compact manner, so as to leave as little space as pos-
sible. Now, on the supposition that carbon atoms are of the
form we have assumed, it is easy to infer that diamond would
be one of the hardest possible substances, as is actually the
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case. Moreover, the much more complete exclusion of sther
in a body thus constituted than in a body formed of ill-fitting
components, will account for the powerful reflecting power
of diamond for the vibrations of sther known as light, and
the consequent brilliance of the diamond. The properties
of carbon, as regards heat and electricity, are also quite
in accord with what would seem to follow naturally from
the above view as to the shape of carbon atoms. Silicon
has many properties in common with carbon, and there
is much probability that the atoms of silicon are similar in
shape to those of carbon, or at all events of such a shape,
with rectangular flat surfaces, as to allow of a firm building
together of the atoms without appreciable channels interve-
ning. Accordingly we find the amorphous variety, the
crystalline form resembling graphitic carbon, and the third
form, which may be compared to the diamond in the case of
carbon.

But if atoms, which have shapes suitable to their firm
piling together, exhibit qualities such as those of carbon, we
ought to find the reverse with atoms which have shapes ill-
suited to such close adaptation of their surfaces. Now, there
is much in the crystallisation and other characters of common
phosphorus to lead us to assume that its atoms are many-
sided, and such that they can only be arranged in piles with
the inclusion of considerable irregular spaces filled with sther.
It might, therefore, be surmised beforehand that phosphorus
would be chemically active, but easily displaced from its
simple compounds in most instances. The phenomenon of
phosphorescence is evidence of structure such as that described
above, but this will be more fully dealt with in a later chapter.
Friction of phosphorus easily produces flame, and this is readily
explained by the displacement of phosphorus atoms, stuck to-
gether is an unstable fashion. The imprisoned ®ther between
the phosphorus atoms is, by friction, &c., readily put in commu-
nication with the freer ther, and heat and light vibrations are
consequently engendered, since the imprisoned @ther is under a
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different pressure from the generally diffused @ther. Nitrogen
is another example of an element with many combining sur-
faces and the consequent properties are similar. It is only
when the atom of one of these is completely hedged in by other
atoms that stable compounds are obtained. Physiologically
these many-sided atoms exhibit poisonous properties while
they continue in unstable combinations. Their poisonous
properties disappear when they are built into a stable mass
with atoms of a simpler shape. A large number of instances
occur in which one element refuses to combine with some
other one, or exhibits great inertness towards it and disin-
clination to combine. According to our theory this must arise
from the combining surface or surfaces of the one not being
readily adaptable to that or those of the other. Evidently it
will be among the many-sided atoms that this inertness will be
most observed. Discs, plates, cubes, &c., should not show
exceptional inertness if the theory is on solid foundations in
this respect.

According to the view we take of the fixed character of
atoms, as regards shape as well as size, there can be no change
in the number of combining surfaces in the case of atoms of
a definite element, and, therefore, it is necessary to examine
how this can be reconciled with the apparent change in the
valency of certain elements. This can only be satisfactorily
explained, in general, when two or more atoms are involved.
It is then easy to see that two or more atoms, cohering, may
present a different number of combining surfaces from those
presented by a single atom ; and different numbers according
to the mode of dispesition in the case of multiple atoms of
certain shapes. As the valency depends entirely on the
number of combining surfaces available as connecting links
with other atoms or molecules, this change becomes almost a
necessary consequence of our theory. This theory also
involves the existence of the well-known peculiarity of so-
called “nascent” elements. When an element is in the
molecular condition there are at all events two surfaces, one
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of each atom, not directly available for cohesion with other
surfaces. When the element is in the atomic state such sur-
faces are free. Hence the chemical activity of dissociated
atoms must, by direct deduction from our theory, be greater
than that of fully formed molecules. This is quite in accord-
ance with recognised facts. It will have already occurred to a
reader that this theory makes no distinction between the cohe-
sion of two similar atoms to form a molecule, and the cohesion
of two dissimilar atoms to form an ordinary chemical compound,
beyond the circumstance of the similarity of atoms in the
one case, and their dissimilarity in the other. That there is
no fundamental distinction between the cohesion of similar
atoms and that of dissimilar ones is shown by the fact that,
under certain circumstances, similar atoms can combine in
such a way as to form a compound differing in general
characters from the result of the usual molecular cohesion of
the same atoms. In all cases where the cohesion of two or
more atoms, similar or dissimilar, produces a compound
differing in important particulars from the components,
the difference in character arises, according to our theory,
from the fact that the resulting conglomeration of atoms con-
stitutes a molecule differing in size and shape from the
constituent atoms. This change will be produced according
to the final result, whether the atoms be similar or dis-
similar; but, obviously, the change is likely to be more
frequent, and more marked, in the case of widely dissimilar,
than in the case of similar, or nearly similar, atoms. In
accordance with the above, we find that the same identical
set of atoms can in fact form different chemical compounds,
in consequence of a difference in the method of their arrange-
ment. . This occurs both when the atoms are those of the
same chemical element and when they are those of different
elements. In theone case this strange phenomenon is spoken
of as “allotropism,” in the other case as “ isomerism ” ; but the
explanation is in both cases the same—namely, that a dif-
ferent arrangement of the atoms produces molecules differing
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in shape, and consequently compounds differing in important
physical and chemical properties. The phenomena of solution
according to our theory, may be simply explained as the dis-
seminating of molecules, or small aggregations of molecules,
through the @thereal channels existing in a liquid, such as
water. Insoluble substances are those which by their size,
or more frequently perhaps by their shape, cannot pass into
the available channels. I do not wish at present to enter
into the large subject of the actual shape of individual
elements and compounds, but in order to give an example of
what I mean by “channels between the molecules of aliquid ”
I may give an idea of what I think a possible description of
the shape of the molecules of that great solvent water.
Hydrogen, for many reasons, may with probability be regarded
as made up of atoms of a hemispherical shape, D, or of a
conical shape, and oxygen atoms, as we have hinted, may be
regarded as plates or discs. Water will then be represented by
two hemispheres or cones with a plate or disc fitted between
the two flat surfaces of the hemispheres, somewhat thus,
(][]D or {[]>. The result is an almost spherical mole-
cule or double cone, though whether the oxygen plate or disc
protrudes beyond the edges of the hydrogen hemispheres or
cones, or not, we will not attempt to discuss here. The problem
is, most likely, by no means incapable of solution, as we may,
perhaps, attempt to show on some other occasion.

Now, it is obvious that a mass of these spherical, spheroidal,
or spindle-shaped bodies will leave considerable intervals
among them into which small particles can quite conceivably
be distributed in considerable quantity by stirring a soluble
substance up in the water.

As regards diffusion through membranes, it is evident that
small particles will pass through more readily than big ones,
ceteris paribus; and that the shape will be of the utmost
moment in determining whether a given particle will or will
not pass through what is simply a fine sieve of a special kind.
Such a supposition is strongly supported by the results of

D
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experiment. Enough has been said to show that, according
to this theory, a hard mechanical conception of the nature of
atoms is deliberately adopted, and that, given the size and
shape of definite atoms and the characteristics of the inter-
vening ather, the various physical and chemical properties of
different substances are regarded as determined by the nature
and arrangement of the component atoms, and by the amount
and distribution of the enclosed @ther.

We might attempt to show how this theory explains or
agrees with innumerable physical and chemical laws ; but it
is enough for our present purpose to give examples sufficient
to make our meaning clear, and to leave the intelligent reader
to test for himself how far the theory is in harmony with
well-established facts.




CHAPTER IV.

Hear IN RELATION TO ZKTHER

Heat is the name given to the cause of a set of phenomena
too well known to require enumeration. The origin of heat
has been pretty well proved to consist in certain vibratory
movements in the xther as it exists in the various channels
and interstices between the molecules of matter. The vibra-
tions of the @ther are communicated, in a more or less modified
degree, to the material particles, and it is the whole of the
resulting movements that constitute together the phenomena
of heat as commonly understood. The free movement, in
mass, of sther from one place to another gives rise to the
phenomena of gravitation, as we have already stated, the
grosser particles of matter being simply carried along in the
®ther. This kind of movement of the @ther can be converted
into the special movements characteristic of heat, light and
electricity, for they are simply varied modes of motion of the
®ther, &c., under special modifying conditions which will be
dealt with in due course. A stone, borne along by gravity
through the resisting air, may become red hot by conversion of
the movement characteristic of gravity, and derived from the
movement of the ather, into the vibrations which constitute
light and heat. Electricity can similarly be derived from
gravity under special conditions of which we shall speak later
on. The acting force, whether it be heat, light, or electricity,
that is produced, is derived from the movement of sther ;
sensible heat, originating from gravity, is produced only at the

D2
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expense of other forms of motion. The movement of the
eether, meeting with resistance from non-zthereal matter,
develops heat. As we pass to the limits of the terrestrial
atmosphere, where the sther becomes nearer and nearer to
purity, and the resistance to the wthereal movements less and
less, we find heat