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PREFACE.

5-30.1

W

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 æther 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 æther 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.

LONDON, June, 1906.
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CHAPTER I.

INTRODUCTION.

The Manifestatoins and Functions of Ether.-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, &c., are

"modes of motion," and capable of being changed into other

forms of energy ; but, still, one may, without hope of an

answer, propound the questions-What heat ? What is

light ?

Again, we know pretty well the laws of gravitation ; but

after all, what is gravitation ? Why does an apple fall to the

ground ? We say that the heavenly bodies " attract " one

another. We cover our ignorance, as usual, by a name.

General experience teaches us, however, that if one body

influences another, not in contact with it, this is done by first

influencing something which intervenes. The heavenly bodies

do not , indeed, pull one another with ropes, or by any other

visible means ; but that fact does not destroy the great proba-

bility that there is some intervening medium through 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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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 universe is prima farie, regarded as indicative of a

day-dreamer, who fails to appreciate the lines by which all

useful scientific researches must be guided ; nevertheless, I

venture to make a feeble, and it may be a futile, effort to

grope after a theory which may carry as a little deeper in

our understanding of the ordinary phenomena of the Universe,

exhibit a clearer connection between. phenomena, which

apparently have little in common, and place the elementary

facts of several sciences on a simpler and more rational basis.

The whole of space as far as it comes within our ken, is,

we may believe, filled with a fluid 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 " Æther " ; but has nothing

in common with ethyl oxide except the name. In the æther

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 æther.

Now, the resistance offered to the free flow of the æther

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

æther, dashing against the body, and there results a current

in the æther 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 such a whirl, are drawn

centripetally towards the centre of the solid spherical body,

that is, towards the centre of the whirl.. Larger bodies, at a

sufficient distance, caught in the whirl, are not sucked into

the centre, but are borne around the larger body, at the same

time rotating on their own axes, and generating their own

whirls which are superposed upon the larger ones...In this

way, the movements and mutual influence of the heavenly

bodies may be explained, in a perfectly rational manner, and

without imagining any occult power of attraction. Moreover,

the theory, outlined above, affords an explanation of the

nature of the " force of gravity, as displayed in the falling

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 æther, 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 æther, it is , that give

rise to the phenomena of heat, and of light, and to some

of those of electricity.

Now, to support the theory outlined above, which supposes

that æther flows through space in a mighty, immeasurable

torrent, with whirls and vibrations within it, we must con-

sider how, and to what extent, matter offers a resistance to

the flow of ether, and the degree to which matter is per-

meated by æther.

Ether, 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 there is nothing existent so small, or so fine,

as to be capable of entering into it, so as to cause separation

of two or more portions of it, there seems to be good reason

for supposing that matter has a limit of sub-division ending

at the point where the particle of æther, which is , perhaps,

the smallest in existence , becomes unable any longer to enter

into its substance, and divide it into two. Thus, without

imagining anything so inconceivable as absolute indivisibility,

we obtain a plausible explanation of the nature of the

" chemical atom,” which ean, in accordance with this hypo-

thesis, be defined as " a portion of matter so small that it is not

entered, or permeated by, æther, 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 iş

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

In like manner, as it
same thing occurs even in a vacuum,
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seems to me, two or more atoms floating in æther, and coming

into close contact, tend to adhere in a similar manner, forming

a molecule, with a little æther 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 æther 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 æther, and move freely amongst one another,

with a considerable amount of æther intervening , and without

any lasting adhesion to one another, constitute what is known

as "gas." When the æther intervening between the mole-

cules becomes relatively less, and the molecules, although still

moving without difficulty together, are in constant contact,

the molecules form conglomerations of a variable character,

and gradually a " liquid " results. Continued crowding to-

gether of molecules, and consequent exclusion of æther, 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 æther, and vibrations in the æther 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

æther, has the reverse effect of bringing the particles of

matter to rest. Heat by separating the particles tends to
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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 æther, 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 æther, that most

important modifications must be produced as regards the

vibrations possible in portions of æther enclosed within

aggregations of particles impervious to it. We should, for

instance, naturally expect, from considerations of analogy,

that æther, 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 æther which arises from the

character and dimensions ofthe minute tubes, and interstices,

containing æther, 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 æther 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 æther as will, when they are restored to their

old position, cause vibrations in the æther 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

æther 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 æther or surrounding matter acquires

energy, the heat vibrations arising in the surrounding æther,

&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 æther are enclosed, at a lowered

pressure or momentum, between combined atoms, and of

course the loss of motion undergone by enclosed portions of

æther 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 vice 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 æther

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 æther 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 æther. 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 æthereal 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 æthereal 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 æthereal vibra-

tions ; and, since the structure determines the size, nature,

&c. , of the æthereal 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 æther. 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

æthereal 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 æther 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 æther

more or less pure. Electrical movements passing out of the

channels, full of ether, 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 æther.

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 mannernow 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 æther, 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 æther 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 ofthem so well known to us.



CHAPTER II.

ATOMS, MOLECULES, AND GRAVITATION, IN RELATION

TO ÆTHER.

In considering the subject of the relations of matter (or,

rather, of the rest of matter) to the æther, 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 æther 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 æther, 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 (i.e., in æther) 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 ofæther 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 æther 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

visible 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 (ie., 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 a 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. As regards 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 æther, 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 æther 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

æther. 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 æther 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 æther alone, but air, gases and other substances grosser

than æther. The limit of compressibility-or, at all events, of

appreciable compressibility-comes when nothing but æther
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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, so as to produce

the liquid and solid conditions, another factor of the greatest

importance comes into play, and that is the 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 æther, if the

latter is itself composed of minute atoms, as seems almost

necessarily the case. For such atoms, if smaller than the

atoms of æther, would be less heavy than the ætheric atoms,

and consequently would pass up against the current of the

æther, 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 lowatomic

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). Character.

Hydrogen.....
1.0 Gas.

Helium .. 4.0 Gas.

Lithium

Glucinum

Boron

Carbon

Nitrogen

Oxygen ..

Fluorine

6.98 Solid.

9.03 Solid.

10.9 Solid.

11.91 Solid.......

13.93 Gas.

15.88 Gas.

18.9 Gas.

Neon 19.9 Gas.

Sodium .. 22.88 Solid.

Magnesium 24.18 Solid.

Aluminium 26.9 Solid.

Silicon 28.2 Solid.

Phosphorus 30.77 Solid........

Sulphur 31.83 Solid.

Chlorine 35.18 Gas.

Potassium 38.86 Solid.....

Argon 39.6 Gas.

Calcium 39.8 Solid.........

Bromine 79.36 Liquid.

Mercury 198.5 Liquid.

All other elements 43.8-236.7 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



18 ETHER.

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

æther 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

1
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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 distinctlyprobable 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 paraffins, 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.

2 c
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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 (i.e.,

the atomic, or molecular, weight) .

This appears from what has already been said, and the way in

which the shape of the component 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 ofchemical elements or of chemical com-

pounds, at similar temperature and pressure and under

similar 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 established by

strong probability the following law :-

II. The relative chemical activity and chemical properties

ofchemical elements or chemical compounds, at similar tem-

perature andpressure, and under similar conditions generally,

depends on their atomic or molecular weights (that is, on

the size of their atoms or molecules) and onthe shape oftheir

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 III.

CHEMICAL CHANGES AND REACTIONS IN RELATION TO ETHER.

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 a 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

æther, which act as a connecting medium between the com-

bined particles, may obviously break them asunder, and the

effect of the æthereal 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 æther 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 c-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+bc. What would determine the result if there

were enough of c to combine with either a or b but not with

both a and b ? In the old way of speaking, it may be said

truly enough, that c would combine with a, or with b, accord-

ing as c had greater affinity for a 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 :-

III.-The affinity of atoms or molecules one for another,

andthe 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 ofthe 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 (i.e. , 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

æther break up existing cohesions, and the detached particles

gradually settle down into more permanent conditions of

cohesion, unless, indeed, the movement of the æther 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-i.e. , motionless-æther 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 Og, 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-II , while ozone

would be as represented thus-III . 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 a law 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

as 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

skill. 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 æther

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 ather 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 æther.

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 ofphosphorus easily produces flame, and this is readily

explained by the displacement of phosphorus atoms, stuck to-

gether is an unstable fashion. The imprisoned æther between

the phosphorus atoms is, by friction, &c., readily put in commu-

nication with the freer æther, and heat and light vibrations are

consequently engendered, since the imprisoned æther is under a
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different pressure from the generally diffused æther. 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 amongthe 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 disposition 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

oftwo 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. Inthe one 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 æthereal 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 a liquid "

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,

α D or D. 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 showthat, 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 æther, the various physical and chemical properties of

different substances are regarded as determined bythe nature

and arrangement of the component atoms, and by the amount

and distribution of the enclosed æther.

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.

HEAT IN RELATION TO ÆTHER.

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 æther as it exists in the various channels

and interstices between the molecules of matter. The vibra-

tions of the æther 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 æther 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

æther. This kind of movement of the æther can be converted

into the special movements characteristic of heat, light and

electricity, for they are simply varied modes of motion of the

æther, &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 æther, 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 æther ;

sensible heat, originating from gravity, is produced only at the

D 2
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expense of other forms of motion. The movement of the

æther, meeting with resistance from non-æthereal matter,

develops heat. As we pass to the limits of the terrestrial

atmosphere, where the æther becomes nearer and nearer to

purity, and the resistance to the æthereal movements less and

less, we find heat more and more disappearing in so far as

the manifestations commonly regarded as essentially charac-

teristic of heat are concerned. The unbroken waves of æther

in the outer regions of the atmosphere meet with but little

resistance, and are but little broken up into the surf-like

vibrations whichwe speak of as heat. The resistance increases

more and more as the solid centre of the earth or heavenly

body is approached, and heat is more and more developed. In

cases where powerful ætheric waves meet with resistance, and

are subjected to certain characteristic modifications, vibrations

of the definite wave-lengths, &c., which constitute light, are

produced in much the same way as heat. Light is convertible

into heat, and heat into light, by appropriate means. Some

of the small, regular and rapid pulses which emanate as light

from the sun, are no doubt derived from larger ætheric waves

in some such way as has been indicated . When the light

vibrations from the sun fall on a substance such as bricks

they are changed into the larger and slower vibrations of

heat, the light disappearing as such. Whether the source

source , their nature

Both light and heat

of light or heat be the sun, or any other

is evidently in main features the same.

consist of vibrations, but differ in wave-lengths, and in the

rapidity with which the waves or pulses succeed one another,

&c. Having thus briefly alluded to the way in which the

æther serves as a basis for gravitating movement, and for the

oscillating movements of heat and light, we will proceed to

speak of heat alone, and will try to show how our theory

agrees with fundamental facts actually observed.

When two bodies of different temperature are brought

into contact with one another, heat passes from the hotter to

the cooler, rendering the hotter one less hot, and the cooler



HEAT IN RELATION TO ETHER. 37

one less cool, until both reach a uniform temperature. The

more rapid vibrations of the hotter body meet with the

slower vibrations of the cooler body in the medium of the

æther, and the two vibrations, being superposed, produce a

vibratory condition of an intermediate degree. This as much

as though a mass of water in a state of violent commotion

were brought into communication with a mass of water in a

more quiescent state. The agitated water would become

quieter and the quiet water would become more agitated .

The motion of the agitated water tends to become evenly dis-

tributed throughout the combined mass. So it is with heat,

and the process of interchange is in both cases roughly the

same. The tendency which heat has to expand solids, liquids ,

or gases, is one of the fundamental characteristics of heat.

It is, in fact, by the amount of expansion produced by heat,

applied to some convenient substance, that heat is usually

measured. It is consequently essential that our theory should

be capable of giving a rational explanation of this important

physical fact. The easiest way to explain the mode by which

heat expands bodies is by the analogy of similar recognised

phenomena. Molecules floating immersed in æther can clearly

be regarded as roughly analogous to solid particles floating

immersed in water. Now, supposing a mass of mud immersed

in water, and soaked with water, the effect of imparting to the

water brisk vibratory movements will be to at once enlarge

the mass of mud, and, if the movements are violent enough,

to dissociate the particles altogether and to break up the mass.

So it is with masses of matter floating in æther, and soaked

with it. Moderate heat vibrations enlarge the mass, while

with increased violence they break up the mass into its com-

ponent molecules, and ultimately into the atoms themselves,

perhaps.

It is at once obvious, from the above, that the degree of

cohesion of the particles or molecules will influence the

amount of expansion produced by a definite quantity of heat.

Where the molecules, or, still more, where the atoms are
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quite dissociated from one another, the expansion should be

the same, no matter what the molecules or atoms are, as we

have to do with what are practically the free vibrations of the

æther itself. In the condition which is present in a " perfect

gas"we have this state of affairs, and experiment proves that

when this condition is attained, or nearly so, all gases expand

by heat in an identical degree, while the pressure continues

the same for all. Roughly speaking, all gases expand equally

by heat ; but, as might be expected from our theory, the

amount of cohesion between molecules and atoms under ordi-

nary circumstances differs somewhat, and therefore the state-

ment is only strictly true of " perfect " gases.

In the case of gases readily liquefiable , the coefficient of

expansion is less than in the case of those less readily lique-

fiable . This follows directly from the assumption, required

by our theory, that liquefaction involves a modified cohesion

of the molecules one with another. As air is a fairly " perfect"

gas, an air thermometer gives the rate of expansion of fairly

perfect gases with fair accuracy. It is found that at constant

pressure the air expands part of its volume at zero for

each degree Centigrade of rise in temperature, and contracts

in the same ratio. From this, if rigidly true throughout, it

would follow that at about 273°C. below the freezing point

of water, a given volume of air, or of a similar gas, would

vanish, as it would no longer occupy any space at all. This

is, of course, absurd, but there is, none the less, a meaning in

what is called " absolute zero," and the present theory supplies

it. Absolute zero simply indicates complete quiescence of

æther. If the æther filling the universe sank to absolute rest

we may confidently believe that the prevalent temperature

would then be about 273°C. below the freezing point of

water. Until this happens, therefore (and life will then be

non-existent), or until we are able to confine without leakage

considerable masses of æther, the temperature of 273°C. below

zero will not be attainable. As regards the effect upon air, or

uponany othergas, the question of vanishing would never arise
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since it would ere this degree of cold was reached have become

solid, and have ceased to be subject to a law which applies

only to perfect gases. Possibly æther itself would ultimately

become solid, for, according to what we have said, the essence

of solidity probably is the absence of relative motion between

the ultimate particles of the solid. Speaking of gases, the

molecules having been brought closer and closer together

as the gas contracts with cold, they must necessarily form a

solid mass before the occasion for departing from existence

would arise. The more a gas expands, or becomes rarefied, the

more it acts as a perfect gas , since the dissociation of the mole-

cules or atoms is more complete in the rarer gas.

From our theory, and from what has been said, it follows

that the coefficient of expansion, or rate of expansion, of a

perfect gas by heat, must be greater than that of any other

gas or of any liquid or of any solid. Experiment shows that

this is so. Liquids must evidently follow next in their rate of

expansion by heat, and solids must come last of all .

As is well known, the expansion of gases, liquids, and solids,

can be used for the purpose of measuring the actual tempera-

ture of the air and other substances. For ordinary purposes

a liquid is found most convenient, as the amount of expansion

is sufficient to be easily noted, and not so great as to require

instruments of too large a size. The great drawback to liquids,

as compared with gases, is their tendency to expand at a

different rate at different temperatures. The reason for this

has been already indicated. The liquid which above all others

has been used for the purpose of measuring temperature is

mercury. This is largely due to the constancy of the rate

at which it expands within ordinary limits of temperature.

Now, it must be evident from our theory that liquids con-

sisting of dissociated atoms will, other things being equal,

give more regular results than ones composed of molecules

liable to be more or less dissociated into atoms as heat

increases, with a consequent effect on the heat itself. It is

therefore interesting to note that mercury which has been
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selected on purely practical grounds as a means of measuring

heat, does, in all probability, possess the peculiarity of having

at ordinary temperatures an atomic structure, instead of a

molecular one with molecules consisting each of two or more

atoms cohering together. Mercury is found to expand almost

uniformly between 0°C. and 100˚C. , while most other liquids

are in a varying degree distinctly less uniform in their rate of

expansion.

The peculiar exceptional circumstance that water contracts

on being heated from 0°C. to 4°C. requires to be mentioned.

It no doubt arises from the fact that the piling up of the water

molecules into solid ice crystals takes place in such a manner

as to involve an increase of bulk owing to the molecules not

fitting so closely together in ice as they do in water at 4°C.

A similar explanation will apply to other examples of a similar

kind . As we pass from liquids to solids, however, the full

explanation of the varying rates of expansion becomes more

complicated, and we shall not deal with it here beyond re-

marking that it is quite in harmony with our theory that the

expansion of solids by heat should be distinctly more com-

plicated than that of liquids, and the expansion of liquids

more complicated than that of gases.

Since heat vibrations separate the atoms, or molecules, of a

substance more widely from one another, when expansion is

not prevented, there will evidently be fewer in a given space

at a high temperature than at a low one, and consequently

the weight of a given bulk of a substance is diminished by

heat.

As we have no means of measuring heat vibrations more

directly, it is usual to estimate quantities of heat by reference

to a unit such as the amount of heat required to raise a

gramme weight of water 1°C. in temperature. We need not

here describe the methods by which the process of measuring

is carried out. Now, a gramme of one substance may require

more or less heat to raise it through a degree of temperature

than does a gramme of another substance. A gramme ofwater
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requires more heat than a gramme of any other body, and

hence it affords a good standard for reference.

This varying requirement of heat for the raising of the

temperature is spoken of as the " specific heat " of a sub-

stance. Let us, then, see how far the accepted laws as to the

specific heat of gases are in accord with our theory. The

specific heat of a gas is approximately the same at all pres-

sures, as shown by Regnault. That is to say, according to

our theory, that a gramme weight of the atoms of any one

gas will require the same quantity of heat to raise it 1°C. in

temperature, whether the atoms occupy a larger or a smaller

space, for thevolume of a gas varies inversely as the pressure.

According to our theory the same amount of æther is dis-

placed by a gramme weight of atoms, no matter what space

they are crowded into, so long as the atoms still continue

dissociated or the gas quite gaseous. The resistance to be

overcome by the æthereal vibrations is therefore the same in

this respect. But since the volume to be heated is altered,

say, by one-half, the heat should also be altered by one-half,

were it not that the pressure has been also altered by one-

half in the opposite sense to the alteration of the volume ; and

so the increase of pressure, by increasing the resistance,

neutralises the influence of the diminution of volume. It

will be noted, however, that when the volume of the gas is

diminished the relative proportion of the æther displaced by

atoms to the proportion of æther not displaced becomes in-

creased . In the case of gases this need not be taken into

account, though it must exert a progressive influence as the

compression of the gas proceeds.

It is admitted that the law is only " approximately "

accurate, and, therefore, we may take it that there is not any

serious discrepancy between the law and the fundamental

axioms of our theory. Put in other words, the above law

amounts to this-that the quantity of heat required to raise

a given volume of the same gas through 1 deg. of temperature

varies directly as the density of the gas ; that is, as the
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number of atoms contained in the given volume. Twice as

many atoms, occupying the same space, take twice as much

heat to raise them through 1 deg. of temperature.

Up to this we have been considering the case of atoms (or

molecules) all of the same size, and we must next consider

how an alteration in the size of the atoms affects the position.

Regnault further proved that the specific heats of different

simple gases are approximately in the inverse ratio of their

relative densities, the temperature and pressure remaining

the same. That is to say, a gas whose atoms are twice as

heavy (or twice as large, according to our theory) will require

for heating a gramme of it, through 1 deg., half the quantity of

heat that a gramme of gas composed of atoms of half the

weight will require for the same purpose.

The weight (1 gramme) of both gases being the same, the

same amount of æther will be displaced in both cases ; but a

gramme of the denser gas will occupy only half the space

occupied by a gramme of the lighter gas. Consequently, with

equal resistance , the volume of æther will in the case of the

denser gas be half the volume of it in the case of the lighter.

Hence the quantity of heat required to raise the gramme of

the heavier gas through one degree will be half that required

by the gramme of the lighter gas. Here, again, it is evident

that, according to our theory, no account is taken of the fact

that the proportion of displaced æther to non-displaced becomes

altered as the density alters. With this qualification, it evi-

dently follows that the quantity of heat required to raise a

given volume of gas through a degree of temperature is the

same whatever be the nature or density of the gas, the tem-

perature and pressure being the same.

Assuming, as we do, that equal volumes of all gases at the

same temperature and pressure contain the same number of

atoms (or molecules) , it follows similarly that all atoms require

equal amounts of heat to raise them through 1 deg. of tem-

perature, if the temperature and pressure is the same. This

probably amounts to saying that the size of the atoms may
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be neglected in so far as displacement of æther goes. The

fact actually observed-namely, that the above laws are

accurate only in the case of extremely rare gases-directly

follows from our theory, as also does the fact that the laws

become quite inaccurate when we come to liquids and solids,

although their influence still continues, subject to increasingly

important modifications.

The second of the above laws may also be expressed by

saying that when compared at the same temperature and

pressure, all simple gases have (approximately) the same

thermal capacity per unit volume, the "thermal capacity

signifying the product obtained by multiplying the specific

heat by the density.

""

The above laws amount to a statement that the heat

required to raise unit volume of æther through one degree is

not affected appreciably by the size of the contained atoms

while they remain quite dissociated, but is affected by the

pressure to which they are subjected. In fact, our original

definition , which makes the weight of an atom synonymous

with the volume of æther it displaces, would seem to involve

the above results of necessity.

It is found, also, that if equal quantities of heat are added

successively to a gas, at constant pressure, the volume of the

gas will increase in arithmetical progression, or, if equal

quantities of heat be successively added to a gas at constant

volume, the pressure will increase in arithmetical progression.

For almost pure æther this result should be quite accurate,

and, as might be expected according to our theory, it is only

approximately so in the cases of some gases. Dulong and

Petit remarked that the heats of elementary substances are,

for the most part, in the inverse ratio (approximately) of

their atomic weights, or that the product of the specific heat

and atomic weights is approximately constant. At ordinary

temperatures this is found to be a very rough constancy,

though at very high temperatures it is probably nearly

exact. The remarks already made in regard to the density
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of gases apply equally in the present instance. Many

solid bodies when heated sufficiently become liquid, or melt,

the melting point, or temperature of fusion, being pretty

constant for each substance, under ordinary conditions. Some

bodies, however, cannot be liquefied by any means at present

available. Among elementary bodies charcoal is a notable

example of unliquefiable substances, and this circumstance

affords further evidence that there must be a peculiarity in

the shape of the carbon atom, such as has been suggested .

From the point of view of our theory, it is easy to see that a

shape such as a cubic one would make an atom very ready

to adhere firmly to others of the same kind until quite shaken

free from them, and so reduced to the gaseous state. The

majority of atoms or molecules with varied shapes would,

however, be likely, a priori, to pass through a stage in which

they would adhere, in a loose and shifting fashion , in larger or

smaller aggregations, until theybecome solid, on the one side, or

gaseous and dissociated on the other, and this intermediate

stage is the stage of liquidity. The change from the solid state

to the liquid state absorbs heat, since the stationary molecules

toppling over into the æther necessarily take up heat refractions

equal to those which were set free when the molecules were

brought to rest in their solid positions. As a rule, when a

certain temperature is reached, the change from the solid to

the liquid state takes place without any intervening condition,

but in the case of some bodies there is an intervening viscous

or pasty state. Glass affords an example of this intermediate

state. According to our theory this intermediate condition

might be explained by supposing the adhering surfaces to be

loosened enough to allow sliding of one particle on another

without its becoming actually loose from it. In any case,

these changes from solid to liquid , and from liquid to gas, are

quite what might be anticipated under the conditions which

our theory assumes, even though the exact mechanism of

the process may be somewhat difficult to define precisely.

Energy is required to separate molecules in the liquid form,
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In

sufficiently to render them gaseous and, therefore, when this is

effected by the agency of heat vibrations, these latter are more

or less used up or rendered " latent " in the process. We

have explained that the solid state differs from the liquid in

that the particles or molecules are at rest in the solid, except

at the surface, where there is friction which may displace

some of them. In liquids the particles move upon one

another with greater or less freedom according to the

nature of the liquid, that is, according to the adhesive-

ness of its component molecules. When we come to

the gaseous state, we have a quite new phenomenon.

solids and liquids we find substances carried down by the

æthereal current of gravitation as far towards the centre

of the terrestrial whirl (i.e. , the centre of the earth) as is

permitted by the solid or liquid bodies intervening. With

gases this is only partially so. The molecules of a gas pass

upwards against the æthereal current of gravitation quite

freely. How does our theory explain this ? Simply by the

fact that the heat vibrations now impart to the molecules a

momentum which overcomes the force of gravity. The heat

pitches the molecules out against the action of gravity while

tearing them apart from the molecules to which they are

adherent. If, then, we cool the gas, and so diminish the force

of the heat vibrations, the force of the æthereal current of

gravity again bears them down, and fixes them by the excess

of external pressure to the molecules which are hindered by

some obstacle from proceeding further in the course of the

æthereal current of gravity. In this way the present theory

gives a simple and reasonable explanation of the nature of the

solid, liquid and gaseous states of matter, without assuming

anything more than we assumed at first-viz., an æthereal

current producing gravity by its action on particles imper-

vious to the æther, with various vibrations and subordinate

movements taking place in the æther as it flows in its onward

course.

In connection with the subject of liquefaction of gases,
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we ought not to pass over unexplained what is called the

"critical temperature " of a gas. The " critical tempera-

ture " of a gas is a temperature below which pressure is

capable of producing liquefaction, but above which extreme

pressure fails to produce any liquefaction. According to our

theory, it is evident that pressure brings atoms and molecules

into closer proximity, and so tends towards liquefaction , but

it is easy to see that sufficiently powerful heat vibrations may

quite prevent the adhesion of molecules essential to liquidity,

no matter how closely they may be pressed together. When

the heat vibrations are lowered beyond a certain point (the

critical temperature), the molecules will adhere when closely

enough pressed together. Conduction of heat and the relative

conductivity of different substances for heat, require to be

considered in this rapid review of the relation of heat

phenomena to æther. In the case of conduction it is simply,

according to our theory, the communicating of vibrations of

particles in close contact from one to another. That such

must occur is too self-evident to need discussion. We may,

therefore, proceed to consider the rules governing conduction

in the case of different substances, and under differing

conditions. Heat vibrations are fundamentally vibrations

of the æther, although, of course, any particles in the

vibrating æther are made to vibrate by it. It is there-

fore, a natural inference that the way in which heat

vibrations will travel in a solid substance, in a liquid, or in a

gas, will depend in a great degree on the manner in which the

æther is distributed within the solid, liquid, or gas, and on the

relative positions of the particles of matter as regards one

another. In pure æther what is called conduction does not

exist. There we have simply what is known as " radiation,"

in other words the free transmission of vibrations through the

æther itself. Heat vibrations can pass from æther enclosed

in the interstices of solids, &c . , into the pure æther, but they

then cease to give any of the manifestations by which we

recognise heat. Heat cannot exist so as to be recognised by
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our senses except in the presence of foreign particles in the

æther. The same remark applies likewise to light and elec-

tricity. In all these the phenomena are dependent for their

character on the distribution, in relation to one another, of the

æther and of the particles of matter impervious to æther. To

return to heat conduction, we have, in the case of solids, par-

ticles set in a fixed position and capable of vibrating only

within very limited ranges, the interstices being filled with

æther in communication with the general body of æther. It

may, therefore, reasonably be assumed that the transference

of heat from one part of a solid body to another part will be

most rapid where the particles are arranged so as readily to

vibrate in unison. Where the substance is traversed by long

regular uninterrupted æthereal channels, it will necessarily,

by our theory, be a good conductor ; for such vibrations as can

be taken up by the ethereal tubes or spaces, and by the

intervening matter being consequently in long rods or wires,

will readily take up the vibrations from end to end.

Metals are good conductors of heat, and it will be observed

that their structure is evidently such as to indicate the presence

of long very minute channels within their substance with long

wirelike arrangements of the metallic particles between them.

This is especially the case with the best conductors, such as

silver and copper. A very noteworthy point in regard to the

conduction of heat (as well as of electricity), is the fact that

various processes, which do not, of course, alter the actual

composition of a body as regards its ultimate molecules or

atoms, but which do (as can be proved by microscopical

examination) alter the system of arrangement of the internal

spaces, produce important changes in the conductivity of the

body. It follows directly from our theory that amorphous

bodies, with particles loosely jumbled up in confusion, must

be bad conductors. This is, undoubtedly, the case. Similarly

liquids must be bad conductors as a rule, and the only case

in which they are likely to conduct well must be where the

liquid is composed of large uniformly-shaped atoms, which
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allow of fairly regular channels of æther between them, or the

like. This, taken as a general proposition, is certainly true.

In the case of gases the particles are floating about loosely,

and so do not readily transmit heat vibrations directly from

one particle to the other. It is, therefore, improbable that

they would conduct heat well, although they would readily

permit ofradiation through the body ofthe æther in which the

gaseous particles are floating. There is every reason to be-

lieve that gases are extremely bad conductors, as our theory

would lead us to expect.

Felt, eider-down, wool , &c., which contain fairly stationary

little masses of air, are very bad conductors , as might be

anticipated. Of all the ordinary gases hydrogen conducts

the best according to results of experiments performed with

tubes full of various gases or rendered vacuous. Owing to

the impossibility of distinguishing clearly between conduction

and radiation in this case, these results cannot be relied on

altogether, however. Otherwise, it is difficult to explain this

property of hydrogen. Radiation differs from conduction of

heat in this, that the heat passes through an intervening

medium such as air, hydrogen or heat-transparent medium of

other kind without affecting the intervening substance as

regards temperature. Pure æther alone is, according to our

theory, heat-transparent in an absolute sense. Whenthe heat

of the sun strikes the terrestrial atmosphere some ofthe heat

is used up in increasing the vibratory movement of the

particles of air, and thereby raising their temperature, part

passes through, by the æthereal spaces, until ultimately it

strikes on, let us say, a brick, and it is then rapidly used up

by the heat-opaque substance which has intercepted it. We

might indeed speak of radiant heat as " insensible " heat but

for the fact that radiant heat becomes " sensible " so soon as it

strikes our own bodies, not to speak of other matter. From what

has been said of radiation it will be evident that, according

to our theory, a body which allows free radiation must con-

sist of continuous masses of æther which allow the direct
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transmission of the æthereal vibrations. Obviously, therefore,

the distinction between conduction and radiation is merely

founded on the difference of the transmitting medium. It is

only when we come to pure æther that what we call conduction

disappears, and leaves radiation alone as a means of trans-

ference of heat. In brief, conduction is the transference of

heat vibrations from solid particle to solid particle ; radiation

the transference of heat vibrations from æther to æther. Prac-

tically speaking they are almost inseparable, as we have not

as yet any means of excluding solid particles from the

ætheral fluid in spaces large enough for direct observation.

Pure æther is an absolute non-conductor of heat in the sense

that it allows only radiation . From this it will appear why

gases are bad conductors. Air, for instance, is chiefly made

up of æther with air particles floating loosely in it. The

æther does not directly conduct the heat, and it is only by

the occasional collisions of air particles that true conduction

occurs. In fact, it becomes a sort of combined convection,

conduction, and radiation when heat passes through a gas.

If convection and radiation were excluded, the amount of con-

ducted heat would be but small , in all probability. Radiant

heat consists of æthereal waves, and travels at the same rate

as light. As has been well said by some writers , it is not

heat at all, but is a form of energy capable of being readily

converted into heat. It has been proved experimentally that

heat passes freely through a vacuum, and that, as it has been

expressed, "a ponderable medium is not essential for the

transmission of radiant heat." According to our theory,

weight is simply a result of the action of moving æther on

bodies of different sizes which are impermeable to æther, and

therefore, in this sense, a " ponderable medium " is not essen-

tial to the transmission of heat. The æther alone is essential,

but it is only when the radiant heat affects " ponderable

media " that it becomes what we really call heat.

We have said enough to show that our theory is con-

sistent with the phenomena of heat as recognised, and we need

E
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not proceed to show that it is consistent with Newton's

Law of Cooling, according to which the loss of heat by a hot

body is approximately proportional to the excess of the

temperature of its surface over that of its immediate sur-

rounding. This is simply a matter of the transmission of

mechanical vibrations, and follows the usual laws of mechanics.

Similarly, the rule that the intensity of the heat received

from any source of heat varies inversely as the square of the

distance is merely a mathematical deduction from the con-

ditions to which heat is due.

The absolute identity of heat and light, apart from the

wave-length or rapidity of the vibrations , &c . , follows essen-

tially from our theory, and the grounds for accepting this

view can be found in any good modern text book. They need

not, therefore, be recapitulated here.

The fact that some substances are transparent to radiant

heat which are not transparent to light, and vice versâ , is as

obvious , according to our theory, as that different-sized organ

tubes will vibrate to one note and not to another. Similarly,

in regard to absorption of heat and its diffusion , reflection ,

&c., the reader can indeed select for himself any recognised

fact in regard to heat, and he will find that there is nothing

inconsistent with the foregoing theory, and nothing, perhaps,

capable of easier explanation by any other theory. We shall ,

therefore, leave him to do so, and allow him to judge for

himself whether or not our theory is tenable in this connection.



CHAPTER V.

LIGHT IN RELATION TO ÆTHER.

As with heat, so with light. The manifestations of light

are too well known to require any special description.

Like heat, light is generally believed to be due funda-

mentally to vibrations or pulses of the æther. As has been

said already, heat and light are different, not so much in

kind as in degree . The vibrations, or pulses , which are

summed up as heat, are slower vibrations, and more or less

irregular ones. The vibrations of light are more rapid (not

in rate of transmission, but in succession one to another), and

they are probably vibrations in a plane perpendicular to the

direction in which the light is propagated. Sensible light, at

all events, is probably made up of vibrations at a right angle

to the direction in which the rays are propagated . A heated

body becomes luminous when the heat becomes sufficiently

intense, the pulses of the heated matter and enclosed æther

becoming correspondingly more rapid and obtaining the

rapidity of oscillation which suffices to excite the sensation

of light. In the absence of non-æthereal particles light is not

sensible. Æther in a pure state cannot become luminous, but

it can serve as a medium for the transmission of light. The

waves or pulses emanating from the sun pass through the

intervening æther without rendering it luminous in the ordi-

nary sense. It is only when they strike clouds in the

terrestrial atmosphere or other aggregations of matter that

E 2
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luminous effects are produced. The æther carries the vibra-

tions, but without itself becoming luminous : vibrations of

frequency too high to be seen as light are very powerful in

their action on chemical compounds. From what has been

said already as to the nature of chemical combination, it will

be easy to understand how rapid oscillations of the æther

would affect the cohesion of chemical atoms and molecules.

Vibrations of frequency too low to be seen are felt as heat.

The waves or pulses emanating from the sun are probably

only broken up into heat, light, chemical rays, &c. , when they

reach the terrestrial atmosphere, just as a ray of light is only

split up into colours when it strikes a prism, &c. What we

see are luminous particles just as what we feel are heated

particles. Radiant light, like radiant heat, is not sensible

apart from its influence on non- æthereal particles. Of course ,

it must be remembered that radiant heat or radiant light

cannot reach our sentient nerves without having come in

contact with non-æthereal particles.

The " wave theory " of light is so generally accepted now

that it is hardly necessary to recapitulate the grounds for

believing that light is due to æthereal vibrations. We must ,

however, consider in what way the peculiar features of the

present theory agree with experimental observations on the

various phenomena presented by light.

As has been remarked, the vibrations of light appear to

take place at right angles to the direction in which the rays

are propagated, and it is contended that this kind of vibra-

tion , although it can occur in a solid, cannot occur in a fluid

such as we maintain that æther is. According to our theory,

however, light does not exist as such in pure æther. It only

exists in æther containing non-æthereal particles of solid

matter, which can, of course, vibrate in a direction perpendi-

cular to the direction of the impinging rays. These solid

particles in their turn may, of course, excite corresponding

vibrations in the æther in which they are immersed. Let

us suppose a wave or pulse from the sun to strike our
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atmosphere. Even if the direction of the vibration is directly

in the line of the ray of radiant light as it exists in pure æther,

yet when it strikes a particle of non-æthereal matter, the

vibrations must be diverted in part in a direction perpen-

dicular to the surface struck, and so an element of vibration

is formed in a direction perpendicular to the direction of the

In producing this effect (i.e. , sensible light) radiant

light is used up, just as radiant heat is used up in raising the

temperature of a body on which it falls. We see only

portion of an æthereal vibration as light, the rest of it is

perceived as heat, &c.

ray.

Light, or luminosity, is capable, as much as heat, of con-

vection, conduction, and radiation . Luminous gas or liquid

conveys with it the luminosity it possesses and distributes it.

A luminous solid brought into close contact with a non-

luminous solid can render it luminous by conduction.

Radiation is, of course, well recognised, and it is the most

important mode by which light is transferred. Conducted

light is so soon retarded sufficiently to destroy its luminosity

that conduction of light is seldom spoken of, although it

exists without doubt. Good conductors for heat are, as a

rule at all events, good conductors for light. When we come

to compare the power of light to pass through solid bodies in

a radiant condition , we find that it is by no means the same

as that of heat. Glass, for instance, is an excellent fire screen,

owing to its power of stopping radiant heat, but it is very

transparent to light and readily allows it to pass through.

From what has been said it will be seen that according to our

theory radiant light and heat are both influenced by the

channels and spaces of æther in a solid, and not much by the

solid particles themselves. To explain this difference, there-

fore, between light and heat, we must consider what are the

peculiarities of the interstices filled with æther in the case of

glass, &c. The way in which glass breaks gives a clue to

these . The characteristic feature of the vitreous fracture

indicates long straight channels in planes perpendicular to
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the surface of the glass and passing out through the glass.

Rays of light falling on the surface of the glass pass through

easily since the vibrations are perpendicular to the direction

of the rays, or, in other words, coincident with the direction

in which the narrow æthereal intervals extend through the

substance of the glass. Heat vibrations being in no one

regular plane, and requiring a wider space for their oscil-

lating movement, are taken up by the glass particles and only

transmitted to a very small degree. In general, it will be

found that transparent substances owe their transparency to

a regular structure such as allows vibrations, of the wave-

length and character peculiar to light, to pass through by

means of channels in free communication with the æther

outside the solid body.

Gases are necessarily transparent, as there is abundance of

free æther through which the vibrations of light can travel.

Liquids, such as water, alcohol, &c. , are transparent to light

when at rest, but if shaken up so as to break up the con-

tinuity of the interspaces, the transparency is greatly inter-

fered with, as might be anticipated from our theory . It must,

however, be remembered that, in the case of liquids, the

interspaces between the particles are capable of admitting

gases, and even small solid particles, which then produce

opacity and various intermediate effects as regards the trans-

mission of light. These results support our theory, for

it is most improbable that, in ordinary solutions, and still

less in mere distribution of minute solid particles, the com-

position of the solid molecules of the liquid are in any way

altered . It is into the spaces between the molecules of water

that the dissolved, or suspended, particles pass, and they conse-

quentlyaffect the ease with which light vibrations pass through

the extra-molecular æther. In discussing transparency to

light, as in discussing many other points with important

bearing on our theory, we are greatly hampered by the

extreme scantiness of our knowledge of the shapes of the

constituent atoms and molecules of different substances, and
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also by our ignorance of the minute structure and arrange-

ment of the substances. We therefore limit ourselves to the

broad features, in the constitution of various materials , which

are well recognised . Metals have a structure in the main

quite opposite to that of glass . Silver and copper, for instance,

can be drawn out into long threads and cannot be broken

across with a clean " vitreous fracture." There is much

reason, indeed, to regard their structure as made up of long

thread-like metallic processes separated by similar channels

running parallel to the metallic threads. Bearing in mind

the extreme minuteness of these intra-metallic channels it is

easy to imagine that light vibrations, even when falling upon

the extremities of them in the most favourable manner

would not pass far along them without being broken up and

absorbed. This is, in fact, very much what experience shows

to be the case with metals. Unless beaten into the thinnest

leaves metals do not transmit light appreciably. Structureless

masses of particles jumbled up in confusion must necessarily

be non-transparent to light, as they are to heat, according

to our theory ; and experience quite coincides with this

anticipation. Physiologically considered the portion of light,

or of heat, which affects our sensation is probably only that

portion which is converted into the motion of non-æthereal

particles. The heat or light, which passes through us un-

changed, does not affect us ; it is those vibrations of the

æther which set the non-æthereal particles of our body

vibrating, to the loss of vibratile energy in the æther, that

affect our sensation and condition. From this it follows that

our sensations are all simply sensations of movement. The

difference of our senses of light, heat, hearing, and touch,

depend simply on our capacity of appreciating differences in

the character of the movements impressed upon us. From

this view we can appreciate the difference between a bright

and a dull light. If the quality of the light is the same in

two cases the wave-length or rapidity of succession of the

pulses is the same, but the one pulse may be stronger, that is,
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capable of overcoming more resistance than the other, and

hence the light in the one case is stronger or brighter than

in the other. This is just the same as the difference between

the effects of strokes inflicted ten times to the minute with a

light mallet and those of strokes at the same rate with a

heavy hammer, or between the strokes of one mallet every six

seconds and the simultaneous strokes of a number of mallets

together at the same rate. When a ray of light falls on a

solid body part of it is turned back, or reflected, in a practi-

cally unaltered condition, part is absorbed by the body and

then given off again as light, and part is absorbed and con-

converted into heat or other form of energy. Nothing need

be said here of the portion which is reflected as radiant light,

the course of which is changed according to the mathematical

principles which apply under the circumstances, It is the

portion which is absorbed by the body, and then given off

again from the body, rendered luminous, that is of most

interest in connection with the present theory. It might be

inferred, with reasonable certainty, that bodies of different

molecular structure would not vibrate in the same way under

the influence of identical vibrations of the adjacent æther,

and, therefore, that the character of the vibrations given off

again to the æther by them would not be quite similar in

character. Experience proves that this surmise is justified ,

since the colour of the emitted rays, that is , the colour of the

bodies themselves, differs in character in an infinite number

of degrees. Differences of colour are due to differences in

wave length of the pulses of light, and the structure of

the bodies determines the wave-length of the pulses where-

with the body is capable of vibrating, and which , alone,

consequently, it can give forth when luminous under a definite

stimulus. In speaking thus of bodies as " luminous," or light-

giving, we are not using the word quite in the restricted sense

in which it is usually employed . It is usual to speak of a

body as luminous only when it gives forth light under the

stimulus of intense heat, chemical action , electricity, or the



LIGHT IN RELATION TO ÆTHER. 57

like ; but a body becomes luminous under the stimulus of

light also. Under the stimulus of the sun's rays the moon

and the planets become luminous. Such light is spoken of as

reflected light, and part of it is simply reflected light, but

part of the light is taken up by the body just as much as

though it were heat, and the body, thus rendered luminous,

gives off its own kind of light, just as a body heated by inci-

dent heat rays gives off again some of the heat passing into

it and raising its temperature. In the case of light it is

customary to speak of this portion of light as “ irregularly

reflected," but we might just as well call the corresponding

portion of heat " irregularly-reflected " heat. In both cases the

light and the heat respectively, while directly derived from

the incident rays, are, nevertheless, modified by the body before

being given off again. How far this modifying process depends

on the channels and spaces of æther, and howfar on the vibra-

tory capacity of the molecules themselves cannot be exactly

determined with our present knowledge, and we shall not

go deeply into the question at present ; but it leads to error

if the influence of a body on light entering into it is regarded

as a mere matter of turning back or turning aside the incident

rays. It is well recognised that different substances possess

different " specific heats," and if we are right in what we say

as to substances being rendered luminous by the light they

take up, then we ought to expect that different substances

will possess different degrees of what we may call " specific

luminosity." A definite amount of light would, we might

anticipate, render one substance more luminous, the masses

being equal, than it would render another substance . This un-

doubtedly is so, although the matter is not usually regarded from

this point of view. Everyone is. aware that a white body is

much more visible in a feeble light than a black one, and this is

looked upon purely as a matter ofreflection . The indisputable

alteration in the character of the light is merely put down as

a result ofreflection from deeper surfaces of the substance, and

so on, but there is no valid reason why we should regard this
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emission of light from an illuminated body as differing funda-

mentallyfrom the emission of heat from a heated body. In both

cases, of course, the heat and light respectively are partly

reflected as radiant heat and radiant light, but in part also after

passing into the substance of the body, both heat and light are

given off in a diffused manner to surrounding particles of

æther. It is simply owing to the fact that light is so very

rapidly converted from light into invisible vibrations , that we

are inclined to overlook the fact that an illuminated body is

rendered luminous, and that the same amount of illumination

produces different degrees of luminosity according to the

character and structure of the illuminated body. The different

qualities of different substances in regard to their capacity of

becoming luminous or " self-luminous," as it is called, as a

result of heat, electricity or chemical action is, on the other

hand, already recognised. Phosphorus becomes luminous,

without any heating effect to speak of, as a result of chemical

action. In such a case luminous vibrations are produced by

the setting free of æther fixed between adherent atoms,

and by the imprisoning of other portions of æther in the

establishment of new combinations, as has been explained

in previous pages. Any rearrangement, dissociation, or

combination of the atoms or molecules of chemical sub-

stances may give rise to light, or heat, when the condi-

tions are suitable. There is no reason, however, accord-

ing to our theory, why a chemical element should not give

rise to light or heat by rearrangement, &c., of its atoms,

without at all altering its chemical composition. There is,

therefore, nothing subversive of natural laws as at present

recognised in the phenomena displayed by radium. We have

only by our theory to suppose a progressive alteration of

molecular structure giving rise to heat, light, &c. The enor-

mous amount of energy that may arise from alterations of

the disposition of molecules and atoms, with consequent

movements of æther resulting in heat, light, &c. , is evident

from the commonly observed effects of ordinary chemical
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action. As a rule the production of light is associated with

much heat ; but some substances are capable of emitting

light without attaining any high temperature. This is quite

what might be inferred from the analogy of sound, in regard

to which it is well known that certain substances take up

special vibrations with special readiness, the size , shape,

structure, &c. , of the vibrating body being determining factors.

Moreover, similar selective powers have been proved in the

case of heat.

The different degrees of capacity for producing light is

shown in the case of ordinary flames, in which the most

luminous part is not the hottest. Again, some very hot

flames are almost non-luminous, owing to the want of par-

ticles of matter capable of luminous vibrations . Air, which

is capable of giving out much heat, is extremely devoid of

light-giving qualities. As with heat, so with light, substances

which readily absorb light are in general ready to produce

light freely when heated. Thus soot, which absorbs so

abundantly any light falling on it, becomes very luminous,

when heated in the flame of a candle. We need not, indeed

multiply analogies between light and heat, because it is

already evident from our theory that light and heat are

fundamentally similar ; that, in fact, light vibrations are only

specialised heat vibrations, just as sound vibrations of the air

are only specialised vibratory movements of the air. All

vibrations of the air not capable of affecting our hearing,

neither are all vibrations of the æther capable of affecting

our sight.

A current of air striking against a fixed wire makes it

emit musical sounds while it whirls along a loose feather, and

colliding with various obstacles gives rise to innumerable

vibratory movements, many of which can be felt by sen-

tient beings , and some of which can be heard as noises. Sound

vibrations differ as much and no more from other vibrations of

the air as light and heat vibrations differ from other vibra-

tions of the æther. The current of flowing æther striking
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fixed bodies capable of vibrating with luminous vibrations

can and does produce light, while it carries on with it, by

what is called the force of gravity, the loose bodies floating in

it, and as it collides with various obstacles it produces innu-

merable other vibrations, many of which can be perceived by

sentient beings as heat. Light is, therefore, distinguished

from heat merely by the fact that the vibrations called light

can affect our sight, while those of heat cannot do so. It is

only certain vibrations of the air that affect our hearing, but

apart from this they differ from other aerial vibrations merely

in degree. Bacon has been much ridiculed because he thought

of working out the nature of heat by comparing the different

things giving rise to that sensation. What, his critics say

derisively, is there in common between the heat caused by

pepper or mustard in the mouth and the heat of hot water ?

Perhaps there is much in common. Though the causes be

far from similar, it is quite likely that the vibratory move-

ments of our tissues are much the same in both cases,

and hence give rise to similar sensations. In any case it

must be remembered that it is ultimately in the effect

upon our sentient organs that the grounds for distinc-

tions such as that between heat and light must be sought,

and it must be remembered that the fact of our sense

of sight or hearing ceasing to be capable of perceiving a

vibratory movement does not imply that there is any very

fundamental change in the character of the vibration. An

organ of sense might be capable of distinguishing a vibration of

1,000 pulses to the second, and not one of 999, and the

resulting difference would be enormous to the sentient being,

although apart from sensibility the difference is quite trivial.

The difference between light and heat is probably quite trivial

at their point of contact. Indeed the quivering of the air,

with its dust, around the margin of the flames of a bonfire is

probably an evidence by sight of the insensible transition from

light to heat. We thus have vibrations of low frequency

commencing from the absolute zero which signifies absence of
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vibration in the æther, and vibrations gradually increasing in

frequency up to the point where luminous vibrations come in,

not for the most part taking the place of heat, but constituting

a special part of it, and capable of being separated from

it. Later on we come to vibrations of such frequency

that they become again imperceptible to the eyes though

capable of recognition by chemical or other effects. All

these vibrations of the æther become perceptible to us

by their effect on non-æthereal particles, either directly,

by radiation, on particles of our bodies, or indirectly, by first

communicating vibrations to external particles, and, through

these, to our bodily structures. It is obvious that vibrations

of æther, when they pass from pure æther into æther inter-

mingled with particles of non-æthereal matter, will be

obstructed in their course ; and it cannot fail but that devia-

tion in the direction in which the vibrations are propagated

will arise in consequence. This applies, of course, to all

æthereal vibrations, but it is best observed in the case of

those vibrations which are perceptible by our sight, that is, in

the case of light. Light passing through air or gases is

easily proved to be bent away from the straight line in which

it is propagated through pure æther, but it is still more bent

aside when it passes through denser substances such as water

or glass. We have already shown that it follows from our

theory that a denser body contains in a given volume less

æther than a less dense one, and hence the obstruction to

vibrations of the æther is greater in the denser body, under

equal conditions, than in the less dense. The greater resis-

tance naturally produces a greater deflection of the vibrations

from their original course, and so denser bodies have a greater

power of refraction, a higher refractive index than the less

dense. It is evident, however, that the resistance will depend,

not only on the combined bulk of the obstructing matter,

but also on its mode of arrangement. The effect of a solid

pile of bricks on a set of sound waves would not be the same

as that of the same number of bricks built with pigeon- hole
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apertures between them. Similarly, the channels or spaces

filled with æther must influence the refraction of light by

their character and arrangement, even though, in a given

volume, the actual space filled by non-æthereal matter is the

same in two different substances. Our theory, therefore,

seems to require that refraction of light should not depend

solely on the density of the refracting substance, and experi-

ment supports this deduction . Here, again, however, as so

often in discussing this theory, we are met with the difficulty

that the structural arrangement of even the simplest elements

is almost unknown, and the investigation of it has barely been

attempted. Quite recently, however, attempts have been

made in this direction, and the results, although as yet very

crude, nevertheless afford to the discerning eye glimpses of

great possibilities, and of important progress in the advance-

ment ofscience, when the subject is dealt with in a thorough

and systematic manner.

When light is split up into rays of different wave-length

within the limits which are consistent with the production

of the fundamental characteristics of light, a difference is

found in the extent to which the rays of different wave-

length are refracted by a particular substance (or by the

same substance in the case of certain crystals, &c.) in different

directions. The red rays being of longest wave-length are

least refracted, and the violet being of shortest wave-length

are most refracted in passing through a substance such as

ordinary glass. In passing through Iceland spar the effect

upon light of the same wave-length is different according to

the direction which it takes through the crystal . In all such

cases the explanation is to be found in the influence of the

æthereal channels in the transparent medium or the vibra-

tions as they pass through. When slices are cut from the

mineral tourmaline parallel to its axis it is found that two of

these slices, which separately are semi-transparent, become

opaque when laid one on the other in a particular position—

namely, at right angles-to their natural position in the
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crystal. This phenomenon of " polarisation," as it is called,

is due to the æthereal channels in the tourmaline allowing

only vibrations in one plane to pass through. When a similar

slice is laid on at right angles to the first slice, the position of

the æthereal channels being shifted through a right-angle,

vibrations in the plane in which the transmitted rays are

vibrating becomes impossible and the rays are stopped.

This, though not strictly comparable, is much as though a

current of water were poured through a plate with a vertical

narrow slit in it. If a similar plate be laid on it with the

slit superposed vertically, the water will pass through as

before, but if the second plate be laid on with the slit at right

angles-that is, horizontally-the current will be practically

stopped. This phenomenon of " polarisation " is therefore a

clear proof of the truth of the theory that light is transmitted

by æthereal channels through transparent substances . From

the character of the crystals the nature of these channels may

be inferred, and the peculiarity of the thin æthereal layers ,

which allow vibration only in the plane in which they lie, can

be pretty certainly established. It has been proved that

similar polarisation of heat rays can be obtained , and this

again goes to prove the fundamental identity of heat and

light. The phenomenon of " interference " of light, whereby it

is shown that light vibrations can be brought into collision,

like any other vibrations, and many other phenomena, which

may be found described in works on optics, need not be

detailed or discussed here. Our object is merely to show

that light, as well as heat, consists of a special kind of vibra-

tions, or pulses, in a fluid æther, and that the various changes

and modifications which light undergoes are simply the result

of the interposition of particles, and masses of particles, in

the path of these vibrations, whereby the vibrations are

absorbed from the æther through the communication of the

vibrations to the non-æthereal particles, or repulsed or

diverted from their path, or modified by the restrictions of

enclosed tubes, layers or irregular spaces, and, in fine,
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subjected to all the various modifications which can be brought

about in such vibrations by means of material impervious to

the fluid which is the carrier of the vibrations. Enough

has been said to show that the main facts that have been

ascertained in reference to light might with much probability

be attributed to the varied arrangement relatively of the

æther and non-æthereal matter, and to the natural effect of

this on vibrations such as are now generally believed to be

the essential feature of luminous manifestations. Mathe-

maticians can, when the necessary data are available, subject

such surmises to critical tests.

In the meantime it is all we claim if it is admitted that,

granted what we know, and a little more that we venture to

imagine by reasoning from analogy and by other indirect

methods, our present theory explains, better than any other,

the things that we learn by means of senses which are

capable of giving extreme importance to the capacity of

external matter to excite certain well-defined sensations.

The present theory tends in no way to revolutionise the

accepted deductions from the wave theory of light. It

merely alters somewhat the conceptions commonly prevalent

as to the nature of æther, and lays stress on the important

part played by non-æthereal matter in altering and modifying

the vibrations of the æther.



CHAPTER VI.

ELECTRICITY AND MAGNETISM IN RELATION TO ETHER.

In previous chapters we have tried to show (1) that the

flow of æther through space, by its action on non-æthereal

matter which displaces it and offers resistance to it, affords an

explanation of the movements of the heavenly bodies and of

the earth, and supplies a rational cause for the mysterious

force ofgravity ; (2) that chemical combination consists funda-

mentally in the adherence of non-æthereal particles, owing to

the outside æther pressing them together with force greater

than that of any æther fixed between the adhering particles ;

(3) that heat and light comprise the various vibrations which

are imparted to the æther and are transmitted through it.

It will now at once occur to an intelligent reader that if

æther is, as we assume it to be, of the nature of a gas , acting

as though composed of very extremely minute particles, we

should expect to find differences in the pressure of the æther

and very important resulting consequences. We have, indeed,

already accepted the view that there are such differences of

pressure, for this would necessarily follow from many of the

circumstances connected with phenomena already discussed.

The supposition of æther flowing along, and interrupted by

obstacles, presupposes a lowering of pressure in portions of

the æther as compared with other portions, and so on , if æther

is indeed of a gaseous nature. Now, we propose to put for-

ward the movements and differences of pressure of the æther

F
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as the foundation of magnetic and electrical phenomena.

Such differences of pressure, and such movements, of course,

give rise secondarily to vibrations of the æther, some of which

are such as to be manifested as light, and some as heat. They

give rise also to special movements and changes in non-

æthereal substances in ways which will be explained later on.

Electricity and magnetism together might almost be defined

as energy exerted through the medium of æther, but this

definition would include, light, heat, &c. Some modern writers

have striven to explain electricity as abstract energy. That

is as though one explained the results of the blow of a stick

as a manifestation of abstract energy, ignoring the stick which

constitutes the vehicle of the energy. Electricity is energy,

according to our theory, but it is energy conveyed through

the æther as a vehicle.

The flow of æther, to which we attribute the movements of

the planets, the force of gravity, &c. , should, from what has

been said above, be of the nature of magnetism or electricity,

but just as ordinary motion is little perceptible when we, and

all around us, are moving together, so we perceive but slightly

the enormous movement of the æther in which we are

immersed . It is, however, to this movement of the æther

that the magnetism of the earth is to be attributed, and the

attraction of the earth in reference to the moon, and other

heavenly bodies, in like manner.

It will, perhaps, be best to begin our discussion of the rela-

tion of Electricity and Magnetism to Æther with the electric

and magnetic phenomena on which electrical science was first

founded. The possibility of electrifying insulated substances

by friction was one of the earliest facts observed, and we may,

therefore, consider how such effects are produced before we

proceed to more complicated methods of producing electricity.

Rubbing a piece of amber with flannel no doubt sets the

particles of the amber vibrating, and so produces heat and

vibrations in the æther filling the interstices of the amber.

Heat, however, is not electricity, though heat produces
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electricity and electricity produces heat, by the common pro-

cess of alteration in the form of energy which, like matter

itself, can be charged but not destroyed. Vibrations such as

those produced by friction must, however, be co-existent with

movement of æther and consequent alteration of the

pressure of continuous portions of æthers. When the

result is an increase of pressure in the æther we have

what is called positive electrification , and where the

result is diminished pressure of æther we have negative elec-

trification. We, therefore, have to believe that by rubbing

glass with silk the pressure of æther in the glass surface is

increased , while by rubbing resin or sealing-wax with woollen

material the pressure of the æther in the surface of the

sealing-wax is diminished. It is no doubt difficult to under-

stand why rubbing glass with silk should pump æther into

the surface of glass, or why flannel should pump æther out of

the surface of sealing-wax ; but there is nothing incredible in

such suppositions, and there is no simpler or more probable

way of explaining the admitted fact that silk does produce

electricity in glass , and flannel does produce negative elec-

tricity in sealing-wax. It would be possible to give reasons,

founded on the minute structure of these bodies, showing why

such results must follow ; but in the present state of our

knowledge they would likely be very unconvincing. We will,

therefore, adopt the plan of assuming that a state of negative

electrification indicates a relatively lower pressure of æther,

and a state of positive electrification a relatively higher pres-

sure of æther, and examining whether or not the recognised

facts of electrical science will harmonise with such a view.

The electric current, according to this theory, is necessarily

a simple current of æther from a region of higher pressure to

a region of lower pressure. If our fundamental theory of the

æther is correct, it follows that the conditions, to which we

attribute electricity and electrical currents, must arise ; and

therefore we are making no arbitrary foundation for this

attempt to explain the nature of electricity and magnetism .

F 2
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If the innumerable facts discovered by electricians are capa-

ble, in the main, of explanation by means of these simple

assumptions, as we believe they are, then the probability in

favour of a theory capable of giving a consistent basis for the

phenomena of the universe from gravitation to electricity and

magnetism, can hardly be a mere fancy of an ill -balanced

imagination. And even though our feeble efforts to establish

the theory, for which we are here contending, may fail to carry

complete conviction, yet if only an incomplete prima facie

justification for further inquiry be established, it may be that

abler intellects will hereafter succeed in proving more con-

clusively that there is a solid ground for the strong faith that

is in the Author of this little work, full of errors and miscon-

ceptions as such a work is sure to be.

The first essential of an electrified body, if our theory is

right, must be that it has a power of exercising restraint on

the movement of æther. It could not be that a charge of

electricity could exist in a free mass of æther, otherwise than

momentarily, without a current being set up from the region.

of higher pressure to that of lower pressure. When, however,

the æther is mixed with foreign particles and solid matter it

is evident that there may be differences of pressure in the

æther surrounding the earth, just as much as there un-

doubtedly are in the atmosphere of the earth . The phe-

nomenon of lightning is the resulting rush of æther tending

to equalise ætheric pressure, just as a storm of wind is a

rush of air tending to equalise the atmospheric pressure

as measured by the barometer. The effect of lightning in

tearing to pieces non-conducting material in its path is only

what would be expected from what has been said as to the

distribution of æther through the substance of solid bodies,

and as to its pressure being the means by which even the

structure of chemical compounds is maintained. A good

conductor, such as a lightning conductor, supplies a set of

tubes by which the flow of æther takes place without much

hindrance from one end of the rod to the other. Iftoo strong a
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rush of æther takes place through such conducting tubes they

are burst up, and are fused by the resulting heat. The rush of

æther in the lightning of course sets up vibrations, some of

which appear as light, and some of which produce the usual

effects of heat. The dashing about of the non-ætheric matter

which resists the electric current produces the roar of the

thunder, much as the wind makes a roaring sound as it passes

through the trees, or the torrent of water as it dashes on the

rocks or washes up and down tons of pebbles and sand on the

sea-shore. But before the lightning current flashes forth,

there has been a highly-electrified mass of air or clouds

wherein the pressure of the æther has been higher than that

of the air or ground in its vicinity.

For all practical purposes this may be regarded as similar

to the condition of the glass electrified by friction with silk.

By some means the friction of the air or of particles of water

or of snow has pumped up the pressure of æther in one part

and necessarily lowered it to a corresponding degree else-

where. The sealing-wax rubbed with flannel has the æther

pumped out and the pressure lowered in the rubbed surface,

while the glass rubbed with silk has the æther pumped out of

the surface and its pressure raised. This is no more incon-

ceivable than the condensation of gases, such as air, in certain

substances. Indeed air itself is undoubtedly imprisoned in

a peculiar way amid the fibres of wool. While, however, it

may be admitted that the mechanism, by which this raising

and lowering of the pressure of the æther is effected, seems

obscure, the fact that change of pressure occurs appears to be

clear enough. This kind of electrification takes place only in

non-conducting material simply because, in a good conductor,

the æther would at once flow from the region of higher pressure

to the region of lower pressure, and equilibrium would result.

Bearing in mind the continuity of æther throughout space, it

follows that any movement of æther will produce vibrations

passing through the æther. Ifthe æther is free and unconfined

such vibrations pass out in all directions into the general
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mass of æther, and soon become dissipated, converted into

heat, &c. But in the case of æther confined in the minute

tubes of, say, a metallic wire, the resulting vibrations pass

along these tubes for enormous distances with but little loss

of energy, and the æthereal vibrations are easily detected at

distant sections of the wire. These vibrations probably differ

from those of light in that they are in the same plane as the

direction in which they are propagated, and not like light in

a plane perpendicular to the line of propagation. In this way

the minute tubes of the electric wire act in a manner quite

analogous to the action of a speaking tube in conveying the

coarse ærial vibrations of ordinary sound. Thus, although

electricity consists, in the main, in a current of æther pro-

ducing an actual movement of æther from one place to

another, yet many of the important and familiar phenomena

of electricity no doubt arise from vibrations in the æther

which are not recognised as heat and not recognised as light.

When these electrical vibrations are taken up bynon-æthereal

particles they give rise to light, or give rise to heat. They

can also by various devices, well known to electricians, be

converted into simple motion of non-æthereal substances, as

in the telegraph, telephone, &c.

We need not delay to explain how a conductor affords

channels bywhich the æther flows away, and hence discharges

the electricity, or how the æther may be drained off at high

pressure into the æthereal channels of a conductor thereby

electrifying it, if it is well insulated, and so on. These pheno-

mena follow obviously from the conditions assumed. The

phenomena of induction and those of the repulsion between

similarly electrified bodies and also the attraction between

differently electrified bodies, require some explanation, how-

ever. If an electrified glass ball is placed near the end of a

sausage -shaped piece of metal, insulated on a glass support,

the end of the metal cylinder next the glass ball becomes

electrified with negative electricity while the end furthest

away is electrified with positive electricity. The explanation
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of this would seem to be that the electricity at high pressure

in the glass ball is under a strain urging it, and to a small

degree carrying it away, to regions of lower pressure. This

pressure is exerted through the æther between the ball and

cylinder, and urges the æther along the channels of the

cylinder. By this pressure the æther is subjected to higher

pressure at the remote end of the cylinder where the trans-

ference of the force or strain is blocked, and the pressure

at the near end of the cylinder is proportionately lowered.

If the remote end of the cylinder is connected with the

earth the æther is driven out at the remote end, and only

the lowered pressure is manifested as negative electrification .

This may be compared roughly to a vessel full of water or gas

under pressure, with small tubes opening into the vessel. If

the tubes are open at the remote end the pressure at the

entrance to the tubes will be lower than in the mass of the

liquid or gas, else it would not flow through. If, however,

the tubes are partially closed at the remote end the pressure

will still be lower at the entrance of the tubes than in the

adjoining mass of liquid or gas, but the pressure at the

remote ends will in this case be higher than that of the

liquid or gas free outside the ends of the tubes. Consequently

we have a negative pressure in the near ends of the tubes as

compared with the positive pressure around them, and a

positive pressure in the remote ends of the tubes as com-

pared with the negative pressure around and outside them.

When the outer ends of the tubes discharge freely the dif-

ference between the pressure just inside and just outside

the tubes becomes trivial. If an electrified piece of sealing-

wax negatively electrified is similarly brought near a metal

cylinder the end of the cylinder near the sealing-wax is

positively electrified . In this case the æther within the

tubes of the cylinder tends to flow towards the lower pres-

sure of the negatively electrified sealing-wax, and the pres-

sure inside the near end of the cylinder is consequently

higher relatively than that in the æther outside the cylinder.
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This difference of the pressure at the near end of the cylinder

draws the æther away from the far end, and the æther tends

to flow into the far end from the outer air. The pressure

inside the remote end of the cylinder is consequently lower

than that outside it. This explanation does not necessarily

require that there should be an actual flow of æther from the

region of lower pressure to the region of higher pressure,

though, no doubt, there always is a little leakage, although

the insulating air offers great resistance to the flow unless the

difference of pressure becomes great enough to burst through,

producing the familiar spark.

It must be remembered that, according to our theory, these

phenomena of electricity depend on the relative pressure of

æther. Thus a body positively electrified in reference to a

body in which the æther is at lower pressure would, for all

practical purposes, be negatively electrified in reference to a

body in which the æther is at a higher pressure than the

æther within itself.

We must next consider how it is that a positively electrified

body attracts another body similarly electrified . Let us take,

for instance, two pith balls. Here, if the electrification is

positive, we have the æther in both balls at higher pressure

than it is in the intervening space. Consequently, two oppos-

ing currents tend to run in exactly opposite directions, and

the current from each pith ball tends to drive the other away.

In the case of negatively electrified pith balls the currents

from the intervening space tend to run into each pith ball

and so bear them away one from the other.

As this theory of electricity, though not postulating any

special electrical fluid, is practically similar in its consequences

to Franklin's " one-fluid theory" of electricity, it is worth

while to notice some of the arguments against the one-fluid

theory, such as are mentioned in elementary treatises, and do

not necessarily involve any abstruse mathematical calcula-

tions, for we are, in this little work, avoiding as much as

possible any line of argument which cannot be understood
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by anyone who is intelligently acquainted with the natural

phenomena involved .

In Prof. Silvanus Thompson's excellent little elementary

lessons in Electricity and Magnetism (1882) we read :-" It

is, however, quite certain that electricity is not a material fluid,

whatever else it may be. For while it resembles a fluid in its

property of apparently flowing from one point to another, it

differs from every known fluid in almost every other respect. It

possesses no weight : it repels itself." We have here an excel-

lent example of the kind of fallacy which may arise through the

attaching ofwrong ideas to particular words. If by"material"

we mean non-æthereal, then electricity is certainly not a

“ material ” fluid, if we are right. But if by " material ” we

mean capable of occupying space to the exclusion ofotherforms of

matter then our contention is that the fluid which gives rise

to electrical phenomena is "material." Again, if by "weight"

we mean a power of attracting, or being attracted by, other

kinds of matter, then we contend not only that æther has no

weight, but further that no form of matter has of itself any

weight in this sense of the word. If by weight we mean,

however, an impetus towards the centre of the earth, or

towards the centre of any body which obstructs the flow of

the æther, then we contend that æther has weight, and that,

in fact, it is the æther which communicates to other forms of

matter the impetus which we call weight, in the manner

which has been already outlined in our earlier pages. The

fluid which we believe to give rise to electrical phenomena,

that is, æther, does not indeed repel itself of itself ; but æther

moving in one direction does repel æther at rest or moving in a

contrary direction just as any ordinary material fluid does, be it

liquid or gaseous. These objections, therefore , fall to the ground

as arguments against the theory that electricity is due to con-

ditions present in a material fluid-viz. , æther-if our theory

as to the nature and properties of æther, and as to its relation

to other forms of matter, is tenable. We have already noted

the fact that substances that are good conductors of heat are
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not always good conductors of light, and vice versa ; and now,

again, we find that good conductors of electricity are not

always good conductors of light and heat, and vice versa.

regard to light and heat, we had to deal with the conduction

of vibrations, and we attempted to showthat the difference in

the character of the vibrations accounted for the difference in

the conduction, just as there is a difference in the conduction

of sounds due to differences in the character of the sound

vibrations and of the channels, &c. , conducting those vibra-

tions. In the case of electricity, however, it is a matter of

greater or less resistance to currents of the æther in the

first place, and only in a secondary way a matter of the

conduction of vibrations. It is, consequently, easy to per-

Iceive that there will be cases in which the flow of the

æther is powerfully inhibited , while at the same time there

is little hindrance to the transference of suitable vibra-

tions through the æther whose flow is subject to powerful

resistance. It is, therefore, no very fatal objection to

our theory that glass, for instance, readily transmits light,

and yet offers great resistance to the passage of electric

currents. Dry air, again, is a very bad conductor of electri-

city, yet it is very transparent to light and to heat. Water,

on the other hand, conducts electricity fairly well and con-

ducts heat remarkably little. We do not, at present, attempt

to give any clear explanation why these differences exist, but

we maintain that such diversities are no disproof of the truth

of our theory. With fuller knowledge of the intimate struc-

ture of various substances, it seems reasonable to expect that

confirmation of our theory will be forthcoming, and in the

meantime, we may content ourselves with showing that such

differences of conducting power may easily occur without

involving any necessary inconsistencies. At first sight it

seems strange that air, which apparently must contain much

free æther amongst its floating particles, is yet a very bad

conductor of electricity. When, however, we remember what

a marvellous power air has of penetrating into the substance
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of water and even of solids of very dense structure, it is easy

to imagine that particles or molecules of air may plug up

very effectually the minute channels by which alone the

æther can flow in and out of an electrified body. Take, for

instance, the free end of a highly-electrified copper wire in

air, is it not possible, nay probable, that air particles are

crowded into the orifices of the minute æthereal channels in

the copper, and that they require to be broken up into their

component atoms before they can be effectually cleared out

and the consequent plugging of the æthereal channels removed?

If we regard electric potential as æthereal pressure, it needs

no explanation when we find that a definite quantity of elec-

tricity communicated to a large constructor imparts to it a

proportionately lower potential than the same quantity of

electricity would impart to a smaller conductor of the same

material ; and therefore of capacity proportionate to its size.

This is as though we said that if a conductor holds half a pint

of æther, a similar conductor of twice the size will hold a pint

of æther at the same pressure.

The effect of pointed conductors in facilitating the discharge

of electricity is analogous to the result of narrowing wider

tubes of water, under pressure, at their extremities. The dis-

charge becomes more forcible and overcomes resistance which

would otherwise have prevented discharge. The fact that the

electric spark is obtained more readily from a point on an

electrified conductor is, indeed, quite suggestive of the idea

that an electrified conductor contains æther under pressure,

and that the æther escapes most readily from a pointed exit.

The nature of the discharge can be rendered evident to the

sight by holding a lighted taper near the end of a sharp

point connected with an electrified conductor. The outward

flow of electricity blows the flame to one side as the rush of

æther sweeps forward the air or other particles in its way.

We have spoken of the production of electrical conditions.

by friction ; but it has been proved that substances may be

rendered electrical by violent blows, by setting up vibrations ,
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by tearing or splitting, by the changes due to crystallisation

and solidification, by combustion, evaporation, pressure, heat,

&c. It will be unnecessary to explain each of these in

detail, as it can readily be seen from what has been said

that all the above tend to alter the relative position of the

particles of the substances, and so, of course, to loosen or

compress the enclosed æther. It is, therefore, what might be

expected, that alterations in the pressure of inter- or intra-

molecular æther would result, and according to our theory

such alterations would involve the development of electrical

conditions. It is also worthy of note in this connection that

tourmaline and several other substances which by their action

in regard to light show peculiar arrangements of the æther

within them, likewise exhibit special electrical properties.

The full discussion of such properties cannot be entered on

here, but it is obvious that our theory of electricity suggests

probable reasons for such electrical peculiarities.

The difference of electrical potential between dissimilar

substances, or between pieces of the same substance at different

temperatures, can also be very simply attributed to difference

in the pressure of the æther in the ætheric channels and

spaces of the substances such as would be sure to arise if our

theory is true. Our explanation of the nature of chemical

combination makes it certain that electrical conditions can be

produced to a very high degree by chemical changes, since

the theory attributes the adherence of the atoms, &c. , in

chemical compounds to difference in pressure of the æther

between and outside the adherent atoms, and so on. As

regards the effect of the electric current in displacing atoms

from combination, that also necessarily follows from our

theory, but we shall speak of the phenomena of electrolysis,

as it is called, more fully a little later on. The production

of electricity by the agency of magnets is, however, an all-

important method of exciting electrical conditions, and it is

consequently desirable to discuss its origin before proceeding

further.
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It is not, at first sight, at all so easy to see how magnetism

can be explained by movements of the æther, or differences of

pressure in it, as it is in the case of frictional, chemical or

thermal sources of electricity. We shall, therefore, begin

with the simple magnet and try to show how its marvellous

properties can be explained without assuming the existence

of anything more than the fluid æther, and the non-æthereal

particles of matter bearing to one another the simple relations

which we have from the first assumed to exist. The power,

possessed by a lodestone or magnet, of attracting iron or steel,

seems at first quite different from all other natural agencies .

Without any apparent motion in itself the magnet imparts

motion. There appears to be a power of attraction not

exerted through any material medium, a power of attrac-

tion such as we have from the first denounced as grossly

improbable, and at variance with all that we observe through-

out nature. We have no reason to suppose any condition of

vibration in the particles of the magnet such as might impart

movements to the surrounding æther. There is nothing to

suggest that the magnet can itself originate movement in the

æther. We are consequently led to ask ourselves if it may

not be that the magnet in some way modifies the movement

of the æther to which we have attributed the movement

of the planets, and the action of gravity . This is a

possible source of energy which can be supposed to pro-

duce important results without its powers being altered or

diminished. Merely stroking a piece of steel with a magnet

cannot be imagined to transfer permanent power of lifting

iron against gravity by any transference of energy. The magnet

loses no power by imparting power to the steel which it mag-

netises. But here we have a bit of steel without magnetic

power suddenly endowed with magnetic power. In order to

arrive at the nature of magnetism, therefore, we cannot do

better than find out in what it is that the magnetic steel differs

from the steel before magnetisation. To outward appearance

the steel is unchanged. It weighs the same after magnetisation
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that it weighed before . It has undergone no chemical

change in the ordinary sense of that expression. When a steel

bar is strongly magnetised, it grows a little longer than before,

and a little less thick. A faint metallic click is heard in a

bar when it is magnetised. Various experiments with filings,

&c . , strengthen the idea that is suggested by the above facts-

namely, that the particles or molecules of the steel change

their position and set themselves in a new position in the

magnetised bar. Numerous experiments, which need not be

detailed, have practically proved that such re-arrangement of

the particles of the iron does take place when a bar is magne-

tised. Rough usage of a steel magnet, violent blows, extreme

heat,&c . , destroy its magnetic power. The properties in regard to

light and the conduction of electricity or heat, &c. , are affected

by magnetisation, in such a way as to imply, according to our

theory, an alteration of the internal arrangement of the

æthereal channels and spaces. We are, therefore, justified in

assuming that magnetisation causes a rearrangement of the

particles of the magnet, and that the particles of a steel

magnet are set in some definite structural position in the bar

Since some such change is the only one which can be observed

in the physical condition of a magnetised bar when compared

with the same bar unmagnetised, we ought to consider very

carefully whether or not such a change could in any rational

manner account for the production of the magnetic power.

If we accept the view already propounded, that there is a

rapid, continuous flow of the general mass of æther, is it not

possible that the arrangement of the particles in a magnet

may be such as to impart to the current of æther a peculiar

movement, not as in the case of light or heat-vibratory, but

let us say a rotatory or whirling movement ? A twisted pipe

laid in the line of a current of water and totally immersed,

gives an example of the kind of effect to which we allude .

The earth, according to our theory, generates a large whirl in

the general body of the æther, and the earth is apparently

itself a large magnet. May not a magnetic needle generate
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a little æthereal whirl by the peculiar arrangement of its tubes ,

which allow passage to the æther, and so on a small scale

produce a result of a similar character to that produced by

the earth ? A steel bar held in the magnetic meridian, and

struck with a wooden mallet, becomes magnetic, as do steel

wires twisted while in the magnetic meridian, showing that

the magnetism of the earth can be used to magnetise a steel

bar or wire.

If, now, magnetism is due to the normal current of æther,

with a peculiar vortical movement, or strain urging to such.

movement, introduced by the arrangement of the tubes or

channels through whichthe æther passes in its course through

a magnet, how can we explain the poles of the magnet and the

phenomena connected therewith ? Evidently the conditions

will be largely similar to those produced by an ordinary

electric current, which we have explained as a current of æther

in restricted channels and spaces . The point of higher pressure

will be the positive pole and the point of lower pressure will

be the negative pole, and as the current will flow or tend to

flow from higher pressure to lower, the negative pole will be

the part of the magnet from which the current flows, and the

positive pole the part from which the current passes out.

The phenomena of attraction of dissimilar poles, and repulsion

of similar ones , may be explained in the same way as the

attraction and repulsion of similar and dissimilar electricities .

The attraction of either pole of a magnet for a piece of iron

is due to the magnetising effect of the magnet on the iron ,

and naturally the current is induced in the same direction as

the inducing current. The effect of a current of æther in

causing the particles of matter to adopt certain positions is

quite analogous to what is observed in the case of coarser

fluids, and coarser particles ; although, of course, the precise

explanation of such phenomena is more or less complicated .

When bars are heated strongly they can be more powerfully

magnetised by the terrestrial magnet, by electromagnets, &c . ,

and this is very probable because the heat makes the particles
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of the bar more mobile by the vibratory movements which it

imparts. The magnetisation of a bar by an electric current

carried round it is due to induced currents no doubt. If the

bar is of soft iron, the particles do not remain in the position

necessary to constitute magnetism, when the electric current

is stopped, whereas, with hard steel, they retain their new posi-

tion and produce the effect upon the normal æthereal current

which is produced by the earth itself, or by a magnet of any

permanent kind.

We attribute the normal magnetism of the earth , and of

permanent magnets, to the normal flow of æther, and, there-

fore, ifanything in any way affects that normal flow of æther,

the magnetism of the earth, &c. , should be affected. Now,

when we consider all the various changes which must, accord-

ing to our theory, influence the flow of the æther, marvellous

though its constancy must undoubtedly be, it seems incon-

ceivable but that there will be from time to time accelerations

or retardations of the æther, trivial, of course, relatively to the

entire movement, but still quite perceptible. The Aurora

Borealis and the well-recognised " magnetic storms " are not

only explained by our theory, but their occurrence almost

necessarily follows, if our theory of magnetism and electricity

is correct. We shall not, at present, attempt to show how all

the facts and laws of electric, magnetic, and electromagnetic,

sciences are capable of being satisfactorily explained in

harmony with this theory of the nature of electricity and

magnetism.

The attempt to crowd masses of obscure details into this

rough sketch might likely enough render the outlines much

less intelligible without giving at all a clear conception of the

more minute features. We must, however, before closing this

chapter review rapidly some of the very important phenomena

which are classified under the title of electro -chemistry. The

production of electric currents, by chemical action in the

various kinds of voltaic cells, arises according to our theory

from the alterations in the arrangement of the chemical atoms
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and molecules producing changes in the pressure of the æther.

If the essence of chemical combination is, as we contend, a

fixing together of atoms, &c., by the adherence of surfaces

owingto a higher pressure of æther without the particles than

that which exists in the æther imprisoned between the com-

bining surfaces, then it follows that a re-arrangement of atoms,

&c. , will in general produce alterations in the pressure of the

æther immediately adjacent to such atoms, &c., and that cur-

rents of æther will be engendered. But currents of æther,

under such circumstances, are equivalent to, or identical with,

electric currents. Conversely, if chemical changes give rise

to electric currents, it follows that electric currents will in

their turn produce, or tend to produce, chemical changes.

Just as a current of water tends to disintegrate adherent

lumps of matter immersed in it, so does a current of æther

tend to break up chemical combinations exposed to the cur-

rent. When the electric current suffices to break up a

chemical compound into its constituent atoms, it is likely

that some of these atoms would be carried along in the cur-

rent, provided that the atoms are not too large to pass through

the channels or spaces through which the æther is flowing.

Experiment shows that under suitable conditions the electric

current does carry along with it some of the atoms into which

it splits up the chemical compounds in which its electrolytic

influence is exerted. We must, therefore, consider what it is

that determines the transference of one set of atoms with the

current of æther, while another set resist the current or pass

up against it.

When water is broken up by an electric current into

hydrogen and oxygen the hydrogen is carried down to where

the current leaves the liquid, while the oxygen is crowded up

round the point where the current enters the liquid. The

travelling atoms set free by electrolysis are called "ions."

Those which go down with the current are called " kathions,"

and those which collect where the current enters are called

"anions." G
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From the conditions assumed in our theory it is evident

that the larger atoms-i.e., those of highest atomic weight—

will be more forcibly acted on by a current of æther, of the

the kind regarded as an electric current, than smaller atoms.

Hence, other things being equal, atoms of higher atomic

weight will tend to be kathions, while atoms of lower atomic

weight will tend to be anions . But we must evidently also

take into account the so-called " affinity " between the atoms

and the material from which the electric current enters the

electrolysed fluid, since we have to consider the force pro-

pelling the atoms, and the resistance offered to their transfer,

in calculating the resulting movements of the atoms. More-

over, the affinity between the atoms of the same kind, and

between the atoms and unaltered molecules, as well as between

the dissociated atoms of different kinds, have all to be reckoned

with. Consequently the rule that the heavier atoms will be

kathions, and the lighter anions, cannot be expected to be

without exception. Our theory does not allow of the explana-

tion that each atom becomes itself electrified positively at

one end and negatively at the other, because we regard the

atoms as impervious to æther, and therefore incapable of

electrification.

In this case of electrolysed water, the oxygen is carried

down with the current and the lighter hydrogen collects

where the current enters. Bearing in mind the modifications

to which we have alluded, the facts observed in experiments

in electrolysis appear to support our hypothesis as exactly as

would seem at all probable, in view of the complicated

nature of the process in some instances. The fact that the

ions only appear at the points of entrance and exit shows

that the atoms keep on a succession of dissociations and

reunions in their passage through the liquid. It is unnecessary

to explain that this is quite in harmony with our view as to

thenature of chemical combination. The phenomena of electro-

magnetism present many points quite in favour of our theory,

and none that appear at all hopelessly inconsistent with it ;
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but as we do not intend here to proceed systematically through

the laws and phenomena of electromagnetism it seems

unnecessary to select any special examples for consideration.

It is worthy of note, however, that, while a coil of wire,

carrying an electric current, wound spirally round a bar of

iron, magnetises it, at the same time the spiral coil itself,

without the iron, acts as a magnet, showing what we contend,

that the essence of magnetism is a current of æther running

in a spiral fashion (or in some such way) around the line of

the main direction of the current.

G 2





CHAPTER VII.

THE NATURE, PROPERTIES, GENERAL CHARACTERISTICS AND

DISTRIBUTION OF ETHER.- CONCLUSION.

"6

The main idea of the nature and distribution of æther as

assumed in this theory is not a new one. It has been defined

as "an unponderable elastic fluid, filling space and forming

the source of heat, light, electricity, &c.," in the " Dictionnaire

Complet," by P. Larousse as quoted by Prof Mendeléef, in his

Attempt Towards Chemical Conception ofthe Ether," pub-

lished in 1902. It was in 1898 that the Author of this little

work published a brief sketch of the main idea set out herein,

and although that tiny pamphlet never, in all probability, met

the eye of Prof. Mendeléef, it was encouraging to the writer

to find so eminent an authority adopting views in the main

reconcileable to the theory he had ventured with some

diffidence to propound. Æther, it is admitted, must be

regarded as possessing properties such as might justify its

being described as a gaseous fluid, composed of atoms

almost indefinitely small as compared with recognised

chemical atoms. One of the difficulties, which some have

felt in regard to this view of the nature of æther, arises

from the consideration of the question as to whether

æther has what is known as weight ; and, if so, to what

extent. We have already dwelt on the necessity of ascer-

taining what weight really is before drawing final conclusions
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from the presence or absence of evidence of ponderability in

æther. Our idea is that weight is the force communicated to

material particles by the flow of a vast mass of æther, of

dimensions which to us are practically unlimited. The

amount of this force communicated to non-æthereal bodies

depends, according to our view, on the quantity of æther

displaced and on the resistance offered to the flow of the

æther. In a sense, æther has weight according to this view,

but it is obviously not weight in the same sense as weight

when applied to non-æthereal particles. Weight, as we

know, varies according to the medium in which a body

is weighed. How, then, are we to weigh æther ? We can

only weigh it in itself with present appliances, and therefore,

in the sense that water is without weight when weighed in

water, so is æther without weight when weighed in æther.

If we could produce an ætherless vacuum, then, weighed in

this vacuum, I doubt not that æther would still be with-

out weight, unless there is a still more æthereal medium

which could impart impetus to æther, just as æther imparts

impetus to ordinary matter. While, however, ather is in

communication with the general body of the æther, a given

volume of it receives from the main body a definite impulse

which is subject to the influence of any resistance which it

encounters. It is this resistance which causes differences in

pressure, or in what may practically be regarded as weight,

between different portions of æther. Thus, although from one

point of view, a cubic metre of æther has no weight, yet from

another point of view one cubic metre of æther may differ from

another cubic metre of æther in weight, that is to say, in the

impetus with which it tends to move in a certain direction,

which varies according to the way in which the æther is flowing

at a given place. Once we admit the existence of the æther as

a fluid in which the universe is immersed, and with which we

and all else, are more or less soaked, according to our structure,

it becomes possible to appreciate the manifestations of its

changing conditions by our natural senses. We cannot see
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the air, neither can we see the æther, but we can feel

movements of the air, and we can most acutely feel move-

ments of the æther. In fact, we are much more effected by

æther than we are by air, little as we recognise it, owing

to our having regarded its different effects, light, heat, elec-

tricity, gravity, &c. , as things without any bond of connection.

Although we cannot at present exclude æther from any appre-

ciable space, so as to apply the tests which could by this

means be employed, yet we can study all the important pro-

perties of æther, nearly, if not quite, as well as we can those

of recognised gases, &c. , provided that we do not persist in

denying its existence because it differs in several important

respects from other forms of matter. We are able to obtain

it in a moderate degree of purity in the very complete vacua,

which are now obtainable, although it is enclosed in vessels

which, while excluding other forms of matter, allow rather

free leakage, in and out, of the æthereal fluid . The discharge

of an electric current into a vacuum shows the results of dis-

charging æther into a space filled with æther. The æther

discharged into the space by the minute tubes of an electric

wire at one end, naturally passes out chiefly by the open

tubes of a wire at the other end , rather than force its way

throughthe glass walls of the vacuum chamber, the interstices

of which do not readily allow the current to pass. The pre-

sence of impurities in a vacuum shows the effect which non-

æthereal particles havein renderingthe currents of æthervisible

byluminousvibrations of these particles. Without the presence

of non-æthereal particles of matter, luminous effects cease alto-

gether, and the phenomena characteristic of electricity in great

part also disappear. This is what might be inferred from

what has already been said in discussing the relations of light

and electricity to æther. Æther appears to be quite inert

chemically, showing no power of combining with non-æthereal

elements. If our theory as to the nature of chemical combi-

nation is accurate, this must be so, as the intervention of low-

pressure æther between chemical atoms, and the pressure
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without of higher-pressure æther, are the essential conditions

of the state of chemical combination.

The velocity of the æther flowing through the interstices

of the air, and of the earth, must evidently be retarded by

friction. The æther which passes centrally through the earth

must be more retarded than the æther which passes more

near the circumference, as may be

seen by the following diagram. This

must lower the pressure of the

æther along the central axis of the

earth as compared with lines parallel

to the axis.

Accordingly, we have a condition

similar to what is known as a

cyclone in the terrestrial atmos-

phere, and the result must be a

whirling motion of the æther, tending to carrythe æther from

the region of higher velocity—that is, in the case of the

æther, of higher pressure, towards the central region of lower

velocity, that is, of lower pressure in the æther. This causes

rotation of the earth, and produces in the æther the whirling

motion to which we claim that the phenomena of magnetism

are due. Hence the magnetism of the earth, as well as its

rotation, are capable of explanation by the simple assumption

of a flowing mass of æther enveloping the terrestrial system.

We have already shown in outline how such a whirl must

spread out its influence through the general mass of æther.

The same applies to suns, stars, and planets, and the resulting

whirls in the æther act and react.

It follows also from this view that the larger body must

produce the more powerful whirl, and the smaller body the

lesser one. From this many of the general laws of astronomy

may be deduced. Naturally this friction between æther and

non-ætheral matter produces heat, and ultimately light, and

when a celestial body becomes large enough it becomes a sun.

This is quite inconsistent with some generally accepted views,
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according to which planets are burnt out suns. It is, how-

ever, quite conceivable that the progress is in the other direc-

tion, and that a small body by a gradual process of aggre-

gation of matter becomes larger and larger until it reaches a

size sufficient to confer on it the dignity of a sun. Is there

not, in fact, as much evidence to show that the earth has in-

creased in heat as there is to show that it has grown colder ;

and is there any sign that the sun is losing its heat, and not

rather growing hotter ? Is it not quite possible that matter

tends gradually to accumulate in heaps in the flood of æther,

albeit from time to time particular aggregations may break

up, and be dispersed and redistributed ? We know that

every autumn small masses of matter are regularly added to

the earth ; we have no evidence that similar masses ever

leave it, either in the gaseous or solid form, though it may be,

of course, that the moon was once terrestrial, or it may be

that meteors flyoffunobserved fromtheatmosphere of the earth,

if not from the solid earth itself. The latter supposition is ,

however, very improbable, and the former not likely. How

it comes to pass that the æther is moving through space, we

shall not attempt to guess. It is no more improbable that it

should be in motion, than that it should be at rest. We have

very strong reasons for believing that it is in motion, and

very strong reasons for disbelieving that it is at rest. If

it is in motion, that motion is capable of producing all

the various phenomena which are otherwise extremely

inexplicable.

Matter, including æther, cannot be created or destroyed by

us ; neither can motion. It is by its movements that matter

becomes perceptible to our senses. All our natural senses,

differing so widely, as they seem to us to differ, are but powers

of appreciating movements. Our eyes enable us to perceive

vibratory movements imparted to matter by the æther. Light

vibrations may be imparted directly to our material particles,

through the mechanism of the eye, and visual apparatus, from

the æther itself ; and so may heat vibrations, without the aid
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of the eye. The ear appreciates vibrations of the air. The

sense of touch reveals the movements of all coarser forms of

matter in relation to the sentient parts of our bodies. The

power of distinguishing the various special characters of

movements is what differentiates between our various senses,

and between the varying effects perceived by our senses.

But, because we perceive only the movements of matter, or

rather changes in the movements of matter, it cannot be

argued, as some would seem to do, that movements exist

without anything to move. We distinguish between the

movements of air and the movements of water, just as surely

as we distinguish between the movements due to light and

those due to heat.

The important results which accrue from the pressure of

the air on our bodies is well understood. The fatal conse-

quences of passing into regions, where the pressure of the air

is excessively diminished, have been proved by experiment.

The pressure of the æther, however, is of even greater im-

portance. Without the pressure of the æther, atom would

not adhere to atom, while the earth and all in it would be

without form. Weight would vanish, and there would be

nothing to hold together the particles of the rocks and

mountains or the cells of our own bodies. Without æther

all things would crumble to dust. If the cohesion which

renders possible all the structures, whether animate or

inanimate, which we see in Nature, is not due to the pressure

of a fluid such as æther, to what is it due ? Why do two

smooth plates of metal adhere firmly in a vacuum ? Our

theory says it is much in the same way as the hollow

Magdeburgh hemispheres stick together when the air within

is exhausted. In that case the air holds them together by

its pressure outside exceeding that within. We say that

two chemical atoms adhere, because the pressure of the

æther outside exceeds that of the æther between them . This

is a rational and probable explanation, strongly supported

by the analogy of numerous facts in Nature. And it is
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ultimately on somewhat similar kinds of analogy that our

belief in most of the laws of Nature depends .

If our theory is scouted and cast aside, what other theory

with a shadow of probability can be proposed in its stead ?

We can, of course, explain facts by words. We can imagine

that calling it “ affinity ” explains the tendency of atoms

to fly together and cohere firmly. We can say that the

"attraction " of the earth draws meteors to its surface. So

might we say that the rocks " attract " a ship to them when it

is dashed against them by the violence of the ocean. So might

we say that two Magdeburgh hemispheres have an " affinity

one for the other. The elastic properties of æther resemble

those of a solid rather than those of an ordinary fluid, and this

has to some appeared an almost insuperable difficulty in the

way of regarding æther as a gaseous body. The enormous

rapidity with which light vibrations are transmitted seems to

indicate that æther has qualities more like those of a solid

than those of a gas. This difficulty is, however, deceptive,

because æther does possess the same quality as a perfect solid,

in that its particles, according to our theory, are in direct

contact and not separated, as are the particles of other fluids ,

either by more minute particles of non-æthereal matter or at

least by æther itself. There is in the nature of æther nothing

to make its particles adhere to one another ; no intervening

fluid which is at lower pressure between the ethereal particles

and at higher pressure outside them. They move with per-

fect freedom one upon the other. The particles are, however,

in absolute contact in pure æther, and movements are trans-

mitted in the same character in which they start.

Vibrations, such as give rise to light, are not altered into

heat so long as they are transmitted through pure æther.

There is nothing to reflect, or refract, the motion imparted to

æther, until resistance is interposed in the form of non-

æthereal particles. Regarded in this way there is nothing to

be surprised at in the fact that æther displays such marvellous

elasticity. In fact, such elasticity may be confidently
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predicted of a fluid the particles ofwhich have nothing inter-

vening between them. When non-æthereal particles are

introduced into the æther the movements of all kinds are

more or less retarded , the characters of the movements are

changed and their directions altered. The elasticity of æther

is an argument in favour of the idea that there is not any

still more subtle fluid intervening between the particles of

æther, in the same way as æther intervenes between the

particles of grosser forms of matter ; though it does not,

perhaps, exclude that possibility, when we consider how

infinitely minute the particles of such a fluid would have to

be. In considering such matters, it must be remembered

that, although we can conceive (or rather can fancy that we

can conceive) , infinite minuteness as well as infinite great-

ness, yet it does not follow that anything infinitely great or

infinitely small exists. Indeed, it is a contradiction in terms

to state the existence of any infinitely great or infinitely

small thing. Nature leads us to expect limits often at quite

unexpected points. Till we know otherwise, it is quite

possible that a hydrogen atom is the smallest particle exist-

ing in the universe. When we know that the æther atom is

smaller still, by a great deal, there is nothing absurd in sup-

posing that the æther particle is the smallest that exists.

One of the suns within the universe is no doubt the largest,

or one of the largest, and one of the atoms in the universe is

no doubt the smallest, or one of the smallest. Nothing, of

which we can appreciate the existence, is infinite. Every-

thing we know has a limit. There are strong reasons now

for saying that smaller particles exist than those of hydrogen ;

but there are strong reasons for believing that the particles of

æther are the smallest that exist. We can imagine smaller

particles, of course, but even if we learn the precise dimen-

sions of an æther atom it does not follow that it can be

divided into two. We can imagine a sun greater than the

greatest sun to be seen, but it may well be that no greater sun

exists.
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This needs to be kept in mind, because the abstract ideas

of mathematics are sometimes dealt with as though they

expressed actual entities. Æther, then, according to our

theory consists of very minute particles, most probably the

smallest particles that exist in our universe. Its physical

properties resemble those of gases to some extent, and those

of solids to some extent. The particles of pure æther move

with freedom, one in contact with others. In this they

resemble a perfect fluid. Non-æthereal fluids gradually

approach the qualities which we may regard as characteristic

of a perfect fluid, but they never attain to that perfect state

because their particles are separated by æthereal, and often

by much grosser, particles. In respect of such qualities

as that of transmitting vibrations, solids approach more

or less to homogeneity, but they never attain it . The par-

ticles are never in absolute contact. There are always

æthereal or grosser particles intervening. Æther is in all

probability either homogeneous, or relatively speaking homo-

geneous ; and there is nothing intervening between its

ultimate particles. Hence æther has qualities which might

be ascribed to a perfect solid, or to a solid more nearly perfect

than any solid that exists. We have already shown that

æther must be incapable of any chemical action, if our defi-

nitions of chemical action are true. All the evidence goes

to show that it is absolutely inert chemically.
From a

chemical point of view æther has properties entirely negative,

although it is, indeed, an all-important agent in bringing about

the marvellous chemical changes of which so many substances

are capable.

The physical properties of æther, however, are by no means

simply negative , and although they have already been par-

tially discussed in previous cases, yet there are still one or

two points in this connection which ought to be briefly

reviewed.

The effect produced by heat, in expanding almost all sub-

stances, leads one to ask whether or not heat causes expansion
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of æther itself. Heat, as affecting æther, consists in vibra-

tions, and there seems no reason to suppose that the particles

of æther are in any way separated from each other by such

vibration. If there were a finer or rarer medium intervening

between the particles of æther, and this rarer medium were

set vibrating to and fro, expansion would then, no doubt

result in precisely the same way that expansion of non-

æthereal matter occurs.

If there is no medium intervening between the particles of

æther, then it is improbable that expansion of æther is pro-

duced by heat. If we could enclose æther in æther-tight

receptacles it would be easy, no doubt, to test this point ; but

at present there is no means known by which æther can be

imprisoned as air, hydrogen, or any other gas can be confined.

It is not likely, however, that æther is much expanded by

heat, if at all, since, if it were so, much more pronounced

electric effects would be produced by high degrees of heat.

The phenomena of thermo-electricity, indeed , seem capable

of fairly adequate explanation without assuming any expan-

sion of æther by heat, and on various grounds, some of which

have been already hinted at, it seems, on the whole , probable

that there is no rarer medium pervading the æther ; and, if

not, it is difficult to see how expansion of æther can take

place. Although it may never be practicable to bottle up

æther in receptacles impervious to æther ; a procedure from

which, if successful, one would anticipate most marvellous

results, yet it may be practicable to devise experiments which

may, more or less indirectly, supply evidence as to whether or

not æther expands by heat. Up to the present, however,

the question has not been made the subject of any crucial

investigations, and it can only be said that it is possible, nay

probable, that æther is quite unaltered in volume by raising

its temperature. All ordinary gases are capable of being

liquefied and ultimately solidified, by cold or pressure, or

by both combined ; and as we assume that æther is, in its

general characteristics, a gas, it becomes a highly interesting
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question whether it is likely to be capable of ultimate

liquefaction or solidification . Fromwhat has been said above

as to the probable nature of liquidity and solidity one cannot

regard any such change of condition in the æther as at all

likely in the existing universe. In reference to the influence

of cold in this direction, we have already expressed the belief

that the absolute zero of temperature signifies the total

absence of motion in the æther. We can, therefore, only

expect that, with the universe constituted as it now is, there

may be approaches nearer, and indefinitely nearer, to the

absolute zero of temperature, but that it will never be actually

attained by any means whatever. If it were attained, æther,

we may reasonably suppose, would be just what æther now

is, but motionless, instead of being, as at present, in ceaseless

movement. What would the effect of enormous pressure be

on æther if its nature is such as we attribute to it ?

Enormous pressure might displace æther from between non-

æthereal particles indefinitely, up to the point where æther

would be absolutely excluded, as it is , we may believe from

the interior of a chemical atom ; but æther cannot itself be

compressed by pressure, because, in the case of pure æther,

there is probably nothing between the particles of æther to be

pressed out. The particles are already in complete contact,

and to compress it further would perhaps be to destroy

matter, and this cannot be accepted as a tenable hypothesis

in the face of universal experience.

If we were able to imprison æther in an æther-tight

receptacle and there to subject it to pressure, it would be

possible to test experimentally the effects of pressure on

æther ; but under existing circumstances the result of high

pressure is merely to force æther out from among the non-

æthereal matter, and to compress the latter into the space

previously occupied by æther. It follows from much that

has been said, however, that æther exists under different

degrees of pressure, and that it tends to move from regions

of higher pressure to regions of lower pressure. These
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differences of pressure arise mainly from the varying amount

of resistance met with by the æther in its movements or

tendency to movement. It might be more accurate to speak

of it as differences of momentum rather than as differences of

pressure. The æther which intervenes between two combined

atoms is prevented altogether from moving so long as the

combination continues, except as part and parcel of the mole-

cule. In the minute interstices of solids the æther moves

with greater or less freedom, according to the conditions.

When a molecule is broken up, the motion, which was set at

rest when the atoms combined, is reproduced in equal amount.

In the main the physical properties of the æther are simply,

therefore, those of a gas of extreme tenuity, but it seems

probable that there is the important difference that, whereas

other gases have their interstices filled with the ethereal gas,

there is no such gaseous fluid permeating the æther. There

are, at all events, differences between the physical properties

of æther, and those of non-æthereal gases, which seem very

difficult of rational explanation on any other supposition than

that which is supplied by the present theory.

All the characteristics which must be attributed to æther,

if its existence is admitted, appear to follow naturally from

the theory herein propounded. The extreme tenuity of

æther follows from the evident ease with which it penetrates

openings of ultra-microscopic minuteness. Its extreme

mobility is a necessary consequence of its minute structure

combined with the absence of any intervening particles,

whereby the pressure, without a mass of æther, may differ

from its internal pressure, and so cause adherence of the

particles and hindrance of the free motion of the æthereal

particles one on another. The absence of colour in æther, in

bulk, follows from the accepted theories of colour as due to

vibrations of definite wave-lengths, with special characteristics

arising from hindrance to the propagation of its vibrations

with equal freedom in all directions. The extraordinary

elasticity of æther, which is proved by the marvellous rapidity
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with which it transmits vibrations, follows directly from the

absolute uniformity of its structure and the complete contact

of its particles one with another, giving a result almost

identical with that which would be given in the case of a

substance composed of an uninterrupted mass of uniform

matter which is practically incompressible. What has been

said above, as to the nature of liquidity and solidity, indicates

that æther must be neither a liquid nor a solid, and the

points of distinction between it and ordinary gases are

accounted for.

We shall not here enter upon the question of the part

played by æther in connection with the phenomena vaguely

classified as those of life. When once we get into regions ,

where the knowledge of the wisest of us is at fault, everybody

has such positive convictions, that he judges any new theory

simply by noting whether or not it agrees, or can be twisted

into agreeing, with his established beliefs. When we have

ascertained what part æther plays in the better understood

processes of Nature, it will be time enough to enter upon an

examination of the more abstruse processes.

Some readers may perhaps be disappointed to find that a

theory, professing to give a quite new interpretation to such

things as gravity, chemical affinity, &c. , does not involve any

revolution in our various sciences ; but the true philospher

will recognise that facts are unaltered by being looked at

in a truer perspective, and a great recommendation of the

present theory will be, to him, the fact that it harmonises so

entirely with the careful results of scientific experiments

undertaken without any reference to this theory. To say

that the far-reaching theory, which has been propounded

here, has been proved at all completely in these few pages,

would be to make a claim preposterous on the face of it. The

work necessary to prove such a theory is more than can well

be done by the combined efforts ofmy men abler than the

morethan can well

writer, and it may, perhaps, be even beyond the powers of

any number of able men at the present time. Yet it may be
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that the putting forward of this theory, glimpses of which

have evidently been in the minds of many, may hasten the

full investigations, of the nature and place of æther, which

have been needlessly delayed by the fear of acquiring the

reputation of unscientific day-dreaming. Nothing is more

needed for the forwarding of science than a strong reasonable

faith, which argues from things seen to things unseen. The

eyes may for ever wander unintelligently over the surface of

nature, unless we form some idea of what may be looked for,

and then, guided by that idea, search keenly and closely to

verify or disprove our intelligent preconceptions. It may be

that many of the arguments set forth in these pages will fail

to withstand criticism. Yet, even so, it is possible that they

may indirectly lead to a true recognition of important facts

which have long lain unnoticed within our reach.

Men moved with the rapid movements of the earth long

before they became aware of it. They breathed the air for

long centuries in utter ignorance of its nature. They are

only now beginning to suspect the existence of æther, which

causes the earth to move, and which is even more essential to

life than the very air that we breathe.

THE END.
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more numerous, more complete, and more up-to- date than those of any other technical or trade

journal in the world ,

In addition to the above, " THE ELECTRICIAN " contains a complete record of all the legal

causes which have occupied the attention of the Courts of Justice for the past 27 years. Itis

customary for " THE ELECTRICIAN " to occupy a prominent position in the Courts as an

authority upon all legal questions affecting the Electrical Profession and Industry,

A regular feature in " THE ELECTRICIAN " has always been the verbatim reports ofmeetings

of Electrical Companies and Corporations, and the completest possible record of financial items

relating to the Electrical Industry. A very complete Share List of Electrical Investments.
""

Finally, " THE ELECTRICIAN' has been of incalculable service to technical education , and

has done much to make the general study of electricity the reality it has undoubtedly become.

No aspirant to honour and renown in the electrical profession can hope to keep abreast of the

never- ceasing stream of discoveries of new applications of electrical science to every-day com-
mercial pursuits who does not diligently peruse the colums of " THE ELECTRICIAN ,'" which is

pre-eminently the leading electrical journal .

"The Electrician " INDUSTRIAL SUPPLEMENT.

Published monthly. Gratis with " The Electrician." Separate

copies, Price 4d ., post free.

A comprehensive and independent record of electrical industrial progress . Issued in the

interests of wider and more effective publicity for the products of electrical and allied manufac
turers. A special feature is made of articles dealing with the applications of electric power in

every branch of industrial activity.

"THE ELECTRICIAN " ELECTRICAL TRADES'

DIRECTORY AND HANDBOOK.

THE BIG BLUE BOOK.

Established 1882. The cheapest, largest and only reliable Directory published for

the Electrical and Kindred Trades. Published END OF JANUARY in each year.

Royal 8vo. , about 2,000 pages . SUBSCRIPTION PRICE 8s . 6d . nett, post free 9s. 3d.;

BritishColonies, 10s . 6d . ; abroad, 11s . After date of publication , 15s. nett, post free

15s . 9d . (British Colonies, 175. , post free ; U.S.A. , 18s 6d . , post free ; other countries, 18s. )

This Directory and Handbook is well known throughout the Electrical , Engineering and

Allied Professions and Trades in all parts of the World. No expense is spared to make the work

really complete and reliable. The Lists of Names and Addresses are made up from exclusive

sources. The Directory portion of the book is divided into six divisions, viz ., a British Division ,

and Colonial , Continental , Asiatic and African , Central and South American and United States

Divisions. Each Division is sub- divided into an Alphabetical Section and a Classified Trades'

Section. NewNames and corrections to existing entries in the DIRECTORIAL portion of the book
are received up to the end of January. Extra insertions are made in the Classified Trades'

Section at low rates. In addition to more than 800 pages of purely Directorial matter, the HAND-

BOOK portion contains a mass (about 950 pages) of interesting electrotechnical statistics and

commercial information relating to electricity supply, electric power distribution and transmission,

and electric traction in Gt. Britain, the Colonies and abroad, also Fire Risk Rules (British and

Foreign) , a full Digest of the Law of Electric Lighting, Traction, Telegraphy and Telephony,

&c , the great part of which is specially compiled for the DIRECTORY, and cannot be obtained

elsewhere. There is also a very interesting BIOGRAPHICAL Division , besides many invaluable Sheet

Tables, Maps, Statistics relating to Electric Lighting and Power, Traction , & c.



“ THE ELECTRICIAN **” SERIES

OF STANDARD BOOKS

Aitken-HANDBOOK OF COMMERCIAL TELEPHONY. By

W. Aitken. In the press.

Ayrton-THE ELECTRIC ARC. By Mrs. Ayrton, M.I.E.E.

Veryfully Illustrated . Price 12s . 6d.

Abstract from Author's Preface.-This book owes its origin to a series of articles

published in The Electrician in 1895-6. In experimenting on the arc myaim was not so much to add

to the large number of isolated facts that had already been discovered, as to form some idea ofthe

bearing ofthese upon one another, and thus to arrive at a clear conception ofwhat takes place in

each part of the arc and carbons at every moment. The attempt to correlate all the known

phenomena and to bind them into one consistent whole led to the deduction of new facts,

and opened up fresh questions, to be answered in their turn by new experiments. Thus the subject

grew and developed into what may almost be termed a natural way. The experiments of other

observers have been employed in two ways : ( 1) In confirmation of theory developed from myown

experiments, and (2) as the basis of theory for which further tests were devised. M. Blondel's

interesting and systematic researches, the admirable work of Mr. A. P. Trotter, and Prof.

Ayrton's Chicago Paper were all laid under contribution , and the deductions drawn from them

tested by new experiments. The excellent work done by men whose names are quite unfamiliar to

us in England, including Nebel , Feussner, Luggin, Granquist and Herzfeld , has been utilised .

MANUAL OF SUBMARINE CABLE

Second Edition. Cloth Bound.

Baines—BEGINNER'S

TESTING AND WORKING, By G. M. Baines.

7s. 6d. nett, post free 8s.

This book has been written to meet the requirements of those about to commence the study

ofSubmarine Telegraphy. All subjects demanding attention have been brought within the scope

of the volume and have been dealt with at sufficient length to enable an intelligible idea to be
obtained of them. With regard to the algebraical portion ofthe study, all the formulæ have been

worked out step by step, and, where convenient, have been supplemented by arithmetical

equivalents. The book is divided into 18 chapters , and deals with : Batteries, Ohm's Law, Joint

Resistance, Wheatstone Bridge, Bridge Measurements, Insulation Test by Direct Deflection,

Inductive Capacity, Internal Resistance and E.M.F. of a Battery, &c., Current Strength in

Wheatstone Bridge, &c. , Tests of Broken or Faulty Cables, and Description of Apparatus, &c.

Beaumont-THE STEAM-ENGINE INDICATOR AND INDI-

CATOR DIAGRAMS. Edited by W. W. Beaumont, M.I.C.E., M.I.M.E. , & c. New

andEnlarged Edition, Now Ready. 6s. nett, post free.

The

The object of this book is to place in the hands of students and practical men a concise

guide to the objects, construction and use of the indicator, and to the interpretation of indicator

diagrams . Lengthy discussion of theoretical or hypothetical matters has been avoided.

behaviour of steam and its expansion under different conditions have been treated in a simple

manner so far as these questions are important to the consideration of indicator diagrams in
their most usual practical applications.

Bond-RATING OF ELECTRIC LIGHTING, ELECTRIC

TRAMWAY AND SIMILAR UNDERTAKINGS. By W. G. Bond. Cloth, 8vo,
price 2s. 6d. net.

This little book is intended for the use of Directors , Secretaries, Engineers and other

Officials connected with Electric Traction , Lighting and Power Distribution Companies. The

chief object of the Author has been to enable those who are not familiar with the principles and

practice of rating to ascertain for themselves whether the Rateable Value of their property is
reasonable or excessive , and thus avoid unnecessary expense at the outset.

Boult-COMPREHENSIVE INTERNATIONAL WIRE TABLES

FOR ELECTRIC CONDUCTORS. By W. S. Boult. Price 4s. post free.

Broughton-ELECTRIC CRANES AND HOISTS. By H. H.

Broughton. In the Press.

Carter-MOTIVE POWER AND GEARING FOR ELECTRICAL

MACHINERY: A Treatise on the Theory and Practice of the Mechanical Equipment

of Power Stations for Electric Supply , and for Electric Traction . Bythe late E. Tremlett

Carter, C.E. , M.I.E.E. 650 pages, 200 Illustrations, Scale Drawings and Folding

Plates, and over 80 Tables of Engineering Data. In one volume. New edition, revised

by G. THOMAS-DAVIES . Now Ready. Price 12s. 6d. nett, post free 135.

Part I.-Introductory. Part II.--The Steam Engine. Part III.-Gas and Oil Engines.

Part IV.-Water Power Plant. Part V.-Gearing. Part VI.-Types ofPowerStations .

This work presents to consulting engineers, contractors, central-station engineers and

engineering students the latest and most approved practice in the equipment and working of

"THE ELECTRICIAN " PRINTING & PUBLISHING CO. , LTD.,
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mechanical plant in electric power generating stations. Every part ofthe work has been brought
completely up to date ; and especially in the matter of the costs of equipment and working the

latest available information has been given. The treatise deals with Steam, Gas, Oil and

Hydraulic Plant and Gearing; and it deals with these severally from the three standpoints of

(1) Theory, (2) Practice and (3) Costs.
"MOTIVE POWER AND GEARING FOR ELECTRICAL MACHINERY " is a handbook of modern

electrical engineering practice in all parts of the world. It offers to the reader a means of

comparing the central station practice of the United Kingdom with that of America, the Colonies

or other places abroad ; and it enables him to study the scientific, economic and financial principles
upon which the relative suitability of various forms of practice is based, and to apply these
principles to the design or working of plant for any given kind of work, whether for electrical
supply or for electric traction. It is a treatise which should be in the hands of every electrical
engineer throughout the world, as it constitutes the only existing treatise on the Economics of

Motive Power and Gearing for Electrical Machinery.

Cooper-PRIMARY BATTERIES : THEIR CONSTRUCTION

AND USE. By W. R. Cooper, M.A. Fully Illustrated . Price 10s, 6d. nett.

Author's Preface-Extract.- Primary Batteries form a subject from which much has been

boped, and but little realised. But even so, it cannot be said that the advance has been small

and consequently no apology is offered for the present volume, in which the somewhat scattered

literature of the subject has been brought together. Recent years have seen important additions
to the theory of the voltaic cell, and therefore a considerable number of pages have been devoted

to this part of the subject, although it is impossible to do more than give a superficial sketch of

the theory in a volume like the present. With regard to the practical part of the subject, this
volume is not intended to be encyclopædic in character ; the object has been rather to describe
those batteries which are in general use, or of particular theoretical interest. As far as possible,
the Author has drawn on his personal experience, in giving practical results, which, it is hoped,
will add to the usefulness ofthe book. Owing to the importance of the subject, Standard Cells
have been dealt with at some length . Those cells, however, which are no longer in general use

are not described ; but recent work is summarised in some detail so as to give a fair idea of our
knowledge up to the present time. It has also been thought well to devote a chapter to Carbon-

ConsumingCells . Very little has been written upon this subject, but it is of great interest, and
possibly ofgreat importance in the future.

Cooper-See "THE ELECTRICIAN " PRIMERS , page 11 .

Down-"THE ELECTRICIAN HANDY COPPER WIRE

TABLES AND FORMULE FOR EVERYDAY USE IN FACTORIES AND

WORKSHOPS. By P. B. Down , Wh.Ex. , A.M.I.M.E. Price 2s. 6d . nett.

Ewing-MAGNETIC INDUCTION IN IRON AND OTHER

METALS. By Prof. J. A. Ewing, M.A., B.Sc. , F.R.S. , Professor of Mechanism and

Applied Mechanics in the University of Cambridge. 382 pages, 173 Illustrations . Price
IOS. 6d. nett. Third Edition , Second Issue.

Synopsis of Contents.-After an introductory chapter, which attempts to explain the

fundamental ideas and the terminology, an account is given of the methods which are usually

employed to measure the magnetic quality of metals . Examples are then quoted, showing the

results ofsuch measurements for various specimens of iron , steel, nickel and cobalt. A chapter

onMagnetic Hysteresis follows, and then the distinctive features of induction by very weak and

by very strong magnetic forces are separately described , with further description of experimental

methods, and with additional numerical results. The influences of Temperature and of Stress are

discussed. The conception of the Magnetic Circuit is then explained, and some account is given of

experiments which are best elucidatedbymaking use ofthis essentially modern method oftreatment.

Fisher-THE POTENTIOMETER AND ITS ADJUNCTS. (A

Universal System of Electrical Measurement. ) By W. Clark Fisher. New Edition in

Preparation.

The extended use of the Potentiometer System of Electrical Measurement will, it is hoped,

be sufficient excuse for the publication of this work, which, while dealing with the main instru-

ment, its construction , use and capabilities, would necessarily be incomplete without similar

treatment of the various apparatus which extend the range and usefulness of the whole system .

The engineer or practical man demands that he shall be shown results quickly, plainly and

accurately with a minimum of trouble, understanding, and consequently " Time," and on that

account prefers-like all good mechanics-to have one good instrument, which, once understood

and easily manipulated, can be used in a variety of ways to suit his needs. It is to this fact,

undoubtedly, that the " Potentiometer " method of measurement owes its popularity. Its accuracy

is rarely, if ever, impugned. Measurements made by it are universally accepted amongst engi-

neers, and it might be well termed a " universal " instrument in " universal " use.

Fisher and Darby-STUDENTS' GUIDE TO SUBMARINE

CABLE TESTING. By H. K. C. Fisher and J. C. H. Darby. Fourth Edition.

Now Ready. Fully Illustrated. Price 7s. 5d . nett , post free ; abroad, 8s.

The Authors of this book have, for some years past, been engaged in the practical work

of Submarine Cable Testing in the Eastern Extension Telegraph Company's service, and

have embodied their experience in a Guide for the use of those in the Telegraph Service

who desire to qualify themselves for the examinations which the Cable Companies have recently

instituted. To those desirous of entering the Cable Service , the book is indispensable, as it is now

necessary for probationers to pass these examinations as part ofthe qualification for service.

A valuable set of Questions and Answers is added to the New and Enlarged Edition .

Fleming-THE CENTENARY OF THE ELECTRIC CURRENT.

1799-1899. By Prof. J. A. Fleming, F.R.S. With Illustrations of early apparatus and

interesting Chronological Notes. In neat paper covers Is . nett, post free is. 3d. Bound
cloth 25. nett, post free.
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Fleming-A HANDBOOK FOR THE ELECTRICAL LABORA-

TORY AND TESTING ROOM By Dr. J. A. Fleming, M.A., F.R.S. , M.R.I., & c.

Vol. I., price 12s. 6d. nett, post free 135. Vol . II., 14s. nett.

This Handbook has been written especially to meet the requirements of Electrical

Engineers in Supply Stations, Electrical Factories and Testing Rooms. The Book consists of a

series of Chapters each describing the most approved and practical methods of conducting some

one class of Electrical Measurements, such as those of Resistance, Electromotive Force, Current,

Power, &c., &c. It does not contain merely an indiscriminate collection of Physical Laboratory,
processes without regard to suitability for Engineering Work. The Author has brought to

its compilation a long practical experience of the methods described , and it will be found to be a

digest of the best experience in Electrical Testing. The Volumes contain a Chapter on the

Equipment of Electrical Laboratories and numerous Tables of Electrical Data, which will render

it an essential addition to the library of every practical Electrical Engineer, Teacher or Student.
SYNOPSIS OF CONTENTS.

Vol. I.

Chapter I.-Equipment of an Electrical Test-

ing Room.

Resistance.

Vol. II.

Chapter I.-The Measurement of Electric

Quantity and Energy.

99 II. The Measurement of Electrical 29

99 III. The Measurement of Electric 99

""

"" IV. The Measurement of E.M.F. 29

Current.

V.-TheMeasurement ofElectricPower.

II. The Measurement of Capacity

and Inductance.

III.-Photometry.

IV.-Magnetic and Iron Testing.

V.-Dynamo, Motor and Transformer

Testing.

Fleming-THE ALTERNATE CURRENT TRANSFORMER

IN THEORY AND PRACTICE. ByProf. J. A. Fleming, M.A., D.Sc. , F.R.S., M.R.I.,

&c. Vol. I. New Edition-Almost entirely Rewritten, and brought up to date. More

than 600 pages and 213 illustrations, 12s. 6d. post free ; abroad, 13s. Vol. II. Third issue.

More than 600 pages and over 300 illustrations , 12s . 6d. post free ; abroad 13s.

Since the first edition of this Treatise was published , the study ofthe properties and appli-
cations of alternating electric currents has made enormous progress. The Author has,

accordingly, rewritten the greater part ofthe chapters, and availed himself of various criticisms,

with the desire of removing mistakes and remedying defects of treatment. In the hope that this

will be found to render the book still useful to the increasing numbers of those who are practically

engaged in alternating-current work, he has sought, as far as possible, to avoid academic methods

and keep in touch with the necessities of the student who has to deal with the subject not as a

basis for mathematical gymnastics but with the object of acquiring practically useful knowledge.

Dr. Fleming's manual on the Alternate- Current Transformer in Theory and Practice is

recognised as the text book on the subject. Vol . I. , which deals with " The Induction of Electric

Currents," has passed through three editions, each edition having, in its turn. passed through

several issues. Vol. II. , which treats of " The Utilisation of Induced Currents ," has also passed

through numerous issues .

Fleming-ELECTRICALLABORATORY NOTES AND FORMS.

Arranged and prepared by Dr. J. A. Fleming, M.A. , F.R.S., &c.

This important Series of Notes and Forms for the use of Students in University and other

Electro- technical Classes has a world-wide reputation, and manythousands of copies have been

sold. From time to time, as considered desirable, the Notes and Forms have been corrected or

re-written, but the original divisions ofthe forty Forms into " Elementary" and " Advanced "

has hitherto been observed. The object of this arbitrary division has nowbeen fully served , and
it has been decided that in future only the numerical order shall be retained . At the same time

it is realised that the time has come for additions to be made to the original Set, and Dr. Fleming

has written Ten Additional Notes and Forms ( Nos. 41 to 50) . It should be remembered that the

numerical order observed in the above list has no relation to the difficulty or class sequence ofthe

exercise, but is simply a reference number for convenience. The Subjects of the additional Notes
and Forms are :-

No. SUBJECT.

41. Determination ofDynamo Efficiencyby
Routin's Method.

SUBJECT.

Determination of the Characteristic

Curves ofDynamo Machines.

No.

45.

42. Separation of Hysteresis and Eddy Cur-

rent Losses in Continuous- Current

Dynamo Armatures .

46. The Absolute Measurement of Capa-

city.

43. Efficiency Test of Two Equal Trans-

formers bythe Differential (Sumpner's)
Method .

47. The Measurement of Inductances.

48. The Test of a Rotary Converter.

49. The Parallelisation of Alternators.

50. The Examination of an Alternating-

Current Motor.

44. Measurement of the Efficiency and

Power Factor of a Polyphase Induc-

tion Motor by the Wattmeter Method.

These " Electrical Laboratory Notes and Forms " have been prepared to assist Teachers,

Demonstrators and Students in Electrical Laboratories, and to enable the Teacher to economise

time. They now consist of a series of 50 Exercises in Practical Electrical Measurements and

Testing. For each oftheseExercises a four-page Report Sheet has been prepared, two and some-

times more pages ofwhich are occupied with a condensed account ofthe theory and practical in-

structions for performing the particular Experiment, the other pages being ruled up in lettered

columns, to be filled in bythe Student with the observed and calculated quantities. Where simple

diagrams will assist the Student, these have been supplied. These Exercises are perfectly general,

and can be put into practice in any Laboratory.

Each Form is supplied either singly at 4d nett, or at 3s. 6d. per dozen nett (assorted or

otherwise as required) ; in Sets of any Three at Is. nett ; or the Complete Set of 50 Exercises,

price 12s. 6d . nett, or ina handy Portfolio, 14s. nett, or bound in strong Cloth Case, price 15s. nett.

Spare Tabulated Sheets for Observations, price id. each nett. Strong Portfolios can also be

supplied, price is . 6d . each. The best quality Foolscap Sectional Paper for Drawings (16in. by
13in. ) can be supplied , price 9d. per dozen sheets nett.

A Sample Copy of any one of the Notes and Forms will be sent post free to any Teaching

Establishment, or to the Professor or Demonstrator of a Class for Electro-Technology. A complete

Prospectus will also be sent post free on application.

N.B.-A limited number of the first 40 of the above NOTES AND FORMS can be supplied in a

smaller size (10 by 8), bound in strong cloth, price 75. 6d . nett, post free.
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Fleming-HERTZIAN WAVE WIRELESS TELEGRAPHY ;

A Reprint of a series of articles in the Popular Science Monthly," based upon Dr.

Fening's Cantor Lectures before the Society of Arts, 1903. By Dr. J. A. Fleming ,
F.K.. 108 Large 8vo. pages, fully illustrated. 35. 6d. nett.

Fleming.-ELECTRIC LAMPS AND ELECTRIC LIGHTING.

By Prof. J. A. Fleming , M.A., D.Sc., F.R.S., M.K.I. New Edition . Very fully illus-

trated bandsomely bound , on good paper, price ós. nett

The original aim of a course of four lectures by Prof. J. A. Fleming on "Electric Illumina-

tion " was to offer to a general audience such non-technical explanations of the physical effects

and problems concerned in the modern applications of electricity for illumination purposes as
might serve to further an intelligent interest in the subiect. The author has brought the second

edition into line with recent practice without departing from the elementary character ofthe work.

Fleming-THE ELECTRONIC THEORY OF ELECTRICITY.

B. Prof. J. A. Fleming, M.A., D.Sc. , F.R S. Price 1s. 6d . post free.

Fynn—THE CLASSIFICATION OF ALTERNATE CURRENT

MOTORS. By V. A. Fynn, M.I.E.E. Fully Illustrated. 35. nett.

Geipel and Kilgour-A POCKET-BOOK OF ELECTRICAL

ENGINEERING FORMULE. &c. By W. Geipel and H. Kilgour.

800 pages. rs. 6d . nett ; post free at home or abroad, s. pd.

Second Edition .

With the extension of a branches of Electrical Engineering (and particularly the heavier

branches , the need of a publication of the Pocket-Book style dealing practically therewith
increases: forwhile there are many such books referring to Mechanical Engineering, and several

dealing almost exclusively with the lighter branches of electrical work, none ofthese suffice forthe

purposes of the numerous body of Electrical Engineers engaged in the application of electricity to
Lighting, Traction , Transmission of Power, Metallurgy, and Chemical Manufacturing. It is to

supply this real want that this most comprehensive book has been prepared.
Compiled to some extent on the lines of otherpocket-books, the rules and formulæ in general

use among Electricians and Electrical Engineers all over the world have been supplemented by
briet and, it is hoped, clear descriptions of the various subjects treated, as well as by concise

articles and hints on the construction and management ofvarious plant and machinery.

Gerhardi-ELECTRICITY METERS, THEIR CONSTRUCTION

AND MANAGEMENT. A Practical Manual for Central Station Engineers, Distri-

buting Engineers, and Students. By C. H. W. Gerhardi. 8vo . Fully illustrated. gs. nett.

This valuable Practical Manual on the Management of Electricity Meters, which will form

a volume in " THE ELECTRICIAN " Series , will be published shortly. The Author has had many

years' exceptional experience with Electricity Meters as chief of the Testing Department of the

largest electricity supply undertakingin the United Kingdom. Mr. Gerhardi's intimate acquain-

tancewiththe working of all existing meters on the market, and with the details oftheir construc-

tion, is a guarantee that the book will meetthe requirements of those engaged in work inwhich the

Electricity Meter forms an essential part. In the division of the book devoted to “ Testing,” Mr.

Gerhardi's experience will prove of the greatest service to supply station engineers and managers.

Goldschmidt—ALTERNATING CURRENT MOTORS. By Dr.

R. Goldschmidt. In the Press.

Gore-THE ART OF ELECTROLYTIC SEPARATION OF

METALS (Theoretical and Practical). By George Gore, LL.D., F.R.S. Over 300

pages, 100 illustrations. Price ros. 6d. post free.

Dr. Gore's work is of the utmost service in connection with all classes of electrolytic work con-

nected with the refining of metals. The book contains both the science and the art of the subject

<boththe theoretical principles upon whichthe art is based and the practical rules and details oftech-

nical application on a commercial scale ) , so that it is suitable for both students and manufacturers.

Gore—ELECTRO-CHEMISTRY. By Dr. G. Gore. Price 2s. post free.

At the time when this book first appeared no separate treatise on Electro-Chemistry

existed in the English language, and Dr. Gore, whose books on electro- metallurgy, electro-

deposition and other important branches of electro-technical work are known throughout the

world, has collected together a mass of useful information and has arranged this in consecutive

order, giving brief descriptions of the known laws and general principles which underlie the

subject of Electro-Chemistry. A very copious index is provided.

Hawkins—THE THEORY OF COMMUTATION. By C. C.

Hawkins, M.A. , M.I.E.E. Paper covers. 2s. 6d . nett.

Heaviside—“ ELECTRICAL PAPERS. ” In Two Volumes. By

Oliver Heaviside. Price £3 : 38. nett.

The first twelve articles of Vol . I. deal mainly with Telegraphy, and the next eight with the

Theory of the Propagation of Variations of Current along Wires. Then follows a series of

Papers relating to Electrical Theory in general.

The contents of Vol . II . include numerous Papers on Electro-Magnetic Induction and its

Propagation, on the Self- Induction of Wires, on Resistance and Conductance Operators and
their Derivatives Inductance and Permittance, on Electro-Magnetic Waves, a general solution

ofMaxwell's Electro-Magnetic Equations in a Homogeneous Isotropic Medium, Notes on Nomen-

clature, on the Theory ofthe Telephone, on Hysteresis, Lightning Conductors, &c.

These two Volumes are scarce and are not likely to be reprinted .
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Heaviside-ELECTROMAGNETIC THEORY. By Oliver Heavi- .

side. Vol . I. Second issue. 466 pages . Price 12s. 6d., post free 135. Vol. II . 568 pages.
Price 12s. 6d. post free ; abroad, 13s.

Extractfrom Preface to Vol. I.-This work is something approaching a connected treatise

on electrical theory, thoughwithout the strict formality usually associated with a treatise. The

following are some ofthe leading points in this volume. The first chapter is introductory. The

second consists of an outline scheme of the fundamentals of electromagnetic theory from the

Faraday-Maxwell point ofview, with some small modifications and extensions upon Maxwell's

equations. The third chapter is devoted to vector algebra and analysis, in the form used by me

in former papers. The fourth chapter is devoted to the theory of plane electromagnetic waves,

and, being mainly descriptive, may perhaps be read with profit by many who are unable to tackle

the mathematical theory comprehensively. I have included in the present volumetheapplication

of the theory (in duplex form ) to straight wires, and also an account of the effects of self-

induction and leakage, which are of some significance in present practice as well as in possible
future developments.

Extract from Preface to Vol. II.-From one point of view this volume consists essentially

of a detailed development of the mathematical theory of the propagation of plane electro-

magnetic waves in conducting dielectrics, according to Maxwell's theory, somewhat extended.

From another point of view, it is the development of the theory ofthe propagation of waves along

wires. But on account of the important applications, ranging from Atlantic telegraphy, through

ordinary telegraphy and telephony, to Hertzian waves along wires, the Author has usually

preferred to express results in terms of the concrete voltage and current, rather than the specific

electric and magnetic forces belonging to a single tube of flux of energy. The theory of

the latest kind of so-called wireless telegraphy (Lodge, Marconi, &c.) has been somewhat

anticipated, since the waves sent up the vertical wire are hemispherical, with their equatorial

bases onthe ground or sea, which they run along in expanding. (See 60, Vol. I.; also 393 in

this volume.) The author's old predictions relating to skin conduction , and to the possibilities of

long-distance telephony have been abundantly verified in advancing practice ; and his old

predictions relating to the behaviour of approximately distortionless circuits have also received

fair support in the quantitative observation of Hertzian waves along wires.

Vol. III. is in preparation , and is nearly ready.

Jehl-CARBON MAKING FOR ALL ELECTRICAL PUR-

POSES. By Francis Jehl. Fully illustrated. Price 10s . 6d. post free.

This work gives a concise account of the process of making High Grade and other

Carbon for Electric Lighting, Electrolytic, and all other electrical purposes .

Chapter I.-Physical Properties of Carbon.
II.-Historical Notes.

III.-Facts concerning Carbon.

CONTENTS.

29

"9

39 IV. The Modern Process of Manu-

facturing Carbons.

V.-Hints to Carbon Manufacturers

and Electric Light Engineers.

Chapter X.- Gas Analysis.

""

19

XI .-On the Capital necessary for
starting a Carbon Works and

the Profits in Carbon Manu-

facturing.
XII.-The Manufacture of Electrodes

on a Small Scale.
29

VI.-A"New" Raw Material. 99

99 VII.-Gas Generators. 29

29 VIII.-The Furnace. 29

XIII.-Building a Carbon Factory.

XIV.-Soot or Lamp Black.
XV.-Soot Factories.

IX.--The Estimation of High Tem

peratures.

Kennelly and Wilkinson-PRACTICAL NOTES FOR ELEC-

TRICAL STUDENTS. Laws, Units and Simple Measuring Instruments. By A. E.

Kennelly and H. D. Wilkinson. 320 pages, 155 illustrations, Price 6s . 6d . post free.

These instructive Practical Notes for Electrical Students were started by Mr. A. E.

Kennelly prior to his departure from England to join the staff of Mr. Edison in the United

States, and were continued and completed by Mr. H. D. Wilkinson , who has prepared a work

which is of great service to students.

Kershaw THE ELECTRIC FURNACE IN IRON AND STEEL

PRODUCTION. ByJohn B. C. Kershaw, F.I.C. Fully illustrated . 8vo. Price 3s . 6d. nett.

Lemström-ELECTRICITY IN AGRICULTURE AND HORTI-

CULTURE. By Prof. S. Lemström . With illustrations. Price 3s. 6d. nett.

Extractfrom Author's Introductory Remarks.-It is well known that the question which is

the subject of this book has been a favourite field of investigation for a century past. As the sub-

ject is connected with no less than three sciences-viz ., physics, botany and agricultural physics-

it is in itself not particularly attractive . The causes which induced me to begin the investigation

of this matter were manifold, and I venture to hope that an exposition of them will not be with-

out general interest.

Livingstone-THE MECHANICAL DESIGN AND CON-

STRUCTION OF COMMUTATORS.

Now Ready. Price 6s. nett.

By R. Livingstone. Very fully illustrated .

"THE ELECTRICIAN " PRINTING & PUBLISHING CO. , LTD.,

1 , 2 and 3 , Salisbury Court, Fleet Street, London E.C.
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Lodge-WIRELESS TELEGRAPHY.-SIGNALLING ACROSS
SPACE WITHOUT WIRES. By Sir Oliver J. Lodge, D.Sc., F.R.S. New and

Enlarged Edition . NowReady. Very fully illustrated. Price 5s . nett, post free 5s. 3d.

Thenew edition forms a complete Illustrated Treatise on Hertzian Wave Work. The Full

Notes ofthe interesting Lecture delivered by the Author before the Royal Institution , London, in

June, 1894, form the first chapter of the book. The second chapter is devoted to the Application

of Hertz Waves and Coherer Signalling to Telegraphy, while Chapter III . gives Details of other

Telegraphic Developments. In Chapter IV. a history ofthe Coherer Principle is given, including

Professor Hughes ' Early Observations before Hertz or Branly, and the work of M. Branly.

Chapters are also devoted to " Communications with respect to Coherer Phenomena on a Large

Scale," the " Photo- Electric Researches of Drs. Elster and Geitel," and the Photo-Electric

Researches of Prof. Righi.

Maurice-ELECTRIC BLASTING APPARATUS AND EXPLO-

SIVES, WITH SPECIAL REFERENCE TO COLLIERY PRACTICE. By Wm.

Maurice, M.Nat.Assoc. of Colliery Managers, M.I.Min.E. , A.M.I.E.E. Now Ready.
Price 8s . 6d . nett.

The aim of this book is to prove itself a useful work of reference to Mine Managers,

Engineers and others engaged in administrative occupations by affording concise information

concerning the most approved kinds of apparatus, the classification and properties ofexplosives,

and the best known means of preventing accidents in the use of them. The work gives not only

an explanation of the construction and safe application of blasting appliances , the properties of

explosives, and the difficulties and dangers incurred in daily work, but it also serves as an easy

introduction to the study of electricity-without at least a rudimentary knowledge of which no

mining official can now be considered adequately trained . Particular attention has been devoted

to the problem of safe shot firing in coal mines, and an attempt has been made to present the

most reliable information on the subject that experience and recent research have made possible.

Maurice-THE SHOT-FIRERS HANDBOOK. Inpreparation.

May-MAY'S BELTING TABLE. Showing the Relations between—

(1)The number of revolutions and diameter of pulleys and velocity of belts ; (2) The horse-

power, velocity and square section of belts ; (3) Thethickness and width of belts ; (4) The

square section of belts at different strains per square inch. For office use, printed on

cardboard, with metal edges and suspender, price 2s.; post free, 2s. 2d. Forthe pocket,

mounted on linen, in strong case , 2s . 6d . ; post free, 2s . 8d.

May-MAY'S POPULÄR INSTRUCTOR FOR THE MANAGE-

MENT OFELECTRIC LIGHTING PLANT. An indispensable Handbook for persons

in charge of Electric Lighting Plants , more particularly those with slight technical

training. Pocket size , price 2s . 6d. ; post free, 2s. 8d.

May-MAY'S TABLE OF ELECTRIC CONDUCTORS. Showing

the relations between : (1 ) the sectional area, diameter of conductors, loss of potential,

strength ofcurrent, and length of conductors ; (2) the economies of incandescent lamps,

their candle-power, potential, and strength of current ; (3 ) the sectional area, diameter

of conductors , and strength ofcurrent per square inch. For office use, printed on card-

board, with metal edges and suspender. Price 2s.; post free, 2s . 2d. For the pocket,

mounted on linen, in strong case. 2s. 6d. ; post free, 2s. 8d.

Phillips-THE BIBLIOGRAPHY OF X-RAY LITERATURE

AND RESEARCH . Being a carefully and accurately compiled Ready Reference Index

to the Literature on Röntgen or X-Rays. Edited by Charles E. S. Phillips . With an

Historical Retrospect and a Chapter, "Practical Hints," on X-Ray work by the Editor.

Price 5s. post free.

Pritchard-THE MANUFACTURE OF ELECTRIC LIGHT

CARBONS. By O. G. Pritchard. A Practical Guide to the Establishment of a Carbon

Manufactory. Fully illustrated. Price is . 6d. , post free Is. 9d.

The object of Mr. Pritchard in preparing this work for publication was to enable British

manufacturers to compete with those of France, Austria, Germany and Bohemia in the pro-

duction of electric arc carbon candles. The book is fully illustrated and gives technical details

for the establishment and working of a complete carbon factory.

Ram-THE INCANDESCENT LAMP AND ITS MANUFAC-

TURE. By Gilbert S. Ram. Fully Illustrated. Price 7s. 6d . post free.

The Author has endeavoured to give such information as he has acquired in the course ofa

considerable experience in Lamp-making, and to present that information with as little mathe-

matical embellishment as possible. The subjects dealt with include :-The Filament : Preparation

of the Filament, Carbonising, Mounting, Flashing, Sizes of Filaments, Measuring the Filaments ;

Glass Making and Blowing, Sealing-in, Exhausting, Testing, Capping, Efficiency and Duration,

and Relation between Light and Power.

Raphael-THE LOCALISATION OF FAULTS IN ELECTRIC

LIGHT MAINS. By F. Charles Raphael. New Edition . Price 7s. 6d. nett.

Although the localisation of faults in telegraph cables has been dealt with fully in several

hand-books and pocket-books, the treatment of faulty electric light and power cables has never
been discussed in an equally comprehensive manner. The conditions of the problems are,

however, very different in the two cases ; faults in telegraph cables are seldom localised before

their resistance has become low compared with the resistance of the cable itself, while in electric

light work the contrary almost always obtains. This fact alone entirely changes the method of

treatment required in the latter case, and it has been the Author's endeavour, by dealing with the

matter systematically, and as a separate subject , to adequately fill a gap which has hitherto
existed in technical literature.

The various methods of insulation testing duringworking have been collected and discussed,
as these tests may be considered to belong to the subject.

" THE ELECTRICIAN " PRINTING & PUBLISHING CO., LTD.,

1, 2 and 3 , Salisbury Court, Fleet Street, London , E.C.
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Raphael-"THE ELECTRICIAN " WIREMAN'S, LINESMAN'S

AND MAINS SUPERINTENDENT'S POCKET-BOOK. A Manual for the Mains

Superintendent, the Wiring Contractor and the Wireman. Edited by F. Charles

Raphael . New Edition . Price 5s. nett, post free 5s. 3d.

EDITOR'S NOTE.-When the preparation of this Pocket-Book was commenced, the original

intention of its Editor was to collect in a handy and useful form such Tables , Instructions

and Memoranda as would be useful to the Electric Light Wireman in his work. This has

been carried out in Section A of the Pocket-Book. During the past few years, however,

many inquiries have been received for a good book dealing with the laying of underground

mains, and with matters connected with insulated conductors generally. It was decided, there-

fore, to extend greatly the area covered bythe book, and to treat the whole subject of erecting

and laying electrical and conducting systems in such a manner that the tables, diagrams and

letterpress might be useful to engineers in charge of such work, as well as to the wireman,

jointer, and foreman. In fact, the section on Underground Work has been compiled largely

with a view to meeting the requirements of Mains Superintendents, Central Station Engineers,

and those occupied in designing networks.

In addition to the tables, instructions and other detailed information as to cables, ducts,

junction boxes, &c. , contained in the section on Underground Mains, it has been deemed advisable

to add a chapter briefly describing the various systems employed for public distributing networks.

In this, essential practical information is alone given ; two and three-phase systems are dealt

with, as well as continuous current and single phase, and the method of calculating the size of

the conductors and the fall of pressure from the number of lamps or horse-power of motors is
made clear without the elaboration of clock-face diagrams or algebraical exercises.

Diagrams for the connections of telephones are given in Section D, including those for

subscribers' instruments on the British Post Office exchange system in London.

Sayers BRAKES FOR TRAMWAY CARS. By Henry M. Sayers,

M.I.E.E. Illustrated. 3s . 6d. nett, Now Ready.

Snell-ELECTRIC MOTIVE POWER. By Albion T. Snell.

Over 400 pages, nearly 250 illustrations . Price 10s. 6d. post free ; abroad, ris.
The rapid spread of electrical work in collieries, mines and elsewhere has created a demand

for a practical book on the subject of transmission of power. Though much had been written ,

there was no single work dealing withthe question in a sufficiently comprehensive and yet practical

manner to be of real use to the mechanical or mining engineer ; either the treatment was adapted

for specialists, or it was fragmentary, and power work was regarded as subservient to the question

of lighting. In general, the Author's aim has been to give a sound digest of the theory and

practice ofthe electrical transmission of power, which will be of use to the practical engineer.

Shaw-A FIRST-YEAR COURSE OF PRACTICAL MAGNET-

ISM AND ELECTRICITY. By P. E. Shaw, B.A. , D.Sc., Senior Lecturer and Demon-

strator in Physics at University College, Nottingham. Price 2s . 6d. nett ; 2s . 9d. post free.

The many small books on Elementary Practical Physics, which are suitable for schools or

for university intermediate students, all assume in the student a knowledge of at least the rudi-

ments ofalgebra, geometry, trigonometry and mechanics. There is , however, a large and grow-

ing class oftechnical students who have not even this primitive mathematical training, and who

cannot, or will not , acquire it as a foundation for physical science. Their training as boys in a

primary school has not been supplemented or maintained until, as skilled or unskilled artisans,

they find they require some knowledge of electricity in their daily work. They enter the labora-

tory and ask for an introduction to such fundamentals of the subject as most affect the arts and

crafts. On the one hand, mere qualitative experiments are of little use to these (or any other)

students ; on the other hand, mathematical expressions are stumbling blocks to them. In

attemptingto avoid boththese evils , I have sought to make the experimental work as quantitative
as possible, yet to avoid mathematics . As novelties in such a work as this the ammeter and volt-

meter are freely introduced , also some simple applications of the subject-e.g. , the telephone,

telegraph, &c. There are three introductory exercises, six exercises on magnetism, twenty on

electricity and six on the applications. Nothing is done on statical electricity or alternating

currents, for the reason that in a simple course like this they are considered relatively unimportant

as well as difficult.-Extractfrom Preface.

Soddy-RADIO-ACTIVITY : An Elementary Treatise from the

Standpoint of the Disintegration Theory. By Freak. Soddy, M.A. Fully Illustrated, and
with a full Table ofContents and extended Index. 6s . 6d . nett.

Extractfrom Author's Preface.-In this book the Author has attempted to give a con-

nected account of the remarkable series of investigations which have followed M. Becquerel's

discovery in 1896 of a new property of the element Uranium . The discovery of this new pro-

perty of self-radiance, or " radio - activity," has proved to be the beginning of a new science, in

the development of which physics and chemistry have played equal parts, but which, in the

course of only eight years , has achieved an independent position . Radio-activity has

passed from the position of a descriptive to that of a philosophical science, and in its main

generalisatious must exert a profound influence on almost every other branch of knowledge.

It has been recognised that there is a vast and hitherto almost unsuspected store of energy bound

in, and in some way associated with, the unit of elementary matter represented by the atom of
Dalton. Since the relations between energy and matter constitute the ultimate ground-

work ofevery philosophical science, the influence of these generalisations on allied branches of

knowledge is a matter of extreme interest at the present time. It would seem that they must

effect sooner or later important changes in astronomy and cosmology, which have been long

awaited bythe biologist and geologist.

·

The object ofthe book has been to give to Students and those interested in all departments

ofscience a connected account ofthe main arguments and chief experimental data by which the
results so far attained have been achieved .

"THE ELECTRICIAN " PRINTING & PUBLISHING CO. , LTD.,
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Telephony-BRITISH POST OFFICE TELEPHONE SERVICE.

An illustrated description of the Exchanges of the Post Office Trunk and Metropolitan

Telephone Services, giving much interesting information concerning these Exchanges.

Now ready, 8vo, very fully illustrated . Price 2s. 6d . nett.

In this work an illustrated description is given ofthe Trunk, Central and other Exchanges

of the British Post Office Telephone Service in the London Metropolitan area. The descriptions

ofthe various exchanges are complete, and the illustrations show the disposition of the plant and

the types of all the apparatus used . In view of the early acquisition bythe Post Office ofthe

undertaking of the National Telephone Company this work is of considerable interest.

MINUTES OF THE PROCEEDINGS AT THE HULL

TELEPHONE INQUIRY. Price 3s . nett, post free 3s. 6d.

MINUTES OF THE PROCEEDINGS AT THE PORTSMOUTH

TELEPHONE INQUIRY. Price Is. 6d . nett, post free is . 9d .

Thompson-THE ELECTRIC PRODUCTION OF NITRATES

FROM THE ATMOSPHERE . By Prof. S. P. Thompson , D.Sc. , F.R.S. Ready shortly.

Wade-SECONDARY BATTERIES : THEIR MANUFACTURE

AND USE. By E. J. Wade. Nowready. 500 pages. 265 Illustrations . Price 10s . 6d . nett .

In this work the Author deals briefly with the Theory and very fully with the Chemistry,

Design, Construction and Manufacture of Secondary Batteries or Accumulators. Prospectuses,

post free, on application.

The scope of Mr. Wade's important work covers the whole class of apparatus embraced in

the theory, construction and use of the secondary battery. The major portion of the book treats

the accumulator purely from the point of view of an appliance which fulfils an important and

definite purpose in electrical engineering practice, and whose manufacture , use and properties

must be understood just as fully as those of a generator or a transformer. The concluding

chapter (X. ) gives a complete description of all modern electrical accumulators. The book

contains 265 illustrations and a very copious index.

Weymouth-DRUM ARMATURES AND COMMUTATORS

(THEORY AND PRACTICE ) . By F. M. Weymouth. Fully Illustrated . Price 7s. 6d.
post free.

Wilkinson-SUBMARINE CABLE-LAYING AND REPAIRING.

By H. D. Wilkinson , M.I E.E. , &c. Over 400 pages and 200 specially drawn illustrations.

Price 12s . 6d. post free. New Edition in preparation.

This work describes the procedure on board ship when removing a fault or break in a

submerged cable and the mechanical gear used in different vessels for this purpose ; and considers

the best and most recent practice as regards the electrical tests in use for the detection and

localisation of faults, and the various difficulties that occur to the beginner. It gives a detailed

technical summary of modern practice in Manufacturing, Laying, Testing and Repairing a Sub-

marine Telegraph Cable. Thetesting section and details of ' boardship practice havebeen prepared

with the object and hope of helping men in the cable services who are looking further into these
branches .

Young-ELECTRICAL TESTING FOR TELEGRAPH ENGI-

NEERS. By J. Elton Young. Very fully illustrated. Price 10s. 6d., post free 11s.

This book embodies up-to-date theory and practice in all that concerns everyday work of

the Telegraph Engineer.
CONTENTS.

Chapter I.- Remarks on Testing Apparatus, ChapterVII.-Measurement of Inductive Capa-

II. Measurements of Current, Poten-39

""

""

""

tial, and Battery Resis-

tance.

III.-Natural and Fault Current.

IV.-Measurement of Conductor Re-

sistance.

V.-Measurement of Insulation Re-

sistance.

VI.-Corrections for Conduction and

Insulation Tests.
99

city.

VIII.-Localisation of Disconnections.

IX.-Localisation of Earth and Con-

tacts.

X-Corrections of Localisation Tests.

XI.-Submarine Cable Testing during

Manufacture, Laying and

Working.

XII.-Submarine Cable Testing during

Localisation and Repairs.

In the Appendices numerous tables and curves of interest to Telegraph Engineers are given.

THE INTERNATIONAL TELEGRAPH CONVENTION AND

SERVICE REGULATIONS. (London Revision , 1903 ) . The complete Official Frenca

Text with English Translation in parallel columns , by C. E. J. Twisaday (India Cffice,

London), Geo. R. Neilson (Eastern Telegraph Co., London), and officially revised by

permission of H.B.M. Postmaster- General. Cloth (foolscap folio), 6s. nett ; (demy tolio),

8s . 6d. nett, or foolscap, interleaved ruled paper, 8s . 6d. nett.

INTERNATIONAL RADIO-TELEGRAPHIC CONFERENCE,

BERLIN, October-November, 1906, with the International Radio-Telegraphic Conven-

tion, Additional Undertaking, Final Protocol and Service Regulations in French and

English. Officially accepted Translation into English of the complete Proceedings at

this Conference. This translation , which has been made by Mr. G. R. Neilson, is pub-
lished under the authority of H. B.M. Postmaster-General, and is accepted as official by

the British Government Departments concerned . Strongly bound in cloth, 21s . nett ;

leather, 253. nett. Postage per copy : U. K. 6d . ; abroad is . 6d .

29
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"THE ELECTRIC
IAN" PRIMERS

( II )

By Various Authors.
[COPYRIGHT.]

Edited by Mr. W. R. COOPER, M.A., B.Sc. , M.I.E.E.

There are, in all, over 80 PRIMERS in this Collection. The complete set comprises over 1,000 pages

and (approximately) 550 illustrations, the greater portion specially drawn and made for these vol-

ames, and consequently Copyright. Following is a list of the subjects dealt with :-

THEORY (25 Vol. II. Price 6s. nett. (For Price of Vol. III. Price 4s. 6d. nett. (For price

Primers.) Price 3s. 6d. nett.

(For price of Single Copies

see below.)
1. Effects of an Electric Current

2. Conductors and Insulators

3. Ohm's Law
4. Electrical Units ..
5. Curves and their Uses

6. Primary Batteries
7. Arrangementof Batteries

Electrolysis

(3)
(1)

9. Secondary Batteries (10)
(4)

(9)

(4)

10. Alternating Currents
11. Lines of Force

12. Magnetism and the Magnetic

Properties ofIron

13. Galvanometers ..
14. Electrical Measuring "Instru-

ments ..
15. Electrical Measurements

16. Electricity Meters Direct Cur-

rent)
16A. Ditto ( Alternating Current)
17. The Induction Coil

18. Condensers
19. Influence Machines

20. Rontgen Rays & Radiography
21. Lightning Protectors

22. Thermopiles

23. Arithmetic of Electricity
24. Constants and Tables ..

Single Copies see below .)

ELECTRIC TRACTION,

ELECTRIC LIGHTINGand

ELECTRIC POWER

(31 Primers.)

25. Dynamos and Direct Current Motors

(11) 26. Alternators and Alternate - Current

Motors
(17) 27. Transformers and Converters..

28. Testing Electrical Machinery ..(14)

(15)

29. Management of Dynamos and Elec-

tric Machinery

(19) 30. Electric Wires and Cables
(2) 31. Underground Mains

(2) 32. Switchboards

(4) 33. Switchboard Devices

(3 ) 34. Systems of Elec. Distribution
(6) 35. Flectric Transmission of Power

(4) 36. Tramway Traction by TROLLEY

(-37. TramwayTraction by CONDUIT
3) 88. Tramway Traction by SURFACE CON-

TACT

TORS

..

ACCUMULA-In addition to over Eighty 39. Tramway Traction by

Primers comprised in the three 40. Electric Railways-Surburban Lines
volumes, all upon carefully 41. Electric Automobiles

selected subjects of both scien- 42. Electric Ignition
tific and industrial interest, 43. Incandescent Lamps

44. Arc Lamps
each volume contains an ample 15, Street Lighting
Glossary of Electro- 46. House Wiring for Electric Light
Technical Words, 47. Electric Driving in Factories and

Terms and Phrases, 48. Electric Lifts..
to aid the Student, Artisan and 49. Steam Engines
General Reader in his compre- 50. Steam Boilers

Electric Cranes..

Gas and Oil Engines

rating Stations

Producer Plant
Comparative Advantages of Steam
and Producer Gas for Power

hension of the subjects dealt 51. The Equipment of Electricity Gene-

with. Each individual Primer 52.

is followed bya List of Suitable 53 .

Books, &c. , to be consulted 54.

where the study of any par-

ticular subject is desired to be 55.

extended.

Production

Designing and Estimating for Small
Installations ..

ofsingle Copies see below.)

TELEGRAPHY,

TELEPHONY,

ELECTROLYSIS and

MISCELLANEOUS

APPLICATIONS OF

ELECTRICITY.

(25 Primers.)
(8)

(12)
Telegraphy:-

(12) 56. Elements of Land, Submarine and

(2)
Wireless

57 Duplex
(2) 58. Double-Current Working

(5) 50. Diplex and Quadruplex

(8)
(7)

(10)
(9)

(7) 60. Multiplex
(3)

(12) 61. Automatic Telegraph Apparatus

(5)

(17 62.

(5)

(Wheatstone Transmitter, Auto.
Curb Transmission, Auto. Trans-

mission for Submarine Cables)
Cable Stations : General Working and

Electrical Adjustments

(11)

(23

(8)

63. Laying, Jointing and Repair of Sub-

marine Cables (11)

64. Testing Submarine Cables (1)

(2) 65. Testing Land Lines (1)

(3)
(9)

( 6 ) 66. Aerial Telegraph Line Construction

and Jointing(6)
(17) 67. Wireless Telegraphy

(9)
(12) Telephony:-

(3) 8. The Telephone

(7) 69. Telephone Sets

70. Telephone Exchanges

(1) 71. Telephone Lines
(3) 72. Electric Bell Fitting and Internal

Telephone Wiring

(10) Miscellaneous:—

(4) 73. Electric Heating & Cooking

(14) 74. Electric Welding
(11) 75. Electric Furn ces ..

6. Electro-Deposition ..
77. Industrial Electrolysis

(-) 78. Photo Engraving
79. Electric Clocks

(-) 80. Block Signalling on Railways ..

(The figures in parentheses indicate the number of Illustrations. )

(5)

(7
(10
(9

18

(18

(4)
(3
(2

(3

(8
(14

(7

Price 3d. each , post free. Six copies of any one Primer post free for 1s. 2d. , 12 copies 2s., 25 copies 4s.,

50 copies 7s. 6d. , 100 copies 14s. Or 50 copies of the Primers assorted (not less than 6 of any one

Primer) for 9s.; or 100 copies of the Primers assorted (not less than 12 of any Primer) for 16s. 6d.

Larger numbers by arrangement.

"THE ELECTRICIAN" PRIMERS are Published

In ONE VOLUME , cloth, price 10s. 6d . nett (Bypost,)11s.

In THREE VOLUMES , price 12s. 6d. nett, complete

Postage 9d. extra.

or

Vol. 1. price 38. 6d. nett

6s. od. nettVol. II. ditto

Vol. III ditto 48. 6d. nett

(If sent by post, 3d. extra per volume.)

And in separate form as above described .

THE GLOSSARY can be obtained separately, price 6d., post free.

Of all Booksellers and Agents at Home and Abroad, or direct from

"THE ELECTRICIAN " PRINTING & PUBLISHING COMPANY, Ltd. ,
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WIRELESS TELEGRAPH CONFERENCE, BERLIN, 1903,

Full Report of the Proceedings at the Conference. Translated into English by

G. R. Neilson. Officially accepted bythe Post Office Authorities. Bound Cloth, 8s. 6d. ,

post free 8s. 9d. , abroad os .

Parshall and Hobart-ARMATURE WINDINGS OF ELEC-

TRIC MACHINES. By H. F. Parshall and H. M. Hobart. Second Edition. 30s.

Part I. , Continuous-current Armature Windings ; Part II.. Windings for Aiternate-cur-

rent Dynamos and Motors ; Part III. , Winding Formulæ and Tables.

Woods-ÆTHER : A Theory of the Nature of Æther and of its

Place in the Universe. By Hugh Woods, M.D., M.A.O., B.Ch., B.A. 8vo. Bound

strong cloth. Price 4s . 6d. nett, post free 4s. 9d .

ELECTRICITY IN MINES.-Under the new Rules and Regula-

tions concerning the Use of Electricity in Mining Operations, it is compulsory that

directions for the effective Treatment of Cases of Apparent Death from Electric Shock be

conspicuously placed in certain prescribed positions in the Mines.

A set of these DIRECTIONS, with illustrations showing the method of application,

accompanied by PRECAUTIONS to be adopted to prevent danger from the electric current,

and INSTRUCTIONS for dealing with BROKEN ELECTRIC WIRES, is now ready.
PRICES :-On paper, 17in . by 12 in .

On card, ditto

.. per4d. each ; 3s . 6d.
8d. 6s. 6d."

Post free or carriage paid in each case.

dozen.

"THE ELECTRICIAN" PRIMERS. See complete list on p. II.

STEEL-PLATE PORTRAITS. Price is. each ; post free on Roller,

IS. 2d. India mounts Is. extra. Or framed in neat Black Pillar or Brown Ornamental
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TABLE I.-Electricity Supply Undertakings of the United Kingdom, with no Tram-

way Load, containing particulars of the System employed, Voltage, Frequency, Connec-

tions, Number of Consumers, &c. , and complete Technical Information as to the

Equipment of each Station. Price 2s . , post free 2s. 2d.

TABLES Ia and II.-Towns taking Electricity Supply "In Bulk," giving full particulars

in each case ; and Electricity Works Supplying both Lighting and Tramways,

containing similar information to Table I. for Stations with a Combined Lighting and

Tramway Load. Price Is. , post free is. 2d.

TABLE III.—Electric Power Undertakings ofthe United Kingdom, containing a List of

the various Power Companies, particulars of the Systems employed and Areas covered
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TABLES IV. , V. and VI -Electric Tramways and Railways of the United Kingdom,
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former full particulars are given as to Power Station Equipment, and in both cases

information is included as to Track, Line Equipment, Feeders, Rolling Stock, &c. Price
2s., post free 2s . 2d.

TABLES VII. and VIII.-Colonial and Foreign Electricity SupplyWorks, giving technical

particulars of the Generating Plant, System of Distribution, Periodicities, Voltages .

Connections to Mains, &c., of the principal Electricity Supply Undertakings of the

Colonies, Central and South America, Japan, &c. , &c. , and Colonial and Foreign

Electric Tramways , giving particulars of Power House Equipment, Track, Line
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Vol. III., Cable Plant: Vol. IV. , Construction of Aerial Lines ; Vol . V. , The Sub-

Station ; Vol. VI. Switchboards and Central Office. 7s. each Vol. The set complete,
26s., post free.

Abbott-THE ELECTRICAL TRANSMISSION OF ENERGY.
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Arrhenius-TEXT BOOK OF ELECTRO-CHEMISTRY. By

Prof. Svante Arrhenius. Translated from German by J. McCrae, Ph.D. 9s . 6d. net.
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Burns-ELECTRICAL PRACTICE IN COLLIERIES. By D.

Burns, M.I.M.E. Second Edition , 7s . 6d. nett.

Carhart and Patterson-ELECTRICAL

By Prof. H. S. Carhart and G. W. Patterson, jun. 8s. 6d.

MEASUREMENTS .

Carus-Wilson-ELECTRO - DYNAMICS : The Direct Current

Motor. By Prof. C. A. Carus-Wilson. 7s. 6d .

Classen and Löb-QUANTITATIVE CHEMICAL ANALYSIS
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Cleaves-LIGHT ENERGY ; Its Physics, Physiological Action and

Therapeutic Applications. By Margaret A. Cleaves. 21s.

Clerk Maxwell-A TREATISE ON ELECTRICITY AND

MAGNETISM. By J. Clerk Maxwell, M.A., F.R.S. Third Edition . Twovols . £1.125.

Crotch-THE HUGHES AND BAUDOT TELEGRAPHS.

A. Crotch. Is . 6d . nett.
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Collins-MANUAL OF WIRELESS TELEGRAPHY. By A. F.
Collins. 6s . 6d nett.

Crocker-ELECTRIC LIGHTING. By Francis B. Crocker. Vol. I. ,

Generating Plant ; Vol . II . , Distributing System and Lamps. 12s . 6d . each .

Crocker and Wheeler-THE MANAGEMENT OF ELEC-

By F. B. Crocker and S. S. Wheeler. Sixth Edition.TRICAL MACHINERY.

4s. 6d. nett.

Crook-HIGH-FREQUENCY CURRENTS. By Evelyn Crook.

Cumming-ELECTRICITY TREATED EXPERIMENTALLY.

7s. 6d nett.

By L. Cumming, M.A. 4s . 6d .

Curry-THEORY OF ELECTRICITY AND MAGNETISM.

By C. E. Curry, Ph.D. , with Preface by Prof. L. Boltzmann . 8vo . , 460 pages. 8s. 6d. nett .

Cushing-STANDARD WIRING FOR ELECTRIC LIGHT AND

POWER. By H. C. Cushing, Jun . Strongly bound in cloth, 5s. post free.

Dawson-ELECTRIC RAILWAYS AND TRAMWAYS : Their

Construction and Operation. Revised , enlarged and brought up to date from Engineering.

By Philip Dawson, C.E. Demy 4to, handsomely bound in Half Morocco, containing

many Tables, Diagrams and Working Drawings. 42s.

Dawson-"THE ENGINEERING " AND ELECTRIC TRAC-

TION POCKET BOOK. By Philip Dawson, C.E. , M.I.E.E. 3rd Edition. 20s. nett.

Deschanel-NATURAL PHILOSPHY : An Elementary Treatise.

By Prof. A. Privat Deschanel . Translated and added to by Prof.J. D. Everett. Twelfth

Edition. Cloth, 18s. Also in four parts .-I . MECHANICS, HYDROSTATICS, &c.; II . HEAT ;

III. (New Edition ) ELECTRICITY AND MAGNETISM ; IV. SOUND AND LIGHT. 4s. 6d. each.

and A. T. Larter. 10s 6d. nett.
Dowson and Larter-PRODUCER GAS. By J. Emerson Dowson

Du Bois-THE MAGNETIC CIRCUIT IN THEORY AND

PRACTICE. By Dr. H. du Bois. Translated by Dr. E. Atkinson . 125. nett.

Dunkerley-MECHANISM. By Prof. S. Dunkerley. 95.

Eichorn-WIRELESS TELEGRAPHY. By G. Eichorn. 8s . 6d . nett.

Everett-ELECTRICITY. By J. D. Everett, F.R.S. An Expan-

sion ofEverett's " Deschanel," Part III. , on the lines of Modern Electrical Theory. 4s. 6d.

Ewing-THESTEAM ENGINE AND OTHER HEAT ENGINES.

By Prof. J. A. Ewing, F.R.S. 155.

Faraday EXPERIMENTAL RESEARCHES
- IN ELEC-

TRICITY. 1839-1855 . Three Vols. 8vo. cloth . £2.8s.

Fischer-Hinnen -WIRKUNGSWEISE, BERECHNUNG UND

KONSTRUKTION ELEKTRISCHER GLEICHSTROM-MASCHINEN.

Fischer-Hinnen. Fourth Edition . Revised and enlarged. 14s .

By J.

Fleming-MAGNETS AND ELECTRIC CURRENTS. By Dr.

J. A. Fleming. M.A. , F.R.S. , &c. Crown 8vo. , cloth, 7s 6d

Fleming-THE PRINCIPLES OF ELECTRIC WAVE TELE-

GRAPHY. By Prof. J. A. Fleming , M.A., D.Sc. 24s . nett .

Fleming. See works of Dr. J. A. Fleming in "The Electrician " Series,

pages 5 and 6.
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Foster-STEAM TURBINES AND TURBO-COMPRESSORS :

Their Design and Construction. By Frank Foster. 10s. 6d. nett.

Foster and Porter-ELEMENTARY TREATISE ON ELEC-

TRICITY AND MAGNETISM. By Prof. G. C. Foster, and A.W.Porter. 2nd Ed. 10s. 6d .
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Fournier-THE ELECTRONIC THEORY. By E. E. Fournier

Franklin and Esty-THE ELEMENTS OF ELECTRICAL
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Gay and Yeaman-CENTRAL STATION ELECTRICITY
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Gerhardi-ELECTRICITY METERS : Their Construction and

Management. By C. H. W. Gerhardi. 9s. nett. See also p. 6.

Glazebrook-ELECTRICITY AND MAGNETISM.

Glazebrook, M.A. , F.R.S. 7s. 6d.
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Gore-THE ART OF ELECTRO-METALLURGY. By Dr. G.

Gore. 6s.
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L. W. Grant. 5s. nett.

Gray-ABSOLUTE
MEASUREMENTS IN ELECTRICITY
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Gray-THEORY AND PRACTICE OF ABSOLUTE MEASURE-
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Gray and Matthews-TREATISE ON BESSEL FUNCTIONS.

By Prof. A. Gray, M.A. , F.R.S.E. , and G. B. Matthews, M.A. 16s .

Gray-ELECTRICAL INFLUENCE MACHINES. By J. Gray. 5s.

Groves and Thorp-CHEMICAL TECHNOLOGY, Vol. IV.

Electric Lighting, by A. G. Cooke ; Photometry, by W. J. Dibdin.

Hadley-MAGNETISM AND ELECTRICITY FOR STUDENTS.

By H. E. Hadley. 6s . nett .

20s.

Harrison-ELECTRIC WIRING DIAGRAMS AND SWITCH-

BOARDS. By Newton Harrison . 5s . nett .

Harrison-PRACTICAL ALTERNATING CURRENTS AND

POWER TRANSMISSION. By Newton Harrison. II . nett.

Hawkins and Wallis-DYNAMO, THE : Its Theory, Design and

Manufacture. By C. C. Hawkins and F. Wallis. Third Edition. 15s.
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Henderson-PRACTICAL ELECTRICITY AND MAGNETISM.

By Dr. John Henderson . 7s . 6d .

Henry and Hora-MODERN ELECTRICITY. By J. Henry and

Hooper and Wells-ELECTRICAL PROBLEMS FOR ENGI-
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Herrick-PRACTICAL ELECTRICAL RAILWAY HANDBOOK.
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Hobart-ELECTRIC MOTORS. By H. M. Hobart. 12s. 6d . nett .
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Jackson-ELECTRO-MAGNETISM AND THE CONSTRUC-
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Electro-Magnetism and the Construction of Continuous - Current Dynamos, 9s. nett.;

Vol . II., Alternating Currents and Alternating- Current Machinery, 14s. nett.

Jones-THE ELECTRICAL NATURE OF MATTER AND

AND RADIOACTIVITY, By H. C. Jones. 7s . 6d. nett.
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Vols. I. and III . ready. 7s. 6d. each .

Kershaw-FUEL, WATER AND GAS ANALYSIS FOR STEAM
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PRACTICE. By G. D. Aspinall Parr. 12s . nett.

Parshall and Hobart-ELECTRIC RAILWAY
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