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As a concise statement of the modern philosophical concept-

ions in regard to this subject, we say that, as the chemists of

the past century proved, that apparent destruction of matter

was only a transmutation of form, so the physicists of the pre-

sent century have proved that apparent destruction of mation

is also merely a transmutation of form, a change in the mode of

motion ; mass motion changed into molecular motion, which

revals itself as heat, light, or electricity, or, vice versa, any of

the latter forces into one another or into mass motion. Of this

transformation the steam engine and the modern dynamo are

forcible illustrations.
The great Swedish chemist Berzelius more than half a cen-

tury ago expressed similar views, when lie declared that the

heat and light we see in an electrie discharge, say, in a stroke

of lightning, is not the electricity itself; he states most ex-

plicitly that the restoration of the electrical equilibrium, which

when destroyed gives rise to what we call electrical phenomena,

causes the evolution of sudden light and heat in the bodies

through whose medium this restoration of equilibrium takes

place, which light and heat then radiates and diffuses itself

according to the ordinary well known laws of radiation and

convection.
Crookes, in order to explain the peculiar behaviour of

electric discharges through his highly exhausted tubes, teaches

the doctrine that our conception of three states of matters,

solid, liquid and gaseous, is incomplete; lie says that there is a

fourth condition, which he calls radiant matter. He teaches

as follows -
In solid bodies the atoms are in a state of rest ; that is to

say, as far as their relative position is concerned, but each

atom oscillates to a greater or lesser degree. If the amplitude of

the oscillation is small, we call the body cold ; if the ampli-

tude of the oscillation is large, we call the body hot ; and in

so far, Crookes's theory agrees with what Tyndall has pop-

ularised is his well known work, entitled, " Heat as a Mode

of Motion."
When the amplitude of the oscillations becomes so great that

the atoms turn over and commence to rotate around their

centres, the body reaches its melting point and becomes

a liquid. Therefore, in liquids the atoms are not rigidly

fixed to certain positions, but can freely roll over one

another, and this constitutes the difference between solids

and liquids.
When the velocity of the rotation becomes greater and greater,

we say that the liquid is becoming hotter, and when from

some cause or other this motion is still further increased, a new

set of phenomena begins. The atoms are projected into space,

and in place of rotating they are propelled from the liquid, and

also repel one another, and as millions upon millions exist

in the small space of a cubic inch, collisions take place by

billions, and the body enters in what we call the " gaseous"

condition.
Here we have entered a field for the conception of which very

few are prepared. We are as little prepared for it as our an-

cestors were when Galileo and Copernicus, and later, Herschel,

revealed to mankind the immensity of the universe. When at

school, studying astronomy, we obtained some kind of con-

ception of the infinitely large.

We are not yet educated to the conception of the infinitely

small, which is a new revelation, which is as difficult to grasp

with our finite mind as it is to grasp the infinitely large. In

considerating the latter, we speak of distances so great that our

common measures are utterly inadequate, and we must have

recourse to larger standards of measures, such as the velocity

I of light connected with the time it takes to reach us from the

most distant stars, which, in some cases, has been proved to be

ten thousand years.
In considering the motion of the atoms of gaseous matter,

we enter the other extreme of the conception of great and

small. It appears that the number of ato-ms in one cubic inch

of the common air we breathe is represented by a series of more

than twenty figures, which particles or atoms are in constant

continual collision to the number of ten million per second,

while the velocity is so great that, if moving in a straight

line, they would pass through a space of eleven thousand

feet in a single second, thus surpassing the velocity of

sound ten times. This is the nature of the third or gaseous

condition.

The fourth condition, attained by the Sprengel air pump, is

called by Crookes radiant matter. It is reached when the ex-

haustion proceeds so far that there are so few atoms left as to

make the collisions exceptional ; then the atoms will move in

straight lines, and encountering no. mutual hindrance to their

motion, they will follow the laws of electric repulsion and

radiate from the point charged with electricity ; hence matter

in this condition is called "radiant matter.
Now we come to tho most interesting feature of our con-

sideration, namely, the chemical device referred to above, and

intended to remove this last trace of air ; recourse is had to the

strong chemical affinity of potash for carbonic acid. The ex-

hausted tube is filled with carbonic acid gas and again ex-

hausted, and this process repeated in order to make sure that

no atmospheric gas is left, but only very rarefied carbonic acid

gas. A recess is connected with the tube during the operation,
in which recess is placed a small stick of pure caustic potash.

This recess is heated by a spirit lamp, so as to drive out the

carbonic acid which the potash may contain, and then the

vacuum is again made. The last remant of carbonic acid which

the air pump cannot remove is then absorbed by the potash,

when this is allowed to cool down. In this way the absolute

vacuum is produced, through which no electric current can be

made to pass.
The bearing of this fact is of the utmost importance in regard

to our conception of the nature of electricity. It is generally

admitted that the theory of the existence of a caloric fluid is

erroneous, and that heat is merely a peculiar mode of motion as

referred to above, and this view is adopted, notwithstanding

there is no experiment known serving to demoustrate that

heat cannot be transmitted through a space absolutely devoid

of all matter. Heat and light will both pass through a vacuum

perfect enough to obstruct absolutely the passage of electricity.
If there were such a thing as an electric fluid, it surely would

pass through any empty space, and we are therefore driven to

the conclusion that the presence of matter is as absolute a con-

dition for the transmission of electricity as the presence of air

is an absolute condition for the transmission of sound ; and
there is as little necessity to accent the hypothesis of the ex-
istence of an electric fluid as there is for the hypothesis of a

sonoruus or caloric fluid.
Air being the ordinary vehicle by which sonorous vibrations

are transmitted, a proper degree of exhaustion will arrest this
transmission, and any common air pump can be made to prove
that sound is with difficulty transmitted through a partial
vacuum, and not at all when the vacuum is somewhat nearer
to perfection. This experiment is acknowledged to be intended
for a demonstration that the air molecules are the media for
transmitting sound ; that without such a medium there can be
no sound, and that there exists no peculiar sonorous impon-
derable fluid which pervades the air, and should be the cause
of sound transmission. When now we see that more highly
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