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of the vortices will be altered from their state previous to the motion of the
wire. The change in the lines of force is shewn in fig. 5. The vortices in
front of the wire, instead of merely producing pressures, actually increase in
velocity, while those behind have their velocity diminished, and those at the
sides of the wire have the direction of their axes altered; so that the final
effect is to produce a force acting on the wire as a resistance to its motion.
We may now recapitulate the assumptions we have made, and the results we
have obtained.

(1) Magneto-electric phenomena are due to the existence of matter under
certain conditions of motion or of pressure in every part of the magnetic field,
and not to direct action at a distance between the magnets or currents. The
substance producing these effects may be a certain part of ordinary matter, or
it ymay be an aether associated with matter. Its density is greatest in iron,
and least in diamagnetic substances; but it must be in all cases, except that of
iron, very rare, since no other substance has a large ratio of magnetic capacity
to what we call a vacuum.

(2) The condition of any part of the field, through which lines of magnetic
force pass, is one of unequal pressure in different directions, the direction of
the lines of force being that of least pressure, so that the lines of force may"
be considered lines of tension.

(3) This inequality of pressure is produced by the existence in the medium
of vortices or eddies, having their axes in the direction of the lines of force,
and having their direction of rotation determined by that of the lines of force.

We have supposed that the direction was that of a watch to a spectator
looking from south to north. We might with equal propriety have chosen the
reverse direction, as far as known facts are concerned, by supposing resinous elec-
tricity instead of vitreous to be positive. The effect of these vortices depends
on their density, and on their velocity at the circumference, and is independent
of their diameter. The density must be proportional to the capacity of the
substance for magnetic induction, that of the vortices in air being 1. The
velocity must be very great, in order to produce so powerful effects in so rare
a medium.

The size of the vortices is indeterminate, but is probably very small as
compared with that of a complete molecule of ordinary matter*.

* The angular momentum of the system of vortices depends on their average diameter ; so that if the
diameter were sensible, we might expect that a magnet would behave as if it contained a revolving body
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(4) The vortices are separated from each other by a single layer of round
particles, so that a system of cells is formed, the partitions being these layers
of particles, and the substance of each cell being capable of rotating as a vortex.

(5) The particles forming the layer are in rolling contact with both the
vortices which they separate, but do not rub against each other. They ,are
perfectly free to roll between the vortices and so to change their place, provided
they keep within one complete molecule of the substance; but in passing from
one molecule to another they experience resistance, and generate irregular
motions, which constitute heat. These particles, in our theory, play the part of
electricity. Their motion of translation constitutes an electric current, their
rotation serves to transmit the motion of the vortices from one part of the
field to another, and the tangential pressures thus called into play constitute
electromotive force. The conception of a particle having its motion connected
with that of a vortex by perfect rolling contact may appear somewhat awkward.
I do not bring it forward as a mode of connexion existing in nature, or even
as that which I would willingly assent to as an electrical hypothesis. I t is,
however, a mode of connexion which is mechanically conceivable, and easily
investigated, and it serves to bring out the actual mechanical connexions
between the known electro-magnetic phenomena; so that I venture to say that
any one who understands the provisional and temporary character of this
hypothesis, will find himself rather helped than hindered by it in his search
after the true interpretation of the phenomena.

The action between the vortices and the layers of particles is in part
tangential; so that if there were any slipping or differential motion between
the parts in contact, there would be a loss of the energy belonging to the
lines of force, and a gradual transformation of that energy into heat. Now we
know that the lines of force about a magnet are maintained for an indefinite
time without any expenditure of energy; so that we must conclude that
wherever there is tangential action between different parts of the medium, there
is no motion of slipping between those parts. We must therefore conceive that
the vortices and particles foil together without slipping; and that the interior
strata of each vortex receive their proper velocities from the exterior stratum
without slipping, that is, the angular velocity must be the same throughout each
vortex.
within it, and that the existence of this rotation might be detected by experiments on the free rotation of a
magnet. I have made experiments to investigate this question, but have not yet fully tried the apparatus.

Downloaded from Cambridge Library Collection by IP 130.225.98.206 on Thu Sep 01 11:14:59 BST 2016.
http://dx.doi.org/10.1017/CBO9780511698095.026

Cambridge Library Collection © Cambridge University Press, 2016



ON PHYSICAL LINES OF FORCE. 487

The only process in which electro-magnetic energy is lost and transformed
into heat, is in the passage of electricity from one molecule to another. In all
other cases the energy of the vortices can only be diminished when an equivalent
quantity of mechanical work is done by magnetic action.

(6) The effect of an electric current upon the surrounding medium is to
make the vortices in contact with the current revolve so that the parts next
to the current move in the same direction as the current. The parts furthest
from the current will move in the opposite direction; and if the medium is a
conductor of electricity, so that the particles are free to move in any direction,
the particles touching the outside of these vortices will be moved in a direction
contrary to that of the current, so that there will be an induced current in
the opposite direction to the primary one.

If there were no resistance to the motion of the particles, the induced
current would be equal and opposite to the primary one, and would continue
as long as the primary current lasted, so that it would prevent all action of
the primary current at a distance. If there is a resistance to the induced
current, its particles act upon the vortices beyond them, and transmit the motion
of rotation to them, till at last all the vortices in the medium are set in
motion with such velocities of rotation that the particles between them have no
motion except that of rotation, and do not produce currents.

In the transmission of the motion from one vortex to another, there arises a
force between the particles and the vortices, by which the particles are pressed
in one direction and the vortices in the opposite direction. We call the forc6
acting on the particles the electromotive force. The reaction on the vortices is
equal and opposite, so that the electromotive force cannot move any part of
the medium as a whole, it can only produce currents. When the primary
current is stopped, the electromotive forces all act in the opposite direction.

(7) When an electric current or a magnet is moved in presence of a
conductor, the velocity of rotation of the vortices in any part of the field is
altered by that motion. The force by which the proper amount of rotation is
transmitted to each vortex, constitutes in this case also an electromotive force,
and, if permitted, will produce currents.

(8) When a conductor is moved in a field of magnetic force, the vortices
in it and in its neighbourhood are moved out of their places, and are changed
in form. The force arising from these changes constitutes the electromotive
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force on a moving conductor, and is found by calculation to correspond with
that determined by experiment.

We have now shewn in what way electro-magnetic phenomena may be
imitated by an imaginary system of molecular vortices. Those who have been
already inclined to adopt an hypothesis of this kind, will find here the con-
ditions which must be fulfilled in order to give it mathematical coherence, and
a comparison, so far satisfactory, between its necessary results and known facts.
Those who look in a different direction for the explanation of the facts, may
be able to compare this theory with that of the existence of currents flowing
freely through bodies, and with that which supposes electricity to act at a
distance with a force depending on its velocity, and therefore not subject to
the law of conservation of energy.

The facts of electro-magnetism are so complicated and various, that the
explanation of any number of them by several different hypotheses must be
interesting, not only to physicists, but to all who desire to understand how
much evidence the explanation of phenomena lends to the credibility of a theory,
or how far we ought to regard a coincidence in the mathematical expression of
two sets of phenomena as an indication that these phenomena are of the same
kind. We know that partial coincidences of this kind have been discovered;
and the fact that they are only partial is proved by the divergence of the
laws of the two sets of phenomena in other respects. We may chance to find,
in the higher parts of physics, instances of more complete coincidence, which
Inay require much investigation to detect their ultimate divergence.

NOTE.

Since the first part of this paper was written, I have seen in Crelle's Journal for 1859,
a paper by Prof. Helmholtz on Fluid Motion, in which he has pointed out that the lines
of fluid motion are arranged according to the same laws as the lines of magnetic force, the
path of an electric current corresponding to a line of axes of those particles of the fluid
which are in a state of rotation. This is an additional instance of a physical analogy, the
investigation of which may illustrate both electro-magnetism and hydrodynamics.
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